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SECTION 23 09 23.13 20 

Updated Aug 2016 

BACnet DIRECT DIGITAL CONTROL SYSTEMS FOR HVAC 

GENERAL REQUIREMENTS 

 

PART 1 GENERAL 

 

1.1 REFERENCES 
 

The publications listed below form a part of this specification to the 

extent referenced.  The publications are referred to in the text by the 

basic designation only. 

 

AIR MOVEMENT AND CONTROL ASSOCIATION INTERNATIONAL (AMCA) 
 

AMCA 500-D (2012) Laboratory Methods of Testing 

Dampers for Rating 
 

AMERICAN SOCIETY OF HEATING, REFRIGERATING AND AIR-CONDITIONING 

ENGINEERS (ASHRAE) 

 

ASHRAE 135 (2012; Errata 1 2013; INT 1-7 2013; Errata 
2 2013) BACnet—A Data Communication 

Protocol for Building Automation and 

Control Networks 

 

ARCNET TRADE ASSOCIATION (ATA) 

 

ATA 878.1 (1999) Local Area Network: Token Bus 

ASME INTERNATIONAL (ASME) 

ASME B16.5 (2013) Pipe Flanges and Flanged Fittings: 

NPS 1/2 Through NPS 24 Metric/Inch Standard 

 

ASME B31.1 (2012; INT 2-6, 8-10, 13, 15, 17-25, 27-31 
and 42-46) Power Piping 

ASTM INTERNATIONAL (ASTM) 

ASTM A126 (2004; R 2009) Standard Specification for 

Gray Iron Castings for Valves, Flanges, 

and Pipe Fittings 
 

ASTM B117 (2011) Standard Practice for Operating 

Salt Spray (Fog) Apparatus 
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CONSUMER ELECTRONICS ASSOCIATION (CEA) 
 

CEA-709.1-C (2010) Control Network Protocol 

Specification 

 

INSTITUTE OF ELECTRICAL AND ELECTRONICS ENGINEERS (IEEE) 
 

IEEE C57.13 (2008; INT 2009) Standard Requirements for 

Instrument Transformers 

IEEE C62.41.1 (2002; R 2008) Guide on the Surges 

Environment in Low-Voltage (1000 V and 

Less) AC Power Circuits 

 

IEEE C62.41.2 (2002) Recommended Practice on 

Characterization of Surges in Low-Voltage 

(1000 V and Less) AC Power Circuits 

 

IEEE C62.45 (2002; R 2008) Recommended Practice on 

Surge Testing for Equipment Connected to 

Low-Voltage (1000v and less)AC Power 

Circuits 

 

INTERNATIONAL ORGANIZATION FOR STANDARDIZATION (ISO) 

 

ISO 8802-3 (2000) Information Technology - 

Telecommunications and Information 

Exchange Between Systems - Local and 

Metropolitan Area Networks - Specific 

Requirements - Part 3: Carrier Sense 

Multiple Access with Collision Detection 

(CSMA/CD)Access Method and Physical Layer 

Specifications 

 

NATIONAL ELECTRICAL MANUFACTURERS ASSOCIATION (NEMA) 

 

NEMA/ANSI C12.10 (2011) Physical Aspects of Watthour Meters 
- Safety Standards 

NATIONAL FIRE PROTECTION ASSOCIATION (NFPA) 

NFPA 70 (2014; AMD 1 2013; Errata 1 2013; AMD 2 
2013; Errata 2 2013) National Electrical 

Code 
 

NFPA 72 (2013) National Fire Alarm and Signaling 
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Code 
 

NFPA 90A (2012) Standard for the Installation of 

Air Conditioning and Ventilating Systems 
 

SHEET METAL AND AIR CONDITIONING CONTRACTORS' NATIONAL ASSOCIATION 

(SMACNA) 
 

SMACNA 1966 (2005) HVAC Duct Construction Standards 

Metal and Flexible, 3rd Edition 

 

UNDERWRITERS LABORATORIES (UL) 

 

UL 1449 (2006; Reprint Sep 2013) Surge Protective 

Devices 
 

UL 506 (2008; Reprint Oct 2013) Specialty 

Transformers 
 

UL 508A (2013; Reprint Jan 2014) Industrial 

Control Panels 

 

UL 916 (2007; Reprint Dec 2013) Standard for 
 

Energy Management Equipment 
 

 

1.2 DEFINITIONS 

 

1.2.1 ANSI/ASHRAE Standard 135 

 

ANSI/ASHRAE Standard 135: BACnet - A Data Communication Protocol for 

Building Automation and Control Networks, referred to as "BACnet". ASHRAE 

developed BACnet to provide a method for diverse building automation 

devices to communicate and share data over a network. 

 

1.2.2 ARCNET 

 

ATA 878.1 - Attached Resource Computer Network.  ARCNET is a deterministic 

LAN technology; meaning it's possible to determine the maximum delay before 

a device is able to transmit a message. 

 

1.2.3 BACnet 
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Building Automation and Control Network; the common name for the 

communication standard ASHRAE 135.  The standard defines methods and 

protocol for cooperating building automation devices to communicate over a 

variety of LAN technologies. 

 

1.2.4 BACnet/IP 

 

An extension of BACnet, Annex J, defines this mechanism using a reserved 

UDP socket to transmit BACnet messages over IP networks.  A BACnet/IP 

network is a collection of one or more IP subnetworks that share the same 

BACnet network number.  See also "BACnet Broadcast Management Device". 

 

1.2.5 BACnet Internetwork 

 

Two or more BACnet networks, possibly using different LAN technologies, 

connected with routers.  In a BACnet internetwork, there exists only one 

message path between devices. 

 

1.2.6 BACnet Network 
 

One or more BACnet segments that have the same network address and are 

interconnected by bridges at the physical and data link layers. 

 

1.2.7 BACnet Segment 
 

One or more physical segments of BACnet devices on a BACnet network, 

connected at the physical layer by repeaters. 

 

1.2.8 BBMD 

 

BACnet Broadcast Management Device (BBMD).  A communications device, 

typically combined with a BACnet router.  A BBMD forwards BACnet broadcast 

messages to BACnet/IP devices and other BBMDs connected to the same 

BACnet/IP network.  Every IP subnetwork that is part of a BACnet/IP network 

must have only one BBMD.  See also "BACnet/IP". 

 

1.2.9 BAS 
 

Building Automation Systems, including DDC (Direct Digital Controls) used 

for facility automation and energy management. 
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1.2.10 BAS Owner 

 

The regional or local user responsible for managing all aspects of the BAS 

operation, including: network connections, workstation management, 

submittal review, technical support, control parameters, and daily 

operation. The BAS Owner for this project is the 90th CE Squadron. 

 

1.2.11 BIBBs 

 

BACnet Interoperability Building Blocks.  A collection of BACnet services 

used to describe supported tasks.  BIBBs are often described in terms of 

"A" (client) and "B" (server) devices.  The “A” device uses data provided 

by the "B" device, or requests an action from the “B” device. 

 

1.2.12 BI 
 

BACnet International, formerly two organizations: the BACnet Manufacturers 

Association (BMA) and the BACnet Interest Group - North America (BIG-NA). 

 

1.2.13 BI/BTL 

 

BACnet International/BACnet Testing Laboratories (Formerly BMA/BTL).  The 

organization responsible for testing products for compliance with the 

BACnet standard, operated under the direction of BACnet International. 

 

1.2.14 Bridge 

 

Network hardware that connects two or more network (or BACnet internetwork) 

segments at the physical and data link layers.  A bridge may also filter 

messages. 

 

1.2.15 Broadcast 

 

A message sent to all devices on a network segment. 

 

1.2.16 Device 
 

Any control system component, usually a digital controller, that contains a 

BACnet Device Object and uses BACnet to communicate with other devices.  

See also "Digital Controller". 
 

1.2.17 Device Object 
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Every BACnet device requires one Device Object, whose properties represent 

the network visible properties of that device.  Every Device Object 

requires a unique Object Identifier number on the BACnet internetwork.  

This number is often referred to as the device instance. 
 

1.2.18 Device Profile 

 

A collection of BIBBs determining minimum BACnet capabilities of a device, 

defined in ASHRAE Standard 135-2004, Annex L.  Standard device profiles 

include BACnet Operator Workstations (B-OWS), BACnet Building Controllers 

(B-BC), BACnet Advanced Application Controllers (B-AAC), BACnet Application 

Specific Controllers (B-ASC), BACnet Smart Actuator (B-SA), and 

BACnet Smart Sensor (B-SS).  Each device used in new construction is 

required to have a PICS statement listing BIBBs supported. 

 

1.2.19 Digital Controller 

 

An electronic controller, usually with internal programming logic and 

digital and analog input/output capability, which performs control 

functions.  In most cases, synonymous with a BACnet device described in 

this specification.  See also "Device". 

 

1.2.20 Direct Digital Control (DDC) 

 

Digital controllers performing control logic.  Usually the controller 

directly senses physical values, makes control decisions with internal 

programs, and outputs control signals to directly operate switches, valves, 

dampers, and motor controllers. 

 

1.2.21 DDC System 

 

A network of digital controllers, communication architecture, and user 

interfaces. A DDC system may include programming, sensors, actuators, 

switches, relays, factory controls, operator workstations, and various 

other devices, components, and attributes. 

 

1.2.22 Ethernet 
 

A family of local-area-network technologies providing high-speed networking 

features over various media. 

 

1.2.23 Firmware 

 

Software programmed into read only memory (ROM), flash memory, electrically 

erasable programmable read only memory (EEPROM), or erasable programmable 

read only memory (EPROM) chips. 
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1.2.24 Gateway 

 

Communication hardware connecting two or more different protocols, similar 

to human language translators.  The Gateway translates one protocol into 

equivalent concepts for the other protocol.  In BACnet applications, a 

gateway has BACnet on one side and non-BACnet (usually proprietary) 

protocols on the other side. 

 

1.2.25 Half Router 

 

A device that participates as one partner in a BACnet point-to-point (PTP) 

connection.  Two half-routers in an active PTP connection combine to form a 

single router. 

 

1.2.26 Hub 

 

A common connection point for devices on a network. 

 

1.2.27 Internet Protocol (IP, TCP/IP, UDP/IP) 

 

A communication method, the most common use is the World Wide Web.  At the 

lowest level, it is based on Internet Protocol (IP), a method for conveying 

and routing packets of information over various LAN media.  Two common 

protocols using IP are User Datagram Protocol (UDP) and Transmission 

Control Protocol (TCP).  UDP conveys information to well-known "sockets" 

without confirmation of receipt. TCP establishes "sessions", which have 

end-to-end confirmation and guaranteed sequence of delivery. 

 

1.2.28 Input/Output (I/O) 
 

Physical inputs and outputs to and from a device, although the term 

sometimes describes software, or "virtual" I/O. See also "Points". 

 

1.2.29 I/O Expansion Unit 
 

An I/O expansion unit provides additional point capacity to a digital 

controller. 

 

1.2.30 IP subnet 

 

Internet protocol (IP) identifies individual devices with a 32-bit number 

divided into four groups from 0 to 255.  Devices are often grouped and 

share some portion of this number.  For example, one device has IP address 
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209.185.47.68 and another device has IP address 209.185.47.82.  These two 

devices share Class C subnet 209.185.47.00 

 

1.2.31 Local-Area Network (LAN) 
 

A communication network that spans a limited geographic area and uses the 

same basic communication technology throughout. 

 

1.2.32 LonTalk 
 

CEA-709.1-C.  A communication protocol developed by Echelon Corp.  LonTalk 

is an optional physical and data link layer for BACnet. 

 

1.2.33 MAC Address 

 

Media Access Control address.  The physical node address that identifies a 

device on a Local Area Network. 

 

1.2.34 Master-Slave/Token-Passing (MS/TP) 

 

ISO 8802-3.  One of the LAN options for BACnet.  MSTP uses twisted-pair 

wiring for relatively low speed and low cost communication (up to 4,000 ft 

at 76.8K bps). 

 

1.2.35 Native BACnet Device 

 

A device that uses BACnet as its primary, if not only, method of 

communication with other BACnet devices without intermediary gateways.  A 

system that uses native BACnet devices at all levels is a native BACnet 

system. 

 

1.2.36 Network 

 

Communication technology for data communications.  BACnet approved network 

types are BACnet over Internet Protocol (IP), Point to Point (PTP) 

Ethernet, ARCNET, MS/TP, and LonTalk®. 

 

1.2.37 Network Number 

 

A site-specific number assigned to each network segment to identify for 

routing.  This network number must be unique throughout the BACnet 

internetwork. 
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1.2.38 Object 
 

The concept of organizing BACnet information into standard components with 

various associated properties.  Examples include analog input objects and 

binary output objects. 

 

1.2.39 Object Identifier 
 

An object property used to identify the object, including object type and 

instance.  Object Identifiers must be unique within a device. 

 

1.2.40 Object Properties 

 

Attributes of an object.  Examples include present value and high limit 

properties of an analog input object.  Properties are defined in ASHRAE 135; 

some are optional and some are required.  Objects are controlled by reading 

from and writing to object properties. 

 

1.2.41 Peer-to-Peer 
 

Peer-to-peer refers to devices where any device can initiate and respond to 

communication with other devices. 

 

1.2.42 Performance Verification Test (PVT) 

 

The procedure for determining if the installed BAS meets design criteria 

prior to final acceptance.  The PVT is performed after installation, 

testing, and balancing of mechanical systems.  Typically the PVT is 

performed by the Contractor in the presence of the Government. 

 

1.2.43 PID 
 

Proportional, integral, and derivative control; three parameters used to 

control modulating equipment to maintain a setpoint.  Derivative control is 

often not required for HVAC systems (leaving "PI" control). 

 

1.2.44 PICS 
 

Protocol Implementation Conformance Statement (PICS), describing the BACnet 

capabilities of a device.  See BACnet, Annex A for the standard format and 

content of a PICS statement. 

 

1.2.45 Points 
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Physical and virtual inputs and outputs.  See also "Input/Output". 

 

1.2.46 PTP 
 

Point-to-Point protocol connects individual BACnet devices or networks 

using serial connections like modem-to-modem links. 

 

1.2.47 Repeater 
 

A network component that connects two or more physical segments at the 

physical layer. 

 

1.2.48 Router 

 

A BACnet router is a component that joins together two or more networks using 

different LAN technologies. Examples include joining a BACnet Ethernet LAN to 

a BACnet MS/TP LAN. 

 

1.2.49 Stand-Alone Control 

 

Refers to devices performing equipment-specific and small system control 

without communication to other devices or computers for physical I/O, 

excluding outside air and other common shared conditions.  Devices are 

located near controlled equipment, with physical input and output points 

limited to 64 or less per device, except for complex individual equipment 

or systems.  Failure of any single device will not cause other network 

devices to fail.  BACnet "Smart" actuators (B-SA profile) and sensors (B-SS 

profile) communicating on a network with a parent device are exempt from 

stand-alone requirements. 

 

1.3 BACnet DIRECT DIGITAL CONTROL SYSTEMS FOR HVAC DESCRIPTION 

 

a. Provide new BACnet DDC systems including associated equipment and 

accessories.  All new devices must be accessible using a Web browser 

interface and communicate using ASHRAE 135 BACnet communications 

without the use of gateways, unless gateways are shown on the design 

drawings and specifically requested by the Government.  Where gateways 

are allowed, they must support ASHRAE 135, including all object 

properties and read-write services shown on Government approved 

interoperability schedules.  Manufacturer's products, including design, 

materials, fabrication, assembly, inspection, and testing shall be in 

accordance with ASHRAE 135, ASME B31.1, and NFPA 70, except where 

indicated otherwise. 

 

1.3.1 Design Requirements 
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1.3.1.1 Control System Drawings Title Sheet 

 

Provide a title sheet for the control system drawing set.  Include the 

project title, project location, contract number, the controls contractor 

preparing the drawings, an index of the control drawings in the set, and a 

legend of the symbols and abbreviations used throughout the control system 

drawings. 

 

1.3.1.2 List of I/O Points 

 

Also known as a Point Schedule, provide for each input and output point 

physically connected to a digital controller: point name, point 

description, point type (Analog Output (AO), Analog Input (AI), Binary 

Output (BO), Binary Input (BI)), point sensor range, point actuator range, 

point address, BACnet object, associated BIBBS (where applicable), and 

point connection terminal number. Typical schedules for multiple identical 

equipment are allowed unless otherwise requested in design or contract 

criteria. 

 

1.3.1.3 Control System Components List 

 

Provide a complete list of control system components installed on this 

project. Include for each controller and device: control system schematic 

name, control system schematic designation, device description, 

manufacturer, and manufacturer part number.  For sensors, include point 

name, sensor range, and operating limits.  For valves, include body style, 

Cv, design flow rate, pressure drop, valve characteristic (linear or equal 

percentage), and pipe connection size.  For actuators, include point name, 

spring or non-spring return, modulating or two-position action, normal 

(power fail) position, nominal control signal operating range (0-10 volts 

DC or 4-20 milliamps), and operating limits. 

 

1.3.1.4 Control System Schematics 

 

Provide control system schematics.  Typical schematics for multiple 

identical equipment are allowed unless otherwise requested in design or 

contract criteria.  Include the following: 

 

a. Location of each input and output device 

 

b. Flow diagram for each piece of HVAC equipment 
 

c. Name or symbol for each control system component, such as “V-1” for 

a valve 

 

d. Setpoints, with differential or proportional band values 
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e. Written sequence of operation for the HVAC equipment 

 

f. Valve and Damper Schedules, with normal (power fail) position 

 

1.3.1.5 HVAC Equipment Electrical Ladder Diagrams 
 

Provide HVAC equipment electrical ladder diagrams.  Indicate required 

electrical interlocks. 

 

1.3.1.6 Component Wiring Diagrams 

 

Provide a wiring diagram for each type of input device and output device. 

Indicate how each device is wired and powered; showing typical connections 

at the digital controller and power supply.  Show for all field connected 

devices such as control relays, motor starters, actuators, sensors, and 

transmitters. 

 

Provide control diagrams laminated between rigid plastic mounted on a 

supporting backboard for each system control panel.  Mount the diagrams in 

the same vicinity with the control panels.  Identify all devices on the 

diagrams with the same terminology used for the nameplates. 

 

1.3.1.7 Terminal Strip Diagrams 
 

Provide a diagram of each terminal strip.  Indicate the terminal strip 

location, termination numbers, and associated point names. 

 

1.3.1.8 BACnet Communication Architecture Schematic 

 

Provide a schematic showing the project's entire BACnet communication 

network, including addressing used for LANs, LAN devices including routers 

and bridges, gateways, controllers, workstations, and field interface 

devices.  If applicable, show connection to existing networks. 

 

1.4 SUBMITTALS 

 

Submit detailed and annotated manufacturer's data, drawings, and 

specification sheets for each item listed, that clearly show compliance 

with the project specifications. 
 

Government approval is required for all submittals listed below.  Submit 

the following according to 01 33 00 SUBMITTAL PROCEDURES: 
 

SD-02 Shop Drawings 
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Include the following in the project's control system drawing set: 

Control System Drawings Title Sheet 

List of I/O Points 

 
Control System Components List 

Control System Schematics 

HVAC Equipment Electrical Ladder diagrams 

Component Wiring Diagrams 

Terminal Strip Diagrams 

 

BACnet Communication Architecture Schematic 

SD-03 Product Data 

Direct Digital Controllers  (Note: Include BACnet PICS for each 

controller/device type, including smart sensors (B-SS) and smart 

actuators (B-SA).) 

 
BACnet Gateways  (Note: Include BACnet and workstation display 

information; bi-directional communication ability; compliance with 

interoperability schedule; expansion capacity; handling of alarms, 

events, scheduling and trend data; and single device capability (not 

depending on multiple devices for exchanging information from either 

side of the gateway).) 

 

BACnet Protocol Analyzer  (Note: Include capability to store and 

report data traffic on BACnet networks, measure bandwidth usage, 

filter information, and identify BACnet devices.) 

 

DDC Software 

 

BACnet Operator Workstation 

 

BACnet Operator Workstation DDC Software (Note: Include BACnet PICS 

for Operator Workstation software.) 

 

Sensors and Input Hardware 

Output Hardware 

 

Surge and Transient Protection 

Indicators 

Duct Smoke Detectors 

 

Variable Frequency Drives (VFD) 

SD-05 Design Data 

Performance Verification Testing Plan 
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Pre-Performance Verification Testing Checklist 

SD-06 Test Reports 

Performance Verification Testing Report 

SD-09 Manufacturer's Field Reports 

Pre-PVT Checklist 

SD-10 Operation and Maintenance Data 

 

Comply with requirements for data packages in Section 01 78 23 

OPERATION AND MAINTENANCE DATA, except as supplemented and 

modified in this specification. 

 

BACnet Direct Digital Control Systems 

Controls System Operators Manuals 

VFD Service Manuals 

SD-11 Closeout Submittals 

Training documentation 

 

1.5 QUALITY ASSURANCE 

 

1.5.1 Standard Products 
 

Provide material and equipment that are standard manufacturer's products 

currently in production and supported by a local service organization. 

 

1.5.2 Delivery, Storage, and Handling 
 

Handle, store, and protect equipment and materials to prevent damage before 

and during installation according to manufacturer's recommendations, and as 

approved by the Contracting Officer.  Replace damaged or defective items. 

 

1.5.3 Operating Environment 
 

Protect components from humidity and temperature variation, dust, and 

contaminants.  If components are stored before installation, keep them 

within the manufacturer's limits. 
 

1.5.4 Finish of New Equipment 
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New equipment finishing shall be factory provided.  Manufacturer's standard 

factory finishing shall be proven to withstand 125 hours in a salt-spray 

fog test.  Equipment located outdoors shall be proven to withstand 500 

hours in a salt-spray fog test. 

 

Salt-spray fog test shall be according to ASTM B117, with acceptance 

criteria as follows: immediately after completion of the test, the finish 

shall show no signs of degradation or loss of adhesion beyond 0.125 inch on 

either side of the scratch mark. 

 

1.5.5 Verification of Dimensions 
 

The contractor shall verify all dimensions in the field, and advise the 

Contracting Officer of any discrepancy before performing work. 

 

1.5.6 Contractor's Qualifications 

 

Submit documentation certifying the controls Contractor performing the work 

has completed at least three DDC systems installations of a similar design 

to this project, and programmed similar sequences of operation for at least 

two years. 

 

1.5.7 Modification of References 

 

The advisory provisions in ASME B31.1 and NFPA 70 are mandatory. 

Substitute "shall" for "should" wherever it appears and interpret all 

references to the "authority having jurisdiction" and "owner" to mean the 

Contracting Officer. 

 

1.5.8 Project Sequence 
 

The control system work for this project shall proceed in the following 

order: 
 

a. Submit and receive approval on the Shop Drawings, Product Data, and 

Certificates specified under the paragraph entitled "SUBMITTALS." 
 

b. Perform the control system installation work, including all field 

check-outs and tuning. 
 

c. Provide support to TAB personnel as specified under the paragraph "TEST 

AND BALANCE SUPPORT." 
 

d. Submit and receive approval of the Controls System Operators Manual 

specified under the paragraph "CONTROLS SYSTEM OPERATORS MANUALS." 
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e. Submit and receive approval of the Performance Verification Testing 

Plan and the Pre-PVT Checklist specified under the paragraph 

"PERFORMANCE VERIFICATION TESTING." 

 

f. Perform the Performance Verification Testing. 

 

g. Submit and receive approval on the PVT Report. 
 

h. Submit and receive approval on the Training Documentation specified 

under the paragraph "INSTRUCTION TO GOVERNMENT PERSONNEL" and "VFD 

Service Support".  Submit at least 30 days before training. 
 

i. Deliver the final Controls System Operators Manuals and VFD Service 

Manuals. 

 

j. Conduct the Phase I Training and VFD on-site/hands-on training. 

 

k. Conduct the Phase II Training. 

 

l. Submit and receive approval of Closeout Submittals. 

PART 2 PRODUCTS 

2.1 DDC SYSTEM 

 

a. Provide a networked DDC system for stand-alone control in compliance 

with the latest revision of the ASHRAE 135 BACnet standard.  Include 

all programming, objects, and services required to meet the sequence of 

control.  Provide BACnet communications between the DDC system and 

native BACnet devices furnished with HVAC equipment and plant equipment 

including boilers, chillers, and variable frequency drives. 

 

b. Interface the new DDC system with the site's existing server and 

operator workstation and software including graphic creation, 

scheduling, alarming, and trending. 

 

c. Equipment shall be provided “plain” with no control modules.  A low 

voltage terminal strip with Y, W, R, G, etc. shall be installed so the 

equipment can be wired for control through the local EMCS.  All BACnet 

controllers shall utilize and operate exclusively under the control of 

the existing F.E. Warren EMCS Automated Logic (ALC) software package.  

Inputs and outputs shall be adjustable and the programming can be 

revised via the existing local ALC software.  This ALC software suite 

includes Web Control graphical control software, ALC graphic 

programming, and ALC Draw packages.  All DDC panels shall be 

graphically programmed only from the existing ALC Eikon graphical 

program software package and system operating graphics will be 
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generated using ALC Draw software programs. 

 

d. Due to Air Force software security restrictions on the CE VLAN, no 

other software packages will be allowed on the EMCS workstation other 

than the existing ALC software suite mentioned above and no new or 

additional EMCS workstations will be permitted on the base network. 

 

2.1.1 Direct Digital Controllers 

 

Direct digital controllers shall be UL 916 rated. 

 

2.1.1.1 I/O Point Limitation 

 

The total number of I/O hardware points used by a single stand-alone 

digital controller, including I/O expansion units, shall not exceed 64, 

except for complex individual equipment or systems.  Place I/O expansion 

units in the same cabinet as the digital controller. 

 

2.1.1.2 Environmental Limits 
 

Controllers shall be suitable for, or placed in protective enclosures 

suitable for the environment (temperature, humidity, dust, and vibration) 

where they are located. 

 

2.1.1.3 Stand-Alone Control 

 

Provide stand-alone digital controllers. 

 

2.1.1.4 Internal Clock 

 

Provide internal clocks for all BACnet Building Controllers (B-BC) and 

BACnet Advanced Application Controllers (B-AAC) using BACnet time 

synchronization services.  Automatically synchronize system clocks daily 

from an operator-designated controller.  The system shall automatically 

adjust for daylight saving time. 
 

2.1.1.5 Memory 

 

Provide sufficient memory for each controller to support the required 

control, communication, trends, alarms, and messages.  Protect programs 

residing in memory with EEPROM, flash memory, or by an uninterruptible 

power source (battery or uninterruptible power supply).  The backup power 

source shall have capacity to maintain the memory during a 72-hour 

continuous power outage.  Rechargeable power sources shall be constantly 

charged while the controller is operating under normal line power. 

Batteries shall be replaceable without soldering.  Trend and alarm history 
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collected during normal operation shall not be lost during power outages 

less than 72 hours long. 

 

2.1.1.6 Immunity to Power Fluctuations 
 

Controllers shall operate at 90 percent to 110 percent nominal voltage 

rating. 

 

2.1.1.7 Transformer 

 

The controller power supply shall be fused or current limiting and rated at 

125 percent power consumption. 
 

2.1.1.8 Wiring Terminations 

 

Use screw terminal wiring terminations for all field-installed 

controllers.  Provide field-removable modular terminal strip or a 

termination card connected by a ribbon cable for all controllers 

other than terminal units. 

 

2.1.1.9 Input and Output Interface 
 

Provide hard-wired input and output interface for all controllers as 

follows: 

 

a. Protection:  Shorting an input or output point to itself, to another 

point, or to ground shall cause no controller damage. Input or output 

point contact with sources up to 24 volts AC or DC for any duration 

shall cause no controller damage. 

 

b. Binary Inputs: Binary inputs shall have a toggle switch and monitor on 

and off contacts from a "dry" remote device without external power, and 

external 5-24 VDC voltage inputs. 

 

c. Pulse Accumulation Inputs:  Not used. 
 

d. Analog Inputs:  Analog inputs shall monitor low-voltage (0-10 VDC), 

current (4-20 mA), or resistance (thermistor or RTD) signals. 

 

e. Binary Outputs:  Binary outputs shall have a toggle switch and send a 

pulsed 24 VDC low-voltage signal for modulation control, or provide a 

maintained open-closed position for on-off control.  For HVAC 

equipment and plant controllers, provide for manual overrides, either 

with three-position (on-off-auto) override switches and status lights, 

or with an adjacent operator display and interface.  Where 
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appropriate, provide a method to select normally open or normally 

closed operation. 

 

f. Analog Outputs:  Analog outputs shall send modulating 0-10 VDC or 4-20 

mA signals to control output devices. 
 

g. Tri-State Outputs:  Tri-State outputs shall provide three-point 

floating control of terminal unit electronic actuators. 
 

2.1.1.10 Digital Controller BACnet Internetwork 

 

Provide a BACnet internetwork with control products, communication media, 

connectors, repeaters, hubs, and routers. Provide intermediate gateways, 

only when requested by the Government and shown on the contract drawings, 

to connect existing non-BACnet devices to the BACnet internetwork.  

Controller and operator interface communication shall conform to ASHRAE 

135, BACnet.  If a controller becomes non-responsive, the remaining 

controllers shall continue operating and not be affected by the failed 

controller. 

 

2.1.1.11 Communications Ports 

 

a. Direct-Connect Interface Ports:  Provide at least one extra 

communication port at each local BACnet network for direct connecting a 

notebook computer or BACnet hand-held terminal so all network BACnet 

objects and properties may be viewed and edited by the operator. 
 

b. Telecommunications Interface Port:  Provide one telecommunication port 

per building, permitting remote communication via point-to-point (PTP) 

protocol over telephone lines. 

 

2.1.1.12 Modems 
 

Provide v.92 or DSL modems where required for communication between the 

BACnet Operator Workstation (B-OWS) and the DDC system. 

 

2.1.1.13 BACnet Gateways 

 

Provide BACnet communication ports, whenever available as a plant equipment 

OEM standard option, for DDC integration via a single communication cable. 

Typical BACnet controlled plant equipment includes, but is not limited to, 

boilers, chillers, and variable frequency motor drives. 

 

Provide gateways to connect BACnet to legacy systems, existing non-BACnet 

devices, and existing non-BACnet DDC controlled plant equipment, only when 

specifically requested and approved by the Government, and shown on the 
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Government approved BACnet Communication Architecture Schematic.  Provide 

with each gateway an interoperability schedule, showing each point or event 

on the legacy side that the BACnet "client" will read, and each parameter 

that the BACnet network will write to.  Describe this interoperability in 

terms of BACnet services, or Interoperability Building Blocks (BIBBS), 

defined in ASHRAE 135 Annex K.  Provide two-year minimum warranty for each 

gateway, including parts and labor. 

 

The following minimum capabilities are required: 

 

a. Gateways shall be able to read and view all readable object properties 

listed in the interoperability schedule on the non-BACnet network to 

the BACnet network and vice versa where applicable. 
 

b. Gateways shall be able to write to all writeable object properties 

listed in the interoperability schedule on the non-BACnet network from 

the BACnet network and vice versa where applicable. 

 

c. Gateways shall provide single-pass (only one protocol to BACnet without 

intermediary protocols) translation from the non-BACnet protocol to 

BACnet and vice versa. 
 

d. Gateways shall meet the requirements of Data Sharing Read Property 

(DS-RP-B), Data Sharing Write Property (DS-WP-B), Device Management 

Dynamic Device Binding-B (DM-DDB-B), and Device Management 

Communication Control (DM-DCC-B) BIBBs, in accordance with ASHRAE 

135. 
 

e. Gateways shall include all hardware, software, software licenses, and 

configuration tools for operator-to-gateway communications.  Provide 

backup programming and parameters on CD media and the ability to 

modify, download, backup, and restore gateway configuration. 

 

2.1.1.14 Digital Controller Cabinet 
 

Provide each digital controller in a factory fabricated cabinet enclosure. 

Cabinets located indoors shall protect against dust and have a minimum NEMA 

1 rating, except where indicated otherwise.  Cabinets located outdoors or 

in damp environments shall protect against all outdoor conditions and have 

a minimum NEMA 4 rating.  Outdoor control panels and controllers must be 

able to withstand extreme ambient conditions, without malfunction or 

failure, whether or not the controlled equipment is running.  If necessary, 

provide a thermostatically controlled panel heater in freezing locations, 

and an internal ventilating fan in locations exposed to direct sunlight. 

Cabinets shall have a hinged lockable door and an offset removable metal 

back plate, except controllers integral with terminal units, like those 

mounted on VAV boxes. Provide like-keyed locks for all hinged panels 

provided and a set of two keys at each panel, with one key inserted in the 

lock. 
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2.1.1.15 Main Power Switch and Receptacle 

 

Provide each control cabinet with a main external power on/off switch 

located inside the cabinet.  Also provide each cabinet with a separate 120 

VAC duplex receptacle. 

 

2.1.2 DDC Software 

 

2.1.2.1 Programming 

 
Provide programming to execute the sequence of operation indicated.  

Provide all programming and tools to configure and program all 

controllers.  Provide programming routines in simple, easy-to-follow logic 

with detailed text comments describing what the logic does and how it 

corresponds to the project's written sequence of operation. 

 

a. Graphic-based programming shall use a library of function blocks made 

from pre-programmed code designed for BAS control.  Function blocks 

shall be assembled with interconnecting lines, depicting the control 

sequence in a flowchart. 

 

b. Menu-based programming shall be done by entering parameters, definitions, 

conditions, requirements, and constraints. 
 

c. For line-by-line and text-based programming, declare variable types 

(local, global, real, integer, etc.) at the beginning of the program. 

Use descriptive comments frequently to describe the programming. 
 

2.1.2.2 Parameter Modification 

 

All writeable object properties, and all other programming parameters 

needed to comply with the project specification shall be adjustable for 

devices at any network level, including those accessible with web-browser 

communication, and regardless of programming methods used to create the 

applications. 

 

2.1.2.3 Short Cycling Prevention 
 

Provide setpoint differentials and minimum on/off times to prevent 

equipment short cycling. 

 

2.1.2.4 Equipment Status Delay 
 

Provide an adjustable delay from when equipment is commanded on or off and 

when the control program looks to the status input for confirmation. 
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2.1.2.5 Run Time Accumulation 

 

Use the Elapsed Time Property to provide re-settable run time accumulation 

for each Binary Output Object connected to mechanical loads greater than 1 

HP, electrical loads greater than 10 KW, or wherever else specified. 

 

2.1.2.6 Timed Local Override 

 

Provide an adjustable override time for each push of a timed local override 

button. 

 

2.1.2.7 Time Synchronization 
 

Provide time synchronization, including adjustments for leap years, 

daylight saving time, and operator time adjustments. 

 

2.1.2.8 Scheduling 

 

Provide operating schedules as indicated, with equipment assigned to 

groups.  Changing the schedule of a group shall change the operating 

schedule of all equipment in the group.  Groups shall be capable of 

operator creation, modification, and deletion.  Provide capability to view 

and modify schedules in a seven-day week format.  Provide capability to 

enter holiday and override schedules one full year at a time. 
 

2.1.2.9 Object Property Override 
 

Allow writeable object property values to accept overrides to any valid 

value.  Where specified or required for the sequence of control, the 

Out-Of-Service property of Objects shall be modifiable using BACnet's 

write property service.  When documented, exceptions to these 

requirement are allowed for life, machine, and process safeties. 
 

2.1.2.10 Alarms and Events 

 

Alarms and events shall be capable of having programmed time delays and 

high-low limits.  When a computer workstation or web server is connected to 

the BACnet internetwork, alarms/events shall report to the computer, 

printer, e-mail and cell phone, as defined by an authorized operator.  

Otherwise alarms/events shall be stored within a device on the BACnet 

network until connected to a user interface device and retrieved.  Provide 

alarms/events in agreement with the point schedule, sequence of operation, 

and the BAS Owner.  At a minimum, provide programming to initiate 

alarms/events any time a piece of equipment fails to operate, a control 

point is outside normal range or condition shown on schedules, 

communication to a device is lost, a device has failed, or a controller has 

lost its memory. 
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2.1.2.11 Trending 

 

Provide BACnet trend services capable of trending all object present values 

set points, and other parameters indicated for trending on project 

schedules.  Trends may be associated into groups, and a trend report may be 

set up for each group.  Trends are stored within a device on the BACnet 

network, with operator selectable trend intervals from 10 seconds up to 60 

minutes.  The minimum number of consecutive trend values stored at one time 

shall be 100 per variable. When trend memory is full, the most recent data 

shall overwrite the oldest data. 

 

The operator workstation shall upload trends automatically upon reaching 

3/4 of the device buffer limit (via Notification_Threshold property), by 

operator request, or by time schedule for archiving.  Archived and 

real-time trend data shall be available for viewing numerically and 

graphically for at the workstation and connected notebook computers. 

 

2.1.2.12 Device Diagnostics 
 

Each controller shall have diagnostic LEDs for power, communication, and 

device fault condition.  The DDC system shall recognize and report a 

non-responsive controller. 
 

2.1.2.13 Power Loss 
 

Upon restoration of power, the DDC system shall perform an orderly 

automatic restart and restoration of control without operator intervention. 

 

2.1.3 BACnet Operator Workstation 

 

The existing workstation and software package will be reused. 

 

2.1.4 BACnet Protocol Analyzer 

 

Provide a BACnet protocol analyzer and required cables and fittings for 

connection to the BACnet network.  The analyzer shall include the following 

minimum capabilities: 

 

a. Capture and store to a file data traffic on all network levels 

 

b. Measure bandwidth usage 

 

c. Filtering options with ability to ignore select traffic 
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2.2 SENSORS AND INPUT HARDWARE 

 

Coordinate sensor types with the BAS Owner to keep them consistent with 

existing installations. 

 

2.2.1 Field-Installed Temperature Sensors 
 

Where feasible, provide the same sensor type throughout the project.  Avoid 

using transmitters unless absolutely necessary. 

 

2.2.1.1 Thermistors 

 

Precision thermistors may be used in applications below 200 degrees F. 

Sensor accuracy over the application range shall be 0.36 degree F or less 

between 32 to 150 degrees F.  Stability error of the thermistor over five 

years shall not exceed 0.25 degrees F cumulative.  A/D conversion 

resolution error shall be kept to 0.1 degrees F.  Total error for a 

thermistor circuit shall not exceed 0.5 degrees F. 

 

2.2.1.2 Resistance Temperature Detectors (RTDs) 

 

Provide RTD sensors with platinum elements compatible with the digital 

controllers.  Encapsulate sensors in epoxy, series 300 stainless steel, 

anodized aluminum, or copper.  Temperature sensor accuracy shall be 0.1 

percent (1 ohm) of expected ohms (1000 ohms) at 32 degrees F.  Temperature 

sensor stability error over five years shall not exceed 0.25 degrees F 

cumulative. Direct connection of RTDs to digital controllers without 

transmitters is preferred.  When RTDs are connected directly, lead 

resistance error shall be less than 0.25 degrees F.  The total error for a 

RTD circuit shall not exceed 0.5 degrees F. 

 

2.2.1.3 Temperature Sensor Details 

 

a. Room Type:  Provide the sensing element components within a decorative 

protective cover suitable for surrounding decor.  Provide a 

communication port or 802.11x wireless support for a portable operator 

interface like a notebook computer or PDA. 
 

b. Duct Probe Type:  Ensure the probe is long enough to properly sense the 

air stream temperature. 
 

c. Duct Averaging Type:  Continuous averaging sensors shall be one foot in 

length for each 4 square feet of duct cross-sectional area, and a 

minimum length of 6 feet. 
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d. Pipe Immersion Type:  Provide minimum three-inch immersion.  Provide 

each sensor with a corresponding pipe-mounted sensor well, unless 

indicated otherwise.  Sensor wells shall be stainless steel when used 

in steel piping, and brass when used in copper piping.  Provide the 

sensor well with a heat-sensitive transfer agent between the sensor and 

the well interior. 

 

e. Outside Air Type: Provide the sensing element on the building's north 

side with a protective weather shade that positions the sensor 

approximately 3 inches off the wall surface, does not inhibit free air 

flow across the sensing element, and protects the sensor from snow, 

ice, and rain. 

 

2.2.2 Transmitters 

 

Provide transmitters with 4 to 20 mA or 0 to 10 VDC linear output scaled to 

the sensed input.  Transmitters shall be matched to the respective sensor, 

factory calibrated, and sealed.  Size transmitters for an output near 50 

percent of its full-scale range at normal operating conditions.  The total 

transmitter error shall not exceed 0.1 percent at any point across the 

measured span. Supply voltage shall be 12 to 24 volts AC or DC.  

Transmitters shall have non-interactive offset and span adjustments.  For 

temperature sensing, transmitter drift shall not exceed 0.03 degrees F a 

year. 

 

2.2.2.1 Pressure Transmitters 

 

Provide transmitters integral with the pressure transducer. 
 

2.2.3 Current Transducers 
 

Provide current transducers to monitor motor amperage, unless current 

switches are shown on design drawings or point tables.  Electric 

transducers shall be of the one or two input/output type suitable for 

interfacing a sensor or a recorder.  Start point and steepness shall be 

fully adjustable (not fixed) for various ranges.  The accuracy of 

transducers shall be ± 1.0% of the maximum measurement value. 

 

2.2.4 Air Quality Sensors 

 

Provide power supply for each sensor. 

 

2.2.4.1 CO2 Sensors 
 

Provide photo-acoustic type CO2 sensors with integral transducers and 

linear output. The devices shall read CO2 concentrations between 0 and 2000 

ppm with full scale accuracy of at least plus or minus 100 ppm. 
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2.2.4.2 Air Quality Sensors 

 

Provide full spectrum air quality sensors using a hot wire element based on 

the Taguchi principle.  The sensor shall monitor a wide range of gaseous 

volatile organic components common in indoor air contaminants like paint 

fumes, solvents, cigarette smoke, and vehicle exhaust (gas and diesel).  

The sensor shall automatically compensate for temperature and humidity, 

have span and calibration potentiometers, operate on 24 VDC power with 

output of 0-10 VDC, and have a service rating of 32 to 140 degrees F and 5 

to 95 percent relative humidity. 

 

2.2.5 Input Switches 

 

2.2.5.1 Timed Local Overrides 

 

Provide buttons or switches to override the DDC occupancy schedule 

programming for each major building zone during unoccupied periods, and to 

return HVAC equipment to the occupied mode.  This requirement is waived for 

zones clearly intended for 24 hour continuous operation. 

 

2.2.6 Thermostats 

 

2.2.6.1 Freeze Protection Thermostats 

 

Provide special purpose thermostats with flexible capillary elements 20 

feet minimum length for coil face areas up to 40 square feet.  Provide 

longer elements for larger coils at 1-foot of element for every 4 square 

feet of coil face area, or provide additional thermostats.  Provide switch 

contacts rated for the respective motor starter's control circuit voltage. 

Include auxiliary contacts for the switch's status condition.  A freezing 

condition at any 18-inch increment along the sensing element's length shall 

activate the switch.  The thermostat shall be equipped with a manual push-

button reset switch so that when tripped, the thermostat requires manual 

resetting before the HVAC equipment can restart. 

 

2.2.6.2 Mixed Air Low Limit Thermostats 

 

Each supply system with outside air and return air dampers shall have a 

mixed air low limit thermostat.  The thermostat shall limit the outside air 

and return air dampers to keep the mixed air from going below 45°F.  The 

thermostat shall override all other controls and modulate the outside air 

dampers to 100% closed if the mixed air temperature falls below its 

setting. 

 

2.2.6.3 Duct or Immersion Thermostats 

 

Duct or Immersion Thermostats may only be used as limit controllers, unless 

specified otherwise. 

 

2.2.6.4 Room Thermostats 
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Mount thermostats where they will be unaffected by the sun.  Avoid mounting 

on outside walls.  Where thermostats must be mounted on an outside wall, 

provide an insulating base. 

 

2.2.7 Energy Metering 

 

2.2.7.1 Electric and Natural Gas Meters 

 

See Sections 26 27 13.10 30 and 33 51 13.00 30 

 

2.3 OUTPUT HARDWARE 

 

2.3.1 Control Dampers 

 

Provide factory manufactured galvanized steel dampers where indicated.  

Control dampers shall comply with SMACNA 1966 except as modified or 

supplemented by this specification.  Published damper leakage rates and 

respective pressure drops shall have been verified by tests in compliance 

with AMCA 500-D requirements. 
 

Provide damper assembly frames constructed of 0.064 inch minimum thickness 

galvanized steel channels with mitered and welded corners. Damper axles shall 

be 0.5 inches minimum diameter plated steel rods supported in the damper 

frame by stainless steel or bronze bearings. Blades mounted vertically shall 

be supported by thrust bearings. 
 

Dampers shall be rated for not less than 2000 fpm air velocity.  The 

pressure drop through each damper when full-open shall not exceed 0.04 

inches water gage at 1000 fpm face velocity.  Damper assemblies in ductwork 

subject to above 3-inch water gauge static air pressure shall be 

constructed to meet SMACNA Seal Class "A" construction requirements. 

 

Provide the damper operating linkages outside of the air stream, including 

crank arms, connecting rods, and other hardware that transmits motion from 

the damper actuators to the dampers, shall be adjustable.  Additionally, 

operating linkages shall be designed and constructed to have a 2 to 1 

safety factor when loaded with the maximum required damper operating force. 

Linkages shall be brass, bronze, galvanized steel, or stainless steel. 
 

Provide access doors or panels in hard ceilings and walls for access to all 

concealed damper operators and damper locking setscrews. 

 

For field-installed control dampers, a single damper section shall have 

blades no longer than 48 inches and no higher than 72 inches.  The maximum 

damper blade width shall be 12 inches.  Larger sized dampers shall be built 

using a combination of sections. 
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Frames shall be at least 2 inches wide.  Flat blades shall have edges folded 

for rigidity. Blades shall be provided with compressible gasket seals along 

the full length of the blades to prevent air leakage when closed. 
 

The damper frames shall be provided with jamb seals to minimize air 

leakage.  Seals shall be suitable for an operating temperature range of 

minus 40 degrees F to 200 degrees F. 
 

The leakage rate of each damper when full-closed shall be no more 

than 3 cfm per sq. foot of damper face area at 
 

2.3.2 Control Valves 

 

2.3.2.1 Valve Assembly 

 

Valve bodies shall be designed for 125 psig minimum working pressure or 150 

percent of the operating pressure, whichever is greater.  Valve stems shall 

be Type 316 stainless steel.  Valve leakage ratings shall be 0.01 percent 

of rated Cv value.  Class 125 copper alloy valve bodies and Class 150 steel 

or stainless steel valves shall meet the requirements of ASME B16.5.  Cast 

iron valve components shall meet the requirements of ASTM A126 Class B or 

C. 

 

2.3.2.2 Butterfly Valves 

 

Butterfly valves shall be the threaded lug type suitable for dead-end 

service and for modulation to the fully-closed position, with stainless 

steel shafts supported by bearings, non-corrosive discs geometrically 

interlocked with or bolted to the shaft (no pins), and EPDM seats suitable 

for temperatures from minus 20 degrees F to plus 250 degrees F.  Valves 

shall have a means of manual operation independent of the actuator. 

 

2.3.2.3 Two-Way Valves 

 

Two-way modulating valves shall have an equal percentage characteristic. 

 

2.3.2.4 Three-Way Valves 

 

Three-way valves shall have an equal percentage characteristic. 

 

2.3.2.5 Valves for Chilled Water and Glycol Fluid Service 

 

a. Bodies for valves 1-1/2 inches and smaller shall be brass or bronze, 
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with threaded or union ends.  Bodies for valves from 2 inches to 3 

inches inclusive shall be of brass, bronze, or iron.  Bodies for 2 inch 

valves shall have threaded connections.  Bodies for valves from 2-1/2 

to 3 inches shall have flanged connections. 
 

b. Internal valve trim shall be brass or bronze, except that valve stems 

shall be stainless steel. 
 

c. Unless indicated otherwise, provide modulating valves sized for 2 psi 

minimum and 4 psi maximum differential across the valve at the design 

flow rate. 
 

d. Valves 4 inches and larger shall be butterfly valves, unless indicated 

otherwise. 

 

2.3.2.6 Valves for Hot Water Service 

 

Valves for hot water service below 250 Degrees F: 

 

a. Bodies for valves 1-1/2 inches and smaller shall be brass or bronze, 

with threaded or union ends.  Bodies for valves from 2 inches to 3 

inches inclusive shall be of brass, bronze, or iron.  Bodies for 2 inch 

valves shall have threaded connections.  Bodies for valves from 2-1/2 

to 3 inches shall have flanged connections. 

 

b. Internal trim (including seats, seat rings, modulation plugs, valve 

stems, and springs) of valves controlling water above 210 degrees F shall 

be Type 316 stainless steel. 

 

c. Internal trim for valves controlling water 210 degrees F or less shall 

be brass or bronze.  Valve stems shall be Type 316 stainless steel. 

 

d. Non-metallic parts of hot water control valves shall be suitable for a 

minimum continuous operating temperature of 250 degrees F or 50 degrees 

F above the system design temperature, whichever is higher. 

 

e. Unless indicated otherwise, provide modulating valves sized for 2 psi 

minimum and 4 psi maximum differential across the valve at the design 

flow rate. 
 

f. Valves 4 inches and larger shall be butterfly valves, unless indicated 

otherwise. 

 

2.3.3 Actuators 
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Provide direct-drive electric actuators for all control applications, 

except where indicated otherwise. 

 

2.3.3.1 Electric Actuators 

 

Each actuator shall deliver the torque required for continuous uniform 

motion and shall have internal end switches to limit the travel, or be 

capable of withstanding continuous stalling without damage.  Actuators 

shall function properly within 85 to 110 percent of rated line voltage. 

Provide actuators with hardened steel running shafts and gears of steel or 

copper alloy.  Fiber or reinforced nylon gears may be used for torques less 

than 16 inch-pounds.  Provide two-position actuators of single direction, 

spring return, or reversing type.  Provide modulating actuators capable of 

stopping at any point in the cycle, and starting in either direction from 

any point. Actuators shall be equipped with a switch for reversing 

direction, and a button to disengage the clutch to allow manual 

adjustments.  Provide the actuator with a hand crank for manual 

adjustments, as applicable.  Thermal type actuators may only be used on 

terminal fan coil units, terminal VAV units, convectors, and unit heaters. 

Spring return actuators shall be provided on all control dampers and all 

control valves except terminal fan coil units, terminal VAV units, 

convectors, and unit heaters; unless indicated otherwise.  Each actuator 

shall have distinct markings indicating the full-open and full-closed 

position, and the points in-between. 

 

2.3.4 Output Switches 

 

2.3.4.1 Control Relays 

 

Field installed and DDC panel relays shall be double pole, double throw, UL 

listed, with contacts rated for the intended application, indicator light, 

and dust proof enclosure.  The indicator light shall be lit when the coil 

is energized and off when coil is not energized.  Relays shall be the 

socket type, plug into a fixed base, and replaceable without tools or 

removing wiring.  Encapsulated "PAM" type relays may be used for terminal 

control applications. 

 

2.3.5 Indicators 

 

Interface each indicator with remote sensor/controller to display the 

measured value.  Supply selector switches for multiple indicators that show 

which variable is being measured.  Indicators must be accurate to ± 0.5% of 

the measured variable’s maximum value. 
 

2.4 ELECTRICAL POWER AND DISTRIBUTION 

 

2.4.1 Transformers 

 

Transformers shall conform to UL 506.  For control power other than 

terminal level equipment, provide a fuse or circuit breaker on the 
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secondary side of each transformer. 

 

2.4.2 Surge and Transient Protection 

 

Provide each digital controller with surge and transient power protection.  

Surge and transient protection shall consist of the following devices, 

installed externally to the controllers. 

 

2.4.2.1 Power Line Surge Protection 

 

Provide surge suppressors on the incoming power at each controller or 

grouped terminal controllers.  Surge suppressors shall be rated in 

accordance with UL 1449, have a fault indicating light, and conform to the 

following: 

 

a. The device shall be a transient voltage surge suppressor, hard-wire 

type individual equipment protector for 120 VAC/1 phase/2 wire plus 

ground. 

 

b. The device shall react within 5 nanoseconds and automatically reset. 
 

c. The voltage protection threshold, line to neutral, shall be no more 

than 211 volts. 
 

d. The device shall have an independent secondary stage equal to or 

greater than the primary stage joule rating. 
 

e. The primary suppression system components shall be pure silicon 

avalanche diodes. 
 

f. The secondary suppression system components shall be silicon avalanche 

diodes or metal oxide varistors. 
 

g. The device shall have an indication light to indicate the protection 

components are functioning. 
 

h. All system functions of the transient suppression system shall be 

individually fused and not short circuit the AC power line at any time. 
 

i. The device shall have an EMI/RFI noise filter with a minimum 

attenuation of 13 dB at 10 kHz to 300 MHz. 
 

j. The device shall comply with IEEE C62.41.1 and IEEE C62.41.2, Class "B" 

requirements and be tested according to IEEE C62.45. 
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k. The device shall be capable of operating between minus 20 degrees F 

and plus 122 degrees F. 

 

2.4.2.2 Telephone and Communication Line Surge Protection 
 

Provide surge and transient protection for DDC controllers and DDC network 

related devices connected to phone and network communication lines, in 

accordance with the following: 
 

a. The device shall provide continuous, non-interrupting protection, and 

shall automatically reset after safely eliminating transient surges. 
 

b. The protection shall react within 5 nanoseconds using only solid-state 

silicon avalanche technology. 
 

c. The device shall be installed at the distance recommended by its 

manufacturer. 

 

2.4.2.3 Controller Input/Output Protection 

 

Provide controller inputs and outputs with surge protection via optical 

isolation, metal oxide varistors (MOV), or silicon avalanche devices. 

Fuses are not permitted for surge protection. 

 

2.4.3 Wiring 

 

Provide complete electrical wiring for the DDC System, including wiring to 

transformer primaries.  Unless indicated otherwise, provide all normally 

visible or otherwise exposed wiring in conduit.  Where conduit is required, 

control circuit wiring shall not run in the same conduit as power wiring 

over 100 volts.  Circuits operating at more than 100 volts shall be in 

accordance with Section 26 20 00, INTERIOR DISTRIBUTION SYSTEM.  Run all 

circuits over 100 volts in conduit, metallic tubing, covered metal 

raceways, or armored cable.  Use plenum-rated cable for circuits under 100 

volts in enclosed spaces. Examples of these spaces include HVAC plenums, 

within walls, above suspended ceilings, in attics, and within ductwork. 

 

2.4.3.1 Power Wiring 

 

The following requirements are for field-installed wiring: 

 

a. Wiring for 24 V circuits shall be insulated copper 18 AWG minimum and 

rated for 300 VAC service. 
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b. Wiring for 120 V circuits shall be insulated copper 14 AWG minimum and 

rated for 600 VAC service. 

 

2.4.3.2 Analog Signal Wiring 

 

Field-installed analog signal wiring shall be 18 AWG single or multiple 

twisted pair.  Each cable shall be 100 percent shielded and have a 20 AWG 

drain wire.  Each wire shall have insulation rated for 300 VAC service. 

Cables shall have an overall aluminum-polyester or tinned-copper 

cable-shield tape. 

 

2.4.3.3 Low Voltage Wiring 

 

All control devices and panels containing low voltage power sources shall 

inherently comply with NEC Class 2 requirements (current limiting), or 

shall be supplied with branch circuit fusing to limit control circuit 

current to NEC Class ().  All control transformers shall be of the 

inherent current limiting type, or shall be installed with primary 

disconnect and overload protection. 

 

2.5 FIRE PROTECTION DEVICES 

 

2.5.1 Duct Smoke Detectors 

 

Provide duct smoke detectors in HVAC ducts in accordance with NFPA 72 and 

NFPA 90A, except as indicated otherwise.  Provide UL listed or FM approved 

detectors, designed specifically for duct installation. 
 

Furnish detectors under Section 28 31 64.00 10 FIRE DETECTION AND ALARM 

SYSTEM, ADDRESSABLE and install under this section.  Connect new detectors 

to the building fire alarm panel. 
 

Provide photoelectric type detectors.  Detectors shall detect both visible 

and invisible particles of combustion, and shall not be susceptible to 

undesired operation by changes to relative humidity.  Provide each detector 

with an approved duct housing mounted exterior to the duct, and an integral 

perforated sampling tube extending across the width of the duct.  The 

detector housing shall have indicator lamps that light when the detector is 

powered and when the detector is activated.  Each detector shall have an 

integral test port, test switch.  Connect new detectors to the building's 

new fire alarm control panel.  Provide control and power modules required 

for the operation of the detectors in their own new control unit.  A ground 

fault, break, or open condition in the electrical circuitry to any detector 

or its control or power unit shall cause activation of a trouble signal at 

the building fire alarm panel.  Electrical supervision of wiring used 

exclusively for air-handling unit shutdown is not required, provided a 

break in the wiring would cause shutdown of the associated unit.  Equipment 

and devices shall be compatible and operable in all respects with, and 

shall in no way impair the reliability or operational functions of, the new 

fire alarm system. Provide descriptive zone labels at the fire alarm panel 

indicating which new air-handling unit detectors they serve and their 
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location.  Label zones modified in order to accomplish the work. 

 

2.6 VARIABLE FREQUENCY (MOTOR) DRIVES 

 

Provide variable frequency drives (VFDs) as indicated.  VFDs shall convert 

240 or 460 volt (plus or minus 10 percent), three phase, 60 hertz (plus or 

minus 2Hz), utility grade power to adjustable voltage/frequency, three phase, 

AC power for stepless motor control from 5 percent to 105 percent of base 

speed.  VFDs shall be UL listed as delivered to the end user.  The VFD shall 

meet the requirements specified in the most current National Electrical Code.  

Each VFD shall also meet the following: 
 

a. The VFD shall use sine coded Pulse Width Modulation (PWM) technology. 

PWM calculations shall be performed by the VFD microprocessor. 
 

b. The VFD shall be capable of automatic control by a remote 4-20 mA 

signal, by network command, or manually by the VFD control panel. 

 

2.6.1 VFD Quality Assurance 
 

VFDs shall be the manufacturer's current standard production unit with at 

least 10 identical units successfully operating in the field. 

 

2.6.2 VFD Service Support 

 

a. Warranty:  Provide the VFDs with a minimum 24-month full parts and 

labor warranty.  The warranty shall start when the contract's HVAC 

system is accepted by the Government.  Include warranty documentation, 

dates, and contact information with the VFD on-site service manuals. 

 

b. VFD Service Manuals:  Provide the VFDs with all necessary installation, 

operation, maintenance, troubleshooting, service, and repair manuals in 

English including related factory technical bulletins.  Provide the 

documents factory bound, in sturdy 3-ring binders, or hard bound 

covers.  Provide a title sheet on the outside of each binder indicating 

the project title, project location, installing contractor, contract 

number, and the VFD manufacturer, address, and telephone number.  Each 

binder shall include a table of contents and tabbed dividers, with all 

material neatly organized.  The documentation provided shall be 

specifically applicable to this project, shall be annotated to reflect 

the actual project conditions, and shall provide a complete and concise 

depiction of the installed work. 

 

c. Technical Support:  Provide the VFDs with manufacturer's technical 

telephone support in English, readily available during normal working 

hours, and free of charge for the life of the equipment. 
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d. Initial Start-Up:  Provide the VFDs with factory-trained personnel for 

the on-site start-up of the HVAC equipment and associated VFD.  The 

personnel shall be competent in the complete start-up, operation, and 

repair of the particular model VFD installed.  The factory start-up 

representative shall perform the factory's complete recommended start-

up procedures and check-out tests on the VFD.  Include a copy of the 

start-up test documentation with the VFD on-site service manuals. 

 

e. Provide the VFDs with on-site/hands-on training for the user and 

maintenance personnel.  Provide a capable and qualified instructor with 

minimum two years field experience with the operation and maintenance 

of similar VFDs.  The training shall occur during normal working hours 

and last not less than 2 hours.  Coordinate the training time with the 

Contracting Officer and the end user.  The VFD service manuals shall be 

used during the training.  The contractor shall ensure the manuals are 

on-site before the start of training.  The training shall cover all 

operational aspects of the VFD. 

 

2.6.3 VFD Features 

 

VFDs shall have the following features: 

 

a. A local operator control keypad capable of: 

 

(1) Remote/Local operator selection with password access. 

 

(2) Run/Stop and manual speed commands. 

 

(3) All programming functions. 

 

(4) Scrolling through all display functions. 

 

b. Digital display capable of indicating: 

 

(1) VFD status 

 

(2) Frequency 

 

(3) Motor RPM 

 

(4) Phase current 

 

(5) Fault diagnostics in descriptive text 
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(6) All programmed parameters 
 

c. Standard PI loop controller with input terminal for controlled variable 

and parameter settings. 
 

d. User interface terminals for remote control of VFD speed, speed 

feedback, and an isolated form C SPDT relay, which energizes on a drive 

fault condition. 
 

e. An isolated form C SPDT auxiliary relay which energizes on a run 

command. 

 

f. A metal NEMA 1 enclosure for indoors, NEMA 4 with heater for outdoors. 

 

g. An adjustable carrier frequency with 16 KHz minimum upper limit. 
 

h. A built in or external line reactor with 3 percent minimum impedance to 

protect the VFDs DC buss capacitors and rectifier section diodes. 

 

2.6.4 Programmable Parameters 

 

VFDs shall include the following operator programmable parameters: 

 

a. Upper and lower limit frequency 

 

b. Acceleration and Deceleration rate 

 

c. Variable torque volts per Hertz curve 

 

d. Starting voltage level 

 

e. Starting frequency level 

 

f. Display speed scaling 

 

g. Enable/disable auto-restart feature 

 

h. Enable/disable soft stall feature 

 

i. Motor overload level 
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j. Motor stall level 

 

k. Jump frequency and hysteresis band 

 

l. PWM carrier frequency 

 

2.6.5 Protective Features 

 

VFDs shall have the following protective features: 

 

a. An electronic adjustable inverse time current limit with consideration 

for additional heating of the motor at frequencies below 45Hz, for the 

protection of the motor. 

 

b. An electronic adjustable soft stall feature, allowing the VFD to lower 

the frequency to a point where the motor will not exceed the full-load 

amperage when an overload condition exists at the requested frequency.  

The VFD will automatically return to the requested frequency when load 

conditions permit. 
 

c. A separate electronic stall at 110 percent VFD rated current, and a 

separate hardware trip at 190 percent current. 
 

d. Ground fault protection that protects the output cables and motor from 

grounds during both starting and continuous running conditions. 

 

e. The ability to restart after the following faults: 

 

(1) Overcurrent (drive or motor) 

 

(2) Power outage 

 

(3) Phase loss 

 

(4) Over voltage/Under voltage 

 

f. The ability shut down if inadvertently started into a rotating load 

without damaging the VFD or the motor. 

 

g. The ability to keep a log of a minimum of four previous fault 

conditions, indicating the fault type and time of occurrence in 

descriptive text. 
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h. The ability to sustain 110 percent rated current for 60 seconds 

 

i. The ability to shutdown safely or protect against and record the 

following fault conditions: 
 

(1) Over current (and an indication if the over current was during 

acceleration, deceleration, or running). 

 

(2) Over current internal to the drive 

 

(3) Motor overload at start-up 

 

(4) Over voltage from utility power 

 

(5) Motor running overload 

 

(6) Over voltage during deceleration 

 

(7) VFD over heat 

 

(8) Load end ground fault 

 

(9) Abnormal parameters or data in VFD EEPROM 

 

2.6.6 Minimum Operating Conditions 

 

VFDs shall be designed and constructed to operate within the following 

service conditions: 

 

a. Ambient Temperature Range, 0 to 120 degrees F 

 

b. Non-condensing relative humidity to 90 percent 

 

2.6.7 Additional Features 

 

Provide VFDs with the following additional features: 

 

a. BACnet communication interface port 
 

b. RFI/EMI filters 
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c. Manual bypass circuit and switch integral to the drive to allow drive 

bypass and operation at 100 percent speed.  Motor overload and short 

circuit protective features shall remain in use during the bypass mode. 

 

PART 3 EXECUTION 

 

3.1 INSTALLATION 

 

Perform the installation under the supervision of competent technicians 

regularly employed in the installation of DDC systems. 

 

3.1.1 BACnet Naming and Addressing 
 

Coordinate with the BAS Owner and provide unique naming and addressing for 

BACnet networks and devices. 

 

a. MAC Address 
 

Every BACnet device shall have an assigned and documented MAC Address 

unique to its network.  For Ethernet networks, document the MAC Address 

assigned at its creation.  For ARCNET or MS/TP, assign from 00 to 64. 

 

b. Network Numbering 

 

Assign unique numbers to each new network installed on the BACnet 

internetwork.  Provide ability for changing the network number; either 

by device switches, network computer, or field operator interface.  The 

BACnet internetwork (all possible connected networks) can contain up to 

65,534 possible unique networks. 

 

c. Device Object Identifier Property Number 

 

Assign unique Device "Object_Identifier" property numbers or device 

instances for each device on the BACnet internetwork.  Provide for 

future modification of the device instance number; either by device 

switches, network computer, or field interface.  BACnet allows up to 

4,194,302 possible unique devices per internetwork. 

 

d. Device Object Name Property Text 

 

The Device Object Name property field shall support 32 minimum 

printable characters.  Assign unique Device "Object_Name" property 

names with plain-English descriptive names for each device 
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For example, the Device Object Name that for the device controlling the 

chiller plant at Building 3408 would be: 

 

Device Object_Name = CW System B3408 

 

A Device Object Name for a VAV box controller might be: 

 

Device Object_Name = VAV BOX25 

 

e. Object Name Property Text (Other than Device Objects) 
 

The Object Name property field shall support 32 minimum printable 

characters.  Assign Object Name properties with plain-English names 

descriptive of the application.  Examples include "Zone 1 Temperature" 

and "Fan Start/Stop". 
 

f. Object Identifier Property Number (Other than Device Objects) 

 

Assign Object Identifier property numbers according to design drawings 

or tables if provided.  If not provided, Object Identifier property 

numbers may be assigned at the Contractor's discretion but must be 

approved by the Government.  In this case they must be documented and 

unique for like object types within the device. 

 

3.1.2 Minimum BACnet Object Requirements 

 

a. Use of Standard BACnet Objects 

 

For the following points and parameters, use standard BACnet objects, 

where all relevant object properties can be read using BACnet's Read 

Property Service, and all relevant object properties can be modified 

using BACnet's Write Property Service, which is all device physical 

inputs and outputs, all set points, all PID tuning parameters, all 

calculated pressures, flow rates, and consumption values, all alarms, 

all trends, all schedules, and all equipment and lighting circuit 

operating status. 

 

b. BACnet Object Description Property 

 

The Object Description property shall support 32 minimum printable 

characters.  For each object, complete the description property field 

using a brief, narrative, plain English description specific to the 

object and project application.  For example: "HW Pump 1 Proof." 

Document compliance, length restrictions, and whether the description 

is writeable in the device PICS. 
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c. Analog Input, Output, and Value Objects 

 

Support and provide Description and/or Device_Type text strings 

matching signal type and engineering units shown on the points list. 

 

d. Binary Input, Output, and Value Objects 
 

Support and provide Inactive_Text and Active_Text property descriptions 

matching conditions shown on the points list. 

 

e. Calendar Object 

 

For devices with scheduling capability, provide at least one Calendar 

Object with ten-entry capacity.  All operators may view Calendar 

Objects; authorized operators may make modifications from a 

workstation.  Enable the writeable Date List property and support all 

calendar entry data types. 

 

f. Schedule Object 

 

Use Schedule Objects for all building system scheduling.  All operators 

may view schedule entries; authorized operators may modify schedules 

from a workstation. 

 

g. Loop Object or Equal 

 

Use Loop Objects or equivalent BACnet objects in each applicable field 

device for PID control. Regardless of program method or object used, 

allow authorized operators to adjust the Update Interval, Setpoint, 

Proportional Constant, Integral Constant, and Derivative Constant using 

BACnet read/write services. 

 

3.1.3 Minimum BACnet Service Requirements 

 

a. Command Priorities 

 

Use commandable BACnet objects to control machinery and systems, 

providing the priority levels listed below.  If the sequence of 

operation requires a different priority, obtain approval from 

the Contracting Officer. 

 

Priority Level Application 
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1 Manual-Life Safety 

2 Automatic-Life Safety 

3 (User Defined) 

4 (User Defined) 

5 Critical Equipment Control 

6 Minimum On/Off 

7 (User Defined) 

8 Manual Operator 

9 (User Defined) 

10 (User Defined) 

11 Load Shedding 

12 (User Defined) 

13 (User Defined) 

14 (User Defined) 

15 (User Defined) 

16 (User Defined) 

 

b. Alarming 
 

(1) Alarm Priorities - Coordinate alarm and event notification 

with the BAS Owner. 
 

(2) Notification Class - Enable writeable Priority, Ack Required, 

and Recipient List properties of Notification Class objects. 
 

(3) Event Notification Message Texts - Use condition specific 

narrative text and numerical references for alarm and event 

notification. 

 

c. Updating Displayed Property Values 

 

Allow workstations to display property values at discrete polled 

intervals, or based on receipt of confirmed and unconfirmed Change of 

Value notifications.  The COV increment shall be adjustable by an 

operator using BACnet services, and polled intervals shall be 
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adjustable at the operator workstation. 

 

3.1.4 Local Area Networks 

 

Obtain Government approval before connecting new networks with existing 

networks.  Network numbers and device instance numbers shall remain 

unique when joining networks.  Do not change existing network addressing 

without Government approval.  See also "BACnet Naming and Addressing". 

 

3.1.5 BACnet Routers, Bridges, and Switches 

 

Provide the quantity of BACnet routers, bridges, and switches necessary for 

communications shown on the BACnet Communication Architecture schematic.  

Provide BACnet routers with BACnet Broadcast Message Device (BBMD) 

capability on each BACnet internetwork communicating across an IP network.  

Configure each BACnet device and bridge, router, or switch to communicate 

on its network segment. 
 

3.1.6 Wiring Criteria 

 

a. Run circuits operating at more than 100 volts in rigid or flexible 

conduit, metallic tubing, covered metal raceways, or armored cable. 

 

b. Do not run binary control circuit wiring in the same conduit as power 

wiring over 100 volts.  Where analog signal wiring requires conduit, do 

not run in the same conduit with AC power circuits or control circuits 

operating at more than 100 volts. 

 

c. Provide circuit and wiring protection required by NFPA 70. 

 

d. Run all wiring located inside mechanical rooms in conduit. 

 

e. Do not bury aluminum-sheathed cable or aluminum conduit in concrete. 

 

f. Input/output identification:  Permanently label each field-installed 

wire, cable, and pneumatic tube at each end with descriptive text 

using a commercial wire marking system that fully encircles the 

wire, cable, or tube.  Locate the markers within 2 inches of each 

termination.  Match the names and I/O number to the project's point 

list.  Similarly label all power wiring serving control devices, 

including the word "power" in the label.  Number each pneumatic tube 

every six feet.  Label all terminal blocks with alpha/numeric 

labels.  All wiring and the wiring methods shall be in accordance 

with UL 508A. 

 

g. For controller power, provide new 120 VAC circuits, with ground.  
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Provide each circuit with a dedicated breaker, and run wiring in its 

own conduit, separate from any control wiring.  Connect the 

controller's ground wire to the electrical panel ground; conduit 

grounds are not acceptable. 

 

h. Surge Protection:  Install surge protection according to manufacturer's 

instructions.  Multiple controllers fed from a common power supply may 

be protected by a common surge protector, properly sized for the total 

connected devices. 

 

i. Grounding:  Ground controllers and cabinets to a good earth ground.  

Conduit grounding is not acceptable; all grounding shall have a direct 

path to the building earth ground.  Ground sensor drain wire shields 

at the controller end. 
 

j. The Contractor shall be responsible for correcting all associated 

ground loop problems. 

 

k. Run wiring in panel enclosures in covered wire track. 

 

3.1.7 Accessibility 

 

Install all equipment so that parts requiring periodic inspection, 

operation, maintenance, and repair are readily accessible.  Install digital 

controllers, data ports, and concealed actuators, valves, dampers, and like 

equipment in locations freely accessible through access doors. 

 

3.1.8 Digital Controllers 

 

a. Install as standalone control devices (see definitions). 
 

b. Locate control cabinets at the locations shown on the drawings.  If not 

shown on the drawings, install in the most accessible space, close to 

the controlled equipment. 

 

3.1.9 Hand-Off-Auto Switches 
 

Wire safety controls such as smoke detectors and freeze protection 

thermostats to protect the equipment during both hand and auto operation. 
 

3.1.10 Temperature Sensors 

 

Install temperature sensors in locations that are readily accessible and 

provide a good representation of sensed media. Installations in dead spaces 

are not acceptable.  Calibrate sensors according to manufacturer's 
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instructions.  Do not use sensors designed for one application in a different 

application. 

 

3.1.10.1 Room Temperature Sensors 

 

Mount the sensors on interior walls to sense the average room temperature 

at the locations indicated.  Avoid locations near heat sources such as copy 

machines or locations by supply air outlet drafts.  Mount the center of the 

sensor 54 inches above the floor to meet ADA requirements. 

 

3.1.10.2 Duct Temperature Sensors 

 

a. Probe Type: Provide a gasket between the sensor housing and the duct 

wall.  Seal the duct penetration air tight.  Seal the duct insulation 

penetration vapor tight. 

 

b. Averaging Type (and coil freeze protection thermostats):  Weave the 

capillary tube sensing element in a serpentine fashion perpendicular to 

the flow, across the duct or air handler cross-section, using durable 

non-metal supports.  Prevent contact between the capillary and the duct 

or air handler internals.  Provide a duct access door at the sensor 

location.  The access door shall be hinged on the side, factory 

insulated, have cam type locks, and be as large as the duct will 

permit, maximum 18 by 18 inches.  For sensors inside air handlers, the 

sensors shall be fully accessible through the air handler's access 

doors without removing any of the air handler's internals. 

 

3.1.10.3 Immersion Temperature Sensors 

 

Provide thermowells for sensors measuring piping, tank, or pressure vessel 

temperatures.  Locate wells to sense continuous flow conditions.  Do not 

install wells using extension couplings.  Where piping diameters are 

smaller than the length of the wells, provide wells in piping at elbows to 

sense flow across entire area of well.  Wells shall not restrict flow area 

to less than 70 percent of pipe area.  Increase piping size as required to 

avoid restriction.  Provide thermal conductivity material within the well 

to fully coat the inserted sensor. 

 

3.1.10.4 Outside Air Temperature Sensors 

 

Provide outside air temperature sensors in weatherproof enclosures on the 

north side of the building, away from exhaust hoods and other areas that 

may affect the reading.  Provide a shield to shade the sensor from direct 

sunlight. 

 

3.1.11 Energy Meters 
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Locate energy meters as indicated.  Connect each meter output to the DDC 

system, to measure both instantaneous and accumulated energy usage. 

 

3.1.12 Damper Actuators 

 

Where possible, mount actuators outside the air stream in accessible areas. 

 

3.1.13 Thermometers and Gages 
 

Mount devices to allow reading while standing on the floor or ground, as 

applicable. 

 

3.1.14 Pressure Sensors 
 

Pressure sensors shall be temperature compensated for the expected 

temperatures of the application.  Locate pressure sensors as indicated and 

as required to perform sequence of operation. 

 

Duct pressure sensors shall have a range of 0.0” to 3.0” W.C., 0.0” to 5.0” 

W.C., or as required for application, repeatability of ± 1.5% of range, 

accuracy of ± 3% of range. 

 

Air differential pressure switches shall be single contact for actuation on 

decreasing pressure (normally closed), 0.5” to 2.0” W.C. range.  Relay 

rating of 15 amps at 120-480 VAC. 

 

Duct static pressure sensors shall be located in a section of ductwork with 

minimum turbulence. 

 

3.1.15 Component Identification Labeling 

 

Using an electronic hand-held label maker with white tape and bold black 

block lettering, provide an identification label on the exterior of each 

new control panel, control device, actuator, and sensor.  Also provide 

labels on the exterior of each new control actuator indicating the (full) 

open and (full) closed positions.  For labels located outdoors, use 

exterior grade label tape, and provide labels on both the inside and 

outside of the panel door or device cover.  Acceptable alternatives are 

white plastic labels with engraved bold black block lettering permanently 

attached to the control panel, control device, actuator, and sensor.  Have 

the labels and wording approved by the BAS Owner prior to installation. 

 

3.1.16 Network and Telephone Communication Lines 
 

When telephone lines or network connections by the Government are required, 

provide the Contracting Officer at least 60 days advance notice of need. 
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3.2 TEST AND BALANCE SUPPORT 
 

The controls contractor shall coordinate with and provide on-site support 

to the test and balance (TAB) personnel specified under Section 23 05 93 

TESTING, ADJUSTING AND BALANCING.  This support shall include: 
 

a. On-site operation and manipulation of control systems during the 

testing and balancing. 
 

b. Control setpoint adjustments for balancing all relevant mechanical 

systems, including VAV boxes. 
 

c. Tuning control loops with setpoints and adjustments determined by TAB 

personnel. 

 

3.3 CONTROLS SYSTEM OPERATORS MANUALS 

 

Provide two electronic and two printed copies of a Controls System 

Operators Manual.  The manual shall be specific to the project, written to 

actual project conditions, and provide a complete and concise depiction of 

the installed work.  Provide information in detail to clearly explain all 

operation requirements for the control system. 
 

Provide with each manual: CDs of the project's control system drawings, 

control programs, data bases, graphics, and all items listed below.  

Include gateway back-up data and configuration tools where applicable. 

Provide CDs in jewel case with printed and dated project-specific 

labels on both the CD and the case.  Submit drawings in both PDF format 

and AutoCAD DWG files.  Give files descriptive English names and 

organize in folders. 
 

Provide printed manuals in sturdy 3-ring binders with a title sheet on the 

outside of each binder indicating the project title, project location, 

contract number, and the controls contractor name, address, and telephone 

number.  Each binder shall include a table of contents and tabbed dividers, 

with all material neatly organized.  Manuals shall include the following: 
 

a. A copy of the as-built control system (shop) drawings set, with all 

items specified under the paragraph "Submittals."  Indicate all field 

changes and modifications. 
 

b. A copy of the project's mechanical design drawings, including any 

official modifications and revisions. 
 

c. A copy of the project's approved Product Data submittals provided under 

the paragraph "Submittals." 
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d. A copy of the project's approved Performance Verification Testing Plan 

and Report. 

 

e. A copy of the project's approved final TAB Report. 
 

f. Printouts of all control system programs, including controller setup 

pages if used.  Include plain-English narratives of application 

programs, flowcharts, and source code. 
 

g. Printouts of all physical input and output object properties, including 

tuning values, alarm limits, calibration factors, and set points. 

 

h. A table entitled "AC Power Table" listing the electrical power source 

for each controller.  Include the building electrical panel number, 

panel location, and circuit breaker number. 

 

i. The DDC manufacturer's hardware and software manuals in both print and 

CD format with printed project-specific labels.  Include installation 

and technical manuals for all controller hardware, operator manuals for 

all controllers, programming manuals for all controllers, operator 

manuals for all workstation software, installation and technical 

manuals for the workstation and notebook, and programming manuals for 

the workstation and notebook software. 

 

j. A list of qualified control system service organizations for the work 

provided under this contract.  Include their addresses and telephone 

numbers. 

 

k. A written statement entitled "Technical Support" stating the control 

system manufacturer or authorized representative will provide toll-free 

telephone technical support at no additional cost to the Government for 

a minimum of two years from project acceptance, will be furnished by 

experienced service technicians, and will be available during normal 

weekday working hours.  Include the toll-free technical support 

telephone number. 

 

l. A written statement entitled "Software Upgrades" stating software and 

firmware patches and updates will be provided upon request at no 

additional cost to the Government for a minimum of two years from 

contract acceptance.  Include a table of all DDC system software and 

firmware provided under this contract, listing the original release 

dates, version numbers, part numbers, and serial numbers. 

 

3.4 PERFORMANCE VERIFICATION TESTING (PVT) 

 

3.4.1 General 
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The PVT shall demonstrate compliance of the control system work with the 

contract requirements.  The PVT shall be performed by the Contractor and 

witnessed and approved by the Government.  If the project is phased, 

provide separate testing for each phase.  A Pre-PVT meeting to review the 

Pre-PVT Checklist is required to coordinate all aspects of the PVT and 

shall include the Contractor's QA representative, the Contractor's PVT 

administrator, the Contracting Officer's representative. 

 

3.4.2 Performance Verification Testing Plan 

 

Submit a detailed PVT Plan of the proposed testing for Government approval.  

Develop the PVT Plan specifically for the control system in this contract.  

The PVT Plan shall be a clear list of test items arranged in a logical 

sequence.  Include the intended test procedure, the expected response, and 

the pass/fail criteria for every component tested. 
 

The plan shall clearly describe how each item is tested, indicate where 

assisting personnel are required (like the mechanical contractor), and 

include what procedures are used to simulate conditions.  Include a separate 

column for each checked item and extra space for comments.  Where sequences 

of operations are checked, insert each corresponding routine from the 

project’s sequence of operation.  For each test area, include signature and 

date lines for the Contractor's PVT administrator, the Contractor's QA 

representative, the Contracting Officer's representative to acknowledge 

successful completion. 

 

3.4.3 PVT Sample Size 

 

Test all central plant equipment and primary air handling unit controllers 

unless otherwise directed.  Twenty percent sample testing is allowed for 

identical controllers typical of terminal control like VAV boxes and fan 

coil units.  The Government may require testing of like controllers beyond 

a statistical sample if sample controllers require retesting or do not have 

consistent results. 

 

The Government may witness all testing, or random samples of PVT items. 

When only random samples are witnessed, the Government may choose which 

ones. 

 

3.4.4 Pre-Performance Verification Testing Checklist 

 

Submit the following as a list with items checked off once verified. 

Provide a detailed explanation for any items that are not completed or 

verified. 

 

a. Verify all required mechanical installation work is successfully 

completed, and all HVAC equipment is working correctly (or will be by 

the time the PVT is conducted). 
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b. Verify HVAC motors operate below full-load amperage ratings. 

 

c. Verify all required control system components, wiring, and accessories 

are installed. 
 

d. Verify the installed control system architecture matches approved 

drawings. 
 

e. Verify all control circuits operate at the proper voltage and are free 

from grounds or faults. 

 

f. Verify all required surge protection is installed. 
 

g. Verify the A/C Power Table specified in "CONTROLS SYSTEM OPERATORS 

MANUALS" is accurate. 
 

h. Verify all DDC network communications function properly, including 

uploading and downloading programming changes. 
 

i. Using the BACnet protocol analyzer (if provided or required in this 

specification), verify communications are error free. 

 

j. Verify each digital controller’s programming is backed up. 

 

k. Verify all wiring, components, and panels are properly labeled. 

 

l. Verify all required points are programmed into devices. 

 

m. Verify all TAB work affecting controls is complete. 
 

n. Verify all valve and actuator zero and span adjustments are set 

properly. 

 

o. Verify all sensor readings are accurate and calibrated. 
 

p. Verify each control valve and actuator goes to normal position upon 

loss of power. 
 

q. Verify all control loops are tuned for smooth and stable operation. 

View trend data where applicable. 
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r. Verify each controller works properly in stand-alone mode. 

 

s. Verify all safety controls and devices function properly, including 

freeze protection and interfaces with building fire alarm systems. 

 

t. Verify all electrical interlocks work properly. 

 

u. Verify all workstations, notebooks and maintenance personnel interface 

tools are delivered, all system and database software is installed, and 

graphic pages are created for each workstation and notebook. 

 

v. Verify the as-built (shop) control drawings are completed. 

 

3.4.5 Conducting Performance Verification Testing 

 

a. Conduct Government-witnessed PVT after approval of the PVT Plan and the 

completed Pre-PVT Checklist.  Notify the Contracting Officer of the 

planned PVT at least 15 days prior to testing.  Provide an estimated 

time table required to perform the testing.  Furnish personnel, 

equipment, instrumentation, and supplies necessary to perform all 

aspects of the PVT.  Ensure that testing personnel are regularly 

employed in the testing and calibration of DDC systems.  Using the 

project's as-built control system (shop) drawings, the project's 

mechanical design drawings, the approved Pre-PVT Checklist, and the 

approved PVT Plan, conduct the PVT. 
 

b. During testing, identify any items that do not meet the contract 

requirements and if time permits, conduct immediate repairs and re-

test.  Otherwise, deficiencies shall be investigated, corrected, and 

re-tested later.  Document each deficiency and corrective action taken. 

 

c. If re-testing is required, follow the procedures for the initial PVT. 

The Government may require re-testing of any control system components 

affected by the original failed test. 

 

3.4.6 Controller Capability and Labeling 

Test the following for each controller: 

a. Memory:  Demonstrate that programmed data, parameters, and trend/alarm 

history collected during normal operation is not lost during power 

failure. 
 

b. Direct Connect Interface:  Demonstrate the ability to connect 

directly to each type of digital controller with a portable 

electronic device like a notebook computer or PDA.  Show that 

maintenance personnel interface tools perform as specified in the 

manufacturer's technical literature. 
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c. Stand Alone Ability:  Demonstrate controllers provide stable and 

reliable stand-alone operation using default values or other method for 

values normally read over the network. 

 

d. Wiring and AC Power:  Demonstrate the ability to disconnect any 

controller safely from its power source using the AC Power Table. 

Demonstrate the ability to match wiring labels easily with the control 

drawings.  Demonstrate the ability to locate a controller's location 

using the BACnet Communication Architecture Schematic and floor plans. 
 

e. Nameplates and Tags:  Show the nameplates and tags are accurate and 

permanently attached to control panel doors, devices, sensors, and 

actuators. 

 

3.4.7 Workstation and Software Operation 

 

For every user workstation or notebook provided: 

 

a. Show points lists agree with naming conventions. 

 

b. Show that graphics are complete. 

 

c. Show the UPS operates as specified. 

 

3.4.8 BACnet Communications and Interoperability Areas 

 

Demonstrate proper interoperability of data sharing, alarm and event 

management, trending, scheduling, and device and network management.  If 

available or required in this specification, use a BACnet protocol analyzer 

to assist with identifying devices, viewing network traffic, and verifying 

interoperability.  These requirements must be met even if there is only one 

manufacturer of equipment installed.  Testing includes the following: 
 

a. Data Presentation:  On each BACnet Operator Workstation, demonstrate 

graphic display capabilities. 
 

b. Reading of Any Property:  Demonstrate the ability to read and display 

any used readable object property of any device on the network. 

 

c. Setpoint and Parameter Modifications:  Show the ability to modify all 

setpoints and tuning parameters in the sequence of control or listed on 

project schedules.  Modifications are made with BACnet messages and 

write services initiated by an operator using workstation graphics, or 

by completing a field in a menu with instructional text. 
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d. Peer-to-Peer Data Exchange:  Show all BACnet devices are installed and 

configured to perform BACnet read/write services directly (without the 

need for operator or workstation intervention), to implement the 

project sequence of operation, and to share global data. 

 

e. Alarm and Event Management:  Show that alarms/events are installed and 

prioritized according to the BAS Owner.  Demonstrate time delays and 

other logic is set up to avoid nuisance tripping, e.g., no status 

alarms during unoccupied times or high supply air during cold morning 

start-up. Show that operators with sufficient privilege can read and 

write alarm/event parameters for all standard BACnet event types.  Show 

that operators with sufficient privilege can change routing (BACnet 

notification classes) for each alarm/event including the destination, 

priority, day of week, time of day, and the type of transition involved 

(TO-OFF NORMAL, TO-NORMAL, etc.). 

 

f. Schedule Lists: Show that schedules are configured for start/stop, 

mode change, occupant overrides, and night setback as defined in the 

sequence of operations. 

 

g. Schedule Display and Modification:  Show the ability to display any 

schedule with start and stop times for the calendar year.  Show that 

all calendar entries and schedules are modifiable from any connected 

workstation by an operator with sufficient privilege. 

 

h. Archival Storage of Data: Show that data archiving is handled by the 

operator workstation/server, and local trend archiving and display is 

accomplished with BACnet Trend Log objects. 

 

i. Modification of Trend Log Object Parameters:  Show that an operator 

with sufficient privilege can change the logged data points, sampling 

rate, and trend duration. 

 

j. Device and Network Management:  Show the following capabilities: 

 

(1) Display of Device Status Information 

 

(2) Display of BACnet Object Information 

 

(3) Silencing Devices that are Transmitting Erroneous Data 

 

(4) Time Synchronization 

 

(5) Remote Device Reinitialization 
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(6) Backup and Restore Device Programming and Master Database(s) for a 

minimum of one year. 

 

(7) Configuration Management of Half-Routers, Routers and BBMDs 

 

3.4.9 Execution of Sequence of Operation 
 

Demonstrate that the HVAC system operates properly through the complete 

sequence of operation.  Use read/write property services to globally read 

and modify parameters over the internetwork. 

 

3.4.10 Control Loop Stability and Accuracy 

 

For all control loops tested, give the Government trend graphs of the 

control variable over time, demonstrating that the control loop responds to 

a 20 percent sudden change of the control variable set point without 

excessive overshoot and undershoot. If the process does not allow a 20 

percent set point change, use the largest change possible.  Show that once 

the new set point is reached, it is stable and maintained.  Control loop 

trend data shall be in real-time with the time between data points 30 

seconds or less. 

 

3.4.11 Performance Verification Testing Report 

 

Upon successful completion of the PVT, submit a PVT Report to the Government 

and prior to the Government taking use and possession of the facility.  Do 

not submit the report until all problems are corrected and successfully re-

tested.  The report shall include the annotated PVT Plan used during the PVT.  

Where problems were identified, explain each problem and the corrective 

action taken.  Include a written certification that the installation and 

testing of the control system is complete and meets all of the contract's 

requirements. 

 

3.5 TRAINING REQUIREMENTS 

 

Provide a qualified instructor (or instructors) with two years minimum 

field experience with the installation and programming of similar BACnet 

DDC systems. Orient training to the specific systems installed.  

Coordinate training times with the Contracting Officer and BAS Owner 

after receiving approval of the training course documentation.  Training 

shall take place at the job site and/or a nearby Government-furnished 

location.  A training day shall occur during normal working hours, last 

no longer than 8 hours and include a one-hour break for lunch and two 

additional 15-minute breaks.  The project's approved Controls System 

Operators Manual shall be used as the training text.  The Contractor 

shall ensure the manuals are submitted, approved, and available to hand 

out to the trainees before the start of training. 
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3.5.1 Training Documentation 

 

Submit training documentation for review 30 days minimum before training. 

Documentation shall include an agenda for each training day, objectives, a 

synopses of each lesson, and the instructor's background and 

qualifications.  The training documentation can be submitted at the same 

time as the project's Controls System Operators Manual. 

 

3.5.2 Phase I Training - Fundamentals 

 

The Phase I training session shall last two consecutive days and be 

conducted in a classroom environment with complete audio-visual aids 

provided by the contractor.  Provide each trainee a printed 8.5 by 11 inch 

hard-copy of all visual aids used.  Upon completion of the Phase I 

Training, each trainee should fully understand the project's DDC system 

fundamentals.  The training session shall include the following: 
 

a. BACnet fundamentals (objects, services, addressing) and how/where they 

are used on this project 

 

b. This project's list of control system components 

 

c. This project's list of points and objects 

 

d. This project's device and network communication architecture 

 

e. This project's sequences of control, and: 

 

f. Alarm capabilities 

 

g. Trending capabilities 

 

h. Troubleshooting communication errors 

 

i. Troubleshooting hardware errors 
 

3.5.3 Phase II Training - Operation 

 

Provide Phase II Training shortly after completing Phase I Training.  The 

Phase II training session shall last two consecutive days and be conducted 

at the DDC system workstation, at a notebook computer connected to the DDC 

system in the field, and at other site locations as necessary.  Upon 

completion of the Phase II Training, each trainee should fully understand 

the project's DDC system operation.  The training session shall include the 
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following: 

 

a. A walk-through tour of the mechanical system and the installed DDC 

components (controllers, valves, dampers, surge protection, switches, 

thermostats, sensors, etc.) 

 

b. A discussion of the components and functions at each DDC panel 

 

c. Logging-in and navigating at each operator interface type 
 

d. Using each operator interface to find, read, and write to specific 

controllers and objects 

 

e. Modifying and downloading control program changes 

 

f. Modifying setpoints 

 

g. Creating, editing, and viewing trends 

 

h. Creating, editing, and viewing alarms 

 

i. Creating, editing, and viewing operating schedules and schedule objects 

 

j. Backing-up and restoring programming and data bases 
 

k. Modifying graphic text, backgrounds, dynamic data displays, and links 

to other graphics 

 

l. Creating new graphics and adding new dynamic data displays and links 

 

m. Alarm and Event management 

 

n. Adding and removing network devices 

 

3.6 WARRANTY 

 

The entire control system shall be warranted to be free from defects in 

workmanship and material for two years after transfer and acceptance from 

the government.  The contractor shall make all necessary repairs, 

adjustments, and replacement at no additional cost to the government 

during the warranty period. 
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3.7 SETPOINT TEMPERATURES 

 

HVAC control systems shall be set to maintain space temperatures that 

will not exceed the conditions in the following table during occupied and 

unoccupied hours. 

 

Occupancy 
Heating Max Temp 

[°F] 
Cooling Min Temp [°F] 

  Occupied Unoccupied Occupied Unoccupied 
Max 

Humidity 

Admin Areas 70 55 73 80 50% 

NAF Retail 

Space 
70 55 73 80 50% 

Community 

Areas 
70 55 73 80 50% 

Warehouse 60 55 80 80 50% 

Shop Space 65 55 76 80 50% 

 

 

 

END OF SECTION 23 09 23.13 20 
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SECTION 23 21 23

HYDRONIC PUMPS

PART 1   GENERAL

1.1   REFERENCES

The publications listed below form a part of this specification to the 
extent referenced.  The publications are referred to within the text by 
the basic designation only.

AMERICAN SOCIETY OF MECHANICAL ENGINEERS (ASME)

ASME B1.1 (2003; R 2018) Unified Inch Screw Threads 
(UN and UNR Thread Form)

ASTM INTERNATIONAL (ASTM)

ASTM A123/A123M (2017) Standard Specification for Zinc 
(Hot-Dip Galvanized) Coatings on Iron and 
Steel Products

ASTM A307 (2021) Standard Specification for Carbon 
Steel Bolts, Studs, and Threaded Rod 60 
000 PSI Tensile Strength

HYDRAULIC INSTITUTE (HI)

HI 1.1-1.2 (2014) Rotodynamic (Centrifugal) Pump for 
Nomenclature and Definitions

HI 1.3 (2013) Rotodynamic (Centrifugal) Pump 
Applications

HI 9.6.4 (2009) Rotodynamic Pumps for Vibration 
Analysis and Allowable Values

HI ANSI/HI 2.1-2.2 (2014) Rotodynamic Vertical Pumps of 
Radial, Mixed, and Axial Flow Types for 
Nomenclature and Definitions

HI ANSI/HI 9.6.3 (2017) Rotodynamic Pumps - Guideline for 
Operating Regions - B120

HI ANSI/HI 14.6 (2011) Rotodynamic Pumps for Hydraulic 
Performance Acceptance Tests - A136

INTERNATIONAL CODE COUNCIL (ICC)

ICC IgCC (2018) International Green Construction 
Code
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NATIONAL ELECTRICAL MANUFACTURERS ASSOCIATION (NEMA)

NEMA MG 1 (2018) Motors and Generators

NEMA Z535.4 (2011; R 2017) Product Safety Signs and 
Labels

NATIONAL FIRE PROTECTION ASSOCIATION (NFPA)

NFPA 70 (2020; ERTA 20-1 2020; ERTA 20-2 2020; TIA 
20-1; TIA 20-2; TIA 20-3; TIA 20-4) 
National Electrical Code

SOCIETY FOR PROTECTIVE COATINGS (SSPC)

SSPC Paint 21 (1982; E 2004) White or Colored Silicone 
Alkyd Paint (Type I, High Gloss and Type 
II, Medium Gloss)

SSPC Paint 25 (1997; E 2004) Zinc Oxide, Alkyd, Linseed 
Oil Primer for Use Over Hand Cleaned 
Steel, Type I and Type II

U.S. NATIONAL ARCHIVES AND RECORDS ADMINISTRATION (NARA)

29 CFR 1910.219 Mechanical Power Transmission Apparatus

UNDERWRITERS LABORATORIES (UL)

UL 778 (2016; Reprint Jun 2021) UL Standard for 
Safety Motor-Operated Water Pumps

1.2   SUBMITTALS

Government approval is required for submittals with a "G" or "S" 
classification.  Submittals not having a "G" or "S" classification are for 
Contractor Quality Control approval. Submit the following in accordance 
with Section 01 33 00  SUBMITTAL PROCEDURES:

SD-02 Shop Drawings  

System Coordination ; G, 

 SD-03 Product Data  

Instructions ; G, 

Equipment Data ; G

Training Period ; G

SD-06 Test Reports  

Factory Tests

Field Quality Control

 SD-07 Certificates  
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Manufacturer's Representative

 SD-10 Operation and Maintenance Data  

Operation and Maintenance Manuals ; G

Training ; G

1.3   QUALITY ASSURANCE

1.3.1   Manufacturer Services

Provide the services of a manufacturer's representative  experienced in the 
installation, adjustment, and operation of the equipment specified.  The 
representative must supervise the installation, adjustment, testing of the 
equipment, and conduct training.

Submit the names and qualifications of the manufacturer's representative 
and training engineers and written certification from the manufacturer 
that the representative and trainers are technically qualified.

1.3.2   Standard Products

Provide material and equipment which are the standard products of a 
manufacturer regularly engaged in the manufacture of such products and 
that essentially duplicate equipment that has been in satisfactory HVAC 
operation at least 2 years prior to issuance of this solicitation.  
Support equipment with a service organization that is reasonably 
convenient to the jobsite.  Pumps and motors of the same types must each 
be the product of one manufacturer.

1.3.3   Conformance with Agency Requirements

Where materials or equipment are specified to be an approved type, attach 
the seal or label of approval from a nationally recognized testing agency, 
adequately equipped and competent to perform such services.  A written 
certificate from the testing agency must accompany the materials or 
equipment and be submitted stating that the items have been tested and 
that they conform to the applicable requirements of the specifications and 
to the standards listed herein.  The certificate must indicate the methods 
of testing used by the testing agency.  In lieu of a certificate from a 
testing agency, published catalog specification data, accompanied by the 
manufacturer's certified statement to the effect that the items are in 
accordance with the applicable requirements of the specifications and the 
referenced standards, will be considered and may be acceptable as evidence 
that the items conform with agency requirements.

1.4   DELIVERY, STORAGE, AND HANDLING

Protect equipment, delivered and designated for storage, from the weather, 
humidity and temperature variations, dirt and dust, or other contaminants.

PART 2   PRODUCTS

2.1   SYSTEM DESCRIPTION

Hydronic pumps used for heating and air conditioning applications are 
defined by the type of impeller, number of impellers, type of casing, 
method of connection to the driver, and mounting position.  Provide 
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centrifugal water pumps of the types indicated and specified.  Use an 
electric motor driving unit for each pump as indicated and specified.

2.1.1   Selection Criteria

Select pumps at a point within the maximum efficiency for a given impeller 
casing combination.  Deviations within 3 percent of maximum efficiency are 
permissible, provided the lesser efficiency is not less than the scheduled 
efficiency in the construction design documents.  Pumps having impeller 
diameters larger or smaller than manufacturer's published maximum and 
minimum impeller diameters for a given impeller casing combination will be 
rejected.  Pump performance data, as shown in performance curves, must be 
based on factory tests using precision instrumentation and exacting 
procedures as detailed in HI ANSI/HI 14.6 .

2.1.2   System Coordination

Submit drawings containing complete wiring and piping schematic diagrams 
and any other details required to demonstrate that the system has been 
coordinated and will properly function as a unit.  Show the proposed 
layout and anchorage of equipment and appurtenances, and equipment 
relationship to other parts of the work including clearances for 
maintenance and operation.  Provide a complete listing of equipment, 
materials and miscellaneous components including mechanical seals, 
bearings, and couplings.

2.1.3   Safety Requirements

Fully enclose or guard couplings, projecting set-screws, keys, and other 
rotating parts, that pose an entangling hazards..

2.2   MATERIALS AND EQUIPMENT

2.2.1   Nameplates

Securely affix a standard nameplate to pumps and motors in a conspicuous 
place showing the manufacturer's name, address, type or style, model, 
serial number, and catalog number.  In addition, for each pump show the 
capacity in  gpm  at rated speed in rpm and total head in  feet  of water.  
For each electric motor show at least the minimum information required by 
NEMA MG 1.  Show such other information as the manufacturer may consider 
necessary to complete identification on the nameplate.  Pumps must be 
listed and labeled by UL, and comply with UL 778  for pumps not using 
universal motors rated more than 250 volts such as circulating pumps.

2.2.2   Framed Instructions

Submit proposed diagrams, instructions, and other sheets, prior to 
posting.  Post approved wiring and control diagrams showing the complete 
layout of the entire system, including equipment, piping valves, and 
control sequence, framed under glass or in approved laminated plastic, 
where directed.  Provide condensed operating instructions explaining 
preventive maintenance procedures, methods of checking the system for 
normal safe operation, and procedures for safely starting and stopping the 
system, framed as specified above for the wiring and control diagrams, and 
posted beside the diagrams.  Post the framed instructions before 
acceptance testing of the systems.
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2.2.3   Pump Characteristic

Construct hydronic water pumps in accordance with HI 1.1-1.2  and 
HI ANSI/HI 2.1-2.2 .  The pumps must be capable of discharging quantities 
at total discharge heads measured at the discharge flange, between the 
following limits:

Operate pumps at optimum efficiencies to produce the most economical 
pumping system under the conditions encountered and size to make optimum 
match with the system head curve as shown.  Pumps must furnish not less 
than 150 percent of rated capacity at a total discharge head of not less 
than 65 percent of total rated head.  The shutoff total head must not be 
greater than 120 percent of total rated head.  Operate pumps at specified 
system fluid temperatures without vapor binding and cavitation.  Operate 
pumps to HI ANSI/HI 9.6.3  standard for Preferred Operationg Region (POR).

2.2.4   Pump Drivers

Provide electric motors as indicated for each pump and in compliance with 
Section .

2.2.5   Equipment Data

Submit manufacturer's descriptive data and technical literature, 
performance charts and curves for all impeller sizes for a given casing, 
catalog cuts, and installation instructions.  Provide spare parts data for 
each different item of material and equipment specified, after approval of 
the detail drawings and not later than 6 months prior to the date of 
beneficial occupancy.  Include a complete list of parts and supplies, with 
current unit prices and local source of supply with contact information. 

Submit catalog information, certified pumps curves, rated capacities, 
final impeller dimensions, and accessories provided for the product 
indicated.  Indicate operating point of each pump on curves.  Furnish pump 
curves for each pump and combination of pumps designed to operate in 
parallel.  The pump curve must show as a minimum; bhp, flow, total dynamic 
head, efficiency, NPSH, impeller diameter and system curve (individually 
and in combination for each pump operating in a parallel application).  
Select pumps operating in parallel operation to cross the system curve 
when operating individually.

2.3   HYDRONIC PUMPS

Provide centrifugal, single-stage type, designed for HVAC service in the 
following configurations:

Configuration Pump No.
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Configuration Pump No.

Base-Mounted, Close Coupled, End Suction HWP-1,2, CHWP-1,2

2.3.1   Base-Mounted, Close Coupled, End Suction

Provide pumps with capacities as indicated.  Pump must be base mounted, 
close coupled, single stage, end suction design capable of being serviced 
without disturbing piping connections.

2.3.1.1   Casing

Provide pump volute of Class 30 cast iron suitable for  175 psig  working 
pressure.  Include vent, drain and gauge tappings.

2.3.1.2   Seal Assembly

Seal off the liquid cavity at the motor shaft by an internally flushed 
mechanical seal or a positive pressure external seal flushing line with 
ceramic seal seat and carbon seal ring, suitable for continuous operation 
at  225 degrees F .  A replaceable shaft sleeve of bronze alloy must 
completely cover the wetted area under the seal.

2.3.1.3   Impeller

Provide cast bronze or 304 stainless steel impeller, enclosed type, 
hydraulically and dynamically balanced to HI 9.6.4  balance grade G6.3, 
keyed to shaft and secured by a locking capscrew.

2.3.1.4   Motor

Electric Motors must comply with NEMA MG 1 and be the  horsepower , and 
voltage indicated.  Motor enclosure must be open drip proof.  provide with 
heavy duty grease lubricated ball bearings completely adequate for the 
maximum load for which the motor and pump impeller is designed.  Motor 
must be non-overloading at any point on the pump curve and premium 
efficiency.  Provide motor efficiencies as shown in the ICC IgCC  
standard.  Totally enclosed fan cooled motor efficiencies must be as shown 
in NEMA MG 1.

2.4   ELECTRICAL WORK

Provide electrical motor driven equipment specified herein complete with 
motors, motor starters, and controls.  Provide electric equipment and 
wiring in accordance with Section 26 20 00  INTERIOR DISTRIBUTION SYSTEM.  
Electrical characteristics must be as indicated.  Provide motor starters 
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complete with properly sized thermal overload protection in each phase and 
other appurtenances necessary for the motor control specified.  Each motor 
must be of sufficient capacity to drive the equipment at the specified 
capacity without exceeding the nameplate rating of the motor when 
operating at proper electrical system voltage and frequency.  Manual or 
automatic control and protective or signal devices required for the 
operation herein specified and any control wiring required for controls 
and devices but not indicated must be provided under this section of the 
specifications.

2.5   ELECTRICAL EQUIPMENT

Provide electrical equipment in conformance with Section 26 20 00  INTERIOR 
DISTRIBUTION SYSTEM.  Provide electrical motor driven equipment herein 
specified complete with motors, motor starters, and controls.  Motor 
controls, equipment, and wiring must be in accordance with NFPA 70 .

2.5.1   Electric Motors

Drive each electric motor-driven pump by a continuous-duty electric motor 
with enclosure type for specific service as defined in paragraph HYDRONIC 
PUMPS.  Motor must have a 1.5 service factor.  Provide squirrel-cage 
induction motors having normal-starting-torque and low-starting-current 
characteristics, and of sufficient size so that the nameplate  horsepower  
rating will not be exceeded throughout the entire published pump 
characteristic curve.  Integral size motors must be the premium efficiency 
type in accordance with NEMA MG 1.  Pump electric motor efficiencies must 
meet or exceed the requirements of the ICC IgCC  standard.  Motor bearings 
must provide smooth operations under the conditions encountered for the 
life of the motor.  Provide adequate thrust bearing in the motor to carry 
the weight of all rotating parts plus the hydraulic thrust and be capable 
of withstanding upthrust imposed during pump starting and under variable 
pumping head conditions specified.  Motors must be rated 208  volts, 3 
phase, 60 Hz and such rating must be stamped on the nameplate.  Provide 
motors in conformance with NEMA MG 1.

2.5.2   Control Equipment

Automatically controlled pumps must have three-position 
"MANUAL-OFF-AUTOMATIC" selector switch in cover.  Provide additional 
controls or protective devices as indicated.  Install a pump low-water 
cutoff on the suction pipe and must shut the pump off when the water level 
in the well reaches the level shown.

2.5.3   Variable Speed Control

The variable speed motor controllers must meet the requirements of UFGS 
26 29 23  ADJUSTABLE SPEED DRIVE SYSTEMS UNDER 600 VOLTS.

2.6   EQUIPMENT APPURTENANCES

2.6.1   Attachments

Furnish all necessary bolts, nuts, washers, bolt sleeves, and other types 
of attachments with the equipment for the installation of the equipment.  
Bolts conform to the requirements of ASTM A307 and hexagonal nuts of the 
same quality as the bolts used.  Threads must be clean-cut and conform to 
ASME B1.1 .  Bolts, nuts, and washers specified to be galvanized or not 
otherwise indicated or specified, must be zinc coated after being 
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threaded, by the hot-dip process conforming to ASTM A123/A123M  as 
appropriate.  Bolts, nuts, and washers specified or indicated to be 
stainless steel must be Type 316. 

2.6.2   Equipment Guards

Provide equipment driven by open shafts, belts, chains, or gears with 
all-metal guards enclosing the drive mechanism.  Secure guards in position 
with steel braces or straps that permit easy removal for servicing the 
equipment.  Coupler guards must comply with current national safety 
standards including 29 CFR 1910.219  and NEMA Z535.4 .  Provide guards with 
gaps no greater than  0.250 inches , safety orange in color, and have an 
NEMA Z535.4  compliant warning label.

2.6.3   Tools

Furnish a complete set of all special tools which may be necessary for the 
adjustment, operation, maintenance, and disassembly of all equipment.  
Special tools are considered to be those tools which because of their 
limited use are not normally available, but which are necessary for the 
particular equipment.  Special tools must be high-grade, smooth, forged, 
alloy, tool steel.  Furnish one pressure grease gun for each type of 
grease required.  Deliver all tools at the same time as the equipment to 
which they pertain.  Properly store and safeguard such tools until 
completion of the work, at which time deliver them to the Contracting 
Officer.

2.7   FINISHES

All motors, pump casings, and similar parts of equipment must be 
thoroughly cleaned, primed, and given two finish coats of paint at the 
factory in accordance with the recommendations of the manufacturer. Give 
ferrous surfaces not to be painted a shop coat of grease or other suitable 
rust-resistant coating.

2.8   FACTORY TESTS

Pumps must be tested by the manufacturer or a nationally recognized 
testing agency in compliance with HI 1.3 .  Submit certified test results.

PART 3   EXECUTION

3.1   EXAMINATION

After becoming familiar with all details of the work, verify all 
dimensions in the field and advise the Contracting Officer of any 
discrepancy before performing the work.

3.2   INSTALLATION

Install each pump and motor in accordance with the written instructions of 
the manufacturer and under the direct supervision of the manufacturer's 
representative.  Provide access space around the device for servicing no 
less than the minimum recommended by the manufacturer.

3.3   FIELD QUALITY CONTROL

After installation of the pumping units and appurtenances, including 
coupling guard, is complete, carry out operating tests to assure that the 
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pumping installation operates properly.  Make arrangements to have the 
manufacturer's representatives present when field equipment tests are made.
  Give each pumping unit a running field test in the presence of the 
Contracting Officer for a minimum of 2 hours.  Operate each pumping unit 
at its rated capacity or such other point on its head-capacity curve 
selected by the Contracting Officer.  Provide an accurate and acceptable 
method of measuring the discharge flow.  Tests must assure that the units 
and appurtenances have been installed correctly, that there is no 
objectionable heating, vibration, or noise from any parts, and that all 
manual and automatic controls function properly.  If any deficiencies are 
revealed during any tests, correct such deficiencies and reconduct the 
tests.

Submit test reports in booklet form showing all field tests performed to 
adjust each component and all field tests performed to prove compliance 
with the specified performance criteria, upon completion and testing of 
the installed system.  Each test report must indicate the final position 
of controls.

3.4   FIELD PAINTING

Do not paint stainless steel, galvanized steel, and nonferrous surfaces.

3.4.1   Touch-up painting

Factory painted items requiring touching up in the field must be 
thoroughly cleaned of all foreign material, and primed and topcoated with 
the manufacturer's standard factory finish.

3.4.2   Exposed Ferrous Surfaces

Paint exposed ferrous surfaces with two coats of enamel paint conforming 
to SSPC Paint 21 .  Solvent clean factory primed surfaces before painting.  
Surfaces that have not been factory primed must be prepared and primed 
with one coat of SSPC Paint 25  or in accordance with the enamel paint 
manufacturer's recommendations.

3.5   CLOSEOUT ACTIVITIES

3.5.1   Operation and Maintenance Manuals

Submit one complete set at the time the tests procedure is submitted; 
remaining sets before the contract is completed.  Permanently bind each in 
a hard cover.  Inscribe the following identification on the covers: the 
words "OPERATING AND MAINTENANCE INSTRUCTIONS," name and location of the 
building, name of the Contractor, and contract number.  Place flysheets 
before instructions covering each subject.  Use  8-1/2 by 11 inches  paper 
for instruction sheets, with large sheets of drawings folded in.  

Include, but do not limit to, the following in the Instructions:

a.  System layout showing piping, valves, and controls.
 

b.  Approved wiring and control diagrams including variable frequency 
drives.

 
c.  A control sequence describing startup, operation, and shutdown.  

d.  Operating and maintenance instructions for each piece of equipment, 
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including task list for routine maintenance, routine inspections, 
intermediate inspections, and annual inspections; lubrication 
instructions; and troubleshooting guide.  

e.  Manufacturer's bulletins, cuts, and descriptive data; and parts list 
and recommended spare parts.  

3.5.2   Training

Upon completion of the work, and at a time designated by the Contracting 
Officer, provide the services of one or more competent engineers for a 
training period  of not less than 2 hours to instruct a representative of 
the Government in the contents of the operation and maintenance manuals 
for the equipment furnished under these specifications.  These field 
instructions must cover all the items contained in the bound 
instructions.  Submit the training course curriculum and training 
instructions 14 days prior to the start of training.

        -- End of Section --
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SECTION 23 23 00

REFRIGERANT PIPING

PART 1   GENERAL

1.1   REFERENCES

The publications listed below form a part of this specification to the 
extent referenced.  The publications are referred to within the text by 
the basic designation only.

AIR-CONDITIONING, HEATING AND REFRIGERATION INSTITUTE (AHRI)

AHRI 710 I-P (2009) Performance Rating of Liquid-Line 
Driers

AHRI 720 (2002) Refrigerant Access Valves and Hose 
Connectors

AHRI 750 I-P (2016) Performance Rating of Thermostatic 
Refrigerant Expansion Valves

AHRI 760 I-P (2014) Performance Rating of Solenoid 
Valves for Use with Volatile Refrigerants

AHRI 1370 I-P (2017) Performance Rating of Electronic 
Expansion Valves

AMERICAN SOCIETY OF HEATING, REFRIGERATING AND AIR-CONDITIONING 
ENGINEERS (ASHRAE)

ASHRAE 15 & 34 (2013) ASHRAE Standard 34-2016 Safety 
Standard for Refrigeration Systems/ASHRAE 
Standard 34-2016 Designation and Safety 
Classification of Refrigerants-ASHRAE 
Standard 34-2016

ASHRAE 17 (2015) Method of Testing Capacity of 
Thermostatic Refrigerant Expansion Valves

ASHRAE 90.1 - IP (2013) Energy Standard for Buildings 
Except Low-Rise Residential Buildings

AMERICAN SOCIETY OF MECHANICAL ENGINEERS (ASME)

ASME B1.20.1 (2013; R 2018) Pipe Threads, General 
Purpose (Inch)

ASME B16.3 (2016) Malleable Iron Threaded Fittings, 
Classes 150 and 300

ASME B16.5 (2020) Pipe Flanges and Flanged Fittings 
NPS 1/2 Through NPS 24 Metric/Inch Standard
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ASME B16.9 (2018) Factory-Made Wrought Buttwelding 
Fittings

ASME B16.11 (2016) Forged Fittings, Socket-Welding and 
Threaded

ASME B16.21 (2016) Nonmetallic Flat Gaskets for Pipe 
Flanges

ASME B16.22 (2018) Standard for Wrought Copper and 
Copper Alloy Solder Joint Pressure Fittings

ASME B16.26 (2018) Standard for Cast Copper Alloy 
Fittings for Flared Copper Tubes

ASME B31.1 (2020) Power Piping

ASME B31.5 (2020) Refrigeration Piping and Heat 
Transfer Components

ASME B31.9 (2020) Building Services Piping

ASME B40.100 (2013) Pressure Gauges and Gauge 
Attachments

ASME BPVC SEC IX (2017; Errata 2018) BPVC Section 
IX-Welding, Brazing and Fusing 
Qualifications

AMERICAN WELDING SOCIETY (AWS)

AWS A5.8/A5.8M (2019) Specification for Filler Metals for 
Brazing and Braze Welding

AWS A5.31/A5.31M (2012) Specification for Fluxes for 
Brazing and Braze Welding

AWS BRH (2007; 5th Ed) Brazing Handbook

AWS D1.1/D1.1M (2020) Structural Welding Code - Steel

AWS Z49.1 (2012) Safety in Welding and Cutting and 
Allied Processes

ASTM INTERNATIONAL (ASTM)

ASTM A53/A53M (2020) Standard Specification for Pipe, 
Steel, Black and Hot-Dipped, Zinc-Coated, 
Welded and Seamless

ASTM A193/A193M (2020) Standard Specification for 
Alloy-Steel and Stainless Steel Bolting 
Materials for High-Temperature Service and 
Other Special Purpose Applications

ASTM A334/A334M (2004a; R 2016) Standard Specification for 
Seamless and Welded Carbon and Alloy-Steel 
Tubes for Low-Temperature Service
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ASTM A653/A653M (2020) Standard Specification for Steel 
Sheet, Zinc-Coated (Galvanized) or 
Zinc-Iron Alloy-Coated (Galvannealed) by 
the Hot-Dip Process

ASTM B32 (2020) Standard Specification for Solder 
Metal

ASTM B62 (2017) Standard Specification for 
Composition Bronze or Ounce Metal Castings

ASTM B75/B75M (2020) Standard Specification for Seamless 
Copper Tube

ASTM B117 (2019) Standard Practice for Operating 
Salt Spray (Fog) Apparatus

ASTM B280 (2020) Standard Specification for Seamless 
Copper Tube for Air Conditioning and 
Refrigeration Field Service

ASTM B813 (2016) Standard Specification for Liquid 
and Paste Fluxes for Soldering of Copper 
and Copper Alloy Tube

ASTM D520 (2000; R 2011) Zinc Dust Pigment

ASTM D3308 (2012; R 2017) Standard Specification for 
PTFE Resin Skived Tape

ASTM E84 (2020) Standard Test Method for Surface 
Burning Characteristics of Building 
Materials

MANUFACTURERS STANDARDIZATION SOCIETY OF THE VALVE AND FITTINGS 
INDUSTRY (MSS)

MSS SP-58 (2018) Pipe Hangers and Supports - 
Materials, Design and Manufacture, 
Selection, Application, and Installation

U.S. DEPARTMENT OF DEFENSE (DOD)

UFC 3-301-01 (2019) Structural Engineering

1.2   SUBMITTALS

Government approval is required for submittals with a "G" or "S" 
classification.  Submittals not having a "G" or "S" classification are for 
Contractor Quality Control approval. Submit the following in accordance 
with Section 01 33 00  SUBMITTAL PROCEDURES:

SD-02 Shop Drawings

Refrigerant Piping System ; G

SD-03 Product Data

Refrigerant Piping System
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Spare Parts

Qualifications

Refrigerant Piping Tests

Verification of Dimensions

SD-06 Test Reports

Refrigerant Piping Tests

SD-07 Certificates

Service Organization

SD-10 Operation and Maintenance Data

Maintenance ; G

Operation and Maintenance Manuals ; G

Demonstrations ; G

1.3   QUALITY ASSURANCE

1.3.1   Qualifications

Submit 2 copies of qualified procedures, and list of names and 
identification symbols of qualified welders and welding operators, prior 
to non-factory welding operations.  Weld piping in accordance with the 
qualified procedures using performance qualified welders and welding 
operators.  Procedures and welders must be qualified in accordance with 
ASME BPVC SEC IX .  Welding procedures qualified by others, and welders and 
welding operators qualified by another employer may be accepted as 
permitted by ASME B31.1 .  Notify the Contracting Officer 24 hours in 
advance of tests to be performed at the work site, if practical.  The 
welder or welding operator must apply the personally assigned symbol near 
each weld made, as a permanent record.  Weld structural members in 
accordance with Section 05 05 23.16  STRUCTURAL WELDING.

1.3.2   Contract Drawings

Because of the small scale of the drawings, it is not possible to indicate 
all offsets, fittings, and accessories that may be required.  Carefully 
investigate the plumbing, fire protection, electrical, structural and 
finish conditions that would affect the work to be performed and arrange 
such work accordingly, furnishing required offsets, fittings, and 
accessories to meet such conditions.

1.4   DELIVERY, STORAGE, AND HANDLING

Protect stored items from the weather, humidity and temperature 
variations, dirt and dust, or other contaminants.  Proper protection and 
care of all material both before and during installation is the 
Contractor's responsibility.  Replace any materials found to be damaged at 
the Contractor's expense.  During installation, cap piping and similar 
openings to keep out dirt and other foreign matter.
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1.5   MAINTENANCE

1.5.1   General

Submit Data Package 2 plus operation and maintenance data complying with 
the requirements of Section 01 78 23  OPERATION AND MAINTENANCE DATA and as 
specified herein.

1.5.2   Extra Materials

Submit spare parts  data for each different item of equipment specified, 
after approval of detail drawings and not later than 2 months prior to the 
date of beneficial occupancy.  Include a complete list of parts and 
supplies, with current unit prices and source of supply, a recommended 
spare parts list for 1 year of operation, and a list of the parts 
recommended by the manufacturer to be replaced on a routine basis in the 
data.

PART 2   PRODUCTS

2.1   STANDARD COMMERCIAL PRODUCTS

a.  Provide materials and equipment which are standard products of a 
manufacturer regularly engaged in the manufacturing of such products, 
that are of a similar material, design and workmanship and that have 
been in satisfactory commercial or industrial use for 2 years prior to 
bid opening.

b.  The 2 year use must include applications of equipment and materials 
under similar circumstances and of similar size.  The 2 years' 
experience must be satisfactorily completed by a product which has 
been sold or is offered for sale on the commercial market through 
advertisements, manufacturer's catalogs, or brochures.  Products 
having less than a 2-year field service record will be acceptable if a 
certified record of satisfactory field operation, for not less than 
6000 hours exclusive of the manufacturer's factory tests, can be shown.

c.  Products must be supported by a service organization .  System 
components must be environmentally suitable for the indicated 
locations.  Submit a certified list of qualified permanent service 
organizations for support of the equipment which includes their 
addresses and qualifications.  The service organizations must be 
reasonably convenient to the equipment installation and be able to 
render satisfactory service to the equipment on a regular and 
emergency basis during the warranty period of the contract.

d.  Exposed equipment moving parts, parts that produce high operating 
temperature, parts which may be electrically energized, and parts that 
may be a hazard to operating personnel must be insulated, fully 
enclosed, guarded, or fitted with other types of safety devices.  
Install safety devices so that proper operation of equipment is not 
impaired.  Welding and cutting safety requirements must be in 
accordance with AWS Z49.1 .

e.  Provide the manufacturer's standard catalog data, at least 5 weeks 
prior to the purchase or installation of a particular component.  
Highlight the data to show information such as, but not limited to, 
material, size, options, performance charts, and curves in adequate 
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detail to demonstrate compliance with contract requirements.  Include 
the manufacturer's recommended installation instructions and 
procedures in the data provided.  Provide data for the following 
components as a minimum:

(1)  Piping and Fittings
(2)  Valves
(3)  Piping Accessories
(4)  Pipe Hangers, Inserts, and Supports

2.2   ELECTRICAL WORK

Electrical equipment and wiring must be in accordance with Section 26 20 00
 INTERIOR DISTRIBUTION SYSTEM.  Field wiring must be in accordance with 
manufacturer's instructions. 

2.3   REFRIGERANT PIPING SYSTEM

Provide refrigerant piping, valves, fittings, and accessories in 
accordance with ASHRAE 15 & 34  and ASME B31.5 , except as specified 
herein.  Refrigerant piping, valves, fittings, and accessories must be 
compatible with the fluids used and capable of withstanding the pressures 
and temperatures of the service.  Refrigerant piping, valves, and 
accessories used for refrigerant service must be cleaned, dehydrated, and 
sealed (capped or plugged) prior to shipment from the manufacturer's 
plant.  Submit drawings, at least 5 weeks prior to beginning construction, 
provided in adequate detail to demonstrate compliance with contract 
requirements.  Drawings must consist of:

a.  Piping layouts which identify all valves and fittings.

b.  Plans and elevations which identify clearances required for 
maintenance and operation.

2.4   PIPE, FITTINGS AND END CONNECTIONS (JOINTS)

2.4.1   Steel Pipe

Steel pipe for refrigerant service must conform to ASTM A53/A53M, Schedule 
40, Type E or S, Grades A or B.  Do not use Type F pipe.

2.4.1.1   Welded Fittings and Connections

Butt-welded fittings must conform to ASME B16.9 .  Socket-welded fittings 
must conform to ASME B16.11 .  Identify welded fittings with the 
appropriate grade and marking symbol.  Welded valves and pipe connections 
(both butt-welds and socket-welds types) must conform to ASME B31.9 .

2.4.1.2   Threaded Fittings and Connections

Threaded fitting must conform to ASME B16.3 .  Threaded valves and pipe 
connections must conform to ASME B1.20.1 .

2.4.1.3   Flanged Fittings and Connections

Flanges must conform to ASME B16.5 , Class 150.  Gaskets must be 
non-asbestos compressed material in accordance with ASME B16.21 ,  1/16 inch
 thickness, full face or self-centering flat ring type.  Gaskets must 
contain aramid fibers bonded with styrene butadiene rubber (SBR) or 
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nitrile butadiene rubber (NBR).  Bolts, nuts, and bolt patterns must 
conform to ASME B16.5 .  Bolts must be high or intermediate strength 
material conforming to ASTM A193/A193M .

2.4.2   Steel Tubing

Tubing must be cold-rolled, electric-forged, welded-steel in accordance 
with ASTM A334/A334M , Grade 1.  Joints and fittings must be socket type 
provided by the steel tubing manufacturer.

2.4.3   Copper Tubing

Provide copper tubing conforming to ASTM B280 annealed or hard drawn as 
required.  Copper tubing must bear the product identification markings in 
accordance with ASTM B280, "ACR" must be present on copper tubing.  Copper 
tubing must be soft annealed where bending is required and hard drawn 
where no bending is required.  Soft annealed copper tubing must not be 
used in sizes larger than  1-3/8 inches .  Joints must be brazed except that 
joints on lines  7/8 inch and smaller may be flared.  Cast copper alloy 
fittings for flared copper tube must conform to ASME B16.26  and ASTM B62.  
Wrought copper and bronze solder-joint pressure fittings must conform to 
ASME B16.22  and ASTM B75/B75M.  Joints and fittings for brazed joint must 
be wrought-copper or forged-brass sweat fittings.  Cast sweat-type joints 
and fittings are not allowed for brazed joints.  Brass or bronze adapters 
for brazed tubing may be used for connecting tubing to flanges and to 
threaded ends of valves and equipment.

2.4.4   Solder

Solder must conform to ASTM B32, grade Sb5, tin-antimony alloy for service 
pressures up to  150 psig .  Solder flux must be liquid or paste form, 
non-corrosive and conform to ASTM B813.

2.4.5   Brazing Filler Metal

Filler metal must conform to AWS A5.8/A5.8M , Type BAg-5 with AWS Type 
FB3-A or Type FB3-C flux, except Type BCuP-3, BCuP-4,  or BCuP-5 may be 
used for brazing copper-to-copper joints.  BAlSi-4 with AWS Type FB1-A 
flux may be used when joining copper piping to aluminum components.

2.4.6   Brazing Flux

Brazing flux must conform to AWS A5.31/A5.31M , Type FB3-A or Type FB3-C 
when using Type BAg-5 filler metal.  Type FB1-A is to be used with Type 
BAlSi-4 filler metal.

2.4.7   Press Fittings

Press fittings are not acceptable for use in refrigerant piping systems.

2.5   VALVES

Valves must be designed, manufactured, and tested specifically for 
refrigerant service.  The valve material and all internal components must 
be compatible with the specific refrigerant and lubricant used.  Valve 
bodies must be of brass, bronze, steel, or ductile iron construction.  
Valves  1 inch  and smaller must have brazed or socket welded connections.  
Valves larger than  1 inch  must have butt welded end connections.  Do not 
use threaded end connections, except in pilot pressure or gauge lines 
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where maintenance disassembly is required and welded flanges cannot be 
used.  Internal parts must be removable for inspection or replacement 
without applying heat or breaking pipe connections.  Valve stems exposed 
to the atmosphere must be stainless steel or corrosion resistant metal 
plated carbon steel.  Direction of flow must be legibly and permanently 
indicated on the valve body.  Control valve inlets must be fitted with 
integral or adapted strainer or filter where recommended or required by 
the manufacturer.  Purge, charge and receiver valves must be of 
manufacturer's standard configuration.

2.5.1   Refrigerant Stop Valves

Valve must be the globe or full-port ball type with a back-seating stem 
especially packed for refrigerant service.  Valve packing must be 
replaceable under line pressure.  Provide valve with a handwheel operator 
and a seal cap.  Valve must be the straight or angle pattern design as 
indicated.

2.5.2   Check Valves

Valve must be the swing or lift type as required to provide positive 
shutoff at the differential pressure indicated.  Valve must be provided 
with resilient seat.

2.5.3   Liquid Solenoid Valves

Provide valves that comply with AHRI 760 I-P  and are suitable for 
continuous duty with applied voltages 15 percent under and 5 percent over 
nominal rated voltage at maximum and minimum encountered pressure and 
temperature service conditions.  Valves must be direct-acting or 
pilot-operating type, packless, except that packed stem, seal capped, 
manual lifting provisions must be furnished.  Provide solenoid coils that 
are moisture-proof, UL approved, totally encapsulated or encapsulated and 
metal jacketed as required.  Valves must have safe working pressure of  610 
psi  and a maximum operating pressure differential of at least  200 psi  at 
85 percent rated voltage.  Valves must have an operating pressure 
differential suitable for the refrigerant used.

2.5.4   Expansion Valves

Provide valve conforming to  AHRI 750 I-P  and ASHRAE 17.  Valve must be the 
diaphragm and spring-loaded type with internal or external equalizers, and 
bulb and capillary tubing.  Provide valve with an external superheat 
adjustment along with a seal cap.  Internal equalizers may be utilized 
where flowing refrigerant pressure drop between outlet of the valve and 
inlet to the evaporator coil is negligible and pressure drop across the 
evaporator is less than the pressure difference corresponding to  2 degrees 
F of saturated suction temperature at evaporator conditions.  Bulb charge 
must be determined by the manufacturer for the application and such that 
liquid will remain in the bulb at all operating conditions.  Do not use 
gas limited liquid charged valves and other valve devices for limiting 
evaporator pressure without a distributor or discharge tube or effective 
means to prevent loss of control when bulb becomes warmer than valve 
body.  Pilot-operated valves must have a characterized plug to provide 
required modulating control.  A de-energized solenoid valve may be used in 
the pilot line to close the main valve in lieu of a solenoid valve in the 
main liquid line.  Provide an isolatable pressure gauge in the pilot line, 
at the main valve.  Automatic pressure reducing or constant pressure 
regulating expansion valves may be used only where indicted or for 
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constant evaporator loads.

2.5.5   Electronic Expansion Valves

Valve must conform to AHRI 1370 I-P  and ASHRAE 17.  The valve must prevent 
the return of liquid to the compressor in the event of power loss or low 
superheat.

2.5.6   Safety Relief Valves

Valve must be the two-way type, unless indicated otherwise.  Valve must 
bear the ASME code symbol.  Valve capacity must be certified by the 
National Board of Boiler and Pressure Vessel Inspectors.  Valve must be of 
an automatically reseating design after activation.

2.5.7   Evaporator Pressure Regulators, Direct-Acting

Valve must include a diaphragm/spring assembly, external pressure 
adjustment with seal cap, and pressure gauge port.  Valve must maintain a 
constant inlet pressure by balancing inlet pressure on diaphragm against 
an adjustable spring load.  Pressure drop at system design load must not 
exceed the pressure difference corresponding to a  2 degrees F  change in 
saturated refrigerant temperature at evaporator operating suction 
temperature.  Spring must be selected for indicated maximum allowable 
suction pressure range.

2.5.8   Refrigerant Access Valves

Provide refrigerant access valves and hose connections in accordance with 
AHRI 720 .

2.6   PIPING ACCESSORIES

2.6.1   Filter Driers

Driers must conform to AHRI 710 I-P .  Sizes  5/8 inch  and larger must be 
the full flow, replaceable core type.  Sizes  1/2 inch  and smaller must be 
the sealed type.  Cores must be of suitable desiccant that will not plug, 
cake, dust, channel, or break down, and must remove water, acid, and 
foreign material from the refrigerant.  Constructfilter driers so that 
none of the desiccant will pass into the refrigerant lines.  Minimum 
bursting pressure must be  1,500 psi .

2.6.2   Sight Glass and Liquid Level Indicator

2.6.2.1   Assembly and Components

Assembly must be pressure- and temperature-rated and constructed of 
materials suitable for the service.  Glass must be borosilicate type.  
Ferrous components subject to condensation must be electro-galvanized.

2.6.2.2   Gauge Glass

Gauge glass must include top and bottom isolation valves fitted with 
automatic checks, and packing followers; red-line or green-line gauge 
glass; elastomer or polymer packing to suit the service; and gauge glass 
guard.
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2.6.2.3   Bull's-Eye and Inline Sight Glass Reflex Lens

Provide bull's-eye and inline sight glass reflex lens for dead-end liquid 
service.  For pipe line mounting, provide two plain lenses in one body 
suitable for backlighted viewing.

2.6.2.4   Moisture Indicator

Indicator must be a self-reversible action, moisture reactive, color 
changing media.  Indicator must be furnished with full-color-printing tag 
containing color, moisture, and temperature criteria.  Unless otherwise 
indicated, the moisture indicator must be an integral part of each 
corresponding sight glass.

2.6.3   Vibration Dampeners

Dampeners must be of the all-metallic bellows and woven-wire type.

2.6.4   Flexible Pipe Connectors

Connector must be a composite of interior corrugated phosphor bronze or 
Type 300 Series stainless steel, as required for fluid service, with 
exterior reinforcement of bronze, stainless steel or monel wire braid.  
Assembly must be constructed with a safety factor of not less than 4 at 300 
degrees F .  Unless otherwise indicated, the length of a flexible connector 
must be as recommended by the manufacturer for the service intended.

2.6.5   Strainers

Strainers used in refrigerant service must have brass or cast-iron body, 
Y-or angle-pattern, cleanable, not less than 60-mesh noncorroding screen 
of an area to provide net free area not less than ten times the pipe 
diameter with pressure rating compatible with the refrigerant service.  
Screens must be stainless steel or monel and reinforced spring-loaded 
where necessary for bypass-proof construction.

2.6.6   Pressure and Vacuum Gauges

Provide gauges conforming to ASME B40.100  with throttling type needle 
valve or a pulsation dampener and shut-off valve.  Gauge must be a minimum 
of  3-1/2 inches  in diameter with a range from  0 psig  to approximately 1.5 
times the maximum system working pressure.  Select each gauge range so 
that at normal operating pressure, the needle is within the middle-third 
of the range.

2.6.7   Temperature Gauges

Provide industrial duty type temperature gauges for the required 
temperature range.  Gauges must have  Fahrenheit scale in 2 degrees  
graduations scale (black numbers) on a white face.  The pointer must be 
adjustable.  Provide rigid stem type temperature gauges in thermowells 
located within  5 feet  of the finished floor.  Provide universal adjustable 
angle type or remote element type temperature gauges in thermowells located
 5 to 7 feet  above the finished floor.  Provide remote element type 
temperature gauges in thermowells located  7 feet  above the finished floor.

2.6.7.1   Stem Cased-Glass

Provide stem cased-glass case composed of polished stainless steel or cast 
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aluminum,  9 inches  long, with clear acrylic lens, and non-mercury filled 
glass tube with indicating-fluid column.

2.6.7.2   Bimetallic Dial

Provide bimetallic dial type case that is greater than  3-1/2 inches , 
stainless steel, and hermetically sealed with clear acrylic lens.  
Bimetallic element must be silicone dampened and unit fitted with external 
calibrator adjustment.  Accuracy must be one percent of dial range.

2.6.7.3   Liquid-, Solid-, and Vapor-Filled Dial

Provide liquid-, solid-, and vapor-filled dial type cases that are greater 
than  3-1/2 inches , stainless steel or cast aluminum with clear acrylic 
lens.  Fill must be nonmercury, suitable for encountered cross-ambients, 
and connecting capillary tubing must be double-braided bronze.

2.6.7.4   Thermowell

Thermowell must be identical size,  1/2 or 3/4 inch  NPT connection, brass 
or stainless steel.  Where test wells are indicated, provide captive 
plug-fitted type  1/2 inch  NPT connection suitable for use with either 
engraved stem or standard separable socket thermometer or thermostat.  
Mercury must not be used in thermometers.  Extended neck thermowells must 
be of sufficient length to clear insulation thickness by  1 inch .

2.6.8   Pipe Hangers, Inserts, and Supports

Provide pipe hangers, inserts, guides, and supports conforming to MSS SP-58 .

2.6.9   Escutcheons

Escutcheons must be chromium-plated iron or chromium-plated brass, either 
one piece or split pattern, held in place by internal spring tension or 
set screws.

2.7   FABRICATION

2.7.1   Factory Coating

Unless otherwise specified, equipment and component items, when fabricated 
from ferrous metal, must be factory finished with the manufacturer's 
standard finish, except that items located outside of buildings must have 
weather resistant finishes that will withstand 125 hours exposure to the 
salt spray test specified in ASTM B117 using a 5 percent sodium chloride 
solution.  Immediately after completion of the test, the specimen must 
show no signs of blistering, wrinkling, cracking, or loss of adhesion and 
no sign of rust creepage beyond  1/8 inch  on either side of the scratch 
mark.  Cut edges of galvanized surfaces where hot-dip galvanized sheet 
steel is used must be coated with a zinc-rich coating conforming to 
ASTM D520, Type I.

2.7.2   Factory Applied Insulation

Factory installed insulation must be in accordance with ASHRAE 90.1 - IP .  
Refrigerant suction lines between the cooler and each compressor and cold 
gas inlet connections to gas cooled motors must be insulated with not less 
than  1/2 inch  thick unicellular plastic foam.  Factory insulated items 
installed outdoors are not required to be fire-rated.  As a minimum, 
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factory insulated items installed indoors must have a flame spread index 
no higher than 25 and a smoke developed index no higher than 50.  Factory 
insulated items (no jacket) installed indoors and which are located in air 
plenums, in ceiling spaces, and in attic spaces must have a flame spread 
index no higher than 25 and a smoke developed index no higher than 50.  
Flame spread and smoke developed indexes must be determined by ASTM E84.  
Test insulation in the same density and installed thickness as the 
material to be used in the actual construction.  Test material supplied by 
a manufacturer with a jacket as a composite material.  Provide jackets, 
facings, and adhesives that have a flame spread index less than 25 and a 
smoke developed index less than 50 when tested in accordance with ASTM E84.

PART 3   EXECUTION

3.1   EXAMINATION

After becoming familiar with all details of the work, perform a 
verification of dimensions  in the field.  Submit a letter, at least 2 
weeks prior to beginning construction, including the date the site was 
visited, conformation of existing conditions, and any discrepancies found 
before performing any work.

3.2   INSTALLATION

Pipe and fitting installation must conform to the requirements of 
ASME B31.1 .  Cut pipe accurately to measurements established at the 
jobsite, and work into place without springing or forcing, completely 
clearing all windows, doors, and other openings.  Cutting or other 
weakening of the building structure to facilitate piping installation is 
not permitted without written approval.  Cut pipe or tubing square, remove 
by reaming, and permit free expansion and contraction without causing 
damage to the building structure, pipe, joints, or hangers.

3.2.1   Directional Changes

Make changes in direction with fittings, except that bending of pipe  4 
inches  and smaller is permitted, provided a pipe bender is used and wide 
weep bends are formed.  Mitering or notching pipe or other similar 
construction to form elbows or tees is not permitted.  The centerline 
radius of bends must not be less than 6 diameters of the pipe.  Bent pipe 
showing kinks, wrinkles, flattening, or other malformations will not be 
accepted.

3.2.2   Functional Requirements

Install piping  1/2 inch/10 feet  of pipe in the direction of flow to 
ensure adequate oil drainage.  Properly cap or plug open ends of 
refrigerant lines or equipment during installation to keep moisture, dirt, 
or other foreign material out of the system.  Piping must remain capped 
until installation.  Equipment piping must be in accordance with the 
equipment manufacturer's recommendations and the contract drawings.  
Equipment and piping arrangements must fit into space allotted and allow 
adequate acceptable clearances for installation, replacement, entry, 
servicing, and maintenance.
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3.2.3   Fittings and End Connections

3.2.3.1   Threaded Connections

Make threaded connections with tapered threads and make tight with PTFE 
tape complying with ASTM D3308 or equivalent thread-joint compound applied 
to the male threads only.  Do not show more than three threads after the 
joint is made.

3.2.3.2   Brazed Connections

Perform brazing in accordance with AWS BRH, except as modified herein.  
During brazing, fill the pipe and fittings with a pressure regulated inert 
gas, such as nitrogen, to prevent the formation of scale.  Before brazing 
copper joints, clean both the outside of the tube and the inside of the 
fitting with a wire fitting brush until the entire joint surface is bright 
and clean.  Do not use brazing flux on copper-to-copper connections.  
Remove surplus brazing material at all joints.  Make steel tubing joints 
in accordance with the manufacturer's recommendations.  Paint joints in 
steel tubing with the same material as the baked-on coating within 8 hours 
after joints are made.  Protect tubing against oxidation during brazing by 
continuous purging of the inside of the piping using nitrogen.  Support 
piping prior to brazing and do not spring or force.

3.2.3.3   Welded Connections

Fusion-weld joints in steel refrigerant piping.  Make branch connections 
with welding tees or forged welding branch outlets.  Thoroughly clean pipe 
of all scale and foreign matter before the piping is assembled.  During 
welding, fill the pipe and fittings with an inert gas, such as nitrogen, 
to prevent the formation of scale.  Beveling, alignment, heat treatment, 
and inspection of weld must conform to ASME B31.1 .  Remove and reweld weld 
defects at no additional cost to the Government.  Store and dry electrodes 
in accordance with AWS D1.1/D1.1M  or as recommended by the manufacturer.  
Do not use electrodes that have been wetted or that have lost any of their 
coating

3.2.3.4   Flared Connections

When flared connections are used, use a suitable lubricant between the 
back of the flare and the nut in order to avoid tearing the flare while 
tightening the nut.

3.2.3.5   Flanged Connections

When steel refrigerant piping is used, provide union or flange joints in 
each line immediately preceding the connection to each piece of equipment 
requiring maintenance, such as compressors, coils, chillers, control 
valves, and other similar items.  Flanged joints must be assembled square 
end tight with matched flanges, gaskets, and bolts.  Provide gaskets that 
are suitable for use with the refrigerants to be handled.

3.2.4   Valves

3.2.4.1   General

Install refrigerant stop valves on each side of each piece of equipment 
such as compressors condensers, evaporators, receivers, and other similar 
items in multiple-unit installation, to provide partial system isolation 
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as required for maintenance or repair.  Install stop valves with stems 
horizontal unless otherwise indicated.  Install ball valves must be 
installed with stems positioned to facilitate operation and maintenance.  
Isolating valves for pressure gauges and switches must be external to 
thermal insulation.  Safety switches must not be fitted with isolation 
valves.  Filter dryers having access ports may be considered a point of 
isolation.  Purge valves must be provided at all points of systems where 
accumulated non-condensable gases would prevent proper system operation.  
Valves must be furnished to match line size, unless otherwise indicated or 
approved.

3.2.4.2   Expansion Valves

Install expansion valves with the thermostatic expansion valve bulb 
located on top of the suction line when the suction line is less than  
2-1/8 inches  in diameter and at the 4 o'clock or 8 o'clock position on 
lines larger than  2-1/8 inches .  Fasten the bulb securely with two 
clamps.  Insulate ehe bulb .  Install the bulb in a horizontal portion of 
the suction line, if possible, with the pigtail on the bottom.  If the 
bulb must be installed in a vertical line, the bulb tubing must be facing 
up.

3.2.4.3   Valve Identification

Tag each system valve, including those which are part of a factory 
assembly.  Tags must be in alphanumeric sequence, progressing in direction 
of fluid flow.  Tags must be embossed, engraved, or stamped plastic or 
nonferrous metal of various shapes, sized approximately  1-3/8 inch  
diameter, or equivalent dimension, substantially attached to a component 
or immediately adjacent thereto.  Attach tags with nonferrous, heavy duty, 
bead or link chain,  14 gauge  annealed wire, nylon cable bands or as 
approved.  Reference tag numbers in Operation and Maintenance Manuals and 
system diagrams.

3.2.5   Vibration Dampers

Provide vibration damper in the suction and discharge lines on spring 
mounted compressors.  Install vibration dampers parallel with the shaft of 
the compressor and anchor firmly at the upstream end on the suction line 
and the downstream end in the discharge line.

3.2.6   Strainers

Provide strainers immediately ahead of solenoid valves and expansion 
devices.  Strainers may be an integral part of an expansion valve.

3.2.7   Filter Dryer

Provide a liquid line filter dryer on each refrigerant circuit located 
such that all liquid refrigerant passes through a filter dryer.  Size 
dryers in accordance with the manufacturer's recommendations for the 
system in which it is installed.  Install dryers such that it can be 
isolated from the system, the isolated portion of the system evacuated, 
and the filter dryer replaced.  Install dryers in the horizontal position 
except replaceable core filter dryers may be installed in the vertical 
position with the access flange on the bottom.
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3.2.8   Sight Glass

Install a moisture indicating sight glass in all refrigerant circuits down 
stream of all filter dryers and where indicated.  Provide full line size 
sight glasses.

3.2.9   Discharge Line Oil Separator

Provide discharge line oil separator in the discharge line from each 
compressor.  Connect the oil return line to the compressor as recommended 
by the compressor manufacturer.

3.2.10   Accumulator

Provide accumulators in the suction line to each compressor.

3.2.11   Flexible Pipe Connectors

Install connectors perpendicular to line of motion being isolated.  Fit 
piping for equipment with bidirectional motion with two flexible 
connectors, in perpendicular planes.  Install reinforced elastomer 
flexible connectors in accordance with manufacturer's instructions.  
Provide piping guides and restraints related to flexible connectors as 
required.

3.2.12   Temperature Gauges

Locate temperature gauges specifically on, but not limited to the 
following:  the sensing element of each automatic temperature control 
device where a thermometer is not an integral part thereof.  Thermowells 
for insertion thermometers and thermostats must extend beyond thermal 
insulation surface not less than  1 inch .

3.2.13   Pipe Hangers, Inserts, and Supports

Pipe hangers, inserts, and supports must conform to MSS SP-58 , except as 
modified herein.  Do not use pipe hanger types 5, 12, and 26.  Fabricate 
hangers used to support piping  2 inches  and larger to permit adequate 
adjustment after erection while still supporting the load.  Support piping 
subjected to vertical movement, when operating temperatures exceed ambient 
temperatures, by variable spring hangers and supports or by constant 
support hangers.

3.2.13.1   Hangers

Do not use Type 3 on insulated piping.  Type 24 may be used only on 
trapeze hanger systems or on fabricated frames.

3.2.13.2   Inserts

Secure Type 18 inserts to concrete forms before concrete is placed.  
Continuous inserts which allow more adjustments may be used if they 
otherwise meet the requirements for Type 18 inserts.

3.2.13.3   C-Clamps

Torque Type 19 and 23 C-clamps in accordance with MSS SP-58  and have both 
locknuts and retaining devices, furnished by the manufacturer.  
Field-fabricated C-clamp bodies or retaining devices are not acceptable.
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3.2.13.4   Angle Attachments

Furnish Type 20 attachments used on angles and channels with an added 
malleable-iron heel plate or adapter.

3.2.13.5   Saddles and Shields

Where Type 39 saddle or Type 40 shield are permitted for a particular pipe 
attachment application, the Type 39 saddle, connected to the pipe, must be 
used on all pipe  4 inches  and larger when the temperature of the medium is  
60 degrees F  or higher.  Use Type 40 shields on all piping less than  4 
inches  and all piping  4 inches  and larger carrying medium less than  60 
degrees F .  Use a high-density insulation insert of cellular glass under 
the Type 40 shield for piping  2 inches  and larger.

3.2.13.6   Horizontal Pipe Supports

Space horizontal pipe supports as specified in MSS SP-58  and install a 
support no more than  1 foot  from the pipe fitting joint at each change in 
direction of the piping.  Space pipe supports no more than  5 feet  apart at 
valves.  Pipe hanger loads suspended from steel joist with hanger loads 
between panel points in excess of  50 pounds  must have the excess hanger 
loads suspended from panel points.

3.2.13.7   Vertical Pipe Supports

Support vertical pipe at each floor, except at slab-on-grade, and at 
intervals of not more than  15 feet  not more than  8 feet  from end of 
risers, and at vent terminations.

3.2.13.8   Pipe Guides

Provide Type 35 guides using, steel, reinforced polytetrafluoroethylene 
(PTFE) or graphite slides where required to allow longitudinal pipe 
movement.  Provide lateral restraints as required.  Provide slide 
materials that are suitable for the system operating temperatures, 
atmospheric conditions, and bearing loads encountered.

3.2.13.9   Steel Slides

Where steel slides do not require provisions for restraint of lateral 
movement, an alternate guide method may be used.  On piping  4 inches  and 
larger, usea Type 39 saddle.  On piping under  4 inches , a Type 40 
protection shield may be attached to the pipe or insulation and freely 
rest on a steel slide plate.

3.2.13.10   High Temperature Guides with Cradles

Where there are high system temperatures and welding to piping is not 
desirable, the Type 35 guide must include a pipe cradle, welded to the 
guide structure and strapped securely to the pipe.  Separate the pipe from 
the slide material by at least  4 inches , or by an amount adequate for the 
insulation, whichever is greater.

3.2.13.11   Multiple Pipe Runs

In the support of multiple pipe runs on a common base member, use a clip 
or clamp where each pipe crosses the base support member.  Spacing of the 
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base support members must not exceed the hanger and support spacing 
required for an individual pipe in the multiple pipe run.

3.2.13.12   Seismic Requirements

Support and brace piping and attached valves to resist seismic loads as 
specified under UFC 3-301-01  and Sections 13 48 73  SEISMIC CONTROL FOR 
MECHANICAL EQUIPMENT and as shown on the drawings.  Provide structural 
steel required for reinforcement to properly support piping, headers, and 
equipment but not shown under this section.  Specify material used for 
support under Section 05 12 00  STRUCTURAL STEEL.

3.2.13.13   Structural Attachments

Attachment to building structure concrete and masonry must be by cast-in 
concrete inserts, built-in anchors, or masonry anchor devices.  Inserts 
and anchors must be applied with a safety factor not less than 5.  Do not 
attach supports to metal decking.  Construct masonry anchors for overhead 
applications of ferrous materials only.  Provide structural steel brackets 
required to support piping, headers, and equipment, but not shown, under 
this section.  Specify material used for support under Section 05 12 00  
STRUCTURAL STEEL.

3.2.14   Pipe Alignment Guides

Provide pipe alignment guides where indicated for expansion loops, 
offsets, and bends and as recommended by the manufacturer for expansion 
joints, not to exceed  5 feet  on each side of each expansion joint, and in 
lines  4 inches  or smaller not more than  2 feet  on each side of the joint.

3.2.15   Pipe Anchors

Provide anchors wherever necessary or indicated to localize expansion or 
to prevent undue strain on piping.  Provide anchors consisting of heavy 
steel collars with lugs and bolts for clamping and attaching anchor 
braces, unless otherwise indicated.  Install anchor braces in the most 
effective manner to secure the desired results using turnbuckles where 
required.  Do not attach supports, anchors, or stays where they will 
injure the structure or adjacent construction during installation or by 
the weight of expansion of the pipeline.  Where pipe and conduit 
penetrations of vapor barrier sealed surfaces occur, immediately anchor 
these items adjacent to each penetrated surface, to provide essentially 
zero movement within penetration seal.  Submit detailed drawings of pipe 
anchors for approval before installation.

3.2.16   Building Surface Penetrations

Do not install sleeves in structural members except where indicated or 
approved.  Provide galvanized sheet metal sleeves in non-load bearing 
surfaces conforming to ASTM A653/A653M , Coating Class G-90,  20 gauge .  
Provide uncoated carbon steel pipe sleeves in load bearing surfaces 
conforming to ASTM A53/A53M, Standard weight.  Apply sealants to moisture 
and oil-free surfaces and elastomers to not less than  1/2 inch  depth.  Do 
not install sleeves in structural members.

3.2.16.1   Refrigerated Space

Fit refrigerated space building surface penetrations with sleeves 
fabricated from hand-lay-up or helically wound, fibrous glass reinforced 
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polyester or epoxy resin with a minimum thickness equal to equivalent size 
Schedule 40 steel pipe.  Construct sleeves with integral collar or fit 
cold side with a bonded slip-on flange or extended collar.  In the case of 
masonry penetrations where sleeve is not cast-in, fill voids with latex 
mixed mortar cast to shape of sleeve and assemble flange/external collar 
type sleeve with butyl elastomer vapor barrier sealant through penetration 
to cold side surface vapor barrier overlap and fastened to surface with 
masonry anchors.  Flash integral cast-in collar type sleeve as indicated. 
Normally seal noninsulated penetrating round surfaces to sleeve bore with 
mechanically expandable seals in vapor tight manner and insulate remaining 
warm and cold side sleeve depth with not less than  4 inches  of 
foamed-in-place rigid polyurethane or foamed-in-place silicone elastomer.  
Apply vapor barrier sealant to finish warm side insulation surface.  
Insulate warm side of penetrating surface beyond vapor barrier sealed 
sleeve insulation for a distance which prevents condensation.  Seal wires 
in refrigerated space surface penetrating conduit with vapor barrier plugs 
or compound to prevent moisture migration through conduit and condensation 
therein.

3.2.16.2   General Service Areas

Extend each sleeve through its respective wall, floor, or roof, and cut 
flush with each surface.  Provide pipes passing through concrete or 
masonry wall or concrete floors or roofs with pipe sleeves fitted into 
place at the time of construction.  Provide sleeves that allow a minimum of
 1/4 inch  all-around clearance between bare pipe and sleeves or between 
jacketed-insulation and sleeves.  Except in pipe chases or interior walls, 
seal the annular space between pipe and sleeve or between jacket 
over-insulation and sleeve in accordance with Section 07 92 00  JOINT 
SEALANTS.

3.2.16.3   Waterproof Penetrations

Install pipes passing through roof or floor waterproofing membrane through 
a 17 ounce  copper sleeve, or a  0.032 inch  thick aluminum sleeve, each 
within an integral skirt or flange.  Form flashing sleeve, and extend 
skirt or flange greater than  8 inches  from the pipe and set over the roof 
or floor membrane in a troweled coating of bituminous cement.  Extend the 
flashing sleeve up the pipe a minimum of  2 inches  above the roof or floor 
penetration.  Seal the annular space between the flashing sleeve and the 
bare pipe or between the flashing sleeve and the metal-jacket-covered 
insulation as indicated.  Seal penetrations by either one of the following 
methods.

3.2.16.3.1   Waterproofing Clamping Flange

Pipes up to and including  10 inches  in diameter passing through roof or 
floor waterproofing membrane may be installed through a cast iron sleeve 
with caulking recess, anchor lugs, flashing clamp device, and pressure 
ring with brass bolts.  Clamp waterproofing membrane into place and place 
sealant in the caulking recess.

3.2.16.3.2   Modular Mechanical Type Sealing Assembly

In lieu of a waterproofing clamping flange and caulking and sealing of 
annular space between pipe and sleeve or conduit and sleeve, a modular 
mechanical type sealing assembly may be installed.  Provide seals 
consisting of interlocking synthetic rubber links shaped to continuously 
fill the annular space between the pipe/conduit and sleeve with corrosion 
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protected carbon steel bolts, nuts, and pressure plates.  Loosely assemble 
links with bolts to form a continuous rubber belt around the pipe with a 
pressure plate under each bolt head and each nut.  After the seal assembly 
is properly positioned in the sleeve, tighten the bolt to cause the rubber 
sealing elements to expand and provide a watertight seal between the 
pipe/conduit and the sleeve.  Size each seal assembly as recommended by 
the manufacturer to fit the pipe/conduit and sleeve involved.  The 
Contractor electing to use the modular mechanical type seals must provide 
sleeves of the proper diameters.

3.2.16.4   Fire-Rated Penetrations

Seal penetration of fire-rated walls, partitions, and floors as specified 
in Section 07 84 00  FIRESTOPPING.

3.2.16.5   Escutcheons

Provide escutcheons for finished surfaces where exposed piping, bare or 
insulated, pass through floors, walls, or ceilings, except in boiler, 
utility, or equipment rooms.  Where sleeves project slightly from floors, 
use special deep-type escutcheons.  Secure escutcheon to pipe or pipe 
covering.

3.2.17   Access Panels

Provide access panels for all concealed valves, vents, controls, and items 
requiring inspection or maintenance.  Provide access panels of sufficient 
size and locate so that the concealed items may be serviced and maintained 
or completely removed and replaced.  Provide access panels as specified in 
Section 08 31 00  ACCESS DOORS AND PANELS.

3.2.18   Field Applied Insulation

Field installed insulation is specified in Section 23 07 00  THERMAL 
INSULATION FOR MECHANICAL SYSTEMS, except as defined differently herein.

3.2.19   Field Painting

Painting required for surfaces not otherwise specified, and finish 
painting of items only primed at the factory are specified in Section 
09 90 00  PAINTS AND COATINGS.

3.2.19.1   Color Coding

Color coding for piping identification is specified in Section 09 90 00  
PAINTS AND COATINGS.

3.2.19.2   Color Coding Scheme

Provide a color coding scheme for locating hidden piping in accordance 
with Section 22 00 00  PLUMBING, GENERAL PURPOSE.

3.2.20   Identification Tags

Provide identification tags made of brass, engraved laminated plastic or 
engraved anodized aluminum  indicating service and item number on all 
valves and dampers.  Tags must be  1-3/8 inch  minimum diameter and marking 
must be stamped or engraved.  Indentations must be black for reading 
clarity.  Attach tags to valves with No. 12 AWG copper wire, chrome-plated 
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beaded chain or plastic straps designed for that purpose.

3.3   CLEANING AND ADJUSTING

Clean uncontaminated system(s) by evacuation and purging procedures 
currently recommended by refrigerant and refrigerant equipment 
manufacturers, and as specified herein, to remove small amounts of air and 
moisture.  Systems containing moderate amounts of air, moisture, 
contaminated refrigerant, or any foreign matter are considered 
contaminated systems.  Restore contaminated systems to clean condition 
including disassembly, component replacement, evacuation, flushing, 
purging, and re-charging, using currently approved refrigerant and 
refrigeration manufacturer's procedures.  Restore contaminated systems at 
no additional cost to the Government as determined by the Contracting 
Officer.  Do not use water in any procedure or test.

3.4   TRAINING COURSE

a.  Submit a schedule, at least 2 weeks prior to the date of the proposed 
training course, which identifies the date, time, and location for the 
training.  Conduct a training course for 2 members of the operating 
staff as designated by the Contracting Officer.  The training period 
must consist of a total 4 hours of normal working time and start after 
the system is functionally completed but prior to final acceptance 
tests.

b.  Cover all of the items contained in the approved operation and 
maintenance manuals  as well as demonstrations  of routine maintenance 
operations in the field posted instructions..

c.  Submit 6 complete copies of an operation manual in bound  8 1/2 by 11 
inch  booklets listing step-by-step procedures required for system 
startup, operation, abnormal shutdown, emergency shutdown, and normal 
shutdown at least 4 weeks prior to the first training course.  Include 
the manufacturer's name, model number, and parts list in the 
booklets.  Include the manufacturer's name, model number, service 
manual, and a brief description of all equipment and their basic 
operating features in the manuals.

d.  Submit 6 complete copies of maintenance manual in bound  8 1/2 x 11 inch
 booklets listing routine maintenance procedures, possible breakdowns 
and repairs, and a trouble shooting guide.  Include piping layouts and 
simplified wiring and control diagrams of the system as installed in 
the manuals.

3.5   REFRIGERANT PIPING TESTS

After all components of the refrigerant system have been installed and 
connected, subject the entire refrigeration system to pneumatic, 
evacuation, and startup tests as described herein.  Submit a schedule, at 
least 2 weeks prior to the start of related testing, for each test.  
Identify the proposed date, time, and location for each test.  Conduct 
tests in the presence of the Contracting Officer.  Water and electricity 
required for the tests will be furnished by the Government.  Provide all 
material, equipment, instruments, and personnel required for the test.  
Provide the services of a qualified technician, as required, to perform 
all tests and procedures indicated herein.  Coordinate field tests with 
Section 23 05 93  TESTING, ADJUSTING, AND BALANCING OF HVAC SYSTEMS.  
Submit 6 copies of the tests report in bound  8 1/2 by 11 inch  booklets 
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documenting all phases of the tests performed.  Include initial test 
summaries, all repairs/adjustments made, and the final test results in the 
report.

3.5.1   Preliminary Procedures

Prior to pneumatic testing, isolate equipment which has been factory 
tested and refrigerant charged as well as equipment which could be damaged 
or cause personnel injury by imposed test pressure, positive or negative, 
from the test pressure, or remove from the system.  Remove safety relief 
valves and rupture discs that are not part of factory sealed systems, and 
cap or plug openings.

3.5.2   Pneumatic Test

Provide pressure control and excess pressure protection at the source of 
test pressure.  Valves must be wide open, except those leading to the 
atmosphere.  Test gas must be dry nitrogen, with  minus 70 degree F  
dewpoint and less than 5 ppm oil.  Apply test pressure in two stages 
before any refrigerant pipe is insulated or covered.  In accordance with 
ASME B31.5 , a preliminary test not to exceed  25 psi  must be applied as a 
means of locating major leaks.  Every joint being tested must be coated 
with a thick soap or color indicating solution.  The second stage test 
pressure must be at least 110 percent of the design pressure, but cannot 
exceed 130 percent of the design pressure of any component in the system.  
For large systems that are not completely visible, the pressure in the 
system must be gradually increased to one-half of the test pressure after 
which the pressure must be increased in steps of one-tenth of the test 
pressure, until the required test pressure has been reached.  The test 
pressure must be continuously maintained for at leas 24 hours, after which 
it can be reduced to the leak test pressure.  A correction factor of  0.3 
psi  will be allowed for each degree  F  change between test space initial 
and final ambient temperature, plus for increase and minus for a 
decrease.  The leak test pressure must be the design pressure, or a 
pressure specified in the engineering design.  To repair leaks, the joint 
must be taken apart, thoroughly cleaned, and reconstructed as a new 
joint.  Joints repaired by caulking, re-melting, or back-welding/brazing 
are not acceptable.  Following repair, the entire system must be retested 
using the pneumatic tests described above.  Reassemble the entire system 
once the pneumatic tests are satisfactorily completed.

3.5.3   Evacuation Test

Following satisfactory completion of the pneumatic tests, relieve the 
pressure and evacuate the entire system to an absolute pressure of 300 
micrometers.  During evacuation of the system, the ambient temperature 
must be higher than  35 degrees F .  Do not evacuate no more than one system 
at one time by one vacuum pump.  Once the desired vacuum has been reached, 
close the vacuum line and allow the system to stand for 1 hour.  If the 
pressure rises over 500 micrometers after the 1 hour period, evacuate the 
system again down to 300 micrometers and let set for another 1 hour 
period.  Do not charge the system until a vacuum of at least 500 
micrometers is maintained for a period of 1 hour without the assistance of 
a vacuum line.  If during the testing the pressure rises above 500 
micrometers, continue to repeat the evacuation procedures until all 
residual moisture has been removed.  During evacuation, record pressures 
by a thermocouple-type, electronic-type, or a calibrated-micrometer type 
gauge.
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3.5.4   System Charging and Startup Test

Following satisfactory completion of the evacuation tests, charge the 
system with the required amount of refrigerant by raising pressure to 
normal operating pressure and in accordance with manufacturer's 
procedures.  Following charging, the system must operate with high-side 
and low-side pressures and corresponding refrigerant temperatures, at 
design or improved values.  Test the entire system tested for leaks.  Test 
fluorocarbon systems with halide torch or electronic leak detectors.

3.5.5   Refrigerant Leakage

If a refrigerant leak is discovered after the system has been charged, the 
leaking portion of the system must be immediatelyisolated from the 
remainder of the system and the refrigerant pumped into the system 
receiver or other suitable container.  The refrigerant must not be 
discharged into the atmosphere.

3.5.6   Contractor's Responsibility

At all times during the installation and testing of the refrigeration 
system, take steps to prevent the release of refrigerants into the 
atmosphere.  The steps must include, but not be limited to, procedures 
which will minimize the release of refrigerants to the atmosphere and the 
use of refrigerant recovery devices to remove refrigerant from the system 
and store the refrigerant for reuse or reclaim.  At no time will the 
allowable leak rate exceed the leak rates allowed in Section 608 of the 
Clean Air Act:  30 percent of the full charge per year for industrial 
refrigeration, 20 percent of the full charge per year for commercial 
refrigeration, and 10 percent of the full charge per year for comfort 
cooling.  Any system leaks within the first year must be repaired in 
accordance with the requirements herein at no cost to the Government 
including material, labor, and refrigerant if the leak is the result of 
defective equipment, material, or installation.

        -- End of Section --
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SECTION 23 25 00

CHEMICAL TREATMENT OF WATER FOR MECHANICAL SYSTEMS

PART 1   GENERAL

1.1   REFERENCES

The publications listed below form a part of this specification to the 
extent referenced.  The publications are referred to within the text by 
the basic designation only.

AMERICAN SOCIETY OF MECHANICAL ENGINEERS (ASME)

ASME B40.100 (2013) Pressure Gauges and Gauge 
Attachments

ASTM INTERNATIONAL (ASTM)

ASTM D596 (2001; R 2018) Standard Guide for 
Reporting Results of Analysis of Water

ASTM D1384 (2005; R 2019) Corrosion Test for Engine 
Coolants in Glassware

ASTM D2688 (2015; E 2016) Standard Test Method for 
Corrosivity of Water in the Absence of 
Heat Transfer (Weight Loss Methods)

NATIONAL ELECTRICAL MANUFACTURERS ASSOCIATION (NEMA)

NEMA 250 (2020) Enclosures for Electrical Equipment 
(1000 Volts Maximum)

NEMA MG 1 (2018) Motors and Generators

U.S. ARMY CORPS OF ENGINEERS (USACE)

EM 200-1-13 (2016) Environmental Quality -- Minimizing 
the Risk of Legionellosis Associated with 
Building Water Systems on Army Installation

PWTB 420-49-5 (1998) Industrial Water Treatment 
Procedures

U.S. DEPARTMENT OF DEFENSE (DOD)

UFC 3-430-08N (2004) Central Heating Plants

1.2   SUBMITTALS

Government approval is required for submittals with a "G" or "S" 
classification.  Submittals not having a "G" or "S" classification are 
[for Contractor Quality Control approval.][for information only.  When 
used, a code following the "G" classification identifies the office that 
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will review the submittal for the Government.]  Submit the following in 
accordance with Section 01 33 00  SUBMITTAL PROCEDURES:

SD-03 Product Data

Water Treatment System ; G[, [_____]]

Water Analysis ; G[, [_____]]

Spare Parts

Field Instructions

Tests ; G[, [_____]]

Training Course ; G[, [_____]]

SD-06 Test Reports

Condenser Water QA Tests

Steam Boiler Water QA Tests

SD-10 Operation and Maintenance Data

Water Treatment System

1.3   MAINTENANCE MATERIAL SUBMITTALS

Submit spare parts  data for each different item of material and equipment 
specified, after approval of the detail drawings, not later than [_____] 
months prior to the date of beneficial occupancy.  Include a complete list 
of parts and supplies, with source of supply, with the data.

1.4   QUALITY CONTROL

1.4.1   Safety

Ensure exposed moving parts, parts that produce high operating 
temperature, parts which may be electrically energized, and parts that may 
be a hazard to operating personnel are insulated, fully enclosed, guarded, 
or fitted with other types of safety devices.  Install safety devices so 
that proper operation of equipment is not impaired.  Provide [catwalk,] 
[ladder,] [and guardrail] where indicated and in accordance with Section [
05 50 13  MISCELLANEOUS METAL FABRICATIONS] [ 05 51 33  METAL LADDERS].

1.4.2   Drawings

Because of the small scale of the drawings, it is not possible to indicate 
all offsets, fittings, and accessories that may be required.  Carefully 
investigate the plumbing, fire protection, electrical, structural and 
finish conditions that would affect the work to be performed and arrange 
such work accordingly, furnishing required offsets, fittings, and 
accessories to meet such conditions.

1.5   DELIVERY, STORAGE, AND HANDLING

Protect all equipment delivered and placed in storage from the weather, 
humidity and temperature variations, dirt and dust, or other contaminants.
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PART 2   PRODUCTS  

2.1   SYSTEM DESCRIPTION

2.1.1   Summary

This section covers the provisions and installation procedures necessary 
for a complete and totally functional water system(s) chemical treatment.  
Provide and install the system with all necessary System Components, 
Accessories, Piping Components, and Supplemental Components/Services.
Minimize to risk of Legionellosis by following the guidance in EM 200-1-13 .

2.1.2   Standard Products

a.  Provide materials and equipment which are standard products of a 
manufacturer regularly engaged in the manufacturing of such products, 
that are of a similar material, design and workmanship and that have 
been in satisfactory commercial or industrial use for two years' prior 
to bid opening.

b.  Include in the two-year use all applications of equipment and 
materials under similar circumstances and of similar size.  Ensure the 
two years' experience has been satisfactorily completed by a product 
which has been sold or is offered for sale on the commercial market 
through advertisements, manufacturer's catalogs, or brochures.  
Products having less than a two-year field service record are 
acceptable if a certified record of satisfactory field operation, for 
not less than 6000 hours exclusive of the manufacturer's factory 
tests, can be shown.

c.  All products are required to be supported by a service organization.  
Submit a certified list of qualified permanent service organizations 
for support of the equipment, including their addresses and 
qualifications.  These service organizations are required to be 
reasonably convenient to the equipment installation and able to render 
satisfactory service to the equipment on a regular and emergency basis 
during the warranty period of the contract.

d.  The selected service organization provides the chemicals required, the 
concentrations required, and the water treatment equipment sizes and 
flow rates required.  The company provides all chemicals required for 
the [condenser] [condenser and chilled] water systems and fills the 
systems with chemicals to the levels specified.  The chemical is 
required to meet the requirements of this specification as well as the 
recommendations from the manufacturers of the condenser and cooling 
tower.  Acid treatment chemicals are not allowed to be used.

2.1.3   Water Analysis

Conditions of make-up water to be supplied to the boilers, cooling towers 
and chilled water systems reported in accordance with ASTM D596 are as 
follows:

Date of Sample [_____]
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Temperature [_____] degrees C

Silica (SiO 2) [_____] ppm (mg/L)

Insoluble [_____] ppm (mg/L)

Iron, total (Fe) [_____] ppm (mg/L)

Aluminum (Al) [_____] ppm (mg/L)

Calcium (Ca) [_____] ppm (mg/L)

Magnesium (Mg) [_____] ppm (mg/L)

Carbonate (HCO 3) [_____] ppm (mg/L)

Sulfate (SO 4) [_____] ppm (mg/L)

Chloride (Cl) [_____] ppm (mg/L)

Nitrate (NO 3) [_____] ppm (mg/L)

Turbidity [_____] ntu

pH [_____]

Residual Chlorine [_____] ppm (mg/L)

Total Alkalinity [_____] ppm (mg/L)

Non-Carbonate Hardness [_____] ppm (mg/L)

Total Hardness [_____] ppm (mg/L)

Dissolved Solids [_____] ppm (mg/L)

Conductivity [_____] Micromho/cm

2.2   EQUIPMENT

2.2.1   Nameplates

Provide a nameplate for each major component of equipment that includes 
the manufacturer's name, address, type or style, and catalog or serial 
number securely attached to the item of equipment.  Provide nameplates for:

a.  Pump(s)

b.  Pump Motor(s)

c.  Water Treatment Controller(s)

2.2.2   Electrical Work

Ensure all electrical equipment, motors, motor efficiencies, and wiring 
complies with Section 26 20 00  INTERIOR DISTRIBUTION SYSTEM.  Provide 
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electrical motor driven equipment specified complete with motors, motor 
starters, and controls.  Provide electrical characteristics and enclosure 
types as shown, and unless otherwise indicated, provide all motors of  1 
horsepower  and above with open, drip-proof, or totally enclosed fan cooled 
enclosures, high efficiency type.  Perform field wiring in accordance with 
manufacturer's instructions.  Each motor is required to conform to 
NEMA MG 1 and be of sufficient size to drive the equipment at the 
specified capacity without exceeding the nameplate rating of the motor.  
Provide continuous duty motors with the enclosure specified.  Provide 
motor starters complete with thermal overload protection and other 
appurtenances necessary for the motor control indicated.  Furnish motors 
with a magnetic across-the-line or reduced voltage type starter as 
required by the manufacturer.  Furnish motor starters with [NEMA 1] [NEMA 
3R] [NEMA [_____]] enclosures.  Provide manual or automatic control and 
protective or signal devices required for the operation specified and any 
control wiring required for controls and devices specified, but not shown.

2.2.3   Gauges

Provide gauges that conform to ASME B40.100 , Class 1, 2, or 3, Style X, 
Type I or III as required,  4-1/2 inches  in diameter with phenolic or 
metal case.

2.3   COMPONENTS

2.3.1   Condenser Water Treatment Systems

The use of chemical-treatment products containing hexavalent chromium (Cr) 
is prohibited.  Treat the water to be used in the condenser water systems 
to maintain the conditions recommended by this specification as well as 
the recommendations from the manufacturers of the condenser and evaporator 
coils.  Chemicals are required to meet all required federal, state, and 
local environmental regulations for the treatment of condenser-side heat 
exchangers, cooling towers and direct discharge to the sanitary sewer.

Provisions should be made to effectively dose, monitor and control a water 
treatment program to include (1) inhibitor and biocide injection (2) water 
sampling, (3) corrosion coupon sampling, and (4) effective bleed and 
control points.

2.3.1.1   Condenser Water Limits

Meet the following condenser water limits, unless dictated differently by 
the cooling tower or chiller manufacturer's recommendations:

Treatment type Phosphonate/Polymer

Puckorius Index 4 minimum

Langelier Index 4 maximum

Total Dissolved Solids 5000 ppm maximum

Calcium Hardness 1200 ppm maximum
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Silica 150 ppm maximum

pH 7.5 - 8.5

For treated condenser/cooling tower water, minimize blowdown until the 
first of one of the top 5 limits is reached.  Specific requirements for 
treatment chemicals and levels are listed below in paragraphs dealing with 
small and large systems.

2.3.1.2   Glycol Solution

Coordinate minimum glycol concentration with manufacturer to avoid 
corrosion inhibitor degradation.  Test the glycol in accordance with 
ASTM D1384 with less than  0.5 mils  penetration per year for all system 
metals.  Provide glycol that contains corrosion inhibitors.  Silicate 
based inhibitors are not acceptable.  Ensure the solution is compatible 
with pump seals, other elements of the system, and water treatment 
chemicals used within the system.

2.3.1.3   Chemical Treatment for Small Systems

For cooling systems with a capacity of  50 tons  or less, provide the 
following chemical treatment.  For corrosion control provide  15 to 20 
pounds  polyphosphate in nylon mesh bag in cooling tower sump.  If biocide 
is needed, use either 1-bromo-3-chloro-5.5-dimethylhydantoin or 
gluteraldehyde as recommended by manufacturer.

2.3.1.4   Chemical Treatment for Large Systems

For cooling systems with capacities greater than  50 tons  provide one of 
the three following chemical treatments with the limits indicated.  The 
zinc and molybdate in the last two treatments help to meet the maximum 
corrosion requirements in waters that tend to be more corrosive.  Maintain 
biocides to control bacteria below 10,000 colony forming units per 
milliliter.

a.  Phosphonate Type Treatment

Phosphate 3-5 ppm

Polymer 3-4 ppm

TT 1-2 ppm

Biocides as required

b.  Zinc-Phosphonate Type Treatment

Phosphate 3-5 ppm

Polymer 3-4 ppm
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Zinc 1-2 ppm

TT 1-2 ppm

Biocides as required

c.  Zinc-Molybdate Type Treatment

Phosphate 3-5 ppm

Polymer 3-4 ppm

Molybdate 10-15 ppm

Zinc 2-3 ppm

TT 1-2 ppm

Biocides as required

2.3.1.4.1   General Requirements

Provide a water treatment system  capable of automatically feeding 
chemicals and bleeding the system to prevent corrosion, scale, and 
biological formations.  Submit [6] [_____] complete copies, at least 5 
weeks prior to the purchase of the water treatment system, of the proposed 
water treatment plan including a layout; control scheme; a list of 
existing make-up water chemistry, including the items listed in paragraph 
Water Analysis; a list of treatment chemicals to be added; the proportion 
of chemicals to be added; the final treated water control levels; and a 
description of health, safety and environmental concerns for handling the 
chemicals plus any special ventilation requirements.  Automatic chemical 
feed systems automatically feed chemicals into the condenser water based 
on makeup water rate.  Use electrical signals from a water meter on the 
makeup water line to control the output of chemical feed pumps.  Set the 
system initially manually based on the water analysis of the make-up 
water.  Submit [6] [_____] complete copies of operating and maintenance 
manuals for the step-by-step water treatment procedures.  Include in the 
manuals all testing procedures used in determining water quality.

2.3.1.4.2   Chemical Feed Pumps and Tanks

a.  Furnish chemical feed pumps and tanks as a package with the pumps 
mounted on and piping connected to the tank.  Furnish chemical feed 
pumps of the positive displacement diaphragm type.  Furnish all pump 
cylinders, plungers, ball check valves, and check valve bodies made of 
corrosion resistant materials suitable for the chemicals being 
pumped.  Ensure the cylinders of the provided pumps are replaceable 
for increased or reduced pressure or capacity ranges.

b.  Provide pumps with a flow rate adjustable from 0 to 100 percent while 
in operation.  The volumetric accuracy of the pumps is required to be 
within one percent over the range indicated.  Ensure pump capacities 
are adjustable by positioning crank pin with micrometer setscrews.  
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Divide stroke length scale in percentage graduations engraved on 
scale.  Ensure the discharge pressure of pumps is not less than 1.5 
times the line pressure at the point of connection.  Provide the pumps 
with a pressure relief valve and a check valve mounted in the pump 
discharge.  Control the pump by an external controller/timer receiving 
signals from the makeup water meter.

c.  Provide drive motors rated at 110 volt, single phase with drip-proof 
enclosures.  Provide two chemical tanks constructed of [materials 
compatible with the chemicals to be stored in the tank] [high density 
polyethylene] [stainless steel] [fiber reinforced plastic] with a 
hinged cover and mounted on legs.  Ensure tanks have filling and drain 
connections and gauge glasses.  Furnish each tank with one pump, 
mounted and piped with pipe materials and fittings suitable for 
working pressure and compatible with the chemicals in the tank it is 
in contact with, with suction strainer and stainless steel screen, and 
with  1/2 inch  relief valve with steel body and stainless steel trim.  
Provide a tank bottom that is dished concave to a radius equal to the 
diameter of the tank.  Provide motor-driven agitator.  Size the tanks 
to have sufficient capacity to require recharging only once per [7] 
[14] [21] [_____] days during normal operation.  

2.3.1.4.3   Chemical Injection Assembly

Provide an injection assembly at each chemical feed point.  Locate the 
injection assembly downstream of recirculating pumps and upstream of the 
condenser.  Construct the injection assemblies of stainless steel.  Locate 
the discharge of the assemblies in the condenser water piping as 
recommended by the manufacturer.  Include with each assembly a shutoff 
valve and check valve at the point of entrance into the condenser water 
line.

2.3.1.4.4   Water Meter

Provide water meters with an electric contacting register and remote 
accumulative counter.  Install the meter within the make-up water line, as 
indicated.

2.3.1.4.5   Timers

Provide timers which are of the automatic reset, adjustable type, and are 
electrically operated.  Ensure the timers are designed to work with the 
contacting head water meters. Include the water meter cable with the 
timer.  Ensure timers control operation of the chemical feed pumps and are 
suitable for a 120 volt current.  Locate the timers within the water 
treatment control panel.

2.3.1.4.6   Bleed (Blowdown) Line

Control the flow through the bleed line by a conductivity meter and probe 
installed to measure the conductivity of the condenser water.  Provide a 
high and low set point on the conductivity meter above which the meter 
opens a solenoid valve on the bleed line.  Locate the bleed line 
attachment to the condenser water piping downstream of the recirculating 
pumps and upstream of the chemical injection point.  Extend the bleed line 
to the nearest drain for continuous discharge.
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2.3.1.4.7   Control Panel

Provide a NEMA 12 control panel enclosure suitable for surface mounting.  
Construct the panel of [stainless steel] [coated steel] with a hinged door 
and lock.  Include a laminated plastic nameplate identifying each of the 
following functions:

(1)  Main power switch and indicating light
(2)  MAN-OFF-AUTO selector switch
(3)  Indicating lamp for bleed-off valve
(4)  Indicating lamp for each chemical feed pump
(5)  Set point reading for each timer

2.3.1.4.8   Chemical Piping

Construct the piping and fittings of [schedule 80 PVC] [stainless steel] 
suitable for the water treatment chemicals.

2.3.1.4.9   Sequence of Operation

Add chemicals based upon sensing the make-up water flow rate and 
activating appropriate timers.  Provide a separate timer for each 
chemical. Control the blow down based upon the conductivity of the 
condenser water.  Control the injection of the chemical required for 
biological control manually set for proper chemical feed.  The water 
treatment company is required to determine and set a timer set points, 
blow down rates, and chemical pump flow rates.

2.3.1.4.10   Test Kits

Provide one test kit of each type required to determine the water quality 
as outlined within the operation and maintenance manuals.

2.3.2   Chilled Water System

Provide a  [2] [5] [_____] gallon  shot feeder on the chilled water piping 
as indicated.  Furnish the feeder with an air vent, gauge glass, funnel, 
valves, fittings, and piping.

2.3.2.1   Requirements for Glycol Solution

Coordinate minimum [ethylene][propylene] glycol concentration with 
manufacturer to avoid corrosion inhibitor degradation. Test the glycol in 
accordance with ASTM D1384 with less than  0.5 mils  penetration per year 
for all system metals.  Ensure the glycol contains corrosion inhibitors.  
Silicate based inhibitors are not acceptable.  Ensure the solution is 
compatible with pump seals, other elements of the system, and water 
treatment chemicals used within the system.

2.3.2.2   Chilled Water Treatment

Treat chilled water with either a borax/nitrite type treatment or a 
molybdate type treatment.  Both types of treatment are acceptable for use 
with glycol.  Maintain borax/nitrite treatment at the limits of [     ] 
ppm nitrite, [     ] ppm copper corrosion inhibitor (TT or MBT), and pH of 
8.5 to 9.5.  Maintain molybdate treatment at the limits of [     ] ppm 
molybdate, [    ] ppm copper corrosion inhibitor (TT or MBT), and pH of 
8.0 to 9.0.
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2.3.2.3   Dual Temperature Systems

Dual hot/chilled water systems that are treated with borax/nitrite are 
also to be treated with a biocide.

2.3.2.4   Chilled Water Test Kits

Provide one test kit of each type required to determine the water quality 
as outlined within the operation and maintenance manuals (e.g. pH and 
nitrite or molybdate).

2.3.3   Low and Medium Temperature Hot Water Boilers and Heat Exchangers

Low and medium temperature hot water boilers are defined as those 
operating below  350 degrees F , (  250 degrees F  for Low Temperature).

2.3.3.1   Chemical Feeder

Provide a  [2] [5] [_____] gallon  shot feeder on the hot water piping as 
indicated.  Base the size and capacity of feeder upon local requirements 
and water analysis.  Furnish the feeder with an air vent, gauge glass, 
funnel, valves, fittings, and piping.

2.3.3.2   Water Softening System

Provide a water softening system as specified in Section 22 31 00  WATER 
SOFTENERS, CATION-EXCHANGE (SODIUM CYCLE).

2.3.3.3   Low and Medium Temperature Hot Water Treatment

Treat hot water with either a borax/nitrite type treatment or a molybdate 
type treatment.  Both types of treatment are acceptable to use with 
glycol.  Maintain borax/nitrite treatment at the limits of 600 to 1000 ppm 
nitrite, 40 - 50 ppm copper corrosion inhibitor (TT or MBT) and pH of 8.5 
to 9.5.  Maintain molybdate treatment at the limits of 100 to 125 ppm 
molybdate, 40 - 50 ppm copper corrosion inhibitor (TT or MBT) and pH of 
8.0 to 9.0.

2.3.3.4   Dual Temperature Systems

Dual hot/chilled water systems treated with borax/nitrite are required to 
also be treated with a biocide.

2.3.3.5   Test Kit Requirements

Provide one test kit of each type required to determine the water quality 
as outlined within the operation and maintenance manuals (e.g. pH and 
nitrite or molybdate).

2.3.4   High Temperature Hot Water Boilers

2.3.4.1   Chemical Feeder Unit 

Provide a feeder unit for each boiler.  Ensure chemical feeder provided is 
automatic proportioning, shot type, or pump type.  Provide all 
appurtenances necessary to ensure the system performs in compliance with 
the requirements outlined herein.  Base the size and capacity of feeder 
upon local requirements and water analysis.

SECTION 23 25 00  Page 12



CAPITAL PROJECT # 1043925 MAY 2022 HAFB 309th SWEG
KRSM200806 100% FINAL SUBMITTAL

2.3.4.2   Pumps and Tanks

a.  Furnish chemical feed pumps and tanks as a package with the pumps 
mounted on and piping connected to the tank.  The chemical feed pumps 
are required to be positive displacement diaphragm type.  Furnish the 
pump cylinders, plungers, ball check valves, and check valve bodies 
fabricated from corrosion resistant materials suitable for the 
chemicals being pumped.  Ensure cylinders used are replaceable for 
increased or reduced pressure or capacity ranges.

b.  Provide for a flow rate of the pumps that is adjustable from 0 to 100 
percent while in operation.  Ensure volumetric accuracy of the pumps 
is within one percent over the range indicated.  Ensure pump 
capacities are adjustable by positioning crank pin with micrometer 
setscrews.  Divide stroke length scale in percentage graduations 
engraved on scale.  Ensure the discharge pressure of pumps is not less 
than 1.5 times the line pressure at the point of connection.  Design 
the pumps to feed the chemical solutions into the HTW return line to 
the system circulating pumps with a capacity to feed a maximum of  [5] 
[_____] gph .  Provide the pumps with a pressure relief valve and a 
check valve mounted in the pump discharge.  Control the pumps by an 
external controller/timer receiving signals from the makeup water 
meter.

c.  Provide drive motors that are 110 volt, single phase and have 
drip-proof enclosures.  Provide the tanks constructed of [materials 
compatible with the chemicals to be stored in the tank] [high density 
polyethylene] [stainless steel] [fiber reinforced plastic] with a 
hinged cover and mounted on legs.  Ensure tanks have both filling and 
drain connections and gauge glass.  Furnish each tank with one pump, 
mounted and piped with black iron pipe and fittings suitable for 
working pressures and compatible with the chemicals in the tank it is 
in contact with, with suction strainer and stainless steel screen, and 
with  1/2 inch  relief valve with steel body and stainless steel trim. 
Provide tank with a dished concave bottom to a radius equal to the 
diameter of the tank.  Provide units suitable for phosphate, caustic 
feed and sulfite feeding.  Provide sulfite tank with a floating cover 
to completely cover the surface of the solution.  Include a 
motor-driven agitator.  Size tanks to have sufficient capacity to 
require recharging only once per [7] [14] [21] [_____] days during 
normal operation.

d.  For auto proportioning systems, provide controllers designed to be 
used with selected system specifically for the purpose of injecting 
chemicals into boiler systems.

e.  Mount system components on metal buses or supports instead of mounting 
directly to the floor.

2.3.4.3   Water Softening System

Provide water softening system as specified in Section 22 31 00  WATER 
SOFTENERS, CATION-EXCHANGE (SODIUM CYCLE).

2.3.4.4   Treated Water Limits 

Consult with the boiler manufacturer for the determination of the boiler 
water chemical composition limits.  Provide for the following 
recirculating hot water chemical limits unless dictated differently by the 
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boiler manufacturer's recommendations:

pH 9.3-9.9

Sulfite 30-60 ppm

Hardness Less than 2.0 ppm

2.3.5   Test Kit

Provide one test kit of each type required to determine the water quality 
as outlined within the operation and maintenance manuals (e.g. pH, 
hardness and sulfite).

2.3.6   Steam Boiler Water Treatment

Provide a water treatment system capable of feeding chemicals and blowdown 
of the system to prevent corrosion and scale within the boiler and piping 
distribution system.  Treat the water to maintain the conditions 
recommended by the boiler manufacturer or UFC 3-430-08N  (Central Heating 
Plants)  and PWTB 420-49-5  (Industrial Water Treatment Procedures) .  
Provide chemicals that meet all required federal, state, and local 
environmental regulations for the treatment of boilers and discharge to 
the sanitary sewer.  Engage the services of a company regularly engaged in 
the treatment of boilers to determine the correct concentrations required 
for water treatment.  The company is required to maintain the chemical 
treatment and provide all chemicals required for a period of 1 year from 
the date of occupancy.  Do not use filming amines, hydrazine and 
chelants.  Ensure the water treatment chemicals remain stable throughout 
the operating temperature range of the system and are compatible with pump 
seals and other elements of the system.

2.3.6.1   Boiler Water Limits

Provide for boiler water limits as follows unless dictated differently by 
the boiler manufacturer's recommendations:

Causticity (OH) 20-200 ppm

Total Alkalinity (CaCO3) 200-800 ppm

Phosphate (PO4) 30-60 ppm

Polymer (dispersant) or Tannin 5-10 ppm or medium color, respectively

Dissolved Solids (water tube boilers) 3000-3500 ppm

Dissolved Solids (fire tube boilers) 3500-5000 ppm

Suspended Solids 15 ppm Maximum

Sodium Sulfite 20-40 ppm
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Silica Less than 200 ppm

Dissolved Oxygen Less than 7 ppb

Iron Less than 10 ppm

pH (Condensate) 7.5 - 8

Conductivity (Condensate) Less than 35 micromhos

Hardness (Condensate and makeup) Less than 2 ppm

The above limits apply to boilers operating above  15 psi  up  300 psi .  Above
 300 psi  these limits decrease.  Use ABMA or chemical vendor recommended 
limits above  300 psi .

2.3.6.2   Water Softening System

Provide the water softening system as specified in Section 22 31 00  WATER 
SOFTENERS, CATION-EXCHANGE (SODIUM CYCLE).

2.3.6.3   Boiler Water Treatment System

Provide water treatment system capable of automatically feeding chemicals 
to prevent corrosion and scale within the boiler and condensate system.  
Ensure automatic chemical feed systems feed chemicals into the boiler 
based on makeup water rate.  Use electrical signals from a water meter on 
the makeup water line to control the output of chemical feed pumps.

2.3.6.4   Steam Boiler Chemical Feed Pumps and Tanks

a.  Furnish chemical feed pumps and tanks as a package with the pumps 
mounted on and piping connected to the tank.  Use chemical feed pumps 
that are positive displacement diaphragm type.  Ensure the pump 
cylinders, plungers, ball check valves, and check valve bodies are 
fabricated of corrosion resistant materials suitable for the chemicals 
being pumped.  Ensure cylinders are replaceable for increased or 
reduced pressure or capacity ranges.  Ensure the flow rate of the 
pumps is adjustable from 0 to 100 percent while in operation.  Ensure 
volumetric accuracy of the pumps is within one percent over the range 
indicated.  Pump capacities are required to be adjustable by 
positioning crank pin with micrometer setscrews.  Divide stroke length 
scale in percentage graduations engraved on scale.

b.  Ensure the discharge pressure of pumps is not less than 1.5 times the 
line pressure at the point of connection.  Provide pumps with a 
pressure relief valve and a check valve mounted in the pump 
discharge.  Control the pumps by an external controller/timer 
receiving signals from the makeup water meter.

c.  Provide drive motors rated for 110 volt, single phase and are equipped 
with drip-proof enclosures.  Provide tanks constructed of [materials 
compatible with the chemicals to be stored in the tank] [high density 
polyethylene] [stainless steel] [fiber reinforced plastic] with a 
hinged cover and mounted on legs.  Ensure tanks have filling and drain 
connections and gauge glass.  Furnish each tank with one pump, mounted 
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and piped with pipe and fittings suitable for working pressures and 
compatible with the chemicals in the tank it is in contact with, with 
suction strainer and stainless steel screen, and with  1/2 inch  relief 
valve with steel body and stainless steel trim.  Shape tank bottom to 
be dished concave to a radius equal to the diameter of the tank.  
Ensure the tank for sodium sulfite is equipped with a floating cover 
to minimize contact with air.  Provide a motor-driven agitator.  Size 
the tanks to have sufficient capacity to require recharging only once 
per [7] [14] [21] [_____] days during normal operation.

2.3.6.5   Steam Boiler Chemical Injection Assemblies

Provide an injection assembly at each chemical injection point located 
along the boiler piping as indicated.  Provide injection assemblies that 
are constructed of stainless steel.  Extend the discharge of the 
assemblies to the centerline of the piping. Include a shutoff valve and 
check valve with each assembly at the point of entrance into the water 
line.

2.3.6.6   Steam Boiler Water Meter

Provide the water meter with an electric contacting register and remote 
accumulative counter.  Install the meter within the makeup water line, as 
indicated.

2.3.6.7   Steam Boiler Timers

Provide timers that are automatic reset, adjustable type, and electrically 
operated.  Design timers to work with the contacting head water meters.  
Include the water meter cable with the timer.  Ensure timers control 
operation of the chemical feed pumps. Ensure timers are suitable for a 120 
volt current.  Use timers to control the electrical signals from the water 
meters to the chemical feed pumps.

2.3.6.8   Steam Boiler Control Panel

Provide control panel constructed of a NEMA 12, single door, wall-mounted 
box conforming with NEMA 250.  Ensure the panel is constructed of [coated 
steel] [stainless steel] with a hinged door and lock.  Ensure the panel 
contains, as a minimum, the following functions identified with a 
laminated plastic nameplate:

a.  Main power switch and indicating light
b.  MAN-OFF-AUTO selector switch
c.  Indicating lamp for each chemical feed pump
d.  Indicating lamp for the water softener

2.3.6.9   Boiler Blowdown

Provide the boiler with [continuous blowdown] [automatic blowdown based 
upon conductivity or boiler load].  Provide a bottom blowdown connection 
and valve to allow removal of solids and water from the bottom of the 
boiler.

2.3.6.10   Boiler Chemical Piping

Fabricate the piping and fittings of [steel] [stainless steel].

SECTION 23 25 00  Page 16



CAPITAL PROJECT # 1043925 MAY 2022 HAFB 309th SWEG
KRSM200806 100% FINAL SUBMITTAL

2.3.6.11   Boiler Test Kits

Provide one test kit of each type required to determine the water quality 
as outlined in paragraph Boiler Water Limits above and within the 
operation and maintenance manuals.

2.3.7   Supplemental Components/Services

Ensure drain and makeup water piping complies with the requirements of 
Section 22 00 00  PLUMBING, GENERAL PURPOSE.  Connect drains to sanitary 
sewer systems by means of an indirect waste connection.

PART 3   EXECUTION

3.1   EXAMINATION

After becoming familiar with all details of the work, verify all 
dimensions in the field, and advise the Contracting Officer of any 
discrepancy, before performing any work.

3.2   INSTALLATION

Provide all chemicals, equipment and labor necessary to bring all system 
waters in conformance with the specified requirements.  Perform all work 
in accordance with the manufacturer's published diagrams, recommendations, 
and equipment warranty requirements.

3.2.1   Piping

Fabricate all connections between dissimilar metals using dielectric 
unions.

3.3   FIELD QUALITY CONTROL

3.3.1   Tests

If the waters of the mechanical systems are not in conformance with the 
specified requirements or in accordance with manufacturer's 
recommendations, the contractor is required to direct the water treatment 
company to take corrective action to achieve compliance.  Perform daily 
operational tests in the directed frequencies to maintain required control 
to prevent corrosion, scaling and damage to equipment during operation.  
Submit test schedules, at least 2 weeks prior to the start of related 
testing, for the condenser/chilled/boiler/condensate/feedwater water 
quality tests.  Identify the date, time, frequency and collection location 
for each test within the schedules.

3.3.2   Condenser Water Quality Tests

3.3.2.1   Small Systems (weekly)

Once a week, for cooling systems with a capacity of  50 tons  or less, 
ensuring the following items are recorded.

pH [_____]

Total Alkalinity (as CaCO3) [_____] ppm (mg/L)
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Conductivity [_____] micromho/cm

3.3.2.2   Tests for Large Systems (daily)

Daily, for cooling systems with a capacity larger than  50 tons , ensuring 
the following items are recorded.

pH [_____]

Total Alkalinity (as CaCO3) [_____] ppm (mg/L)

Conductivity [_____] micromho/cm

Phosphate [_____] ppm (mg/L)

Zinc, if used (Zn) [_____] ppm (mg/L)

Molybdate, if used (Mo) [_____] ppm (mg/L)

3.3.3   Chilled Water Testing (monthly)

Perform the following tests on chilled water on a monthly basis.

pH [_____]

Nitrite or Molybdate [_____] ppm (mg/L)

Conductivity [_____] micromho/cm

3.3.4   Hot Water Boiler Water Quality Testing

3.3.4.1   Low and Medium Temperature Systems (monthly)

Complete and record monthly testing for the following parameters.

pH [_____]

Nitrite or Molybdate [_____] ppm (mg/L)

3.3.4.2   High Temperature Hot Water Systems (daily)

Complete and record daily testing for the following parameters.

pH [_____]

Sulfite [_____] ppm (mg/L)
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Hardness [_____] ppm (mg/L)

3.3.5   Steam Boiler Water Testing

3.3.5.1   Small Steam Systems

The type of treatment required for small steam systems (below  25 hp ) 
varies greatly depending on local water and system conditions.  Base the 
determination of the type of treatment and frequency of testing on the 
recommendations of by the water treatment chemical vendor.

3.3.5.2   Medium Steam Systems (twice weekly)

Record the following items twice a week for steam boiler systems operating 
between  25 hp  and  100 hp  and utilize data for operation purposes.

pH [_____]

P Alkalinity (as CaCO3) [_____] ppm (mg/L)

Total Dissolved Solids [_____] ppm (mg/L)

Phosphate (PO4) [_____] ppm (mg/L)

Sulfite (NaSO3) [_____] ppm (mg/L)

3.3.5.3   Large Steam Systems (daily)

Record the following items daily for steam boiler systems operating above  
15 psi  and  100 hp  and utilize data for operational purposes.

Sulfite (NaSO3) [_____] ppm (mg/L)

P Alkalinity (as CaCO3) [_____] ppm (mg/L)

Conductivity [_____] micromho/cm

Neutralized Conductivity [_____] micromho/cm

Total Dissolved Solids [_____] ppm (mg/L)

Phosphate (PO4) [_____] ppm (mg/L)

Condensate pH [_____]

Condensate Conductivity [_____] micromho/cm

Condensate Hardness (as CaCO3) [_____] ppm (mg/L)
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Makeup Water Hardness (as CaCO3) [_____] ppm (mg/L)

3.3.6   Quality Assurance Testing

Conduct QA testing periodically by an independent water treatment 
lab/consultant to verify to managers that the mechanical and water 
treatment systems are being maintained properly.  Provide the QA 
evaluation reports to the government COR.

3.3.6.1   Condenser Water QA Tests

Submit test reports in bound  8-1/2 by 11 inch  booklets.  Within the 
reports, identify the chemical composition of the condenser water.  Also 
include in the reports a comparison of the manufacturer's or chemical 
vendor's recommended operating conditions for the cooling tower and 
condenser in relation to the actual condition of the condenser water.  
Document any required corrective actions undertaken within the report.

a.  For cooling systems with a capacity of  50 ton  or less, the perform 
following tests

Presence of scale/corrosion [_____]

Polyphosphate [_____] ppm (mg/L)

Biocide [_____] ppm (mg/L)

pH [_____]

Total Alkalinity (as CaCO3) [_____] ppm (mg/L)

Calcium Hardness (as CaCO3) [_____] ppm (mg/L)

Conductivity [_____] micromho/cm

Written evaluation summary

b.  For cooling systems with capacities greater than  50 ton ), analyze the 
condenser water a minimum of once a month for a period of one year by 
the water treatment company.  Ensure the analysis includes the 
following information recorded in accordance with ASTM D596.

Date of Sample [_____]

Temperatures (before & after condenser) [_____] & [_____] degrees C

pH [_____]

Silica (SiO2) [_____] ppm (mg/L)

Iron (total, as Fe(2)O(3)) [_____] ppm (mg/L)
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Copper (Cu) [_____] ppm (mg/L)

Calcium Hardness(CaCO3) [_____] ppm (mg/L)

Total Hardness (as CaCO3) [_____] ppm (mg/L)

Chloride (Cl) [_____] ppm (mg/L)

Total Alkalinity (as CaCO3) [_____] ppm (mg/L)

Conductivity [_____] micromho/cm

Total Dissolved Solids [_____] ppm (mg/L)

Phosphonate (as PO4) [_____] ppm (mg/L)

Zinc (if used) (Zn) [_____] ppm (mg/L)

Molybdate (if used) (Mo) [_____] ppm (mg/L)

Tolyltriazole (TT) [_____] ppm (mg/L)

Biocide [_____] ppm (mg/L)

Bacteria colony count [_____] colonies/mL

Makeup water pH [_____] ppm (mg/L)

Makeup water Iron [_____] ppm (mg/L)

Makeup water Silica [_____] ppm (mg/L)

Makeup water Calcium Hardness [_____] ppm (mg/L)

Makeup water Total Hardness [_____] ppm (mg/L)

Makeup water Total Alkalinity [_____] ppm (mg/L)

Makeup water Chloride (Cl) [_____] ppm (mg/L)

Makeup water Conductivity [_____] micromho/cm

Written evaluation summary

3.3.6.2   Chilled Water Quality Assurance Testing (quarterly)

Perform the following tests quarterly on chilled water.

pH [_____]

Nitrite or Molybdate [_____] ppm (mg/L)
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Conductivity [_____] micromho/cm

Iron (total, as Fe(2)O(3)) [_____] ppm (mg/L)

Written evaluation summary

3.3.6.3   Hot Water Boiler Water Quality Assurance Testing

a.  Complete quarterly testing of Low and Medium Temperature Systems and 
record the following parameters.

pH [_____]

Nitrite or Molybdate [_____] ppm (mg/L)

Iron (total, as Fe(2)O(3)) [_____] ppm (mg/L)

Written evaluation summary

b.  Have an independent consultant analyze the hot water boiler water once 
a month for a period of 1 year.  Include the following information 
recorded in accordance with ASTM D596 in the monthly report.

pH [_____]

Sulfite (Na2SO3) [_____] ppm (mg/L)

Hardness(as CaCO3) [_____] ppm (mg/L)

Iron (total, as Fe(2)O(3)) [_____] ppm (mg/L)

Written evaluation summary

3.3.6.4   Steam Boiler Water QA Tests

Submit the water quality test report identifying the chemical composition 
of the boiler, feedwater and condensate water.  Include in the report a 
comparison of the condition of the boiler water with the manufacturer's or 
chemical vendor's recommended conditions.  Document any required 
corrective action within the report.

a.  Small and Medium Steam Boiler Systems (quarterly)are systems operating 
between  25 hp  and  100 hp .  Perform the following tests quarterly.

pH [_____]

Sulfite, if used, (NaSO3) [_____] ppm (mg/L)

P Alkalinity (as CaCO3) [_____] ppm (mg/L)
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Total Dissolved Solids [_____] ppm (mg/L)

Phosphate, if used, (PO4) [_____] ppm (mg/L)

Polymer, if used [_____] ppm (mg/L)

Iron (total, as Fe(2)O(3)) [_____] ppm (mg/L)

Condensate pH [_____]

Condensate Conductivity [_____] micromho/cm

Condensate Hardness (as CaCO3) [_____] ppm (mg/L)

Condensate Iron (total, as Fe(2)O(3)) [_____] ppm (mg/L)

Makeup Water Hardness (as CaCO3) [_____] ppm (mg/L)

Written evaluation summary

b.  Large steam boilers are those operating above  15 psi  and  100 hp .  
Retain an independent consultant to analyze the boiler water a minimum 
of once a month for a period of 1 year.  Include the following 
information recorded in accordance with ASTM D596 in the monthly 
report.

Date of Sample [_____]

pH [_____]

Sulfite (NaSO3) [_____] ppm (mg/L)

P Alkalinity (as CaCO3) [_____] ppm (mg/L)

Conductivity [_____] micromho/cm

Neutralized Conductivity [_____] micromho/cm

Total Dissolved Solids [_____] ppm (mg/L)

Phosphate (PO4) [_____] ppm (mg/L)

Polymer, if used [_____] ppm (mg/L)

Silica (SiO2) [_____] ppm (mg/L)

Iron (total, as Fe(2)O(3)) [_____] ppm (mg/L)

Condensate pH [_____]

Condensate Conductivity [_____] micromho/cm
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Condensate Hardness (as CaCO3) [_____] ppm (mg/L)

Condensate Iron (total, as Fe(2)O(3)) [_____] ppm (mg/L)

Makeup Water Hardness (as CaCO3) [_____] ppm (mg/L)

Written evaluation summary

3.3.7   Corrosion Testers

Install corrosion coupon and rack systems to verify corrosion control in 
the systems.  Install testers or coupons in flowing system water through a 
sidestream or rack system.  Test both mild steel and copper metal samples 
in the corrosion testers in accordance with ASTM D2688.  Replace and 
analyze samples every 3 months.  Rates of corrosion less than 3 mpy for 
steel and 0.2 mpy for copper are acceptable. Install corrosion testers on 
the piping systems of the following systems.

Condenser loop
Chilled water system
Hot water loop
Condensate

3.4   CLOSEOUT ACTIVITIES

3.4.1   Training Course

Submit a schedule, at least 2 weeks prior to the date of the proposed 
training course that identifies the date, time, and location for the 
training.  Conduct a training course for the operating staff as designated 
by the Contracting Officer.  Conduct the training to include a total of 
[_____] hours of normal working time and start after the system is 
functionally completed but prior to final acceptance tests.  Submit field 
instructions , at least 2 weeks prior to construction completion, including 
equipment layout, wiring and control diagrams, piping, valves and control 
sequences, and typed condensed operation instructions.  Include within the 
condensed operation instructions all preventative maintenance procedures, 
methods of checking the system for normal and safe operation, and 
procedures for safely starting and stopping the system.  Frame the posted 
instructions under glass or laminated plastic and post where indicated by 
the Contracting Officer.  Ensure the field instructions cover all of the 
items contained in the Operation and Maintenance Manuals as well as 
demonstrations of routine maintenance operations.

3.5   INSPECTIONS

3.5.1   Inspection General Requirements

Thirty days after project completion, inspect the cooling tower and 
condenser for problems due to corrosion, scale, and biological growth.  If 
the cooling tower and condenser are found not to conform to the 
manufacturer's recommended conditions, and the water treatment company 
recommendations have been followed; instruct the water treatment company 
to provide all chemicals and labor for cleaning or repairing the equipment 
as required by the manufacturer's recommendations.

SECTION 23 25 00  Page 24



CAPITAL PROJECT # 1043925 MAY 2022 HAFB 309th SWEG
KRSM200806 100% FINAL SUBMITTAL

3.5.2   Boiler/Piping Test

Thirty days after project completion, inspect the boiler and condensate 
piping for problems due to corrosion and scale.  If the boiler is found 
not to conform to the manufacturer's recommendations, and the water 
treatment company recommendations have been followed, instruct the water 
treatment company to provide all chemicals and labor for cleaning or 
repairing the equipment as required by the manufacturer's 
recommendations.  If corrosion is found within the condensate piping, 
proper repairs are required to be made by the water treatment company at 
no additional cost.

        -- End of Section --
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SECTION 23 30 00

HVAC AIR DISTRIBUTION

PART 1   GENERAL

1.1   REFERENCES

The publications listed below form a part of this specification to the 
extent referenced.  The publications are referred to within the text by 
the basic designation only.

AIR MOVEMENT AND CONTROL ASSOCIATION INTERNATIONAL, INC. (AMCA)

AMCA 201 (2002; R 2011) Fans and Systems

AMCA 210 (2016) Laboratory Methods of Testing Fans 
for Aerodynamic Performance Rating

AMCA 300 (2014) Reverberant Room Method for Sound 
Testing of Fans

AMCA 301 (2014) Methods for Calculating Fan Sound 
Ratings from Laboratory Test Data

AMCA 500-D (2018) Laboratory Methods of Testing 
Dampers for Rating

AIR-CONDITIONING, HEATING AND REFRIGERATION INSTITUTE (AHRI)

AHRI 260 I-P (2012) Sound Rating of Ducted Air Moving 
and Conditioning Equipment

AHRI 410 (2001; Addendum 1 2002; Addendum 2 2005; 
Addendum 3 2011) Forced-Circulation 
Air-Cooling and Air-Heating Coils

AHRI 430 (2009) Central-Station Air-Handling Units

AHRI Guideline D (1996) Application and Installation of 
Central Station Air-Handling Units

AMERICAN BEARING MANUFACTURERS ASSOCIATION (ABMA)

ABMA 9 (2015) Load Ratings and Fatigue Life for 
Ball Bearings

ABMA 11 (2014) Load Ratings and Fatigue Life for 
Roller Bearings

AMERICAN SOCIETY OF HEATING, REFRIGERATING AND AIR-CONDITIONING 
ENGINEERS (ASHRAE)

ASHRAE 52.2 (2012) Method of Testing General 
Ventilation Air-Cleaning Devices for 
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Removal Efficiency by Particle Size

ASHRAE 62.1 (2010) Ventilation for Acceptable Indoor 
Air Quality

ASHRAE 68 (1997) Laboratory Method of Testing to 
Determine the Sound Power In a Duct

ASHRAE 70 (2006; R 2011) Method of Testing for 
Rating the Performance of Air Outlets and 
Inlets

ASHRAE 90.1 - IP (2013) Energy Standard for Buildings 
Except Low-Rise Residential Buildings

AMERICAN SOCIETY OF MECHANICAL ENGINEERS (ASME)

ASME A13.1 (2020) Scheme for the Identification of 
Piping Systems

ASTM INTERNATIONAL (ASTM)

ASTM A53/A53M (2020) Standard Specification for Pipe, 
Steel, Black and Hot-Dipped, Zinc-Coated, 
Welded and Seamless

ASTM A123/A123M (2017) Standard Specification for Zinc 
(Hot-Dip Galvanized) Coatings on Iron and 
Steel Products

ASTM A167 (2011) Standard Specification for 
Stainless and Heat-Resisting 
Chromium-Nickel Steel Plate, Sheet, and 
Strip

ASTM A924/A924M (2020) Standard Specification for General 
Requirements for Steel Sheet, 
Metallic-Coated by the Hot-Dip Process

ASTM B117 (2019) Standard Practice for Operating 
Salt Spray (Fog) Apparatus

ASTM B152/B152M (2019) Standard Specification for Copper 
Sheet, Strip, Plate, and Rolled Bar

ASTM B209 (2014) Standard Specification for Aluminum 
and Aluminum-Alloy Sheet and Plate

ASTM B766 (1986; R 2015) Standard Specification for 
Electrodeposited Coatings of Cadmium

ASTM C553 (2013; R 2019) Standard Specification for 
Mineral Fiber Blanket Thermal Insulation 
for Commercial and Industrial Applications

ASTM C916 (2020) Standard Specification for 
Adhesives for Duct Thermal Insulation

ASTM C1071 (2019) Standard Specification for Fibrous 
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Glass Duct Lining Insulation (Thermal and 
Sound Absorbing Material)

ASTM D520 (2000; R 2011) Zinc Dust Pigment

ASTM D1654 (2008; R 2016; E 2017) Standard Test 
Method for Evaluation of Painted or Coated 
Specimens Subjected to Corrosive 
Environments

ASTM D3359 (2017) Standard Test Methods for Rating 
Adhesion by Tape Test

ASTM E84 (2020) Standard Test Method for Surface 
Burning Characteristics of Building 
Materials

CALIFORNIA DEPARTMENT OF PUBLIC HEALTH (CDPH)

CDPH SECTION 01350 (2010; Version 1.1) Standard Method for 
the Testing and Evaluation of Volatile 
Organic Chemical Emissions from Indoor 
Sources using Environmental Chambers

NATIONAL ELECTRICAL MANUFACTURERS ASSOCIATION (NEMA)

NEMA MG 1 (2018) Motors and Generators

NEMA MG 10 (2017) Energy Management Guide for 
Selection and Use of Fixed Frequency 
Medium AC Squirrel-Cage Polyphase 
Induction Motors

NEMA MG 11 (1977; R 2012) Energy Management Guide for 
Selection and Use of Single Phase Motors

NATIONAL FIRE PROTECTION ASSOCIATION (NFPA)

NFPA 90A (2021) Standard for the Installation of 
Air Conditioning and Ventilating Systems

NFPA 701 (2019) Standard Methods of Fire Tests for 
Flame Propagation of Textiles and Films

SHEET METAL AND AIR CONDITIONING CONTRACTORS' NATIONAL ASSOCIATION 
(SMACNA)

SMACNA 1819 (2002) Fire, Smoke and Radiation Damper 
Installation Guide for HVAC Systems, 5th 
Edition

SMACNA 1966 (2005) HVAC Duct Construction Standards 
Metal and Flexible, 3rd Edition

SMACNA 1972 CD (2012) HVAC Air Duct Leakage Test Manual - 
2nd Edition

SMACNA 1981 (2008) Seismic Restraint Manual Guidelines 
for Mechanical Systems, 3rd Edition
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SOUTH COAST AIR QUALITY MANAGEMENT DISTRICT (SCAQMD)

SCAQMD Rule 1168 (2017) Adhesive and Sealant Applications

U.S. DEPARTMENT OF ENERGY FEDERAL ENERGY MANAGEMENT PROGRAM (FEMP)

PL-109-58 (1992; R 2005) Energy Efiicient Procument 
Requirements

U.S. NATIONAL ARCHIVES AND RECORDS ADMINISTRATION (NARA)

40 CFR 82 Protection of Stratospheric Ozone

UNDERWRITERS LABORATORIES (UL)

UL 6 (2007; Reprint Sep 2019) UL Standard for 
Safety Electrical Rigid Metal Conduit-Steel

UL 181 (2013; Reprint Apr 2017) UL Standard for 
Safety Factory-Made Air Ducts and Air 
Connectors

UL 555 (2006; Reprint Aug 2016) UL Standard for 
Safety Fire Dampers

UL 586 (2009; Reprint Dec 2017) UL Standard for 
Safety High-Efficiency Particulate, Air 
Filter Units

UL 705 (2017; Reprint Oct 2018) UL Standard for 
Safety Power Ventilators

UL 723 (2018) UL Standard for Safety Test for 
Surface Burning Characteristics of 
Building Materials

UL 900 (2015) Standard for Air Filter Units

UL 1995 (2015) UL Standard for Safety Heating and 
Cooling Equipment

UL 2021 (2015; Reprint Dec 2016) UL Standard for 
Safety Fixed and Location-Dedicated 
Electric Room Heaters

UL Bld Mat Dir (updated continuously online) Building 
Materials Directory

UL Electrical Construction (2012) Electrical Construction Equipment 
Directory

UL Fire Resistance (2014) Fire Resistance Directory

1.2   SYSTEM DESCRIPTION

Furnish ductwork, piping offsets, fittings, and accessories as required to 
provide a complete installation.  Coordinate the work of the different 
trades to avoid interference between piping, equipment, structural, and 

SECTION 23 30 00  Page 8



CAPITAL PROJECT # 1043925 MAY 2022 HAFB 309th SWEG
KRSM200806 100% FINAL SUBMITTAL

electrical work.  Provide complete, in place, all necessary offsets in 
piping and ductwork, and all fittings, and other components, required to 
install the work as indicated and specified.

1.2.1   Mechanical Equipment Identification

The number of charts and diagrams must be equal to or greater than the 
number of mechanical equipment rooms.  Where more than one chart or 
diagram per space is required, mount these in edge pivoted, swinging leaf, 
extruded aluminum frame holders which open to 170 degrees.

1.2.1.1   Charts

Provide chart listing of equipment by designation numbers and capacities 
such as flow rates, pressure and temperature differences, heating and 
cooling capacities, horsepower, pipe sizes, and voltage and current 
characteristics.

1.2.1.2   Diagrams

Submit proposed diagrams, at least 2 weeks prior to start of related 
testing.  provide neat mechanical drawings provided with extruded aluminum 
frame under  1/8-inch  glass or laminated plastic, system diagrams that 
show the layout of equipment, piping, and ductwork, and typed condensed 
operation manuals explaining preventative maintenance procedures, methods 
of checking the system for normal, safe operation, and procedures for 
safely starting and stopping the system.  After approval, post these items 
where directed.

1.2.2   Service Labeling

Label equipment, including fans, air handlers, terminal units, etc. with 
labels made of self-sticking, plastic film designed for permanent 
installation.  Provide labels in accordance with the typical examples 
below:

SERVICE LABEL AND TAG DESIGNATION

Control and instrument air CONTROL AND INSTR.

Exhaust Fan Number EF -  

Fan Coil Unit Number FC -  

Identify similar services with different temperatures or pressures.  Where 
pressures could exceed  125 pounds per square inch, gage , include the 
maximum system pressure in the label.  Label and arrow piping in 

SECTION 23 30 00  Page 9



CAPITAL PROJECT # 1043925 MAY 2022 HAFB 309th SWEG
KRSM200806 100% FINAL SUBMITTAL

accordance with the following:

a.  Each point of entry and exit of pipe passing through walls.

b.  Each change in direction, i.e., elbows, tees.

c.  In congested or hidden areas and at all access panels at each point 
required to clarify service or indicated hazard.

d.  In long straight runs, locate labels at distances within eyesight of 
each other not to exceed  75 feet .  All labels must be visible and 
legible from the primary service and operating area.

For Bare or Insulated Pipes

for Outside Diameters of Lettering

1/2 thru 1-3/8 inch 1/2 inch 

1-1/2 thru 2-3/8 inch 3/4 inch

2-1/2 inch and larger 1-1/4 inch

1.2.3   Color Coding

Color coding of all piping systems must be in accordance with ASME A13.1  .

1.3   SUBMITTALS

Government approval is required for submittals with a "G" or "S" 
classification.  Submittals not having a "G" or "S" classification are for 
Contractor Quality Control approval. Submit the following in accordance 
with Section 01 33 00  SUBMITTAL PROCEDURES:

SD-02 Shop Drawings

Detail Drawings ; G

SD-03 Product Data

Metallic Flexible Duct

Insulated Nonmetallic Flexible Duct Runouts

Duct Connectors

Duct Access Doors ; G

Fire Dampers

Manual Balancing Dampers ; G

Automatic Smoke-Fire Dampers

Sound Attenuation Equipment
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Acoustical Duct Liner

Diffusers

Registers and Grilles

Louvers

Air Vents, Penthouses, and Goosenecks

Centrifugal Fans

In-Line Centrifugal Fans

Axial Flow Fans

Panel Type Power Wall Ventilators

Centrifugal Type Power Wall Ventilators

Centrifugal Type Power Roof Ventilators

Propeller Type Power Roof Ventilators

Air-Curtain Fans

Ceiling Exhaust Fans

PL-109-58  label for ceiling exhaust fan product ; S

Room Fan-Coil Units ; G

Coil Induction Units ; G

Test Procedures

Diagrams ; G

Indoor Air Quality for Duct Sealants ; S

SD-06 Test Reports

Performance Tests ; G

Damper Acceptance Test ; G

SD-07 Certificates

Bolts

Ozone Depleting Substances Technician Certification

SD-08 Manufacturer's Instructions

Manufacturer's Installation Instructions
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Operation and Maintenance Training

SD-10 Operation and Maintenance Data

Operation and Maintenance Manuals ; G

Fire Dampers ; G

Manual Balancing Dampers ; G

Automatic Smoke-Fire Dampers ; G

Centrifugal Fans ; G

Room Fan-Coil Units ; G

Coil Induction Units ; G

SD-11 Closeout Submittals

Indoor Air Quality During Construction ; S

1.4   QUALITY ASSURANCE

Except as otherwise specified, approval of materials and equipment is 
based on manufacturer's published data.

a.  Where materials and equipment are specified to conform to the 
standards of the Underwriters Laboratories, the label of or listing 
with reexamination in UL Bld Mat Dir , and UL 6  is acceptable as 
sufficient evidence that the items conform to Underwriters 
Laboratories requirements.  In lieu of such label or listing, submit a 
written certificate from any nationally recognized testing agency, 
adequately equipped and competent to perform such services, stating 
that the items have been tested and that the units conform to the 
specified requirements.  Outline methods of testing used by the 
specified agencies.

b.  Where materials or equipment are specified to be constructed or 
tested, or both, in accordance with the standards of the ASTM 
International (ASTM), the ASME International (ASME), or other 
standards, a manufacturer's certificate of compliance of each item is 
acceptable as proof of compliance.

c.  Conformance to such agency requirements does not relieve the item from 
compliance with other requirements of these specifications.

d.  Where products are specified to meet or exceed the specified energy 
efficiency requirement of FEMP-designated or ENERGY STAR covered 
product categories, equipment selected must have as a minimum the 
efficiency rating identified under "Energy-Efficient Products" at 
http://femp.energy.gov/procurement .
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1.4.1   Prevention of Corrosion

Protect metallic materials against corrosion.  Provide rust-inhibiting 
treatment and standard finish for the equipment enclosures.  Do not use 
aluminum in contact with earth, and where connected to dissimilar metal.  
Protect aluminum by approved fittings, barrier material, or treatment.  
Provide hot-dip galvanized ferrous parts such as anchors, bolts, braces, 
boxes, bodies, clamps, fittings, guards, nuts, pins, rods, shims, 
thimbles, washers, and miscellaneous parts not of corrosion-resistant 
steel or nonferrous materials in accordance with ASTM A123/A123M  for 
exterior locations and cadmium-plated in conformance with ASTM B766 for 
interior locations.

1.4.2   Asbestos Prohibition

Do not use asbestos and asbestos-containing products.

1.4.3   Ozone Depleting Substances Technician Certification

All technicians working on equipment that contain ozone depleting 
refrigerants must be certified as a Section 608 Technician to meet 
requirements in 40 CFR 82 , Subpart F.  Provide copies of technician 
certifications to the Contracting Officer at least 14 calendar days prior 
to work on any equipment containing these refrigerants.

1.4.4   Detail Drawings

Submit detail drawings showing equipment layout, including assembly and 
installation details and electrical connection diagrams; ductwork layout 
showing the location of all supports and hangers, typical hanger details, 
gauge reinforcement, reinforcement spacing rigidity classification, and 
static pressure and seal classifications.  Include any information 
required to demonstrate that the system has been coordinated and functions 
properly as a unit on the drawings and show equipment relationship to 
other parts of the work, including clearances required for operation and 
maintenance.  Submit drawings showing bolt-setting information, and 
foundation bolts prior to concrete foundation construction for all 
equipment indicated or required to have concrete foundations.  Submit 
function designation of the equipment and any other requirements specified 
throughout this Section with the shop drawings.

1.4.5   Test Procedures

Conduct performance tests as required in Section 23 05 93  Testing, 
Adjusting and Balancing for HVAC and Section 23 09 00  Instrumentation and 
Control for HVAC.

1.5   DELIVERY, STORAGE, AND HANDLING

Protect stored equipment at the jobsite from the weather, humidity and 
temperature variations, dirt and dust, or other contaminants.  
Additionally, cap or plug all pipes until installed.

PART 2   PRODUCTS

2.1   STANDARD PRODUCTS

Provide components and equipment that are "standard products" of a 
manufacturer regularly engaged in the manufacturing of products that are 
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of a similar material, design and workmanship.  "Standard products" is 
defined as being in satisfactory commercial or industrial use for 2 years 
before bid opening, including applications of components and equipment 
under similar circumstances and of similar size, satisfactorily completed 
by a product that is sold on the commercial market through advertisements, 
manufacturers' catalogs, or brochures.  Products having less than a 2-year 
field service record are acceptable if a certified record of satisfactory 
field operation, for not less than 6000 hours exclusive of the 
manufacturer's factory tests, can be shown.  Provide equipment items that 
are supported by a service organization.  In product categories covered by 
ENERGY STAR or the Federal Energy Management Program, provide equipment 
that is listed on the ENERGY STAR Qualified Products List or that meets or 
exceeds the FEMP-designated Efficiency Requirements.

2.2   IDENTIFICATION PLATES

In addition to standard manufacturer's identification plates, provide 
engraved laminated phenolic identification plates for each piece of 
mechanical equipment.  Identification plates are to designate the function 
of the equipment.  Submit designation with the shop drawings.  Provide 
identification plates that are layers, black-white-black, engraved to show 
white letters on black background.  Letters must be upper case.  
Identification plates that are  1-1/2-inches  high and smaller must be  
1/16-inch  thick, with engraved lettering  1/8-inch  high; identification 
plates larger than  1-1/2-inches  high must be  1/8-inch  thick, with engraved 
lettering of suitable height.  Identification plates  1-1/2-inches  high and 
larger must have beveled edges.  Install identification plates using a 
compatible adhesive.

2.3   EQUIPMENT GUARDS AND ACCESS

Fully enclose or guard belts, pulleys, chains, gears, couplings, 
projecting setscrews, keys, and other rotating parts exposed to personnel 
contact according to OSHA requirements.  Properly guard or cover with 
insulation of a type specified, high temperature equipment and piping 
exposed to contact by personnel or where it creates a potential fire 
hazard.  The requirements for catwalks, operating platforms, ladders, and 
guardrails are specified in Section 08 31 00  ACCESS DOORS AND PANELS.

2.4   ELECTRICAL WORK

a.  Provide motors, controllers, integral disconnects, contactors, and 
controls with their respective pieces of equipment, except controllers 
indicated as part of motor control centers.  Provide electrical 
equipment, including motors and wiring, as specified in Section 
26 20 00 INTERIOR DISTRIBUTION SYSTEM.  Provide manual or automatic 
control and protective or signal devices required for the operation 
specified and control wiring required for controls and devices 
specified, but not shown.  For packaged equipment, include 
manufacturer provided controllers with the required monitors and timed 
restart.

b.  For single-phase motors, provide high-efficiency type, 
fractional-horsepower alternating-current motors, including motors 
that are part of a system, in accordance with NEMA MG 11.  Provide 
premium efficiency type integral size motors in accordance with 
NEMA MG 1.

c.  For polyphase motors, provide squirrel-cage medium induction motors, 

SECTION 23 30 00  Page 14



CAPITAL PROJECT # 1043925 MAY 2022 HAFB 309th SWEG
KRSM200806 100% FINAL SUBMITTAL

including motors that are part of a system , and that meet the 
efficiency ratings for premium efficiency motors in accordance with 
NEMA MG 1.  Select premium efficiency polyphase motors in accordance 
with NEMA MG 10.

d.  Provide motors in accordance with NEMA MG 1 and of sufficient size to 
drive the load at the specified capacity without exceeding the 
nameplate rating of the motor.  Provide motors rated for continuous 
duty with the enclosure specified.  Provide motor duty that allows for 
maximum frequency start-stop operation and minimum encountered 
interval between start and stop.  Provide motor torque capable of 
accelerating the connected load within 20 seconds with 80 percent of 
the rated voltage maintained at motor terminals during one starting 
period.  Provide motor starters complete with thermal overload 
protection and other necessary appurtenances.  Fit motor bearings with 
grease supply fittings and grease relief to outside of the enclosure.

e.  Where two-speed or variable-speed motors are indicated, solid-state 
variable-speed controllers are allowed to accomplish the same 
function.  Use solid-state variable-speed controllers for motors rated  
10 hp  or less and adjustable frequency drives for larger motors.  
Provide variable frequency drives for motors as specified in Section 
26 29 23  ADJUSTABLE SPEED DRIVE SYSTEMS UNDER 600 VOLTS.

2.5   ANCHOR BOLTS

Provide anchor bolts for equipment placed on concrete equipment pads or on 
concrete slabs.  Bolts to be of the size and number recommended by the 
equipment manufacturer and located by means of suitable templates.  
Installation of anchor bolts must not degrade the surrounding concrete.

2.6   SEISMIC ANCHORAGE

Anchor equipment in accordance with applicable seismic criteria for the 
area and as defined in SMACNA 1981

2.7   PAINTING

Paint equipment units in accordance with approved equipment manufacturer's 
standards unless specified otherwise.  Field retouch only if approved.  
Otherwise, return equipment to the factory for refinishing.  Paint in 
accordance with Section 09 96 00  HIGH-PEFORMANCE COATINGS.

2.8   INDOOR AIR QUALITY

Provide equipment and components that comply with the requirements of 
ASHRAE 62.1  unless more stringent requirements are specified herein.

2.9   DUCT SYSTEMS

2.9.1   Metal Ductwork

Provide metal ductwork construction, including all fittings and 
components, that complies with SMACNA 1966, as supplemented and modified 
by this specification .

b.  Provide radius type elbows with a centerline radius of 1.5 times the 
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width or diameter of the duct where space permits.  Otherwise, elbows 
having a minimum radius equal to the width or diameter of the duct or 
square elbows with factory fabricated turning vanes are allowed.

c.  Provide ductwork that meets the requirements of Seal Class A.  Provide 
ductwork in VAV systems upstream of the VAV boxes that meets the 
requirements of Seal Class A.

e.  Provide sealants that conform to fire hazard classification specified 
in Section 23 07 00  THERMAL INSULATION FOR MECHANICAL SYSTEMS and are 
suitable for the range of air distribution and ambient temperatures to 
which it is exposed.  Do not use pressure sensitive tape as a 
sealant.  Provide duct sealant products that meet either emissions 
requirements of CDPH SECTION 01350  (limit requirements for either 
office or classroom spaces regardless of space type) or VOC content 
requirements of SCAQMD Rule 1168  (HVAC duct sealants are classified as 
"Other" within the SCAQMD Rule 1168  sealants table).  Provide 
validation of indoor air quality for duct sealants .

f.  Make spiral lock seam duct, and flat oval with duct sealant and lock 
with not less than 3 equally spaced drive screws or other approved 
methods indicated in SMACNA 1966.  Apply the sealant to the exposed 
male part of the fitting collar so that the sealer is on the inside of 
the joint and fully protected by the metal of the duct fitting.  Apply 
one brush coat of the sealant over the outside of the joint to at least
 2 inch  band width covering all screw heads and joint gap.  Dents in 
the male portion of the slip fitting collar are not acceptable.

g.  Fabricate outdoor air intake ducts and plenums with watertight 
soldered or brazed joints and seams.

2.9.1.1   Metallic Flexible Duct

a.  Provide duct that conforms to UL 181  and NFPA 90A with factory-applied 
insulation, vapor barrier, and end connections.  Provide duct assembly 
that does not exceed 25 for flame spread and 50 for smoke developed.  
Provide ducts designed for working pressures of  2 inches water gauge 
positive  and  1.5 inches water gauge negative .  Provide flexible round 
duct length that does not exceed  5 feet .  Secure connections by 
applying adhesive for  2 inches  over rigid duct, apply flexible duct  2 
inches  over rigid duct, apply metal clamp, and provide minimum of 
three No. 8 sheet metal screws through clamp and rigid duct.

b.  Inner duct core:  Provide interlocking spiral or helically corrugated 
flexible core constructed of zinc-coated steel, aluminum, or stainless 
steel; or constructed of inner liner of continuous galvanized spring 
steel wire helix fused to continuous, fire-retardant, flexible vapor 
barrier film, inner duct core.

c.  Insulation:  Provide inner duct core that is insulated with mineral 
fiber blanket type flexible insulation, minimum of  1 inch  thick.  
Provide insulation covered on exterior with manufacturer's standard 
fire retardant vapor barrier jacket for flexible round duct.

2.9.1.2   Insulated Nonmetallic Flexible Duct Runouts

Use flexible duct runouts only where indicated.  Runout length is 
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indicated on the drawings, and is not to exceed  5 feet .  Provide runouts 
that are preinsulated, factory fabricated, and that comply with NFPA 90A 
and UL 181 .  Provide either field or factory applied vapor barrier.  
Provide not less than  20 ounce  glass fabric duct connectors  coated on both 
sides with neoprene.  Where coil induction or high velocity units are 
supplied with vertical air inlets, use a streamlined, vaned and mitered 
elbow transition piece for connection to the flexible duct or hose.  
Provide a die-stamped elbow and not a flexible connector as the last elbow 
to these units other than the vertical air inlet type.  Insulated flexible 
connectors are allowed as runouts.  Provide insulated material and vapor 
barrier that conform to the requirements of Section 23 07 00  THERMAL 
INSULATION FOR MECHANICAL SYSTEMS.  Do not expose the insulation material 
surface to the air stream.

2.9.1.3   General Service Duct Connectors

Provide a flexible duct connector approximately  6 inches  in width where 
sheet metal connections are made to fans or where ducts of dissimilar 
metals are connected.  For round/oval ducts, secure the flexible material 
by stainless steel or zinc-coated, iron clinch-type draw bands.  For 
rectangular ducts, install the flexible material locked to metal collars 
using normal duct construction methods.  Provide a composite connector 
system that complies with NFPA 701  and is classified as "flame-retardent 
fabrics" in UL Bld Mat Dir .

2.9.1.4   High Temperature Service Duct Connections

Provide material that is approximately  3/32 inch  thick,  35 to 40-ounce 
per square yard  weight, plain weave fibrous glass cloth with, 
nickel/chrome wire reinforcement for service in excess of  1200 degrees F .

2.9.1.5   Aluminum Ducts

 ASTM B209, alloy 3003-H14 for aluminum sheet and alloy 6061-T6 or 
equivalent strength for aluminum connectors and bar stock.

2.9.1.6   Copper Sheets

ASTM B152/B152M , light cold rolled temper.

2.9.1.7   Corrosion Resisting (Stainless) Steel Sheets

ASTM A167

2.9.2   Duct Access Doors

Provide hinged access doors conforming to SMACNA 1966 in ductwork and 
plenums where indicated and at all air flow measuring primaries, automatic 
dampers, fire dampers, coils, thermostats, and other apparatus requiring 
service and inspection in the duct system.  Provide access doors upstream 
and downstream of air flow measuring primaries and heating and cooling 
coils.  Provide doors that are a minimum  15 by 18 inches , unless otherwise 
shown.  Where duct size does not accommodate this size door, make the 
doors as large as practicable.  Equip doors  24 by 24 inches  or larger with 
fasteners operable from inside and outside the duct.  Use insulated type 
doors in insulated ducts.
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2.9.3   Fire Dampers

Use 1.5 hour rated fire dampers unless otherwise indicated.  Provide fire 
dampers that conform to the requirements of NFPA 90A and UL 555 .  Perform 
the fire damper test as outlined in NFPA 90A.  Provide a pressure relief 
door upstream of the fire damper.  If the ductwork connected to the fire 
damper is to be insulated then provide a factory installed pressure relief 
damper.  Provide automatic operating fire dampers with a dynamic rating 
suitable for the maximum air velocity and pressure differential to which 
it is subjected.  Provide fire dampers approved for the specific 
application, and install according to their listing.  Equip fire dampers 
with a steel sleeve or adequately sized frame installed in such a manner 
that disruption of the attached ductwork, if any, does not impair the 
operation of the damper.  Equip sleeves or frames with perimeter mounting 
angles attached on both sides of the wall or floor opening.  Construct 
ductwork in fire-rated floor-ceiling or roof-ceiling assembly systems with 
air ducts that pierce the ceiling of the assemblies in conformance with 
UL Fire Resistance .  Provide fire dampers.  Install dampers that do not 
reduce the duct or the air transfer opening cross-sectional area.  Install 
dampers so that the centerline of the damper depth or thickness is located 
in the centerline of the wall, partition or floor slab depth or 
thickness.  Unless otherwise indicated, comply with the installation 
details given in SMACNA 1819 and in manufacturer's instructions for fire 
dampers.  Perform acceptance testing of fire dampers according to 
paragraph Fire Damper Acceptance Test and NFPA 90A.

2.9.4   Manual Balancing Dampers

Furnish manual balancing dampers with accessible operating mechanisms.  
Use chromium plated operators (with all exposed edges rounded) in finished 
portions of the building.  Provide manual volume control dampers that are 
operated by locking-type quadrant operators.  Install dampers that are 2 
gauges heavier than the duct in which installed.  Unless otherwise 
indicated, provide opposed blade type multileaf dampers with maximum blade 
width of  12 inches .  Provide access doors or panels for all concealed 
damper operators and locking setscrews.  Provide stand-off mounting 
brackets, bases, or adapters not less than the thickness of the insulation 
when the locking-type quadrant operators for dampers are installed on 
ducts to be thermally insulated, to provide clearance between the duct 
surface and the operator.  Provide stand-off mounting items that are 
integral with the operator or standard accessory of the damper 
manufacturer.

2.9.5   Air Supply And Exhaust Air Dampers

Provide outdoor air supply and exhaust air dampers that have a maximum 
leakage rate when tested in accordance with AMCA 500-D as required by  
ASHRAE 90.1 - IP , including maximum Damper Leakage for:  

a.  Climate Zones 1,2,6,7,8 the maximum damper leakage at  1.0 inch w.g.  
for motorized dampers is  4 cfm per square foot  of damper area and 
non-motorized dampers are not allowed.  

b.  All other Climate Zones the maximum damper leakage at  1.0 inch w.g.  is  
10 cfm per square foot  and for non-motorized dampers is  20 cfm per 
square foot  of damper area.

Dampers smaller than  24 inches  in either direction may have leakage of  40 
cfm per square foot .
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2.9.6   Air Deflectors (Volume Extractors) and Branch Connections

Provide air deflectors (volume extractors) at all duct mounted supply 
outlets, at takeoff or extension collars to supply outlets, at duct branch 
takeoff connections, and at 90 degree elbows, as well as at locations as 
indicated on the drawings or otherwise specified.  Conical branch 
connections or 45 degree entry connections are allowed in lieu of 
deflectors for branch connections.  Furnish all air deflectors (volume 
extractors), except those installed in 90 degree elbows, with an approved 
means of adjustment.  Provide easily accessible means for adjustment 
inside the duct or from an adjustment with sturdy lock on the face of the 
duct.  When installed on ducts to be thermally insulated, provide external 
adjustments with stand-off mounting brackets, integral with the adjustment 
device, to provide clearance between the duct surface and the adjustment 
device not less than the thickness of the thermal insulation.  Provide 
factory-fabricated air deflectors consisting of curved turning vanes or 
louver blades designed to provide uniform air distribution and change of 
direction with minimum turbulence or pressure loss.  Provide factory or 
field assembled air deflectors (volume extractors).  Make adjustment from 
the face of the diffuser or by position adjustment and lock external to 
the duct.  Provide stand-off brackets on insulated ducts as described 
herein.  Provide fixed air deflectors (volume extractors), also called 
turning vanes, in 90 degree elbows.

2.9.7   Plenums and Casings for Field-Fabricated Units

2.9.7.1   Plenum and Casings

Fabricate and erect plenums and casings as shown in SMACNA 1966, as 
applicable.  Construct system casing of not less than  16 gauge  galvanized 
sheet steel.  Furnish cooling coil drain pans with  1 inch  threaded outlet 
to collect condensation from the cooling coils.  Fabricate drain pans from 
not lighter than  16 gauge  steel, galvanized after fabrication or of  18 
gauge  corrosion-resisting sheet steel conforming to ASTM A167, Type 304, 
welded and stiffened.  Thermally insulate drain pans exposed to the 
atmosphere to prevent condensation.  Coat insulation with a flame 
resistant waterproofing material.  Provide separate drain pans for each 
vertical coil section, and a separate drain line for each pan.  Size pans 
to ensure capture of entrained moisture on the downstream-air side of the 
coil.  Seal openings in the casing, such as for piping connections, to 
prevent air leakage.  Size the water seal for the drain to maintain a 
pressure of at least  2 inch water gauge  greater than the maximum negative 
pressure in the coil space.

2.9.7.2   Casing

Terminate casings at the curb line and bolt each to the curb using 
galvanized angle, as indicated in SMACNA 1966.

2.9.7.3   Access Doors

Provide access doors in each section of the casing.  Weld doorframes in 
place, gasket each door with neoprene, hinge with minimum of two brass 
hinges, and fasten with a minimum of two brass tension fasteners operable 
from inside and outside of the casing.  Where possible, make doors  36 by 
18 inches  and locate them  18 inches  above the floor.  Where the space 
available does not accommodate doors of this size, use doors as large as 
the space accommodates.  Swing doors so that fan suction or pressure holds 
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doors in closed position, airtight.  Provide a push-button station, 
located inside the casing, to stop the supply.

2.9.7.4   Factory-Fabricated Insulated Sheet Metal Panels

Factory-fabricated components are allowed for field-assembled units, 
provided all requirements specified for field-fabricated plenums and 
casings are met.  Provide panels of modular design, pretested for 
structural strength, thermal control, condensation control, and acoustical 
control.  Seal and insulate panel joints.  Provide and gasket access doors 
to prevent air leakage.  Provide panel construction that is not less than  
20 gauge  galvanized sheet steel, assembled with fasteners treated against 
corrosion.  Provide standard length panels that deflect not more than  1/2 
inch  under operation.  Construct details, including joint sealing, not 
specifically covered, as indicated in SMACNA 1966.  Construct the plenums 
and casings to withstand the specified internal pressure of the air 
systems.

2.9.7.5   Duct Liner

Unless otherwise specified, duct liner is not permitted.

2.9.8   Sound Attenuation Equipment

2.9.8.1   Systems with total pressure above  4 Inches Water Gauge

Provide sound attenuators on the discharge duct of each fan operating at a 
total pressure above  4 inch water gauge , and, when indicated, at the 
intake of each fan system.  Provide sound attenuators elsewhere as 
indicated.  Provide factory fabricated sound attenuators, tested by an 
independent laboratory for sound and performance characteristics.  Provide 
a net sound reduction as indicated.  Maximum permissible pressure drop is 
not to exceed  0.63 inch water gauge .  Construct traps to be airtight when 
operating under an internal static pressure of  10 inch water gauge .  
Provide air-side surface capable of withstanding air velocity of  10,000 fpm .  
Certify that the equipment can obtain the sound reduction values specified 
after the equipment is installed in the system and coordinated with the 
sound information of the system fan to be provided.  Provide sound 
absorbing material conforming to ASTM C1071, Type I or II.  Provide sound 
absorbing material that meets the fire hazard rating requirements for 
insulation specified in Section 23 07 00  THERMAL INSULATION FOR MECHANICAL 
SYSTEMS.  For connection to ductwork, provide a duct transition section.  
Factory fabricated double-walled internally insulated spiral lock seam and 
round duct and fittings designed for high pressure air system can be 
provided if complying with requirements specified for factory fabricated 
sound attenuators, in lieu of factory fabricated sound attenuators.  
Construct the double-walled duct and fittings from an outer metal pressure 
shell of zinc-coated steel sheet,  1 inch  thick acoustical blanket 
insulation, and an internal perforated zinc-coated metal liner.  Provide a 
sufficient length of run to obtain the noise reduction coefficient 
specified.  Certify that the sound reduction value specified can be 
obtained within the length of duct run provided.  Provide welded or spiral 
lock seams on the outer sheet metal of the double-walled duct to prevent 
water vapor penetration.  Provide duct and fittings with an outer sheet 
that conforms to the metal thickness of high-pressure spiral and round 
ducts and fittings shown in SMACNA 1966.  Provide acoustical insulation 
with a thermal conductivity "k" of not more than  0.27 Btu/inch/square 
foot/hour/degree F  at  75 degrees F  mean temperature.  Provide an internal 
perforated zinc-coated metal liner that is not less than  24 gauge  with 
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perforations not larger than  1/4 inch  in diameter providing a net open 
area not less than 10 percent of the surface.

2.9.8.2   System with total pressure of  4 Inch Water Gauge  and Lower

Use sound attenuators only where indicated.  Provide factory fabricated 
sound attenuators that are constructed of galvanized steel sheets.  
Provide attenuator with outer casing that is not less than  22 gauge .  
Provide fibrous glass acoustical fill.  Provide net sound reduction 
indicated.  Obtain values on a test unit not less than  24 by 24 inches  
outside dimensions made by a certified nationally recognized independent 
acoustical laboratory.  Provide air flow capacity as indicated or 
required.  Provide pressure drop through the attenuator that does not 
exceed the value indicated, or that is not in excess of 15 percent of the 
total external static pressure of the air handling system, whichever is 
less.  Acoustically test attenuators with metal duct inlet and outlet 
sections while under the rated air flow conditions.  Include with the 
noise reduction data the effects of flanking paths and vibration 
transmission.  Construct sound attenuators to be airtight when operating 
at the internal static pressure indicated or specified for the duct 
system, but in no case less than  2 inch water gauge .

2.9.8.3   Acoustical Duct Liner

Use fibrous glass designed or flexible elastomeric duct liner for lining 
ductwork and conforming to the requirements of ASTM C1071, Type I and II.  
Provide uniform density, graduated density, or dual density liner 
composition, as standard with the manufacturer.  Provide not less than  1 
inch  thick coated lining.  Where acoustical duct liner is used, provide 
the thermal equivalent of the insulation specified in Section 23 07 00  
THERMAL INSULATION FOR MECHANICAL SYSTEMS for liner or combination of 
liner and insulation applied to the exterior of the ductwork.  Increase 
duct sizes shown to compensate for the thickness of the lining used.  In 
lieu of sheet metal duct with field-applied acoustical lining, provide 
acoustically equivalent lengths of fibrous glass duct, elastomeric duct 
liner or factory fabricated double-walled internally insulated duct with 
perforated liner.

2.9.9   Diffusers, Registers, and Grilles

Provide factory-fabricated units of steel or aluminum that distribute the 
specified quantity of air evenly over space intended without causing 
noticeable drafts, air movement faster than  50 fpm  in occupied zone, or 
dead spots anywhere in the conditioned area.  Provide outlets for 
diffusion, spread, throw, and noise level as required for specified 
performance.  Certify performance according to ASHRAE 70.  Provide sound 
rated and certified inlets and outlets according to ASHRAE 70.  Provide 
sound power level as indicated.  Provide diffusers and registers with 
volume damper with accessible operator, unless otherwise indicated; or if 
standard with the manufacturer, an automatically controlled device is 
acceptable.  Provide opposed blade type volume dampers for all diffusers 
and registers, except linear slot diffusers.  Provide linear slot 
diffusers with round or elliptical balancing dampers.  Where the inlet and 
outlet openings are located less than  7 feet  above the floor, protect them 
by a grille or screen according to NFPA 90A.

2.9.9.1   Diffusers

Provide diffuser types indicated.  Furnish ceiling mounted units with 
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anti-smudge devices, unless the diffuser unit minimizes ceiling smudging 
through design features.  Provide diffusers with air deflectors of the 
type indicated.  Provide air handling troffers or combination light and 
ceiling diffusers conforming to the requirements of 
UL Electrical Construction  for the interchangeable use as cooled or heated 
air supply diffusers or return air units.  Install ceiling mounted units 
with rims tight against ceiling.  Provide sponge rubber gaskets between 
ceiling and surface mounted diffusers for air leakage control.  Provide 
suitable trim for flush mounted diffusers.  For connecting the duct to 
diffuser, provide duct collar that is airtight and does not interfere with 
volume controller.  Provide return or exhaust units that are similar to 
supply diffusers.

2.9.9.2   Registers and Grilles

Provide units that are four-way directional-control type, except provide 
return and exhaust registers that are fixed horizontal or vertical louver 
type similar in appearance to the supply register face.  Furnish registers 
with sponge-rubber gasket between flanges and wall or ceiling.  Install 
wall supply registers at least  6 inches  below the ceiling unless otherwise 
indicated.  Locate return and exhaust registers  6 inches  above the floor 
unless otherwise indicated.  Achieve four-way directional control by a 
grille face which can be rotated in 4 positions or by adjustment of 
horizontal and vertical vanes.  Provide grilles as specified for 
registers, without volume control damper.

2.10   AIR SYSTEMS EQUIPMENT

2.10.1   Fans

Test and rate fans according to AMCA 210.  Calculate system effect on air 
moving devices in accordance with AMCA 201 where installed ductwork 
differs from that indicated on drawings.  Install air moving devices to 
minimize fan system effect.  Where system effect is unavoidable, determine 
the most effective way to accommodate the inefficiencies caused by system 
effect on the installed air moving device.  The sound power level of the 
fans must not exceed 85 dBA when tested according to AMCA 300 and rated in 
accordance with AMCA 301.  Provide all fans with an AMCA seal.  Connect 
fans to the motors either directly or indirectly with V-belt drive.  Use 
V-belt drives designed for not less than 150 percent of the connected 
driving capacity.  Provide variable pitch motor sheaves for  15 hp  and 
below, and fixed pitch as defined by AHRI Guideline D  (A fixed-pitch 
sheave is provided on both the fan shaft and the motor shaft. This is a 
non-adjustable speed drive.).  Select variable pitch sheaves to drive the 
fan at a speed which can produce the specified capacity when set at the 
approximate midpoint of the sheave adjustment.  When fixed pitch sheaves 
are furnished, provide a replaceable sheave when needed to achieve system 
air balance.  Provide motors for V-belt drives with adjustable rails or 
bases.  Provide removable metal guards for all exposed V-belt drives, and 
provide speed-test openings at the center of all rotating shafts.  Provide 
fans with personnel screens or guards on both suction and supply ends, 
except that the screens need not be provided, unless otherwise indicated, 
where ducts are connected to the fan.  Provide fan and motor assemblies 
with vibration-isolation supports or mountings as indicated.  Use 
vibration-isolation units that are standard products with published 
loading ratings.  Select each fan to produce the capacity required at the 
fan static pressure indicated.  Provide sound power level as indicated.  
Obtain the sound power level values according to AMCA 300.  Provide 
standard AMCA arrangement, rotation, and discharge as indicated.  Provide 
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power ventilators that conform to UL 705  and have a UL label.

2.10.1.1   Centrifugal Fans

Provide fully enclosed, single-width single-inlet, or double-width 
double-inlet centrifugal fans, with AMCA Pressure Class I, II, or III as 
required or indicated for the design system pressure.  Provide impeller 
wheels that are rigidly constructed and accurately balanced both 
statically and dynamically.  Provide forward curved or backward-inclined 
airfoil design fan blades in wheel sizes up to  30 inches .  Provide 
backward-inclined airfoil design fan blades for wheels over  30 inches  in 
diameter.    Provide fan wheels over  36 inches  in diameter with overhung 
pulleys and a bearing on each side of the wheel.  Provide fan wheels  36 
inches  or less in diameter that have one or more extra long bearings 
between the fan wheel and the drive.  Provide sleeve type, self-aligning 
and self-oiling bearings with oil reservoirs, or precision self-aligning 
roller or ball-type with accessible grease fittings or permanently 
lubricated type.  Connect grease fittings to tubing for serviceability 
from a single accessible point.  Provide L50 rated bearing life at not 
less than 200,000 hours as defined by ABMA 9 and ABMA 11.  Provide steel, 
accurately finished fan shafts, with key seats and keys for impeller hubs 
and fan pulleys.  Provide fan outlets of ample proportions, designed for 
the attachment of angles and bolts for attaching flexible connections.  
Provide automatically operated inlet vanes on suction inlets.  Provide 
automatically operated outlet dampers.  Unless otherwise indicated, 
provide motors that do not exceed 1800 rpm and have open dripproof 
enclosures.  

2.10.1.2   In-Line Centrifugal Fans

Provide in-line fans with centrifugal backward inclined blades, stationary 
discharge conversion vanes, internal and external belt guards, and 
adjustable motor mounts.  Mount fans in a welded tubular casing.  Provide 
a fan that axially flows the air in and out.  Streamline inlets with 
conversion vanes to eliminate turbulence and provide smooth discharge air 
flow.  Enclose and isolate fan bearings and drive shafts from the air 
stream.  Provide precision, self aligning ball or roller type fan bearings 
that are sealed against dust and dirt and are permanently lubricated.  
Provide L50 rated bearing life at not less than 200,000 hours as defined 
by ABMA 9 and ABMA 11.

2.10.1.3   Axial Flow Fans

Provide axial flow fans complete with drive components and belt guard, 
with steel housing, cast fan wheel, cast or welded steel diffusers, fan 
shaft, bearings, and mounting frame as a factory-assembled unit.  Provide 
fan wheels that are dynamically balanced and keyed to the fan shaft, with 
radially projecting blades of airfoil cross-section.  Enclose and isolate 
fan bearings and drive shafts from the air stream.  Permanently lubricate 
fan bearings or provide them with accessible grease fittings.  Provide 
precision self-aligning ball or roller type fan bearings that are sealed 
against dust and dirt.  Provide fan bearings that have a L50 rated bearing 
life at not less than 200,000 hours of operation as defined by ABMA 9 and 
ABMA 11.  Provide fan inlets with an aerodynamically shaped bell and an 
inlet cone.  Install diffuser or straightening vanes at the fan discharge 
to minimize turbulence and provide smooth discharge air flow.  Furnish fan 
unit with inlet screen, and automatic operation adjustable inlet vanes.  
Unless otherwise indicated, provide motors that do not exceed 1800 rpm and 
have open dripproof enclosure.  
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2.10.2   Coils

Provide fin-and-tube type coils constructed of seamless copper tubes and 
aluminum fins mechanically bonded or soldered to the tubes.  Provide 
copper tube wall thickness that is a minimum of  0.024 inches ..  Provide 
aluminum fins that are  0.0075 inch  minimum thickness. Provide casing and 
tube support sheets that are not lighter than  16 gauge  galvanized steel, 
formed to provide structural strength.  When required, provide multiple 
tube supports to prevent tube sag.  Mount coils for counterflow service.  
Rate and certify coils to meet the requirements of AHRI 410 .

2.10.2.1   Water Coils

Install water coils with a pitch of not less than  1/8 inch/foot  of the 
tube length toward the drain end.  Use headers constructed of cast iron, 
welded steel or copper.  Furnish each coil with a plugged vent and drain 
connection extending through the unit casing.  Provide removable water 
coils with drain pans.  Pressure test coils in accordance with UL 1995 .

2.10.3   Air Filters

List air filters according to requirements of UL 900 , except list high 
efficiency particulate air filters of 99.97 percent efficiency by the DOP 
Test method under the Label Service to meet the requirements of UL 586 .

2.10.3.1   Extended Surface Pleated Panel Filters

Provide  2 inch  depth, sectional, disposable type filters of the size 
indicated with a MERV of 8 when tested according to ASHRAE 52.2 .  Provide 
initial resistance at  500 fpm  that does not exceed  0.36 inches water gauge .  
Provide UL Class 2 filters, and nonwoven cotton and synthetic fiber mat 
media.  Attach a wire support grid bonded to the media to a moisture 
resistant fiberboard frame.  Bond all four edges of the filter media to 
the inside of the frame to prevent air bypass and increase rigidity.

2.10.3.2   Replaceable Media Filters

Provide the dry-media type replaceable media filters, of the size required 
to suit the application.  Provide filtering media that is not less than  2 
inches  thick fibrous glass media pad supported by a structural wire grid 
or woven wire mesh.  Enclose pad in a holding frame of not less than  16 
gauge  galvanized steel, equipped with quick-opening mechanism for changing 
filter media.  Base the air flow capacity of the filter on net filter face 
velocity not exceeding  300 fpm , with initial resistance of  0.13 inches 
water gauge .  Provide MERV that is not less than 13 when tested according 
to ASHRAE 52.2 .

2.10.3.3   Holding Frames

Fabricate frames from not lighter than  16 gauge  sheet steel with 
rust-inhibitor coating.  Equip each holding frame with suitable filter 
holding devices.  Provide gasketed holding frame seats.  Make all joints 
airtight.

2.10.3.4   Filter Gauges

Provide dial type filter gauges, diaphragm actuated draft for all filter 
stations, including those filters which are furnished as integral parts of 
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factory fabricated air handling units.  Provide gauges that are at least  
3-7/8 inches  in diameter, with white dials with black figures, and 
graduations with a minimum range of  1 inch of water  beyond the specified 
final resistance for the filter bank on which each gauge is applied.  
Provide each gauge with a screw operated zero adjustment and two static 
pressure tips with integral compression fittings, two molded plastic vent 
valves, two  5 foot  minimum lengths of  1/4 inch  diameter aluminum tubing, 
and all hardware and accessories for gauge mounting.

2.11   AIR HANDLING UNITS

2.11.1   Field-Fabricated Air Handling Units

Provide built-up units as specified in paragraph DUCT SYSTEMS.  Provide 
fans, coils spray-coil dehumidifiers, and air filters as specified in 
paragraph AIR SYSTEMS EQUIPMENT for types indicated.

2.11.2   Factory-Fabricated Air Handling Units

Provide [single-zone draw-through type][ or ][single-zone blow-through 
type][ or ][multizone blow-through type][blow-through double-deck 
type][blow-through triple deck type] units as indicated.  Units must 
include fans, coils, airtight insulated casing, [prefilters,] [secondary 
filter sections,][ and ][diffuser sections where indicated,] [air blender] 
adjustable V-belt drives, belt guards for externally mounted motors, 
access sections where indicated, [mixing box] [combination sectional 
filter-mixing box,] [[pan][drysteam][spray type] humidifier,] 
vibration-isolators, and appurtenances required for specified operation.  
Provide vibration isolators as indicated.  Physical dimensions of each air 
handling unit must be suitable to fit space allotted to the unit with the 
capacity indicated.  Provide air handling unit that is rated in accordance 
with AHRI 430  and AHRI certified for cooling.

2.11.2.1   Casings

Provide the following:

a.  [Casing sections [[single] [  2 inch  double] wall type] [as indicated], 
constructed of a minimum  18 gauge  galvanized steel, or  18 gauge  
corrosion-resisting sheet steel conforming to ASTM A167, Type 
304.][Inner casing of double-wall units that are a minimum  20 gauge  
solid galvanized steel or corrosion-resisting sheet steel conforming 
to ASTM A167, Type 304.]  Design and construct casing with an integral 
insulated structural galvanized steel frame such that exterior panels 
are non-load bearing.

b.  Individually removable exterior panels with standard tools.  Removal 
must not affect the structural integrity of the unit.  Furnish casings 
with access sections, according to paragraph AIR HANDLING UNITS, 
inspection doors, and access doors, all capable of opening a minimum 
of 90 degrees, as indicated.

c.  Insulated, fully gasketed, double-wall type inspection and access 
doors, of a minimum  18 gauge  outer and  20 gauge  inner panels made of 
either galvanized steel or corrosion-resisting sheet steel conforming 
to ASTM A167, Type 304.  Provide rigid doors with heavy duty hinges 
and latches.  Inspection doors must be a minimum  12 inches  wide by  12 
inches  high.  Access doors must be a minimum  24 inches  wide, the full 
height of the unit casing or a minimum of  6 foot , whichever is less.  
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[Install a minimum  8 by 8 inches  sealed glass window suitable for the 
intended application, in all access doors.]

d.  Double-wall insulated type drain pan (thickness equal to exterior 
casing) constructed of  16 gauge  [galvanized steel] [corrosion 
resisting sheet steel conforming to ASTM A167, Type 304], conforming 
to ASHRAE 62.1 .  Construct drain pans water tight, treated to prevent 
corrosion, and designed for positive condensate drainage.  When 2 or 
more cooling coils are used, with one stacked above the other, 
condensate from the upper coils must not flow across the face of lower 
coils.  Provide intermediate drain pans or condensate collection 
channels and downspouts, as required to carry condensate to the unit 
drain pan out of the air stream and without moisture carryover.  
Construct drain pan to allow for easy visual inspection, including 
underneath the coil without removal of the coil and to allow complete 
and easy physical cleaning of the pan underneath the coil without 
removal of the coil.  Provide coils that are individually removable 
from the casing.

e.  Casing insulation that conforms to NFPA 90A.  Insulate single-wall 
casing sections handling conditioned air with not less than  1 inch  
thick,  1-1/2 pound  density coated fibrous glass material having a 
thermal conductivity not greater than  0.23 Btu/hr-sf-F .  Insulate 
double-wall casing sections handling conditioned air with not less than
 2 inches  of the same insulation specified for single-wall casings.  
Foil-faced insulation is not an acceptable substitute for use with 
double wall casing.  Seal double wall insulation completely by inner 
and outer panels.

f.  Factory applied fibrous glass insulation that conforms to ASTM C1071, 
except that the minimum thickness and density requirements do not 
apply, and that meets the requirements of NFPA 90A.  Make air handling 
unit casing insulation uniform over the entire casing.  Foil-faced 
insulation is not an acceptable substitute for use on double-wall 
access doors and inspections doors [and casing sections].

g.  Duct liner material, coating, and adhesive that conforms to 
fire-hazard requirements specified in Section 23 07 00  THERMAL 
INSULATION FOR MECHANICAL SYSTEMS.  Protect exposed insulation edges 
and joints where insulation panels are butted with a metal nosing 
strip or coat to meet erosion resistance requirements of ASTM C1071.

h.  A latched and hinged inspection door, in the fan and coil sections.  
Plus additional inspection doors, access doors and access sections 
[_____][where indicated].

2.11.2.2   Heating and Cooling Coils

Provide coils as specified in paragraph AIR SYSTEMS EQUIPMENT.

2.11.2.3   Air Filters

Provide air filters as specified in paragraph AIR SYSTEMS EQUIPMENT for 
types and thickness indicated.

2.11.2.4   Fans

Provide the following:
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a.  Fans that are double-inlet, centrifugal type with each fan in a 
separate scroll.  Dynamically balance fans and shafts prior to 
installation into air handling unit, then after it has been installed 
in the air handling unit, statically and dynamically balance the 
entire fan assembly.  Mount fans on steel shafts, accurately ground 
and finished.

b.  Fan bearings that are sealed against dust and dirt and are precision 
self-aligning ball or roller type, with L50 rated bearing life at not 
less than 200,000 hours as defined by ABMA 9 and ABMA 11.  Provide 
bearings that are permanently lubricated or lubricated type with 
lubrication fittings readily accessible at the drive side of the 
unit.  Support bearings by structural shapes, or die formed sheet 
structural members, or support plates securely attached to the unit 
casing.  Do not fasten bearings directly to the unit sheet metal 
casing.  Furnish fans and scrolls with coating indicated.

c.  Fans that are driven by a unit-mounted, or a floor-mounted motor 
connected to fans by V-belt drive complete with belt guard for 
externally mounted motors.  Furnish belt guards that are the 
three-sided enclosed type with solid or expanded metal face.  Design 
belt drives for not less than a 1.3 service factor based on motor 
nameplate rating.

d.  [Motor sheaves that are variable pitch for  25 hp  and below and fixed 
pitch above  25 hp  as defined by AHRI Guideline D .]  Where fixed 
sheaves are required, the use of variable pitch sheaves is allowed 
during air balance, but replace them with an appropriate fixed sheave 
after air balance is completed.  Select variable pitch sheaves to 
drive the fan at a speed that produces the specified capacity when set 
at the approximate midpoint of the sheave adjustment.  Furnish motors 
for V-belt drives with adjustable bases, and with 
[open][splashproof][totally enclosed] enclosures.

e.  Motor starters of 
[manual][magnetic][across-the-line][reduced-voltage-start] type with 
[general-purpose][weather-resistant][watertight] enclosure.  Select 
unit fan or fans to produce the required capacity at the fan static 
pressure with sound power level as indicated.  Obtain the sound power 
level values according to AMCA 300, ASHRAE 68, or AHRI 260 I-P .

2.11.2.5   Access Sections and Filter/Mixing Boxes

Provide access sections where indicated and furnish with access doors as 
shown.  Construct access sections and filter/mixing boxes in a manner 
identical to the remainder of the unit casing and equip with access 
doors.  Design mixing boxes to minimize air stratification and to promote 
thorough mixing of the air streams.

2.11.2.6   Diffuser Sections

Furnish diffuser sections between the discharge of all housed supply fans 
[and cooling coils of blow-through single zone units][ and ][filter 
sections of those units with high efficiency filters located immediately 
downstream of the air handling unit fan section].  Provide diffuser 
sections that are fabricated by the unit manufacturer in a manner 
identical to the remainder of the unit casing, designed to be airtight 
under positive static pressures up to  [8][_____] inches water gauge  and 
with an access door on each side for inspection purposes.  Provide a 
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diffuser section that contains a perforated diffusion plate, fabricated of 
galvanized steel, Type 316 stainless steel, aluminum, or steel treated for 
corrosion with manufacturer's standard corrosion-resisting finish, and 
designed to accomplish uniform air flow across the down-stream 
[coil][filters] while reducing the higher fan outlet velocity to within 
plus or minus 5 percent of the required face velocity of the downstream 
component.

2.12   FACTORY PAINTING

Factory paint new equipment, which are not of galvanized construction.  
Paint with a corrosion resisting paint finish according to ASTM A123/A123M  
or ASTM A924/A924M .  Clean, phosphatize and coat internal and external 
ferrous metal surfaces with a paint finish which has been tested according 
to ASTM B117, ASTM D1654, and ASTM D3359.  Submit evidence of satisfactory 
paint performance for a minimum of 125 hours for units to be installed 
indoors and 500 hours for units to be installed outdoors.  Provide rating 
of failure at the scribe mark that is not less than 6, average creepage 
not greater than  1/8 inch .  Provide rating of the inscribed area that is 
not less than 10, no failure.  On units constructed of galvanized steel 
that have been welded, provide a final shop docket of zinc-rich protective 
paint on exterior surfaces of welds or welds that have burned through from 
the interior according to ASTM D520 Type I.

Field paint factory painting that has been damaged prior to acceptance by 
the Contracting Officer in compliance with the requirements of paragraph 
FIELD PAINTING OF MECHANICAL EQUIPMENT. 

2.13   SUPPLEMENTAL COMPONENTS/SERVICES

2.13.1   Chilled, Condenser, or Dual Service Water Piping

The requirements for chilled, condenser, or dual service water piping and 
accessories are specified in Section 23 64 26  CHILLED, CHILLED-HOT, AND 
CONDENSER WATER PIPING SYSTEMS

2.13.2   Condensate Drain Lines

Provide and install condensate drainage for each item of equipment that 
generates condensate in accordance with Section 22 00 00  PLUMBING, GENERAL 
PURPOSE except as modified herein.

2.13.3   Insulation

The requirements for shop and field applied insulation are specified in 
Section 23 07 00  THERMAL INSULATION FOR MECHANICAL SYSTEMS.

2.13.4   Controls

The requirements for controls are specified in Section 23 05 93  TESTING, 
ADJUSTING, AND BALANCING OF HVAC SYSTEMS.
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2.14   RADIANT PANELS

2.14.1   Prefabricated Radiant-Heating Electric Panels

2.14.1.1   Description

Sheet metal enclosed panel with heating element suitable for surface 
mounting . Comply with UL 2021

2.14.1.2   Panel

Minimum 0.027 inch  thick, galvanized steel sheet back panel riveted to 
minimum 0.040 inch  thick, galvanized steel sheet front panel with fused-on 
crystalline surface.

2.14.1.3   Heating Element

Powdered graphite sandwiched between sheets of electric insulation.

2.14.1.4   Electrical Connections

Nonheating, high-temperature, insulated-copper leads, factory connected to 
heating element.

2.14.1.5   Exposed-Side Panel Finish

 Baked-enamel finish in color as selected by Architect.

2.14.1.6   Surface-Mounting Trim

Sheet metal with baked-enamel finish in color as selected by Architect.

2.14.1.7   Wall Thermostat

Bimetal, sensing elements; with contacts suitable for line-voltage 
circuit, and manually operated on-off switch with contactors, relays, and 
control transformers.

PART 3   EXECUTION

3.1   EXAMINATION

After becoming familiar with all details of the work, verify all 
dimensions in the field, and advise the Contracting Officer of any 
discrepancy before performing the work.

3.2   INSTALLATION

a.  Install materials and equipment in accordance with the requirements of 
the contract drawings and approved manufacturer's installation 
instructions .  Accomplish installation by workers skilled in this type 
of work.  Perform installation so that there is no degradation of the 
designed fire ratings of walls, partitions, ceilings, and floors.

b.  No installation is permitted to block or otherwise impede access to 
any existing machine or system.  Install all hinged doors to swing 
open a minimum of 120 degrees.  Provide an area in front of all access 
doors that clears a minimum of  3 feet .  In front of all access doors 
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to electrical circuits, clear the area the minimum distance to 
energized circuits as specified in OSHA Standards, part 1910.333 
(Electrical-Safety Related work practices)and an additional  3 feet .

c.  Except as otherwise indicated, install emergency switches and alarms 
in conspicuous locations.  Mount all indicators, to include gauges, 
meters, and alarms in order to be easily visible by people in the area.

3.2.1   Condensate Drain Lines

Provide water seals in the condensate drain from all units .  Provide a 
depth of each seal of  2 inches  plus  the number of inches, measured in 
water gauge , of the total static pressure rating of the unit to which the 
drain is connected.  Provide water seals that are constructed of 2 tees 
and an appropriate U-bend with the open end of each tee plugged.  Provide 
pipe cap or plug cleanouts where indicated.  Connect drains indicated to 
connect to the sanitary waste system using an indirect waste fitting.  
Insulate air conditioner drain lines as specified in Section 23 07 00  
THERMAL INSULATION FOR MECHANICAL SYSTEMS.

3.2.2   Equipment and Installation

Provide frames and supports for tanks, compressors, pumps, valves, air 
handling units, fans, coils, dampers, and other similar items requiring 
supports.  Floor mount or ceiling hang air handling units as indicated.  
Anchor and fasten as detailed.  Set floor-mounted equipment on not less 
than  6 inch  concrete pads or curbs doweled in place unless otherwise 
indicated.  Make concrete foundations heavy enough to minimize the 
intensity of the vibrations transmitted to the piping, duct work and the 
surrounding structure, as recommended in writing by the equipment 
manufacturer.  In lieu of a concrete pad foundation, build a concrete 
pedestal block with isolators placed between the pedestal block and the 
floor.  Make the concrete foundation or concrete pedestal block a mass not 
less than three times the weight of the components to be supported.  
Provide the lines connected to the pump mounted on pedestal blocks with 
flexible connectors.  Submit foundation drawings as specified in paragraph 
DETAIL DRAWINGS.  Provide concrete for foundations as specified in Section 
03 30 00  CAST-IN-PLACE CONCRETE.

3.2.3   Access Panels

Install access panels for concealed valves, vents, controls, dampers, and 
items requiring inspection or maintenance of sufficient size, and locate 
them so that the concealed items are easily serviced and maintained or 
completely removed and replaced.  Provide access panels as specified in 
Section 08 31 00  ACCESS DOORS AND PANELS.

3.2.4   Flexible Duct

Install pre-insulated flexible duct in accordance with the latest printed 
instructions of the manufacturer to ensure a vapor tight joint.  Provide 
hangers, when required to suspend the duct, of the type recommended by the 
duct manufacturer and set at the intervals recommended.

3.2.5   Metal Ductwork

Install according to SMACNA 1966 unless otherwise indicated.  Install duct 
supports for sheet metal ductwork according to SMACNA 1966, unless 
otherwise specified.  Do not use friction beam clamps indicated in 
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SMACNA 1966.  Anchor risers on high velocity ducts in the center of the 
vertical run to allow ends of riser to move due to thermal expansion.  
Erect supports on the risers that allow free vertical movement of the 
duct.  Attach supports only to structural framing members and concrete 
slabs.  Do not anchor supports to metal decking unless a means is provided 
and approved for preventing the anchor from puncturing the metal decking.  
Where supports are required between structural framing members, provide 
suitable intermediate metal framing.  Where C-clamps are used, provide 
retainer clips.

3.2.6   Acoustical Duct Lining

Apply lining in cut-to-size pieces attached to the interior of the duct 
with nonflammable fire resistant adhesive conforming to ASTM C916, Type I, 
NFPA 90A, UL 723 , and ASTM E84.  Provide top and bottom pieces that lap 
the side pieces and are secured with welded pins, adhered clips of metal, 
nylon, or high impact plastic, and speed washers or welding cup-head pins 
installed according to SMACNA 1966.  Provide welded pins, cup-head pins, 
or adhered clips that do not distort the duct, burn through, nor mar the 
finish or the surface of the duct.  Make pins and washers flush with the 
surfaces of the duct liner and seal all breaks and punctures of the duct 
liner coating with the nonflammable, fire resistant adhesive.  Coat 
exposed edges of the liner at the duct ends and at other joints where the 
lining is subject to erosion with a heavy brush coat of the nonflammable, 
fire resistant adhesive, to prevent delamination of glass fibers.  Apply 
duct liner to flat sheet metal prior to forming duct through the sheet 
metal brake.  Additionally secure lining at the top and bottom surfaces of 
the duct by welded pins or adhered clips as specified for cut-to-size 
pieces.  Other methods indicated in SMACNA 1966 to obtain proper 
installation of duct liners in sheet metal ducts, including adhesives and 
fasteners, are acceptable.

3.2.7   Insulation

Provide thickness and application of insulation materials for ductwork, 
piping, and equipment according to Section 23 07 00  THERMAL INSULATION FOR 
MECHANICAL SYSTEMS.  Externally insulate outdoor air intake ducts and 
plenums up to the point where the outdoor air mixes with the return air 
stream.

3.2.8   Duct Test Holes

Provide holes with closures or threaded holes with plugs in ducts and 
plenums as indicated or where necessary for the use of pitot tube in 
balancing the air system.  Plug insulated duct at the duct surface, 
patched over with insulation and then marked to indicate location of test 
hole if needed for future use.

3.2.9   Power Roof Ventilator Mounting

Provide foamed  1/2 inch  thick, closed-cell, flexible elastomer insulation 
to cover width of roof curb mounting flange.  Where wood nailers are used, 
predrill holes for fasteners.

3.2.10   Power Transmission Components Adjustment

Test V-belts and sheaves for proper alignment and tension prior to 
operation and after 72 hours of operation at final speed.  Uniformly load 
belts on drive side to prevent bouncing.  Make alignment of direct driven 
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couplings to within 50 percent of manufacturer's maximum allowable range 
of misalignment.

3.3   EQUIPMENT PADS

Provide equipment pads to the dimensions shown or, if not shown, to 
conform to the shape of each piece of equipment served with a minimum  
3-inch  margin around the equipment and supports.  Allow equipment bases 
and foundations, when constructed of concrete or grout, to cure a minimum 
of 14 calendar days before being loaded.

3.4   CUTTING AND PATCHING

Install work in such a manner and at such time that a minimum of cutting 
and patching of the building structure is required.  Make holes in exposed 
locations, in or through existing floors, by drilling and smooth by 
sanding.  Use of a jackhammer is permitted only where specifically 
approved.  Make holes through masonry walls to accommodate sleeves with an 
iron pipe masonry core saw.

3.5   CLEANING

Thoroughly clean surfaces of piping and equipment that have become covered 
with dirt, plaster, or other material during handling and construction 
before such surfaces are prepared for final finish painting or are 
enclosed within the building structure.  Before final acceptance, clean 
mechanical equipment, including piping, ducting, and fixtures, and free 
from dirt, grease, and finger marks.  When the work area is in an occupied 
space such as office, laboratory or warehouse  protect all furniture and 
equipment from dirt and debris.  Incorporate housekeeping for field 
construction work which leaves all furniture and equipment in the affected 
area free of construction generated dust and debris; and, all floor 
surfaces vacuum-swept clean.

3.6   PENETRATIONS

Provide sleeves and prepared openings for duct mains, branches, and other 
penetrating items, and install during the construction of the surface to 
be penetrated.  Cut sleeves flush with each surface.  Place sleeves for 
round duct  15 inches  and smaller.  Build framed, prepared openings for 
round duct larger than  15 inches  and square, rectangular or oval ducts.  
Sleeves and framed openings are also required where grilles, registers, 
and diffusers are installed at the openings.  Provide  one inch  clearance 
between penetrating and penetrated surfaces except at grilles, registers, 
and diffusers.  Pack spaces between sleeve or opening and duct or duct 
insulation with mineral fiber conforming with ASTM C553, Type 1, Class B-2.

3.6.1   Sleeves

Fabricate sleeves, except as otherwise specified or indicated, from  20 
gauge  thick mill galvanized sheet metal.  Where sleeves are installed in 
bearing walls or partitions, provide black steel pipe conforming with 
ASTM A53/A53M, Schedule 20.

3.6.2   Framed Prepared Openings

Fabricate framed prepared openings from  20 gauge  galvanized steel, unless 
otherwise indicated.
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3.6.3   Insulation

Provide duct insulation in accordance with Section 23 07 00  THERMAL 
INSULATION FOR MECHANICAL SYSTEMS continuous through sleeves and prepared 
openings except firewall penetrations.  Terminate duct insulation at fire 
dampers and flexible connections.  For duct handling air at or below  60 
degrees F , provide insulation continuous over the damper collar and 
retaining angle of fire dampers, which are exposed to unconditioned air.

3.6.4   Closure Collars

Provide closure collars of a minimum  4 inches  wide, unless otherwise 
indicated, for exposed ducts and items on each side of penetrated surface, 
except where equipment is installed.  Install collar tight against the 
surface and fit snugly around the duct or insulation.  Grind sharp edges 
smooth to prevent damage to penetrating surface.  Fabricate collars for 
round ducts  15 inches  in diameter or less from  20 gauge  galvanized steel.  
Fabricate collars for square and rectangular ducts, or round ducts with 
minimum dimension over  15 inches  from  18 gauge  galvanized steel.  
Fabricate collars for square and rectangular ducts with a maximum side of  
15 inches  or less from  20 gauge  galvanized steel.  Install collars with 
fasteners a maximum of  6 inches  on center.  Attach to collars a minimum of 
4 fasteners where the opening is  12 inches  in diameter or less, and a 
minimum of 8 fasteners where the opening is  20 inches  in diameter or less.

3.6.5   Firestopping

Where ducts pass through fire-rated walls, fire partitions, and fire rated 
chase walls, seal the penetration with fire stopping materials as 
specified in Section 07 84 00  FIRESTOPPING.

3.7   FIELD PAINTING OF MECHANICAL EQUIPMENT

Clean, pretreat, prime and paint metal surfaces; except aluminum surfaces 
need not be painted.  Apply coatings to clean dry surfaces.  Clean the 
surfaces to remove dust, dirt, rust, oil and grease by wire brushing and 
solvent degreasing prior to application of paint, except clean to bare 
metal on metal surfaces subject to temperatures in excess of  120 degrees F .  
Where more than one coat of paint is specified, apply the second coat 
after the preceding coat is thoroughly dry.  Lightly sand damaged painting 
and retouch before applying the succeeding coat.  Provide aluminum or 
light gray finish coat.

3.7.1   Temperatures less than  120 degrees F

Immediately after cleaning, apply one coat of pretreatment primer applied 
to a minimum dry film thickness of  0.3 mil , one coat of primer applied to 
a minimum dry film thickness of  one mil ; and two coats of enamel applied 
to a minimum dry film thickness of  one mil  per coat to metal surfaces 
subject to temperatures less than  120 degrees F .

3.7.2   Temperatures between  120 and 400 degrees F

Apply two coats of  400 degrees F  heat-resisting enamel applied to a total 
minimum thickness of  two mils  to metal surfaces subject to temperatures 
between  120 and 400 degrees F .
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3.7.3   Temperatures greater than  400 degrees F

Apply two coats of 315 degrees C 600 degrees F  heat-resisting paint 
applied to a total minimum dry film thickness of  two mils  to metal 
surfaces subject to temperatures greater than  400 degrees F .

3.7.4   Finish Painting

The requirements for finish painting of items only primed at the factory, 
and surfaces not specifically noted otherwise, are specified in Section 
09 90 00  PAINTS AND COATINGS.

3.7.5   Color Coding Scheme for Locating Hidden Utility Components

Use scheme in buildings having suspended grid ceilings.  Provide color 
coding scheme that identifies points of access for maintenance and 
operation of components and equipment that are not visible from the 
finished space and are accessible from the ceiling grid, consisting of a 
color code board and colored metal disks.  Make each colored metal disk 
approximately  3/8 inch  diameter and secure to removable ceiling panels 
with fasteners.  Insert each fastener into the ceiling panel so as to be 
concealed from view.  Provide fasteners that are manually removable 
without the use of tools and that do not separate from the ceiling panels 
when the panels are dropped from ceiling height.  Make installation of 
colored metal disks follow completion of the finished surface on which the 
disks are to be fastened.  Provide color code board that is approximately  
3 foot  wide,  30 inches  high, and  1/2 inches  thick.  Make the board of 
wood fiberboard and frame under glass or  1/16 inch  transparent plastic 
cover.  Make the color code symbols approximately  3/4 inch  in diameter and 
the related lettering in  1/2 inch  high capital letters.  Mount the color 
code board in the mechanical or equipment room.  Make the color code 
system as indicated below:

  
Color System Item Location

3.8   IDENTIFICATION SYSTEMS

Provide identification tags made of brass, engraved laminated plastic, or 
engraved anodized aluminum, indicating service and item number on all 
valves and dampers.  Provide tags that are  1-3/8 inch  minimum diameter 
with stamped or engraved markings.  Make indentations black for reading 
clarity.  Attach tags to valves with No. 12 AWG  0.0808-inch  diameter 
corrosion-resistant steel wire, copper wire, chrome-plated beaded chain or 
plastic straps designed for that purpose.

3.9   DUCTWORK LEAK TEST

Perform ductwork leak test for the entire air distribution and exhaust 
system, including fans, coils, filters, etc. Provide test procedure, 
apparatus, and report that conform to SMACNA 1972 CD.  The maximum 
allowable leakage rate is 2% cfm .  Complete ductwork leak test with 
satisfactory results prior to applying insulation to ductwork exterior or 
concealing ductwork.
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3.10   DAMPER ACCEPTANCE TEST

Submit the proposed schedule, at least 2 weeks prior to the start of 
test.  Operate all fire dampers and smoke dampers under normal operating 
conditions, prior to the occupancy of a building to determine that they 
function properly.  Test each fire damper equipped with fusible link by 
having the fusible link cut in place.  Test dynamic fire dampers with the 
air handling and distribution system running.  Reset all fire dampers with 
the fusible links replaced after acceptance testing.  To ensure optimum 
operation and performance, install the damper so it is square and free 
from racking.

3.11   TESTING, ADJUSTING, AND BALANCING

The requirements for testing, adjusting, and balancing are specified in 
Section 23 05 93  TESTING, ADJUSTING AND BALANCING FOR HVAC.  Begin 
testing, adjusting, and balancing only when the air supply and 
distribution, including controls, has been completed, with the exception 
of performance tests.

3.12   PERFORMANCE TESTS

Conduct performance tests as required in Section 23 05 93  Testing, 
Adjusting and Balancing for HVAC and Section 23 09 00  Instrumentation and 
Control for HVAC.

3.13   CLEANING AND ADJUSTING

Provide a temporary bypass for water coils to prevent flushing water from 
passing through coils.  Inside of room fan-coil units thoroughly clean 
ducts, plenums, and casing of debris and blow free of small particles of 
rubbish and dust and then vacuum clean before installing outlet faces.  
Wipe equipment clean, with no traces of oil, dust, dirt, or paint spots.  
Provide temporary filters prior to startup of all fans that are operated 
during construction, and provide new filters after all construction dirt 
has been removed from the building, and the ducts, plenums, casings, and 
other items specified have been vacuum cleaned.  Perform and document that 
proper " Indoor Air Quality During Construction " procedures have been 
followed; provide documentation showing that after construction ends, and 
prior to occupancy, new filters were provided and installed.  Maintain 
system in this clean condition until final acceptance.  Properly lubricate 
bearings with oil or grease as recommended by the manufacturer.  Tighten 
belts to proper tension.  Adjust control valves and other miscellaneous 
equipment requiring adjustment to setting indicated or directed.  Adjust 
fans to the speed indicated by the manufacturer to meet specified 
conditions.  Maintain all equipment installed under the contract until 
close out documentation is received, the project is completed and the 
building has been documented as beneficially occupied.

3.14   RADIANT PANELS

3.14.1   Installation

Install radiant panels level and plumb, maintaining sufficient clearance 
for normal services and maintenance.

3.14.2   Soldering

When soldering copper fittings at the panel, a heat pad will be used to 
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protect the panel finish.

3.14.3   Connections

Install piping adjacent to radiant panels to allow for service and 
maintenance.

3.15   OPERATION AND MAINTENANCE

3.15.1   Operation and Maintenance Manuals

Submit six manuals at least 2 weeks prior to field training.  Submit data 
complying with the requirements specified in Section 01 78 23  OPERATION 
AND MAINTENANCE DATA.  Submit Data Package 3 for the items/units listed 
under SD-10 Operation and Maintenance Data

3.15.2   Operation And Maintenance Training

Conduct a training course for the members of the operating staff as 
designated by the Contracting Officer.   Make the training period consist 
of a total of 8 hours of normal working time and start it after all work 
specified herein is functionally completed and the Performance Tests have 
been approved.  Conduct field instruction that covers all of the items 
contained in the Operation and Maintenance Manuals as well as 
demonstrations of routine maintenance operations.  Submit the proposed 
On-site Training schedule concurrently with the Operation and Maintenance 
Manuals and at least 14 days prior to conducting the training course.

         -- End of Section --
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SECTION 23 31 13.00 40

METAL DUCTS

PART 1   GENERAL

Section 23 30 00  HVAC AIR DISTRIBUTION apply to work specified in this 
section.

Section 23 05 48.00 40  VIBRATION AND SEISMIC CONTROLS FOR HVAC PIPING AND 
EQUIPMENT applies to work in this section.

1.1   REFERENCES

The publications listed below form a part of this specification to the 
extent referenced.  The publications are referred to within the text by 
the basic designation only.

AMERICAN INSTITUTE OF STEEL CONSTRUCTION (AISC)

AISC 325 (2017) Steel Construction Manual

AISC 360 (2016) Specification for Structural Steel 
Buildings

AMERICAN SOCIETY OF HEATING, REFRIGERATING AND AIR-CONDITIONING 
ENGINEERS (ASHRAE)

ASHRAE EQUIP IP HDBK (2012) Handbook, HVAC Systems and 
Equipment (IP Edition)

ASHRAE FUN IP (2017) Fundamentals Handbook, I-P Edition

AMERICAN WELDING SOCIETY (AWS)

AWS A5.8/A5.8M (2019) Specification for Filler Metals for 
Brazing and Braze Welding

ASTM INTERNATIONAL (ASTM)

ASTM A36/A36M (2019) Standard Specification for Carbon 
Structural Steel

ASTM A123/A123M (2017) Standard Specification for Zinc 
(Hot-Dip Galvanized) Coatings on Iron and 
Steel Products

ASTM A653/A653M (2020) Standard Specification for Steel 
Sheet, Zinc-Coated (Galvanized) or 
Zinc-Iron Alloy-Coated (Galvannealed) by 
the Hot-Dip Process

ASTM A924/A924M (2020) Standard Specification for General 
Requirements for Steel Sheet, 
Metallic-Coated by the Hot-Dip Process
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ASTM C1071 (2019) Standard Specification for Fibrous 
Glass Duct Lining Insulation (Thermal and 
Sound Absorbing Material)

ASTM D257 (2014) Standard Test Methods for D-C 
Resistance or Conductance of Insulating 
Materials

ASTM E90 (2009; R2016) Standard Test Method for 
Laboratory Measurement of Airborne Sound 
Transmission Loss of Building Partitions 
and Elements

NATIONAL FIRE PROTECTION ASSOCIATION (NFPA)

NFPA 90A (2021) Standard for the Installation of 
Air Conditioning and Ventilating Systems

SHEET METAL AND AIR CONDITIONING CONTRACTORS' NATIONAL ASSOCIATION 
(SMACNA)

SMACNA 1966 (2005) HVAC Duct Construction Standards 
Metal and Flexible, 3rd Edition

SMACNA 1987 (2006) HVAC Duct Systems Inspection Guide, 
3rd Edition

SOCIETY OF AUTOMOTIVE ENGINEERS INTERNATIONAL (SAE)

SAE AMS 2480 (2009; Rev H) Phosphate Treatment, Paint, 
Base

UNDERWRITERS LABORATORIES (UL)

UL 181 (2013; Reprint Apr 2017) UL Standard for 
Safety Factory-Made Air Ducts and Air 
Connectors

UL 555 (2006; Reprint Aug 2016) UL Standard for 
Safety Fire Dampers

1.2   SUBMITTALS

Government approval is required for submittals with a "G" or "S" 
classification.  Submittals not having a "G" or "S" classification are for 
information only.  When used, a code following the "G" classification 
identifies the office that will review the submittal for the Government.  
Submit the following in accordance with Section 01 33 00  SUBMITTAL 
PROCEDURES:

SD-01 Preconstruction Submittals

Material, Equipment, and Fixture Lists ; G

Records of Existing Conditions ; G

SD-02 Shop Drawings

Connection Diagrams ; G
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Offset Fitting Configurations ; G

SD-03 Product Data

Equipment and Performance Data

Galvanized Steel Ductwork Materials ; G

Brazing Materials

Mill-Rolled Reinforcing and Supporting Materials

Round Sheet Metal Duct Fittings ; G

Round, High-Pressure, Double-Wall Sheet Metal Ducts ; G

Turning Vanes ; G

Sound Traps ; G

Flexible Connectors ; G

Flexible Duct Materials

Power Operated Dampers ; G

Fire Dampers and Wall Collars ; G

Gravity Backdraft and Relief Dampers ; G

Manual Volume Dampers ; G

SD-05 Design Data

Design Analysis and Calculations ; G

SD-06 Test Reports

Ductwork Leakage Tests ; G

Operational Tests ; G

SD-07 Certificates

Listing of Product Installations

Galvanized Steel Ductwork Materials

Brazing Materials

Mill-Rolled Reinforcing and Supporting Materials

Round Sheet Metal Duct Fittings

Round, High-Pressure, Double-Wall Sheet Metal Ducts

Turning Vanes
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Dampers

Sound Traps

Flexible Connectors

SD-10 Operation and Maintenance Data

Operation and Maintenance Manuals ; G

Power Operated Dampers ; G

Fire Dampers and Wall Collars ; G

SD-11 Closeout Submittals

Record Drawings ; G

1.3   QUALITY CONTROL

When furnishing the listing of product installations  for medium and high 
pressure ductwork systems include identification of at least 5 units, 
similar to those proposed for use, that have been in successful service 
for a minimum period of 5 years.  Include purchaser, address of 
installation, service organization, and date of installation.

PART 2   PRODUCTS

Include the manufacturer's style or catalog numbers, specification and 
drawing reference numbers, warranty information, and fabrication site 
information within material, equipment, and fixture lists .

2.1   SYSTEM DESCRIPTION

Provide low-pressure systems ductwork and plenums where maximum air 
velocity is  2,000-feet per minute(fpm)  and maximum static pressure is  
2-inches  water gage (wg), positive or negative.

Submit connection diagrams  for low pressure ductwork systems indicating 
the relation and connection of devices and apparatus by showing the 
general physical layout of all controls, the interconnection of one system 
(or portion of system) with another, and internal tubing, wiring, and 
other devices.

High velocity systems ductwork encompass systems where:

a.  Minimum air velocity exceeds  2,000-feet per minute (fpm)  or static 
pressure exceeds  2-inches water gage (wg) .

b.  Medium static pressure ranges from over  2-inches wg through 3-inches wg , 
positive or negative, or over  3-inches wg through 6-inches wg  positive.

c.  High static pressure ranges from over  6-inches wg through 10-inches wg , 
positive.

d.  Do not use rigid fibrous-glass ductwork.
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2.1.1   Design Requirements

Submit records of existing conditions  including the results of a survey 
consisting of work area conditions, and features of existing structures 
and facilities within and adjacent to the jobsite.

Submit equipment and performance data  for medium and high pressure 
ductwork systems consisting of use life, system functional flows, safety 
features, and mechanical automated details.  Submit test response and 
performance characteristics curves for certified equipment.

Submit design analysis and calculations  for ductwork systems indicating 
the manufacturer's recommended air velocities, maximum static pressure, 
and temperature calculations.

2.2   COMPONENTS

2.2.1   Round Sheet Metal Duct Fittings

Submit offset fitting configurations  for approval.  Shop fabricate 
fittings.

2.2.1.1   Fittings Construction

Manufacture as separate fittings, not as tap collars welded or brazed into 
duct sections.

Provide two-piece type miter elbows for angles less than 31 degrees, 
three-piece type for angles 31 through 60 degrees, and five-piece type for 
angles 61 through 90 degrees.  Ensure centerline radius of elbows is 1-1/2 
times fitting cross section diameter.

Provide conical type crosses, increasers, reducers, reducing tees, and 
90-degree tees.

Ensure cutouts in fitting body are equal to branch tap dimension or, where 
smaller, excess material is flared and rolled into smooth radius nozzle 
configuration.

2.2.2   Round, High-Pressure, Double-Wall Sheet Metal Ducts

Shop fabricate ducts and fittings.

Construction comprises of an airtight, vapor barrier, outer pressure 
shell, a  1 inch  insulation layer, and a metal inner liner that completely 
covers the insulation throughout the system.

Provide insulation conforming to NFPA 90A and ASTM C1071 for thermal 
conductivity in accordance with ASTM D257.

2.2.3   Reinforcement

Support inner liners of both duct and fittings by metal spacers welded in 
position to maintain spacing and concentricity.

2.2.4   Fittings

Make divided flow fittings as separate fittings, not tap collars into duct 
sections, with the following construction requirements:
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a.  Sound, airtight, continuous welds at intersection of fitting body and 
tap

b.  Tap liner securely welded to inner liner, with weld spacing not to 
exceed  3-inches .

c.  Pack insulation around the branch tap area for complete cavity filling.

d.  Carefully fit branch connection to cutout openings in inner liner 
without spaces for air erosion of insulation and without sharp 
projections that cause noise and airflow disturbance.

Continuously braze seams in the pressure shell of fittings.  Protect 
galvanized areas that have been damaged by welding with manufacturer's 
standard corrosion-resistant coating.

Construct two-piece type elbows for angles through 35 degrees, three-piece 
type for angles 36 through 71 degrees, and five-piece type for angles 72 
through 90 degrees.

2.2.5   Turning Vanes

Provide double-wall type turning vanes, commercially manufactured for 
high-velocity system service.

2.2.6   Dampers

Construct low pressure drop, high-velocity manual volume dampers, and 
high-velocity fire dampers in accordance with ASHRAE EQUIP IP HDBK , 
Chapter 16, ASHRAE FUN IP , Chapter 32 and SMACNA 1966.

2.2.7   Sound Traps

Ensure the pressure drop at the rated flow does not exceed ratings in 
accordance with  ASHRAE EQUIP IP HDBK , Chapter 16,  ASHRAE FUN IP , Chapter 
32 and SMACNA 1966 or design criteria.

Ensure the sound trap is airtight when operating under an internal 
pressure of  0.37 pounds per square inch .  Provide an air-side surface 
capable of withstanding air velocities of  10,000-feet per minute  without 
any particulate matter leaving the trap and being carried downstream.

2.2.7.1   Attenuation

Factory fabricate sound traps.  Confirm cataloged acoustic attenuation 
made by an independent laboratory in accordance with ASTM E90.  Confirm 
pressure drop measurements in accordance with ASHRAE EQUIP IP HDBK , 
Chapter 18.  For noise-reduction data, include effects of flanking paths 
and vibration transmission.  Conduct tests with standard metal inlet and 
outlet connections under indicated capacity flow.

Reduce fan-rated sound-power level to not less than 65 decibels in the 
250-hertz third octave band when measured at the sound trap discharge end.

2.2.7.2   Construction of Sound Traps

Provide double-metal walled, rectangular sound traps.  Provide 
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mill-galvanized sheet metal steel with commercial weight of zinc, 
conforming to ASTM A653/A653M .  Exterior metal acts as a vapor barrier.  
Metal thickness is not less than that required for the pressure service, 
in accordance with  ASHRAE EQUIP IP HDBK , Chapter 16, ASHRAE FUN IP , 
Chapter 32 and SMACNA 1966, but not less than  22-gage .  Cover absorbing 
material, on the sound-impinging side, with formed perforated 
mill-galvanized steel of not less than  24-gage .  Ensure all exterior sheet 
joints are continuously welded, or construct with locksets filled with 
chloroprene mastic prior to forming.

Spot weld interior surfaces not more than  3-inches  on center.  Ensure all 
connections to duct transitions are flanged with through-bolted  1/8-inch 
by 1-inch  continuous rubber gasketing.  Provide vibration isolated trapeze 
type supports.

Provide fibrous glass absorption material.  Ensure surfaces exposed to 
airstream are chloroprene coated or protected with woven fibrous-glass 
cloth conforming to ASTM C1071.  Ensure the total compressed thickness 
gives the required attenuation, and thermal insulation to preclude 
condensation on exterior surface under normal operating conditions.  
Compressed material density is approximately  4.5 pounds per cubic foot .  
Select materials conforming to fire hazard requirements of NFPA 90A.

2.2.8   Flexible Connectors  for Sheet Metal

Use UL listed connectors,  30-ounce per square yard , waterproof, 
fire-retardant, airtight, woven fibrous-glass cloth, double coated with 
chloroprene.  Clear width, not including clamping section, is  6 to 8-inches .

Provide leaded vinyl sheets as a second layer for sound attenuation.  
Ensure leaded vinyl is not less than  0.055-inch  thick, weighing not less 
than  0.87 pound per square foot , and capable of approximately 10-decibel 
attenuation in the 10- to 10,000-hertz range.

2.2.9   Duct Hangers

For duct hangers in contact with galvanized duct surfaces, provide 
galvanized steel painted with inorganic zinc.

2.2.10   Mill-Rolled Reinforcing and Supporting Materials

Provide mill-rolled structural steel conforming to ASTM A36/A36M.  
Whenever in contact with sheet metal ducting, provide galvanized steel in 
accordance with ASTM A123/A123M .

In lieu of mill-rolled structural steel, submit equivalent strength, 
proprietary-design, rolled-steel structural support systems for approval.

2.2.11   Flexible Duct Materials

Ensure flexible duct connectors comply with NFPA 90A, and conform with 
UL 181 , Class 1 material.

Provide wire-reinforced fibrous-glass duct consisting of a minimum  10 1 
pound/cubic foot  density fibrous glass, bonded to and supported by 
corrosion-protected spring helix.  Vapor barriers are a minimum of  mil , 
pigmented polyvinylchloride film.  Ensure duct is bendable without damage 
through 180 degrees with an inside bend radius not greater than two duct 
diameters.  Minimum wall thickness is  -inch .  Thermal conductivity is not 

SECTION 23 31 13.00 40  Page 9



CAPITAL PROJECT # 1043925 MAY 2022 HAFB 309th SWEG
KRSM200806 100% FINAL SUBMITTAL

greater than  0.23 BTU per hour per square foot per degrees F  at  75 degrees 
F mean temperature.  Ensure permeance is not greater than  .  Working 
pressure range is from minus  2-inch  wg to plus  10-inches  wg.  Working 
temperature ranges from  minus 20 to plus 250 degrees F .  Minimum sustained 
velocity without delamination is  6000  fpm .  Use materials conforming to 
NFPA 90A.

2.2.12   Manual Volume Dampers

Conform to SMACNA 1966 for volume damper construction.

Equip dampers with an indicating quadrant regulator with a locking feature 
externally located and easily accessible for adjustment and standoff 
brackets to allow mounting outside external insulation.  Where damper rod 
lengths exceed  -inches , provide a regulator at each end of damper shaft.

2.2.12.1   Damper Construction

Provide all damper shafts with two-end bearings.

Ensure splitter damper is  -gage  sheet metal.  Hinges are full length 
piano-type.

Provide a full length damper shaft and extend it beyond the damper blade.  
use a  3/8 -inch  square shaft for damper lengths up to  20 -inches  and a  1/2 
-inch  square shaft for damper lengths  20 -inches  and larger.  Where 
necessary to prevent damper vibration or slippage, provide adjustable 
support rods with locking provisions external to duct at damper blade end.

Provide dampers in ducts having a width perpendicular to the axis of the 
damper that is greater than  12 -inches  of multiblade type having a 
substantial frame with blades fabricated of  16 -gage  metal.  Provide 
blades not exceeding  10 -inches  in width and  48 -inches  in length, pinned 
to  1/2 -inch  diameter shafts.  Ensure dampers greater than  48 -inches  in 
width are made in two or more sections with intermediate mullions, each 
section being mechanically interlocked with the adjoining section or 
sections.  Provide blades with graphite-impregnated nylon bearings and 
connect so that adjoining blades rotate in opposite directions.

2.2.13   Gravity Backdraft and Relief Dampers

Construct frames of not less than  1-1/2- by 4-inch reinforced  16-gage 
galvanized carbon steel.  Solidly secure frames and mullions in place and 
seal with elastomer caulking against air bypass.

Provide shaft bearings with graphite-impregnated nylon .

Equip counterbalanced dampers with fixed or adjustable counterbalancing 
weights.

Gravity backdraft dampers may be equipment manufacturer's standard 
construction in sizes  18 by 18 -inch  or smaller, when furnished integral 
with air moving equipment.

2.2.13.1   Blade Construction

Maximum blade width is  9 inches , and maximum blade length is  36 -inches .  
Blade material is  16-gage  galvanized steel .  Provide blades with 
mechanically retained seals and 90-degree limit stops.
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Blades linked together for relief service dampers are to open not less 
than 30 degrees on  0.05-inch  wg differential pressure.

2.2.14   Power-Operated Dampers

Ensure dampers conform to applicable requirements specified under Section 
23 09 33.00 40  ELECTRIC AND ELECTRONIC CONTROL SYSTEM FOR HVAC.

2.2.15   Fire Dampers and Wall Collars

Ensure fire damper locations are in accordance with NFPA 90A.

Provide fire dampers in ductwork at firewall barriers.

Construct and label fire dampers in accordance with UL 555  to provide 
damper and mounting fire-resistance that equals or exceeds fire-resistance 
of the construction in which installed.  For link loads in excess of  20 
pounds  , provide UL-approved quartzoid links.

Construct wall collars in accordance with UL 555 .

2.3   MATERIALS

2.3.1   Galvanized Steel Ductwork Materials

Provide hot-dip galvanized carbon steel ductwork sheet metal of 
lock-forming quality, with regular spangle-type zinc coating, conforming 
to ASTM A924/A924M  and ASTM A653/A653M , Designation G90.  Treat duct 
surfaces to be painted by annealing.

Conform to ASHRAE EQUIP IP HDBK , Chapter 16, ASHRAE FUN IP , Chapter 32 and 
SMACNA 1966 for sheet metal  gages  and reinforcement thickness.

Low pressure ductwork minimum thicknesses are:

MINIMUM SHEET METAL THICKNESS

DUCT WIDTH
INCHES

GAGE

0-12 26

13-30 24

31-60 22

2.3.2   Brazing Materials

Provide silicon bronze brazing materials conforming to AWS A5.8/A5.8M .

2.3.3   Mill-Rolled Reinforcing and Supporting Materials

Conform to ASTM A36/A36M for mill-rolled structural steel.  Wherever in 
contact with sheet metal ducting, galvanize to conforming with 
ASTM A123/A123M  .

In lieu of mill-rolled structural steel, submit for approval, equivalent 
strength, proprietary design, rolled-steel structural support systems.
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PART 3   EXECUTION

3.1   PREPARATION

For sheet metal surfaces to be painted, and surfaces to which adhesives 
are to be applied, clean surface of oil, grease, and deleterious 
substances.

Ensure strength is adequate to prevent failure under service pressure or 
vacuum created by fast closure of duct devices.  Provide leaktight, 
automatic relief devices.

3.1.1   Construction Standards

Provide sheet metal construction in accordance with the recommendations 
for best practices in ASHRAE EQUIP IP HDBK , Chapter 16, ASHRAE FUN IP , 
Chapter 32, SMACNA 1966, and NFPA 90A.

Design and fabricate supplementary steel in accordance with AISC 360  and 
AISC 325 .

Where construction methods for certain items are not described in the 
referenced standards or herein, perform the work in accordance with 
recommendations for best practice defined in ASHRAE EQUIP IP HDBK .

3.2   INSTALLATION

Fabricate an airtight system.  Include reinforcements, bracing, supports, 
framing, gasketing, sealing, and fastening to provide rigid construction 
and freedom from vibration, airflow-induced motion and noise, and 
excessive deflection at specified maximum system air pressure and velocity.

Provide offsets and transformations as required to avoid interference with 
the building construction, piping, or equipment.

Make plenum anchorage provisions, sheet metal joints, and other areas 
airtight and watertight by caulking, mating galvanized steel and concrete 
surfaces with a two-component elastomer.

3.2.1   Jointing

Enclose dampers located behind architectural intake or exhaust louvers by 
a rigid sheet metal collar and sealed to building construction with 
elastomers for complete air tightness.

Provide outside air-intake ducts and plenums made from sheet metal with 
soldered watertight joints.

3.2.2   Ducts

Wherever ducts pass through firewalls or through walls or floors dividing 
conditioned spaces from unconditioned spaces, provide a flanged segment in 
that surface during surface construction.

Where interiors of ducting may be viewed through air diffusion devices, 
construct the viewed interior with sheet metal and paint flat black.
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3.2.2.1   Ductwork Cleaning Provisions

Protect open ducting from construction dust and debris in a manner 
approved by the Contracting Officer.  Clean dirty assembled ducting by 
subjecting all main and branch interior surfaces to airstreams moving at 
velocities two times specified working velocities, at static pressures 
within maximum ratings.  This may be accomplished by:  filter-equipped 
portable blowers which remain the Contractor's property; wheel-mounted, 
compressed-air operated perimeter lances which direct the compressed air 
and which are pulled in the direction of normal airflow; or other means 
approved by the Contracting Officer.  Use water- and oil- free compressed 
air for cleaning ducting.  After construction is complete, and prior to 
acceptance of the work, remove construction dust and debris from exterior 
surfaces.  Clean in conformance with SMACNA 1987.

3.3   APPLICATION

3.3.1   Low Pressure Sheet Metal Ducts

Weld angle iron frames at corners and ends, whenever possible.  Rivet or 
weld angle iron reinforcements to ducts not more than  6-inches   on center, 
with not less than two points of attachment.  Spot welding, where used, is  
3-inches  on center.

Seal standard seam joints with an elastomer compound to comply with 
SMACNA 1966 Seal Class A, B or C as applicable.

Limit crossbreaking to  4-feet  and provide on all ducts  8-inches  wide and 
wider.  Provide bead reinforcement in lieu of crossbreaking where panel 
popping may occur.  Where rigid insulation is applied, crossbreaking is 
not required.

3.3.1.1   Longitudinal Duct Seams

Provide Pittsburgh lock  corner seams.

3.3.1.2   Joints and Gaskets

Bolt companion angle flanges together with  1/4 -inch  diameter bolts and 
nuts spaced  6 -inches  on center.  Gasket flanged joints with chloroprene 
full-face gaskets  1/8 -inch  thick, with Shore A 40 durometer hardness.  
Use one piece gaskets, vulcanized at joints.

3.3.1.3   Flexible Duct Joints

Between flexible duct without sheet metal collars and round metal ductwork 
connections make joints by trimming the ends, coating the inside of the 
flexible duct for a distance equal to depth of insertion with elastomer 
caulk, and by securing with sheet metal screws or binding with a strap 
clamp.

3.3.1.4   Square Elbows

Provide single-vane duct turns in accordance with SMACNA 1966, use on 
ducts  12 inches  in width and narrower.

3.3.1.5   Radius Elbows

Conform to SMACNA 1966 for radius elbows.  Provide an inside radius equal 
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to the width of the duct.  Where installation conditions preclude use of 
standard elbows, the inside radius may be reduced to a minimum of 0.25 
times duct width.  Install turning vanes in accordance with the following 
schedule.

RADIUS OF TURNING VANES IN PERCENT OF DUCT WIDTH

WIDTH OF ELBOWS
INCHES

VANE NO. 1 VANE NO. 2 VANE NO. 3

Up to 16 56 -- --

17 to 48 43 73 --

49 and over 37 55 83

Where two elbows are placed together in the same plane for ducts  30-inches  
wide and larger, continue the guide vanes through both elbows rather than 
spaced in accordance with above schedule.

3.3.1.6   Outlets, Inlets, and Duct Branches

Install branches, inlets, and outlets so that air turbulence is reduced to 
a minimum and air volume properly apportioned.  Install adjustable 
splitter dampers at all supply junctions to permit adjustment of the 
amount of air entering the branch.  Wherever an air-diffusion device is 
shown as being installed on the side, top, or bottom of a duct, and 
whenever a branch take-off is not of the splitter type; provide a 
commercially manufactured 45 degree side-take-off (STO) fitting with 
manual volume damper to allow adjustment of the air quantity and to 
provide an even flow of air across the device or duct it services.

Where a duct branch is to handle more than 25 percent of the air handled 
by the duct main, use a complete 90-degree increasing elbow with an inside 
radius of 0.75 times branch duct width.  Size of the leading end of the 
increasing elbow within the main duct with the same ratio to the main duct 
size as the ratio of the related air quantities handled.

Where a duct branch is to handle 25 percent or less of the air handled by 
the duct main, construct the branch connection with a 45 degree side 
take-off entry in accordance with SMACNA 1966.

3.3.1.7   Duct Transitions

Where the shape of a duct changes, ensure the angle of the side of the 
transition piece does not exceed 15 degrees from the straight run of duct 
connected thereto.

Where equipment is installed in ductwork, ensure the angle of the side of 
the transition piece from the straight run of duct connected thereto does 
not exceed 15 degrees on the upstream side of the equipment and 22-1/2 
degrees on the downstream side of the equipment.

3.3.1.8   Branch Connections

Construct radius tap-ins in accordance with SMACNA 1966.
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3.3.1.9   Access Openings

Construct access door in accordance with SMACNA 1966, except that sliding 
doors may be used only for special conditions upon prior approval.  
Provide double-panel type doors.

Install access doors and panels in ductwork upstream from coils adjacent 
to fire dampers where indicated, and every  20-feet  for indoor air quality 
housekeeping purposes.

Minimum access opening size is  12 by 18 -inches , unless precluded by duct 
dimensions or otherwise indicated.

Make airtight access doors that leak by adding or replacing hinges and 
latches or by construction of new doors adequately reinforced, hinged, and 
latched.

3.3.1.10   Duct Access for Cleaning

Make duct access particularly suitable for commercial duct cleaning 
methods utilizing vacuum devices.  Space access openings with a frequency 
and at points that permits ready access to duct internals with essentially 
no duct or insulation cutting.  Where access through an air-diffusion 
device or through access doors specified herein is not available at a 
specific point, provide  8 -inch  diameter,  16 -gage  access plates not more 
than  10 -feet  on center.  Where duct is insulated and vapor-sealed, 
provide mastic seals around circumference of access.  When access plate is 
in place and insulated, externally identify the location.

3.3.1.11   Plenum Construction

Provide intake and discharge plenum companion angle joints with the 
following minimum thickness of materials:

LONGEST ANGLES
 SIDE
INCHES

SHEET METAL
 USS GAGE
ALL SIDES

COMPANION ANGLES

INCHES

REINFORCEMENT
24 INCHES ON

CENTER MAXIMUM

To 48 20 1-1/2 by 1-1/2 by 
1/8

1-1/2 by 1-1/2 by 1/8

49 to 84 18 2 by 2 by 1/8 2 by 2 by 3/16

85 to 120 16 2 by 2 by 1/8 2 by 2 by 1/8

121 and larger 14 2 by 2 by 3/16 2 by 2 by 3/16

At the floor line and other points where plenums join masonry 
construction, bolt panels  12 -inches  on center to 2- by 2- by 3/16  -inch  
thick hot-dip galvanized steel angle that has been secured to the masonry 
with masonry anchors and bolts  24-inches  on center and caulked tight to 
the masonry.

Anchor panels to curbing with hot-dip galvanized steel angle iron of a 
size not less than  2- by 2- by 3/16 -inch  thick.  Concrete curbing 
includes angle iron nosing with welded studs for the anchoring of panels.  
Level nosing at curb height within plus or minus  1/16 -inch .

Weld and grind miter corners for angle iron and channel iron.
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3.3.1.12   Plenum Door Construction

Construct plenum access doors in accordance with SMACNA 1966 except that 
access doors smaller than man-access doors have door openings framed with 
angle iron that is one commercial size smaller than the specified panel 
reinforcement.

Ensure man-access door size conforms to SMACNA 1966 and paragraph ACCESS 
OPENINGS.  Insulated and uninsulated construction is per SMACNA 1966.  
Frame door openings  with channel iron.  Frame doors with angle iron.  
Size channel iron and angle iron approximately the same size as specified 
panel reinforcement.  Provide exterior door skin  16 gage .  Fabricate 
latches from steel with hinges at least  4 -inches  long, and bolts at least  
3/8 -inch  diameter.

3.3.1.13   Manual Volume Dampers

Provide balancing dampers of the splitter, butterfly, or multilouver type, 
to balance each respective main and branch duct.

For dampers regulated through ceilings provide a regulator concealed in a 
box mounted in the ceiling, with a cover finish aesthetically compatible 
with ceiling surface.  Where ceiling is of removable construction, set 
regulators above the ceiling, and mark the location on ceiling in a manner 
acceptable to the Contracting Officer.

3.3.1.14   Flexible Connectors for Sheet Metal

Connect air handling equipment, ducts crossing building expansion joints, 
and fan inlets and outlets to upstream and downstream components by 
treated woven-cloth connectors.

Install connectors only after system fans are operative, and vibration 
isolation mountings have been adjusted.  When system fans are operating, 
ensure connectors are free of wrinkles caused by misalignment or fan 
reaction.  Width of surface is curvilinear.

3.3.2   Rectangular Sheet Metal Ducts

3.3.2.1   Medium-Pressure Gages, Joints, and Reinforcement

Ensure minimum sheet metal gages, joints, and reinforcements between 
joints are in accordance with ASHRAE EQUIP IP HDBK , Chapter 16,  
ASHRAE FUN IP , Chapter 32 and SMACNA 1966.

Ensure sheet metal minimum thickness, transverse reinforcement between 
joints, and joints of ducts are in accordance with the following:

LONGEST
SIDE

(INCHES)

SHEET
METAL
GAGE

ALL SIDES

COMPANION ANGLE

(INCHES)

REINFORCEMENT ANGLES
24 INCHES ON

CENTER MAXIMUM
(BACK TO BACK)

97 to 108 16 2 by 2 by 1/8,
two tie rods 
along angle

Two 2 by 2 by 1/8,
two tie rods along 
angle
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LONGEST
SIDE

(INCHES)

SHEET
METAL
GAGE

ALL SIDES

COMPANION ANGLE

(INCHES)

REINFORCEMENT ANGLES
24 INCHES ON

CENTER MAXIMUM
(BACK TO BACK)

109 to 132 16 2 by 2 by 3/16,
two tie rods 
along angle

Two 2 by 2 by 3/16,
two tie rods along 
angle

133 and longer 14 2 by 2 by 3/16,
with tie rods every
48 inches

Two 2 by 2 by 3/16,
with tie rods every 48 
inches

3.3.2.2   Medium- And High-Pressure Branches, Inlets, Outlets

Install branches, inlets, and outlets to minimize air turbulence and to 
ensure proper airflow.

Install dampers so that the amount of air entering duct mains is 
adjustable.

Provide commercially manufactured air extractors to allow adjustment of 
the air quantity and to provide an even flow of air across the device or 
duct served.

3.3.2.3   Duct Branch Transition

Where a duct branch handles over 25 percent of the air transported by the 
duct main, use a complete 90-degree increasing elbow, with an inside 
radius of 0.75 times duct branch width.  Ensure the size of the trailing 
end of the increasing elbow within the main duct has the same ratio to the 
main duct size as the ratio of the relative air quantities handled.

Where a duct branch is to handle 25 percent or less of the air handled by 
the duct main, provide a branch connection with an inside radius of 0.75 
times branch duct width, a minimum arc length of 45 degrees, and an 
outside radius of 1.75 times duct branch width.  Place arc tangent to duct 
main.

3.3.2.4   High-Pressure Gages, Joints, and Reinforcement

Ensure sheet metal minimum thickness, joints, and reinforcement between 
joints are in accordance with  ASHRAE EQUIP IP HDBK , Chapter 16,  
ASHRAE FUN IP ,  Chapter 32 and SMACNA 1966.

Use the following types of  ASHRAE EQUIP IP HDBK , Chapter 16,  ASHRAE FUN IP , 
Chapter 32 and SMACNA 1966 joints and seams:

Transverse Joints:

a.  Welded flange joint with angle

b.  Companion angle flanged joint

Longitudinal Seams:

a.  Approved lock seams, back brazed, or continuously brazed seams for 
ducts with largest dimension up to  72-inches
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b.  Continuously welded or brazed seams for ducts with largest dimension 
greater than  72-inches

Sheet metal minimum thickness, transverse reinforcement between joints, 
and companion angle joints of ducts with longest side greater than  96 
inches  are in accordance with the following:

LONGEST
SIDE

(inches)

SHEET METAL
GAGE

ALL SIDES

COMPANION ANGLE

(inches)

REINFORCEMENT ANGLES
24 INCHES ON

CENTER MAXIMUM
(BACK TO BACK)

97 to 108 16 2 by 2 by 1/8,
two tie rods 
along angle

*Two 2 by 2 by 1/8,
two tie rods
along angle

109 to 132 16 2 by 2 by 3/16,
two tie rods 
along angle

*Two 2 by 2 by 3/16,
two tie rods
along angle

133 and longer 14 2-1/2 by 2-1/2
by 3/16,
with tie rods every 
24 inches

*Two 2-1/2 by 2-1/2 by 
3/16,
with tie rods
every 24 inches

3.3.3   Round Sheet Metal Ducts

3.3.3.1   Duct Gages and Reinforcement

Sheet metal minimum thickness, joints, and reinforcement between joints 
shall be in accordance with  ASHRAE EQUIP IP HDBK , Chapter 16,  ASHRAE FUN IP ,
 Chapter 32 and SMACNA 1966.

Provide ducts with supplemental girth angle supports, riveted with tack 
welded to duct.  Locate girth angles as follows:

DIAMETER, INCHES REINFORCEMENT-MAXIMUM SPACING
INCHES

25 to 36 1-1/4 by 1-1/4, 1/8 thick, 72 inches on 
center

37 to 50 1-1/4 by 1-1/4, 1/8 thick, 60 inches on 
center

51 to 60 1-1/2 by 1-1/2, 1/8 thick, 48 inches on 
center

Use hex-shaped bolt heads and nuts,  5/16-inch diameter  for ducts up to  
50-inch  diameter, and  3/8-inch diameter  for  51-inch  diameter ducts and 
larger.

Continuously weld flanges to duct on outside of duct and intermittently 
welded with  1-inch  welds every  4-inches  on inside joint face.  Remove 
excess filler metal from inside face.  Protect galvanized areas that have 
been damaged by welding with manufacturer's standard corrosion-resistant 
coating.
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3.3.3.2   Duct Joints

Provide duct joints manufactured by machine, with spiral locksets up to 
and including  60-inch  diameters, and to dimensional tolerances compatible 
with fittings provided.  Draw-band girth joints are not acceptable.

Prepare slip joints by coating the male fitting with elastomer sealing 
materials, exercising care to prevent mastic from entering fitting bore.  
Leave only a thin annular mastic line exposed internally.  Use sheet metal 
screws to make assembly rigid, not less than four screws per joint, 
maximum spacing  6-inches .  Do not use pop rivets.  Tape and heat seal all 
joints.

3.3.3.3   Duct Transitions

Where the shape of a duct changes, ensure the angle of the side of the 
transition piece does not exceed 15 degrees from the straight run of duct 
connected thereto.

Where equipment is installed in ductwork, ensure the angle of the side of 
the transition piece from the straight run of duct connected thereto does 
not exceed 15 degrees on the upstream side of the equipment and 22-1/2 
degrees on the downstream side of the equipment.

3.3.4   Round, High Pressure, Sheet Metal Duct Installation

3.3.4.1   Joints

Provide an inner coupling to align the inner lining to maintain good 
airflow conditions equivalent to standard round high-pressure duct 
joints.  Butt joints are not suitable for the inner liner.  Accomplish 
this alignment by extending the liner of the fitting for slip joint into 
the pipe .  For ducts over  34-inches  inside diameter, provide a separate 
coupling for inner alignment, with the pressure shells joined by 
angle-ring flanged connections.

3.3.4.2   Insulation Ends

At the end of an uninsulated section or run where internally insulated 
duct connects to uninsulated spiral duct, fitting, fire damper or flexible 
duct, install an insulated end-fitting to bring the outer pressure shell 
down to nominal size.

3.3.5   Transverse Reinforcement Joints

Provide transverse reinforcements that are riveted with solid rivets to 
duct sides  6 inches  on center .  Weld transverse reinforcement at all 
corners to form continuous frames.

3.3.6   Joint Gaskets

For flanged joints, use chloroprene full-face gaskets  1/8-inch  thick, with 
Shore A 40 durometer hardness.  Use one-piece gaskets, vulcanized at 
joints.

3.3.7   Radius Elbows

Fabricate elbow proportions and radius elbows in accordance with  
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ASHRAE EQUIP IP HDBK , Chapter 16,  ASHRAE FUN IP , Chapter 32 and SMACNA 1966.

3.3.8   Plenum Connections

Ensure round duct connections are welded joint bellmouth type.

Ensure rectangular duct connections are bellmouth type, constructed in 
accordance with  ASHRAE EQUIP IP HDBK , Chapter 16,  ASHRAE FUN IP , Chapter 
32 and SMACNA 1966.

3.3.9   Access Openings

Install access panels in ductwork adjacent to fire dampers.

Minimum size of access opening is  12 by 18 inches , unless precluded by 
duct dimension.

Frame access openings with welded and ground miter joints,  1/8-inch  thick 
strap steel , with  1/4 -inch  studs welded to frame.  Ensure cover plates 
are not less than  16-gage , reinforced as necessary for larger sizes .

In lieu of access doors, use readily accessible flanged duct sections upon 
approval.  Provide stable hanger supports for disconnected duct terminal.

3.3.10   Duct Supports

Install duct support in accordance with  ASHRAE EQUIP IP HDBK , Chapter 16,  
ASHRAE FUN IP , Chapter 32 and SMACNA 1966.  Meet the minimum size for duct 
hangers as specified in  ASHRAE EQUIP IP HDBK , Chapter 16,  ASHRAE FUN IP , 
Chapter 32 and SMACNA 1966.  Provide two hangers where necessary to 
eliminate sway.  Support attachment to duct surfaces by solid rivet bolt 
welding  4-inches  on center.

Take the following into account in selection of a hanging system:

a.  Location and precedence of work under other sections

b.  Interferences of various piping and electrical conduit

c.  Equipment,and building configuration

d.  Structural and safety factor requirements

e.  Vibration, and imposed loads under normal and abnormal service 
conditions

Support sizes, configurations, and spacing are given to show the minimal 
type of supporting components required.  If installed loads are excessive 
for the specified hanger spacing, hangers, and accessories reduce hanger 
spacing.  After system startup, replace any duct support device which due 
to length, configuration, or size, vibrates or causes possible failure of 
a member.  Do not use a ductwork support system that allows a cascade-type 
failure to occur.

Do not hang ductwork and equipment from roof deck, piping, or other ducts 
or equipment.  Maximum span between any two points is  10-feet , with lesser 
spans as required by duct assemblies, interferences, and permitted loads 
imposed.
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Where support from metal deck systems is involved, coordinate support 
requirements with installation of metal deck.

3.3.10.1   Hangars

Attach hanger rods, angles, and straps to beam clamps.  Receive approval 
from the Contracting Officer for concrete inserts, masonry anchors, and 
fasteners for the application.

Hardened high-carbon spring-steel fasteners fitted onto beams and 
miscellaneous structural steel are acceptable upon prior approval of each 
proposed application and upon field demonstration of conformance to 
specification requirements.  Make fasteners from steel conforming to AISI 
Type 1055 , treated and finished in conformance with SAE AMS 2480 , Type Z 
(zinc phosphate base), Class 2 (supplementary treatment).  Verify a 
72-hour load-carrying capacity by a certified independent laboratory.

Where ductwork system contains heavy equipment, excluding air-diffusion 
devices and single-leaf dampers, hang such equipment independently of the 
ductwork by means of rods or angles of sizes adequate to support the load.

Cross-brace hangers to preclude swaying both vertically and laterally.

3.3.10.2   Installation

Ensure hanger spacing gives a 20-to-1 safety factor for supported load.

Maximum load supported by any two fasteners is  100 pounds .

Install hangers on both sides of all duct turns, branch fittings, and 
transitions.

Friction rod assemblies are not acceptable.

3.3.10.3   Strap-type Hangars

Support rectangular ducts up to  36-inches  by strap-type hangers attached 
at not less than three places to not less than two duct surfaces in 
different planes.

Perforated strap hangers are not acceptable.

3.3.10.4   Trapeze Hangars

Support rectangular ducting,  36-inches  and larger, by trapeze hangers.  
Support ducts situated in unconditioned areas and required to have 
insulation with a vapor-sealed facing on trapeze hangers.  Space hangers 
far enough out from the side of the duct to permit the duct insulation to 
be placed on the duct inside the trapeze.  Do not penetrate the 
vapor-sealed facing with duct hangers.

Where trapeze hangers are used, support the bottom of the duct on angles 
sized as follows:
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WIDTH OF DUCT,
 INCHES

MINIMUM BOTTOM ANGLE SIZE,
 INCHES

30 and smaller 1-1/4 by 1-1/4 by 1/8

31 to 48 1-1/2 by 1-1/2 by 1/8

49 to 72 1-1/2 by 1-1/2 by 3/16

73 to 96 2 by 2 by 1/4

97 and wider 3 by 3 by 1/4

3.3.10.5   Purlins

Do not support ducting from roof purlins at points greater than one-sixth 
of the purlin span from the roof truss.  Do not exceed  400 pounds  load per 
hanger.

If the hanger load must exceed the above limit, provide reinforcing of 
purlin(s) or additional support beam(s).  When an additional beam is used, 
have the beam bear on the top chord of the roof trusses, and also bear 
over the gusset plates of top chord.  Stabilize the beam by connection to 
roof purlin along bottom flange.

Purlins used for supporting fire-protection sprinkler mains, electrical 
lighting fixtures, electrical power ducts, or cable trays are considered 
fully loaded.  Provide supplemental reinforcing or auxiliary support steel 
for these purlins when used to support ductwork.

3.3.10.6   Vibration Isolation

Isolate the structure from duct support vibration at points indicated.  
Refer to Section 23 05 48.00 40  VIBRATION AND SEISMIC CONTROLS FOR HVAC 
PIPING AND EQUIPMENT.

3.3.11   Flexible Connectors for Steel Metal

Connect air-handling equipment, ducts crossing building expansion joints, 
and fan inlets and outlets to upstream and downstream components with 
treated woven-cloth connectors.

Install connectors only after system fans are operative and all vibration 
isolation mountings have been adjusted.  When system fans are operating, 
ensure connectors are free of wrinkles caused by misalignment or fan 
reaction.  Width of surface is curvilinear.

3.3.12   Insulation Protection Angles

Provide galvanized  20-gage  sheet, formed into an angle with a  2-inch  
exposed long leg with a  3/8-inch  stiffening break at outer edge, and with 
a variable concealed leg, depending upon insulation thickness.

Install angles over all insulation edges terminating by butting against a 
wall, floor foundation, frame, and similar construction.  Fasten angles in 
place with blind rivets through the protection angle, insulation, and 
sheet metal duct or plenum.  Install angles after final insulation 
covering has been applied.
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3.3.13   Duct Probe Access

Provide holes with neat patches, threaded plugs, or threaded or twist-on 
caps for air-balancing pitot tube access.  Provide extended-neck fittings 
where probe access area is insulated.

3.3.14   Openings In Roofs and Walls

Existing building openings are fixed in size and can not be resized with 
out authorization.  Provide equipment to suit existing opening size.

3.4   FIELD QUALITY CONTROL

3.4.1   Fire Damper Tests

Perform operational tests  on each fire damper in the presence of the 
Contracting Officer by enervating a fusible link with localized heat.  
Provide and install new links after successful testing.

3.4.2   Ductwork Leakage Tests

Conduct complete leakage test of new ductwork in accordance with Section 
23 05 93  TESTING, ADJUSTING, AND BALANCING FOR HVAC.  Perform tests prior 
to installing ductwork insulation.

3.4.3   Inspection

Inspect ductwork in accordance with SMACNA 1987.

3.5   CLOSEOUT ACTIVITIES

3.5.1   Operation and Maintenance

Submit 6 copies of the operation and maintenance manuals  30 calendar days 
prior to testing the medium and high pressure ductwork systems.  Update 
data and resubmit for final approval no later than 30 calendar days prior 
to contract completion.

Ensure operation and maintenance manuals are consistent with 
manufacturer's standard brochures, schematics, printed instructions, 
general operating procedures and safety precautions.

3.5.2   Record Drawings

Provide record drawings  with current factual information.  Include 
deviations from, and amendments to, the drawings.  Include concealed or 
visible changes in the work.  Label drawings "As-Built".

        -- End of Section --
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SECTION 23 34 23.00 40

HVAC POWER VENTILATORS

PART 1   GENERAL

Provide a power roof ventilator system complete with all components and 
accessory equipment as specified in this section.

Section 23 30 00  HVAC AIR DISTRIBUTION applies to work specified in this 
section.

1.1   REFERENCES

The publications listed below form a part of this specification to the 
extent referenced.  The publications are referred to within the text by 
the basic designation only.

AMERICAN SOCIETY OF CIVIL ENGINEERS (ASCE)

ASCE 7-16 (2017; Errata 2018; Supp 1 2018) Minimum 
Design Loads and Associated Criteria for 
Buildings and Other Structures

ASTM INTERNATIONAL (ASTM)

ASTM A653/A653M (2020) Standard Specification for Steel 
Sheet, Zinc-Coated (Galvanized) or 
Zinc-Iron Alloy-Coated (Galvannealed) by 
the Hot-Dip Process

ASTM B37 (2018) Standard Specification for Aluminum 
for Use in Iron and Steel Manufacture

ASTM B209 (2014) Standard Specification for Aluminum 
and Aluminum-Alloy Sheet and Plate

UNDERWRITERS LABORATORIES (UL)

UL 705 (2017; Reprint Aug 2021) UL Standard for 
Safety Power Ventilators

1.2   SUBMITTALS

Government approval is required for submittals with a "G" or "S" 
classification.  Submittals not having a "G" or "S" classification are for 
Contractor Quality Control approval. Submit the following in accordance 
with Section 01 33 00  SUBMITTAL PROCEDURES:

SD-02 Shop Drawings

Shop Drawings ; G

Installation Drawings ; G

SD-03 Product Data

SECTION 23 34 23.00 40  Page 3



CAPITAL PROJECT # 1043925 MAY 2022 HAFB 309th SWEG
KRSM200806 100% FINAL SUBMITTAL

Housing ; G

Fan; G

Motor ; G

Bases ; G

Roof Curbs ; G

Dampers ; G

Screens ; G

Sound Baffles ; G

SD-06 Test Reports

Final Test Reports ; G

SD-11 Closeout Submittals

Record Drawings ; G

1.3   QUALITY CONTROL

Rate and label ventilators in accordance with the applicable standards of 
the Air Movement Control Association (AMCA), and indicate if the license 
bears the AMCA seal for both air and sound.

PART 2   PRODUCTS

2.1   SYSTEM DESCRIPTION

2.1.1   Design Requirements

Submit the manufacturer's catalog data, including equipment and 
performance data, for power roof ventilator(s).  As a minimum, include the 
following data:

a.  Fan Type

b.  Fan Specifications, including:

(1) Number of rotating fan blades/vanes

(2) Number of stationary fan blades/vanes

(3) Rotating speed(s)

(4) Number of belts (if belt-driven)

(5) Belt lengths- measured at the pitch line (if belt-driven)

(6) Diameter of the drive sheave at the drive pitch line (if 
belt-driven)

(7) Diameter of the driven sheave at the drive pitch line (if 
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belt-driven)

c.  Location of Installation

d.   Identification Number

e.  Date of Installation (Required or Actual Acceptance Date)

f.  Applicable  reference drawing number(s)

Submit detailed shop drawings  for power roof ventilator systems.

Provide roof ventilators that comply with UL 705  and are furnished 
complete with bases, curbs, flashing flanges, noise baffles, dampers, 
damper controls, louvers, and screens, as indicated.

Provide ventilators that are designed for windloads in accordance with 
ASCE 7-16  with the installed design not less than  130 miles per hour  
windload.  Ensure that the structural bracing is properly spaced to 
accommodate this loading and meets the design requirements of the covering 
material.  Ensure that ventilators are adequately reinforced and 
well-braced with the joints properly formed.  Ensure that the edges are 
wired or beaded where necessary to ensure rigidity.  Prevent galvanic 
action between different metals in direct contact by providing  
nonconductive separators.  Make all soldering even and smooth.

Provide corrosion-resistant steel bolts, rivets, and other fastenings used 
in connection with protected metal.

2.2   COMPONENTS

2.2.1   Housing  Style

Provide vertical-discharge style power roof ventilator as indicated.

2.2.2   Fan Type

Provide fans of the following types:

2.2.2.1   Type C-PRV Centrifugal, Direct Drive

For Type C-PRV ventilators, provide a centrifugal roof ventilator with 
direct drive, nonoverloading, backward-inclined wheel.  Provide a 
vibration-isolated drive with an elastomer.  Provide drive components that 
are mounted in a compartment isolated from the airstream.

2.2.3   Fan Motor

Provide single-phase, 120 V, 60 Hz, split-phase, belt-driven motors less 
than  1/2 horsepower , with permanently lubricated ball bearings.

Provide three-phase , 460 208  V, 60 Hz motors  1/2 horsepower  and larger.

Provide motors with local disconnects to allow for fan and motor 
maintenance.  Provide all motors with thermal-overload protection.  For 
motors located in airstreams, use a totally enclosed type.

Use energy efficient permanent split capacitor motors, single phase, 60 Hz 
direct-drive motors  1/2 horsepower  or less.
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2.2.4   Roof Curbs

Provide factory-formed metal ventilator curbs of the type and design 
required for the ventilator and suitable for the roof configuration and 
flashing.

Provide job-built curbs that conform to the recommendations of the 
ventilator manufacturer, that are sized correctly for the ventilator, and 
that are suitable for the type of supporting roof construction.

2.2.5   Screens

Provide bird screens with frames constructed of the same material as that 
used in the ventilators and ensure the screens are securely attached in a 
manner that permits easy removal for access and cleaning.

2.2.6   Sound Baffles

Provide permanently constructed sound baffles that are impervious to 
moisture.  Provide removable baffles.

2.3   MATERIALS

Provide manufacturers' standard materials.

2.3.1   Aluminum Alloy

Provide aluminum alloy in accordance with  ASTM B209 and ASTM B37.

2.3.2   Zinc-Coated Steel

Provide zinc-coated steel in accordance with ASTM A653/A653M .

2.3.3   Fibrous Glass

Provide fibrous glass ventilators that are molded from a 
glass-fiber-reinforced polyester resin with a pigmented polyester resin 
gel coat in the manufacturer's standard color, and that are between  0.02 
inches and 0.06 inches  thick.  Provide a matrix material that is not less 
than 30 percent, by weight, of chopped-fiber and random-strand glass 
fibers, and that is thoroughly saturated and impregnated with not more 
than 70 percent high-solids polyester resin with not less than 5 percent 
antimony trioxide fire-retardant additive.  Provide material that is 
smooth and uniform in texture, and color throughout the cross section and 
that is shatter-resistant.  Ensure that the material is free from visual 
defects, foreign inclusions, cracks, crazing, die lines, pinholes, and 
striations.  Ensure that the material has no areas that are unsaturated or 
lacking resin, and no areas with excessive resin.

PART 3   EXECUTION

3.1   INSTALLATION

Submit installation drawings  for power roof ventilators.

Install power roof ventilators in accordance with the manufacturer's 
installation instructions.  Coordinate installation of ventilators with 
other work.  Coordinate anchors, attachments, and other items to be built 
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for installation as the work progresses.  Rigidly install ventilators in a 
weathertight and watertight manner that is free from vibration.  Refer to 
Section 23 05 48.00 40  VIBRATION AND SEISMIC CONTROLS FOR HVAC PIPING AND 
EQUIPMENT for vibration isolation considerations.

3.1.1   Lubrication

Ensure the movable parts of dampers and related operating hardware are 
lubricated in accordance with manufacturer's printed instructions and that 
they operate smoothly and quietly without binding.

3.2   FIELD QUALITY CONTROL

3.2.1   Tests

After installation, test each power roof ventilator to demonstrate proper 
operation at indicated and specified performance requirements, including 
the running, balance, noise, and proper direction of fan rotation.

3.2.2   Acceptance

Prior to final acceptance, use precision alignment devices to demonstrate 
that the fan and motor are aligned as specified by the manufacturer.

Prior to final acceptance, verify conformance to specifications with 
vibration analysis.  Ensure vibration levels are not more than .075 in/sec 
at 1 times the run speed and at the fan/blade frequency, and not more than 
0.04 in/sec at other multiples of the run speed.

3.3   CLOSEOUT ACTIVITIES

Submit detailed record drawings  upon completion of the installation.

        -- End of Section --
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SECTION 23 36 00.00 40

AIR TERMINAL UNITS

PART 1   GENERAL

Section 23 30 00  HVAC AIR DISTRIBUTION applies to work specified in this 
section.

1.1   REFERENCES

The publications listed below form a part of this specification to the 
extent referenced.  The publications are referred to within the text by 
the basic designation only.

AIR DUCT COUNCIL (ADC)

ADC Standards Manual (2008; 5th Edition) Flexible Duct 
Performance Installation Standards

AIR-CONDITIONING, HEATING AND REFRIGERATION INSTITUTE (AHRI)

AHRI 880 I-P (2011) Performance Rating of Air Terminals

ASTM INTERNATIONAL (ASTM)

ASTM C1071 (2019) Standard Specification for Fibrous 
Glass Duct Lining Insulation (Thermal and 
Sound Absorbing Material)

NATIONAL FIRE PROTECTION ASSOCIATION (NFPA)

NFPA 70 (2020; ERTA 20-1 2020; ERTA 20-2 2020; TIA 
20-1; TIA 20-2; TIA 20-3; TIA 20-4) 
National Electrical Code

NFPA 90A (2021) Standard for the Installation of 
Air Conditioning and Ventilating Systems

UNDERWRITERS LABORATORIES (UL)

UL 486A-486B (2018; Reprint May 2021) UL Standard for 
Safety Wire Connectors

1.2   ADMINISTRATIVE REQUIREMENTS

Coordinate layout and installation of air terminal units and suspension 
system with other construction that penetrates ceilings or is supported by 
them, including light fixtures, HVAC equipment, fire-suppression system, 
communication and security systems,and partition assemblies.

1.2.1   Pre-Installation Meetings

Submit itemized lists for all materials, equipment, and fixtures to be 
incorporated in the work 30 days prior to commencement of work.  Ensure 
list includes manufacturer's style or catalog numbers, specification and 
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drawing reference numbers, warranty information, and fabrication site 
information.  Submit product data for each type of air terminal unit 
indicated, including rated capacities, furnished specialties, sound-power 
ratings, and accessories:

a.  Bypass Single-Duct Air Terminal Units

Submit records of existing conditions  consisting of the results of 
Contractor's survey of work area conditions and features of existing 
structures and facilities within and adjacent to the jobsite.  
Commencement of work constitutes acceptance of existing conditions.

Submit shop drawings which detail equipment assemblies and indicate 
dimensions, required clearances, method of field assembly, components, and 
location and size of each field connection.  Include a schedule showing 
unique model designation, room location, model number, size, and 
accessories furnished.  Include wiring diagrams to show power, signal, and 
control wiring.

Provide units with the configuration, capacity, and static-pressure 
characteristics indicated.

Ensure dimensional data stated constitutes nominal sizing, which has been 
adjusted by the manufacturer when necessary to accommodate acoustic 
material thickness.

Ensure units proposed are identical to units having at least 2 years of 
proven satisfactory field service.

Provide certification that units and the list of spare parts  are 
ADC Standards Manual  tested and rated.

1.3   SUBMITTALS

Government approval is required for submittals with a "G" or "S" 
classification.  Submittals not having a "G" or "S" classification are for 
Contractor Quality Control approval. Submit the following in accordance 
with Section 01 33 00  SUBMITTAL PROCEDURES:

SD-01 Preconstruction Submittals

Records of Existing Conditions

SD-02 Shop Drawings

Bypass Single-Duct Air Terminal Units ; G

Dual-Duct Air Terminal Units ; G

Fan-Powered Air Terminal Units ; G

Induction Air Terminal Units ; G

Shutoff Single-Duct Air Terminal Units ; G

Integral-Diffuser Air Terminal Units ; G

High-Pressure Dual-Duct Mixing Boxes ; G
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Low-Pressure Dual-Duct Mixing Boxes ; G

SD-03 Product Data

Bypass Single-Duct Air Terminal Units ; G

Dual-Duct Air Terminal Units ; G

Fan-Powered Air Terminal Units ; G

Induction Air Terminal Units ; G

Shutoff Single-Duct Air Terminal Units ; G

Integral-Diffuser Air Terminal Units ; G

High-Pressure Dual-Duct Mixing Boxes ; G

Low-Pressure Dual-Duct Mixing Boxes ; G

SD-06 Test Reports

Test Report

SD-07 Certificates

List of Spare Parts

SD-10 Operation and Maintenance Data

Operation and Maintenance Manuals

SD-11 Closeout Submittals

Record Drawings

1.4   QUALITY CONTROL

Indicate on drawings the size, profiles, and dimensional requirements of 
air terminal units that are based on the specific system indicated.

Conform to NFPA 70 , Article 100 for electrical components, devices, and 
accessories.  List and label items as defined in NFPA 70 , Article 100, by 
a testing agency acceptable to authorities having jurisdiction, and marked 
for intended use.

Ensure Air Terminals are certified under the AHRI 880 I-P  Certification 
Program and carry the ARI Seal.

PART 2   PRODUCTS

2.1   EQUIPMENT

2.1.1   Verification of Performance

Rate air terminal units according to AHRI 880 I-P .
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2.1.2   Single-Duct Air Terminal Units

2.1.2.1   Configuration

Provide diverting-damper assembly inside unit casing with control 
components located inside a protective metal shroud.

2.1.2.2   Casing

Provide  0.034-inch  steel casing.  Provide  1/2-inch  thick, coated, 
fibrous-glass duct casing lining complying with ASTM C1071.  Secure with 
adhesive.  For the air inlet, provide round stub connection for duct 
attachment.  For the air outlet, provide s-slip and drive connections.  
Provide removable panels, with airtight gaskets, for access to diverter 
and other parts requiring service, adjustment, or maintenance.

2.1.2.3   Hot-Water Heating Coil

Provide a copper tube heating coil, mechanically expanded into 
aluminum-plate fins.  Verify heating coil passes underwater leak test to  
200 psig .

2.1.2.4   Electric Controls

Provide a 24 V damper actuator that is powered closed and powered open 
with a microswitch to energize heating control circuit.

Provide a wall-mounting electric type thermostat with temperature display 
in Celsius and Fahrenheit, and with a space temperature set point.

Provide a changeover thermostat of duct-mounting, electric type that 
reverses action of controls when the duct temperature rises  70 degrees F .

2.1.2.5   Electronic Controls

Provide a 24 V damper actuator that is powered closed and powered open.

] 2.1.2.6   Thermostat

Provide a wall-mounting electronic type thermostat with integral control 
of room temperature.  Ensure thermostat is time-proportional type with a 
reheat-coil control feature.  Display temperature set-points in Celsius 
and Fahrenheit.  Ensure the auxiliary switch energizes the heating control 
circuit, and changeover thermistor has a reverse action feature.

PART 3   EXECUTION

3.1   INSTALLATION

Install air terminal units level and plumb, and in accordance with NFPA 90A.  
Maintain sufficient clearance for normal service and maintenance.

3.1.1   Identification

Label each air terminal unit with plan number, nominal airflow, maximum 
and minimum factory-set airflows, coil type, and ARI certification seal.
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3.1.2   Connections

Coordinate piping installations and specialty arrangements with schematics 
on Drawings and with requirements specified in piping systems.

Install piping adjacent to air terminal units to allow service and 
maintenance.

3.1.2.1   Hot-Water Piping

Connect heating coils to supply with shutoff valve, strainer, control 
valve, and union or flange; and to return with balancing valve and union 
or flange.

Connect ducts to air terminal units.

Ground units with electric heating coils.

Tighten electrical connectors and terminals according to manufacturer's 
published torque-tightening values.  If manufacturer's torque values are 
not indicated, use those specified in UL 486A-486B .

3.2   FIELD QUALITY CONTROL

Engage a factory-authorized service representative to inspect, test, and 
adjust field-assembled components and equipment installation, including 
connections, and to assist in field testing.

After installing air terminal units and after electrical circuitry has 
been energized, test for compliance with requirements.

3.2.1   Leak Test

After installation, fill water coils and test for leaks.  Repair leaks and 
retest until no leaks exist.

3.2.2   Operational Test

After electrical circuitry has been energized, start units to confirm 
proper motor rotation and unit operation.

Test and adjust controls and safeties.  Replace damaged and malfunctioning 
controls and equipment.  Remove and replace malfunctioning units and 
retest.

3.3   SYSTEM STARTUP

Engage a factory-authorized service representative to perform startup 
service.

Complete installation and startup checks according to manufacturer's 
written instructions and do the following:

a.  Verify that inlet duct connections are as recommended by air terminal 
unit manufacturer to achieve proper performance.

b.  Verify that controls and control enclosure are accessible.

c.  Verify that control connections are complete.
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d.  Verify that nameplate and identification tag are visible.

e.  Verify that controls respond to inputs as specified.

3.4   CLOSEOUT ACTIVITIES

3.4.1   Operation and Maintenance

Submit 6 copies of the operation and maintenance manuals  30 calendar days 
prior to testing the following items.  Update and re-submit data for final 
approval no later than 30 calendar days prior to contract completion.  
Concurrently, submit record drawings  providing current factual 
information, including deviations and amendments to the drawings, and 
concealed and visible changes in the work.

3.4.2   Demonstration

Engage a factory-authorized service representative to train Owner's 
maintenance personnel to adjust, operate, and maintain air terminal units.

        -- End of Section --
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SECTION 23 37 13.00 40

DIFFUSERS, REGISTERS, AND GRILLES

PART 1   GENERAL

1.1   REFERENCES

The publications listed below form a part of this specification to the 
extent referenced.  The publications are referred to within the text by 
the basic designation only.

AMERICAN SOCIETY OF HEATING, REFRIGERATING AND AIR-CONDITIONING 
ENGINEERS (ASHRAE)

ASHRAE 113 (2013) Method of Testing for Room Air 
Diffusion

ASHRAE EQUIP IP HDBK (2012) Handbook, HVAC Systems and 
Equipment (IP Edition)

ASHRAE FUN IP (2017) Fundamentals Handbook, I-P Edition

1.2   ADMINISTRATIVE REQUIREMENTS

Section 23 30 00  HVAC AIR DISTRIBUTION applies to work specified in this 
section.

1.3   SUBMITTALS

Government approval is required for submittals with a "G" or "S" 
classification.  Submittals not having a "G" or "S" classification are for 
Contractor Quality Control approval. Submit the following in accordance 
with Section 01 33 00  SUBMITTAL PROCEDURES:

SD-01 Preconstruction Submittals

Material, Equipment, and Fixture Lists ; G

Records of Existing Conditions ; G

SD-02 Shop Drawings

Fabrication Drawings ; G

Installation Drawings ; G

SD-03 Product Data

Equipment and Performance Data ; G

SD-04 Samples

Manufacturer's Standard Color Chart ; G

SD-10 Operation and Maintenance Data
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Type TS Supply Troffer ; G

Type TSR Combination Supply and Return Troffer ; G

PART 2   PRODUCTS

2.1   PERFORMANCE REQUIREMENTS

Certify air diffusion devices having been tested and rated in accordance 
with  Chapter 19- ASHRAE EQUIP IP HDBK , Chapter 16- ASHRAE FUN IP , and 
ASHRAE 113, where such certification is required.

Submit equipment and performance data  for air-diffusion devices consisting 
of sound data in terms of Noise Criteria (NC) index for the capacity range 
of the device. 

2.2   COMPONENTS

2.2.1   Air Diffusion Device Construction

Preclude flutter, rattle, or vibration on air-diffusion device 
construction and mounting.  Refer to Section 23 05 48.00 40  VIBRATION AND 
SEISMIC CONTROLS FOR HVAC PIPING AND EQUIPMENT for vibration isolation 
considerations.  Modify devices and provide accessories necessary for 
mounting in indicated surface construction.

Provide color as indicated on architectural drawings.

Provide supply diffusers with combination damper and equalizing grid.  
Ensure dampers are extracting-splitter type, except as otherwise indicated.

Ensure air-diffusion device volume and pattern adjustments can be made 
from the face of the device.  Make volume adjustments by removable key .

Provide gaskets for supply-terminal air devices mounted in finished 
surfaces.

Include within the material, equipment, and fixture lists  the 
manufacturer's style or catalog numbers, specification and drawing 
reference numbers, warranty information, and fabrication site information.

Submit records of existing conditions  consisting of the results of 
Contractor's survey of work area conditions and features of existing 
structures and facilities within and adjacent to the jobsite.  
Commencement of work constitutes acceptance of existing conditions.

Submit fabrication drawings  for air-diffusion devices consisting of 
fabrication and assembly details to be performed in the factory.

2.2.2   Types of Air Diffusion Devices

2.2.2.1   Type GS  (S-2)

Provide type GS supply grilles double deflection type with adjustable face 
bars parallel to short dimension and adjustable rear bars parallel to long 
dimension.

[ Provide a baked enamel finish.
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][ Provide aluminum construction.

][ Provide antismudge rings.

][ Provide integral extended surface to fit into module of lay-in ceiling.

] 2.2.2.2   Type GR  (E-1, T-1)

Provide type GR return grilles, heavy duty single deflection type with 
fixed face bars.

Provide grilles installed in vertical surfaces with horizontal face bars 
set downward at 45 degrees from vertical.

Provide grilles installed in horizontal surfaces with face bars straight 
and parallel to long  dimension.

Provide a baked enamel finish.

Provide aluminum construction.

Provide antismudge rings.

2.2.2.3   Type GCA S-1

Provide type GCA , duct mounted  with an individually adjustable, 
horizontal, curved-blade grilles and a two -way pattern.

[ Provide a baked enamel finish.

][ Provide aluminum construction.

] PART 3   EXECUTION

3.1   INSTALLATION

Install equipment as indicated and specified and in accordance with 
manufacturer's recommendations.

Submit installation drawings  for air-diffusion devices.  Indicate on 
drawings overall physical features, dimensions, ratings, service 
requirements, and equipment weights.

3.1.1   Operations and Maintenance Manuals

Provide operation and maintenance manuals consistent with manufacturer's 
standard brochures, schematics, printed instructions, general operating 
procedures and safety precautions.

        -- End of Section --
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SECTION 23 52 00

HEATING BOILERS

PART 1   GENERAL

1.1   REFERENCES

The publications listed below form a part of this specification to the 
extent referenced.  The publications are referred to within the text by 
the basic designation only.

AMERICAN SOCIETY OF HEATING, REFRIGERATING AND AIR-CONDITIONING 
ENGINEERS (ASHRAE)

ASHRAE 52.2 (2017) Method of Testing General 
Ventilation Air-Cleaning Devices for 
Removal Efficiency by Particle Size

AMERICAN SOCIETY OF MECHANICAL ENGINEERS (ASME)

ASME B1.20.1 (2013; R 2018) Pipe Threads, General 
Purpose (Inch)

ASME B16.3 (2016) Malleable Iron Threaded Fittings, 
Classes 150 and 300

ASME B16.4 (2016) Standard for Gray Iron Threaded 
Fittings; Classes 125 and 250

ASME B16.5 (2020) Pipe Flanges and Flanged Fittings 
NPS 1/2 Through NPS 24 Metric/Inch Standard

ASME B16.9 (2018) Factory-Made Wrought Buttwelding 
Fittings

ASME B16.11 (2016) Forged Fittings, Socket-Welding and 
Threaded

ASME B16.15 (2018) Cast Copper Alloy Threaded Fittings 
Classes 125 and 250

ASME B16.18 (2018) Cast Copper Alloy Solder Joint 
Pressure Fittings

ASME B16.20 (2017) Metallic Gaskets for Pipe Flanges

ASME B16.22 (2018) Standard for Wrought Copper and 
Copper Alloy Solder Joint Pressure Fittings

ASME B16.26 (2018) Standard for Cast Copper Alloy 
Fittings for Flared Copper Tubes

ASME B16.34 (2021) Valves - Flanged, Threaded and 
Welding End
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ASME B16.39 (2020) Standard for Malleable Iron 
Threaded Pipe Unions; Classes 150, 250, 
and 300

ASME B31.1 (2020) Power Piping

ASME B31.5 (2020) Refrigeration Piping and Heat 
Transfer Components

ASME B40.100 (2013) Pressure Gauges and Gauge 
Attachments

ASME BPVC SEC IV (2017) BPVC Section IV-Rules for 
Construction of Heating Boilers

ASME BPVC SEC IX (2017; Errata 2018) BPVC Section 
IX-Welding, Brazing and Fusing 
Qualifications

ASME BPVC SEC VIII D1 (2019) BPVC Section VIII-Rules for 
Construction of Pressure Vessels Division 1

AMERICAN WATER WORKS ASSOCIATION (AWWA)

AWWA C606 (2015) Grooved and Shouldered Joints

AMERICAN WELDING SOCIETY (AWS)

AWS A5.8/A5.8M (2019) Specification for Filler Metals for 
Brazing and Braze Welding

AWS B2.2/B2.2M (2016) Specification for Brazing Procedure 
and Performance Qualification

ASTM INTERNATIONAL (ASTM)

ASTM A53/A53M (2020) Standard Specification for Pipe, 
Steel, Black and Hot-Dipped, Zinc-Coated, 
Welded and Seamless

ASTM A105/A105M (2021) Standard Specification for Carbon 
Steel Forgings for Piping Applications

ASTM A167 (2011) Standard Specification for 
Stainless and Heat-Resisting 
Chromium-Nickel Steel Plate, Sheet, and 
Strip

ASTM A183 (2014; R 2020) Standard Specification for 
Carbon Steel Track Bolts and Nuts

ASTM A193/A193M (2020) Standard Specification for 
Alloy-Steel and Stainless Steel Bolting 
Materials for High-Temperature Service and 
Other Special Purpose Applications

ASTM A234/A234M (2019) Standard Specification for Piping 
Fittings of Wrought Carbon Steel and Alloy 
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Steel for Moderate and High Temperature 
Service

ASTM A515/A515M (2017) Standard Specification for Pressure 
Vessel Plates, Carbon Steel, for 
Intermediate- and Higher-Temperature 
Service

ASTM A516/A516M (2017) Standard Specification for Pressure 
Vessel Plates, Carbon Steel, for Moderate- 
and Lower-Temperature Service

ASTM A536 (1984; R 2019; E 2019) Standard 
Specification for Ductile Iron Castings

ASTM A653/A653M (2020) Standard Specification for Steel 
Sheet, Zinc-Coated (Galvanized) or 
Zinc-Iron Alloy-Coated (Galvannealed) by 
the Hot-Dip Process

ASTM B32 (2020) Standard Specification for Solder 
Metal

ASTM B62 (2017) Standard Specification for 
Composition Bronze or Ounce Metal Castings

ASTM B75/B75M (2020) Standard Specification for Seamless 
Copper Tube

ASTM B88 (2020) Standard Specification for Seamless 
Copper Water Tube

ASTM B813 (2016) Standard Specification for Liquid 
and Paste Fluxes for Soldering of Copper 
and Copper Alloy Tube

ASTM B828 (2016) Standard Practice for Making 
Capillary Joints by Soldering of Copper 
and Copper Alloy Tube and Fittings

ASTM C27 (1998; R 2008) Fireclay and High-Alumina 
Refractory Brick

ASTM C34 (2017) Standard Specification for 
Structural Clay Loadbearing Wall Tile

ASTM C155 (1997; R 2013) Standard Specification for 
Insulating Firebrick

ASTM C401 (2012) Alumina and Alumina-Silicate 
Castable Refractories

ASTM D596 (2001; R 2018) Standard Guide for 
Reporting Results of Analysis of Water

ASTM D1784 (2020) Standard Specification for Rigid 
Poly(Vinyl Chloride) (PVC) Compounds and 
Chlorinated Poly(Vinyl Chloride) (CPVC) 
Compounds
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ASTM D2000 (2018) Standard Classification System for 
Rubber Products in Automotive Applications

ASTM F1097 (2017) Standard Specification for Mortar, 
Refractory (High-Temperature, Air-Setting)

ASTM F1139 (1988; R 2019) Steam Traps and Drains

COPPER DEVELOPMENT ASSOCIATION (CDA)

CDA A4015 (2016; 14/17) Copper Tube Handbook

EXPANSION JOINT MANUFACTURERS ASSOCIATION (EJMA)

EJMA Stds (2015) (10th Ed) EJMA Standards

HYDRONICS INSTITUTE DIVISION OF AHRI (HYI)

HYI-005 (2008) I=B=R Ratings for Boilers, 
Baseboard Radiation and Finned Tube 
(Commercial)

MANUFACTURERS STANDARDIZATION SOCIETY OF THE VALVE AND FITTINGS 
INDUSTRY (MSS)

MSS SP-25 (2018) Standard Marking System for Valves, 
Fittings, Flanges and Unions

MSS SP-58 (2018) Pipe Hangers and Supports - 
Materials, Design and Manufacture, 
Selection, Application, and Installation

MSS SP-70 (2011) Gray Iron Gate Valves, Flanged and 
Threaded Ends

MSS SP-71 (2018) Gray Iron Swing Check Valves, 
Flanged and Threaded Ends

MSS SP-72 (2010a) Ball Valves with Flanged or 
Butt-Welding Ends for General Service

MSS SP-78 (2011) Cast Iron Plug Valves, Flanged and 
Threaded Ends

MSS SP-80 (2019) Bronze Gate, Globe, Angle and Check 
Valves

MSS SP-85 (2011) Gray Iron Globe & Angle Valves 
Flanged and Threaded Ends

NATIONAL ELECTRICAL MANUFACTURERS ASSOCIATION (NEMA)

NEMA 250 (2020) Enclosures for Electrical Equipment 
(1000 Volts Maximum)

NEMA MG 1 (2018) Motors and Generators
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NATIONAL FIRE PROTECTION ASSOCIATION (NFPA)

NFPA 54 (2021) National Fuel Gas Code

NFPA 85 (2019) Boiler and Combustion Systems 
Hazards Code

NFPA 211 (2019) Standard for Chimneys, Fireplaces, 
Vents, and Solid Fuel-Burning Appliances

U.S. DEPARTMENT OF ENERGY (DOE)

Energy Star (1992; R 2006) Energy Star Energy 
Efficiency Labeling System (FEMP)

UNDERWRITERS LABORATORIES (UL)

UL 1738 (2020; Reprint Aug 2021) UL Standard for 
SafetyVenting Systems for Gas-Burning 
Appliances, Categories II, III and IV

UL FLAMMABLE & COMBUSTIBLE (2012) Flammable and Combustible Liquids 
and Gases Equipment Directory

1.2   SUBMITTALS

Government approval is required for submittals with a "G" or "S" 
classification.  Submittals not having a "G" or "S" classification are for 
Contractor Quality Control approval. Submit the following in accordance 
with Section 01 33 00  SUBMITTAL PROCEDURES:

SD-02 Shop Drawings

Detail Drawings

SD-03 Product Data

Materials and Equipment

Energy Star  label for residential gas fired hot water boiler 
product ; S

Spare Parts

Water Treatment System

Boiler Water Treatment

Heating System Tests

Fuel System Tests

Unit Heaters

Welding

Qualifications

Field Instructions
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Tests

SD-06 Test Reports

Heating System Tests

Fuel System Tests

Water Treatment Testing

SD-07 Certificates

Bolts

Continuous Emissions Monitoring

SD-10 Operation and Maintenance Data

Operation and Maintenance Instructions ; G

Water Treatment System ; G

SD-11 Closeout Submittals

Indoor Air Quality During Construction ; S

1.3   QUALITY ASSURANCE

Submit a copy of qualified welding  procedures and a list of names and 
identification symbols of qualified welders and welding operators, at 
least 2 weeks prior to the start of welding operations.  Boilers and 
piping shall be welded and brazed in accordance with qualified procedures 
using performance-qualified welders and welding operators.  Procedures and 
welders shall be qualified in accordance with ASME BPVC SEC IX .  Welding 
procedures qualified by others, and welders and welding operators 
qualified by another employer may be accepted as permitted by ASME B31.1 .  
Notify the Contracting Officer 24 hours in advance of tests, and the tests 
shall be performed at the work site if practical.  The welder or welding 
operator shall apply the personally assigned symbol near each weld made as 
a permanent record.  Structural members shall be welded in accordance with 
Section 05 05 23.16  STRUCTURAL WELDING.  

1.4   DELIVERY, STORAGE, AND HANDLING

Protect equipment delivered and placed in storage from the weather, 
humidity and temperature variations, dirt and dust, and other contaminants.

1.5   EXTRA MATERIALS

Submit spare parts  data for each different item of material and equipment 
specified, after approval of the detail drawings  and no later than 2 
months prior to the date of beneficial occupancy.  Submit Detail Drawings 
consisting of equipment layout including installation details and 
electrical connection diagrams; combustion and safety control diagrams; 
ductwork layout showing the location of supports and hangers, typical 
hanger details, gauge reinforcement, reinforcement spacing rigidity 
classification, and static pressure and seal classifications; and piping 
layout showing the location of guides and anchors, the load imposed on 
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each support or anchor (not required for radiant floor tubing), and 
typical support details.  Include on the drawings any information required 
to demonstrate that the system has been coordinated and will properly 
function as a unit and to show equipment relationship to other parts of 
the work, including clearances required for operation and maintenance.  
Include in the data a complete list of parts and supplies, with current 
unit prices and source of supply, and a list of the parts recommended by 
the manufacturer to be replaced after 1 and 3 years of service.

PART 2   PRODUCTS

2.1   MATERIALS AND EQUIPMENT

2.1.1   Standard Products

Provide materials and equipment  which are the standard products of a 
manufacturer regularly engaged in the manufacture of the products and that 
essentially duplicate items that have been in satisfactory use for at 
least 2 years prior to bid opening.  Equipment shall be supported by a 
service organization that is, in the opinion of the Contracting Officer, 
reasonably convenient to the site.  Submit manufacturer's catalog data 
included with the detail drawings for the following:

a.  Radiant floor heating system including tubing, joints, and manifold 
for radiant floor heating systems.

b.  Data showing model, size, options, etc., that are intended for 
consideration.  Data submitted shall be adequate to demonstrate 
compliance with contract requirements.  Data shall include 
manufacturer's written installation instructions and manufacturer's 
recommendations for operation and maintenance clearances for the 
following:

(1)  Boilers
(2)  Unit Heaters
(3)  Fuel Burning Equipment
(4)  Combustion Control Equipment
(5)  Pumps
(6)  Fittings and Accessories
(7)  Fuel Oil Storage System
(8)  Water Treatment System

2.1.2   Asbestos Prohibition

Asbestos and asbestos-containing products will not be allowed.

2.1.3   Nameplates

Secure a plate to each major component of equipment containing the 
manufacturer's name, address, type or style, model or serial number, and 
catalog number.  Also, display an Energy Star  label as applicable.  Each 
pressure vessel shall have an approved ASME stamp.

2.1.4   Equipment Guards

Belts, pulleys, chains, gears, couplings, projecting setscrews, keys, and 
other rotating parts exposed to personnel contact shall be fully enclosed 
or guarded in accordance with OSHA requirements.  High temperature 
equipment and piping exposed to contact by personnel or where it creates a 
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potential fire hazard shall be properly guarded or covered with insulation 
of a type specified.  Catwalks, operating platforms, ladders, and 
guardrails shall be provided where shown and shall be constructed in 
accordance with Section 08 31 00  ACCESS DOORS AND PANELS.

2.2   BOILERS

Each boiler shall have the output capacity in  British thermal units per 
hour (Btuh)  as indicated when fired with the specified fuels.  The boiler 
shall be furnished complete with the gas burning equipment, boiler 
fittings and trim, automatic controls, forced draft fan, electrical 
wiring, insulation, piping connections, and protective jacket.  The boiler 
shall be completely assembled and tested at the manufacturer's plant.  
Boiler auxiliaries including fans, motors, drives, and similar equipment 
shall be provided with at least 10 percent excess capacity to allow for 
field variations in settings and to compensate for any unforeseen 
increases in pressure losses in appurtenant piping and ductwork.  However, 
the boiler safety devices shall not be sized for a 10 percent excess 
capacity.  The boiler and its accessories shall be designed and installed 
to permit ready accessibility for operation, maintenance, and service.  
Boilers shall be designed, constructed, and equipped in accordance with 
ASME BPVC SEC IV .  Each boiler shall be of the firetube type and designed 
for water service as specified herein.  The boiler capacity shall be based 
on the ratings shown in HYI-005  or as certified by the American Boiler 
Manufacturers Association, or American Gas Association.

2.2.1   Firetube Boiler

Boiler shall be self-contained, multipass, packaged type, complete with 
all accessories, mounted on a structural steel base.  When the boilers are 
operating at maximum output, the heat input rates shall not be greater than
 6,700 Btuh per square ft  of fireside heating surface.

2.2.2   Condensing Boiler

Each boiler shall be a self-contained packaged type, complete with 
accessories, mounted on a structural steel base or a steel base which is 
integral to the boiler shell.  Each boiler shall conform to the commercial 
design used by the manufacturer and shall permit free thermal expansion 
without placing undue stress on any part of the boiler.  Each boiler which 
experiences the formation of condensate within the flue gas shall be 
specifically designed for condensing application.  Each boiler shall 
withstand the corrosive effects of condensate for each part which may be 
in contact with the condensate at all possible operating conditions.  Each 
boiler shall be provided with a separate air intake, exhaust, and 
condensate drain.  Each boiler shall be designed to withstand the water 
temperature differentials anticipated at the required operating conditions 
without experiencing any damage due to thermal shock.

2.2.3   Hot Water Heating Boilers

The hot water heating boiler shall be capable of operating at the 
specified maximum continuous capacity without damage or deterioration to 
the boiler, its setting, firing equipment, or auxiliaries.  The rated 
capacity shall be the capacity at which the boiler will operate 
continuously while maintaining at least the specified minimum efficiency.  
The boiler design conditions shall be as follows:

a.  Boiler design pressure  30 psig .
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b.  Operating pressure at boiler outlet  psig .

c.  Hot water temperature  180 degrees F .

d.  Temperature differential between boiler discharge and system return 145
 degrees F .

e.  Water pressure drop  12 psig .

f.  Outdoor ambient air temperature 98 degrees F  (max), 5 degrees F  (min).

g.  Site elevation 4800  feet .

h.  Maximum continuous capacity 572000  Btuh .

i.  Rated capacity 600000  Btuh .

j.  Maximum exhaust stack temperature  degrees F .

k. Gas fired boilers with a capacity of greater than or equal to  300,000 
Btuh  and less than or equal to  2,500,000 Btuh  must have a thermal 
efficiency of at least 80 percent when fired at the maximum and 
minimum ratings allowed by the controls.

2.3   COLD WATER CONNECTIONS

Connections shall be provided which includes consecutively in line a 
strainer, reduced pressure principle backflow preventers, and water 
pressure regulator in that order in the direction of the flow.  The 
reduced pressure principle backflow preventers shall be provided as 
indicated and in compliance with Section 22 00 00  PLUMBING, GENERAL 
PURPOSE.  Cold water fill connections shall be made to the water supply 
system as indicated.  Necessary pipe, fittings, and valves required for 
water connections between the boiler and cold water main shall be provided 
as shown.  The pressure regulating valve shall be of a type that will not 
stick or allow pressure to build up on the low side.  The valve shall be 
set to maintain a terminal pressure of approximately  5 psi  in excess of 
the static head on the system and shall operate within a  2 psi  tolerance 
regardless of cold water supply piping pressure and without objectionable 
noise under any condition of operation.

2.4   AIR HANDLING UNITS

Air handling units and associated equipment shall be in accordance with 
Section 23 30 00  HVAC AIR DISTRIBUTION.

2.5   FITTINGS AND ACCESSORIES

Boiler fittings and accessories shall be installed with each boiler in 
accordance with ASME BPVC SEC IV , unless otherwise specified.

2.5.1   Conventional Breeching and Stacks

2.5.1.1   Breeching

Each boiler shall be connected to the stack or flue by breeching 
constructed of black steel sheets not less than  0.0478 inch  thick nor less 
than thickness of stack, whichever is larger.  Plastic materials 
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polyetherimide (PEI) and polyethersulfone (PES) are forbidden to be used 
for vent piping of combustion gases.  The clear distance between any 
portion of the breeching surface and any combustible material shall not be 
less than that specified in NFPA 211 .  Joints and seams shall be securely 
fastened and made airtight.  Suitable hinged and gasketed cleanouts shall 
be provided, which will permit cleaning the entire smoke connection 
without dismantling.  Flexible-type expansion joints shall be provided as 
required and shall not require packing.

2.5.1.2   Stacks

Individual stub stacks shall extend above the roof to the heights 
indicated.  Individual stub stacks shall be  20 feet  in height when 
assembled on the boiler and measured from the ground line.  Stack section 
shall be sheet steel having a thickness of not less than  0.0972 inch .  A  
0.3125 inch  diameter hole shall be provided in the stack not greater than  
6 inches  from the furnace flue outlet for sampling of the exit gases.  A 
method shall be provided to seal the hole to prevent exhaust gases from 
entering the boiler room when samples are not being taken.  Each stack 
shall be provided complete with rain hood.  Plastic materials 
polyetherimide (PEI) and polyethersulfone (PES) are forbidden to be used 
for vent piping of combustion gases.

2.5.2   Direct Vents

Direct venting shall be used for condensing type boilers.  Both the air 
intake and exhaust vents shall be sized and located as indicated on the 
drawings and as recommended by the boiler manufacturer.  A separate 
combustion air intake vent and exhaust vent shall be provided for each 
boiler.

2.5.2.1   Combustion Air Intake Vent

The combustion air intake piping shall be constructed of Schedule 40 PVC 
in accordance with ASTM D1784.  The vent shall be suitable for the 
temperature at the boiler combustion air intake connection point.  Each 
intake shall be provided complete with bird screen.

2.5.2.2   Exhaust Vent

The exhaust vent piping shall be constructed of Schedule 40 CPVC or 
stainless steel conforming to UL 1738  and the boiler manufacturer's 
recommendations.  Plastic materials polyetherimide (PEI) and 
polyethersulfone (PES) are forbidden to be used for vent piping of 
combustion gases.  The exhaust vent shall be suitable for the maximum 
anticipated boiler exhaust temperature and shall withstand the corrosive 
effects of the condensate.  A  0.3125 inch  diameter hole shall be provided 
in the stack not greater than  6 inches  from the boiler flue outlet for 
sampling of the exit gases.  A method shall be provided to seal the hole 
to prevent exhaust gases from entering the boiler room when samples are 
not being taken.  Each exhaust stack shall be provided complete with bird 
screen.

2.5.3   Expansion Tank

The hot water pressurization system shall include a diaphragm-type 
expansion tank which will accommodate the expanded water of the system 
generated within the normal operating temperature range, limiting the 
pressure increase at all components in the system to the maximum allowable 
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pressure at those components.  The only air in the system shall be the 
permanent sealed-in air cushion contained in the diaphragm-type tank.  The 
sizes shall be as indicated.  The expansion tank shall be welded steel, 
constructed, tested, and stamped in accordance with ASME BPVC SEC VIII D1  
for a working pressure of  125 psi  and precharged to the minimum operating 
pressure.  The tank's air chamber shall be fitted with an air charging 
valve and pressure gauge.  The tank shall be supported by steel legs or 
bases for vertical installation or steel saddles for horizontal 
installations.  The tank shall have lifting rings and a drain connection.  
All components shall be suitable for a maximum operating temperature of  
250 degrees F .

2.5.4   Air Separator

External air separation tank shall be steel, constructed, tested and 
stamped in accordance with ASME BPVC SEC VIII D1  for a working pressure of  
125 psi .  The capacity of the air separation tank indicated is minimum.

2.5.5   Filters

Filters shall conform to ASHRAE 52.2 .

2.5.6   Foundation (Setting) Materials

2.5.6.1   Firebrick

Firebrick shall be ASTM C27 class as recommended by boiler manufacturer.

2.5.6.2   Tile

Tile shall be ASTM C34, Grade LBX.

2.5.6.3   Insulating Brick

Insulating brick shall comply with ASTM C155.

2.5.6.4   Refractory Mortar

Refractory mortar shall comply with ASTM F1097.

2.5.6.5   Castable Refractories

Castable refractories shall be ASTM C401.  The minimum modulus of rupture 
for transverse strength shall be not less than  600 psi  after being heat 
soaked for 5 hours or more at a temperature in excess of  2500 degrees F .

2.5.7   Steel Sheets

2.5.7.1   Galvanized Steel

Galvanized steel shall be ASTM A653/A653M .

2.5.7.2   Uncoated Steel

Uncoated steel shall be composition, condition, and finish best suited to 
the intended use.
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2.5.8   Gaskets

Gaskets shall be nonasbestos material in accordance with ASME B16.20 , full 
face or self-centering type.  The gaskets shall be of the spiral wound 
type with graphite filler material.

2.5.9   Steel Pipe and Fittings

2.5.9.1   Steel Pipe

Steel pipe shall be ASTM A53/A53M, Type E or S, Grade A or B, black steel, 
standard weight.

2.5.9.2   Steel Pipe Fittings

Fittings shall have the manufacturer's trademark affixed in accordance 
with MSS SP-25  so as to permanently identify the manufacturer.

2.5.9.3   Steel Flanges

Flanged fittings including flanges, bolts, nuts, bolt patterns, etc. shall 
be in accordance with ASME B16.5  class 150 and shall have the 
manufacturer's trademark affixed in accordance with MSS SP-25 .  Flange 
material shall conform to ASTM A105/A105M .  Flanges for high temperature 
water systems shall be serrated or raised-face type.  Blind flange 
material shall conform to ASTM A516/A516M  cold service and ASTM A515/A515M  
for hot service.  Bolts  shall be high strength or intermediate strength 
with material conforming to ASTM A193/A193M .  Submit written certification 
by the bolt manufacturer that the bolts furnished comply with the 
requirements of this specification.  The certification shall include 
illustrations of product markings, the date of manufacture, and the number 
of each type of bolt to be furnished based on this certification.

2.5.9.4   Welded Fittings

Welded fittings shall conform to ASTM A234/A234M  with WPA marking. 
Buttwelded fittings shall conform to ASME B16.9 , and socket-welded 
fittings shall conform to ASME B16.11 .

2.5.9.5   Cast-Iron Fittings

Fittings shall be ASME B16.4 , Class 125, type required to match connecting 
piping.

2.5.9.6   Malleable-Iron Fittings

Fittings shall be ASME B16.3 , type as required to match connecting piping.

2.5.9.7   Unions

Unions shall be ASME B16.39 , Class 150.

2.5.9.8   Threads

Pipe threads shall conform to ASME B1.20.1 .

2.5.9.9   Grooved Mechanical fittings

Joints and fittings shall be designed for not less than  125 psig  service 
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and shall be the product of the same manufacturer.  Fitting and coupling 
houses shall be ductile iron conforming to ASTM A536.  Gaskets shall be 
molded synthetic rubber with central cavity, pressure responsive 
configuration and shall conform to ASTM D2000 for circulating medium up to  
230 degrees F .  Grooved joints shall conform to AWWA C606.  Coupling nuts 
and bolts shall be steel and shall conform to ASTM A183.

2.5.10   Copper Tubing and Fittings

2.5.10.1   Copper Tubing

Tubing shall be  ASTM B88, Type K or L.  Adapters for copper tubing shall 
be brass or bronze for brazed fittings.

2.5.10.2   Solder-Joint Pressure Fittings

Wrought copper and bronze solder-joint pressure fittings shall conform to 
ASME B16.22  and ASTM B75/B75M.  Cast copper alloy solder-joint pressure 
fittings shall conform to ASME B16.18  and ASTM B828.

2.5.10.3   Flared Fittings

Cast copper alloy fittings for flared copper tube shall conform to 
ASME B16.26  and ASTM B62.

2.5.10.4   Adapters

Adapters may be used for connecting tubing to flanges and to threaded ends 
of valves and equipment.  Extracted brazed tee joints produced with an 
acceptable tool and installed as recommended by the manufacturer may be 
used.

2.5.10.5   Threaded Fittings

Cast bronze threaded fittings shall conform to ASME B16.15 .

2.5.10.6   Brazing Material

Brazing material shall conform to AWS A5.8/A5.8M .

2.5.10.7   Brazing Flux

Flux shall be in paste or liquid form appropriate for use with brazing 
material.  Flux shall be as follows:  lead-free; have a 100 percent 
flushable residue; contain slightly acidic reagents; contain potassium 
borides, and contain fluorides.  Silver brazing materials shall be in 
accordance with AWS A5.8/A5.8M .

2.5.10.8   Solder Material

Solder metal shall conform to ASTM B32 95-5 tin-antimony.

2.5.10.9   Solder Flux

Flux shall be either liquid or paste form, non-corrosive and conform to 
ASTM B813.
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2.5.10.10   Grooved Mechanical Fittings

Joints and fittings shall be designed for not less than  125 psig  service 
and shall be the product of the same manufacturer.  Fitting and coupling 
houses shall be ductile iron conforming to ASTM A536.  Gaskets shall be 
molded synthetic rubber with central cavity, pressure responsible 
configuration and shall conform to ASTM D2000, for circulating medium up to
 230 degrees F .  Grooved joints shall conform to AWWA C606.  Coupling nuts 
and bolts shall be steel and shall conform to ASTM A183.

2.5.11   Dielectric Waterways and Flanges

Dielectric waterways shall have temperature and pressure rating equal to 
or greater than that specified for the connecting piping.  Waterways shall 
have metal connections on both ends suited to match connecting piping.  
Dielectric waterways shall include dielectric unions to prevent current 
flow between dissimilar metals.  Dielectric flanges shall meet the 
performance requirements described herein for dielectric waterways.

2.5.12   Flexible Pipe Connectors

Flexible pipe connectors shall be designed for  125 psi  or  150 psi  
service.  Connectors shall be installed where indicated.  The flexible 
section shall be constructed of rubber, tetrafluoroethylene resin, or 
corrosion-resisting steel, bronze, monel, or galvanized steel.  Materials 
used and the configuration shall be suitable for the pressure, vacuum, and 
temperature medium.  The flexible section shall be suitable for service 
intended and may have threaded, welded, soldered, flanged, or socket 
ends.  Flanged assemblies shall be equipped with limit bolts to restrict 
maximum travel to the manufacturer's standard limits.  Unless otherwise 
indicated, the length of the flexible connectors shall be as recommended 
by the manufacturer for the service intended. Internal sleeves or liners, 
compatible with circulating medium, shall be provided when recommended by 
the manufacturer.  Covers to protect the bellows shall be provided where 
indicated.

2.5.13   Pipe Supports

Pipe supports shall conform to MSS SP-58 .

2.5.14   Pipe Expansion

2.5.14.1   Expansion Loops

Expansion loops and offsets shall provide adequate expansion of the main 
straight runs of the system within the stress limits specified in 
ASME B31.1 .  The loops and offsets shall be cold-sprung and installed 
where indicated.  Pipe guides and anchors shall be provided as indicated.

2.5.14.2   Expansion Joints

Expansion joints shall provide for either single or double slip of the 
connected pipes, as required or indicated, and for not less than the 
transverse indicated.  The joints shall be designed for a hot water 
working pressure not less than  psig  and shall be in accordance with 
applicable requirements of EJMA Stds  and ASME B31.1 .  End connection shall 
be flanged. Anchor bases or support bases shall be provided as indicated 
or required.  Sliding surfaces and water wetted surfaces shall be chromium 
plated or fabricated of corrosion resistant steel.  Initial setting shall 
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be made in accordance with the manufacturer's recommendations to 
compensate for an ambient temperature at time of installation.  Pipe 
alignment guides shall be installed as recommended by the joint 
manufacturer, but in any case shall not be more than  5 feet  from expansion 
joint, except in lines  4 inches  or smaller guides shall be installed not 
more than  2 feet  from the joint.  Service outlets shall be provided where 
indicated.

2.5.14.2.1   Bellows-Type joint

Bellows-type joints shall be flexible, guided expansion joints. The 
expansion element shall be stabilized corrosion resistant steel.  
Bellows-type expansion joints shall conform to the applicable requirements 
of EJMA Stds  and ASME B31.1  with internal lines.  Guiding of piping on 
both sides of expansion joint shall be in accordance with the published 
recommendations of the manufacturer of the expansion joint.  The joints 
shall be designed for the working temperature and pressure suitable for 
the application but shall not be less than  150 psig .

2.5.14.2.2   Flexible Ball Joint

Flexible ball joints shall be constructed of alloys as appropriate for the 
service intended.  The joints shall be threaded, grooved, flanged, or 
welded end as required and shall be capable of absorbing the normal 
operating axial, lateral, or angular movements or combination thereof.  
Balls and sockets shall be polished, chromium-plated when materials are 
not of corrosion-resistant steel.  The ball type joint shall be designed 
and constructed in accordance with ASME B31.1  and EJMA Stds .  Flanges 
shall conform to the diameter and drilling of ASME B16.5 . Molded gaskets 
shall be suitable for the service intended.

2.5.14.2.3   Slip Type Expansion Joint

Slip type expansion joints shall be EJMA Stds  and ASME B31.1 , Class 1 or 
2.  Type II joints shall be suitable for repacking under full line 
pressure.

2.5.15   Valves

Valves shall be Class 125 and shall be suitable for the application. 
Grooved ends in accordance with AWWA C606 may be used for water service 
only.  Valves in nonboiler external piping shall meet the material, 
fabrication and operating requirements of ASME B31.1 .  The connection type 
of all valves shall match the same type of connection required for the 
piping on which installed.

2.5.15.1   Gate Valves

Gate valves  2-1/2 inches  and smaller shall conform to MSS SP-80  bronze 
rising stem, threaded, solder, or flanged ends.  Gate valves  3 inches  and 
larger shall conform to MSS SP-70  cast iron bronze trim, outside screw and 
yoke, flanged, or threaded ends.

2.5.15.2   Globe Valves

Globe valves  2-1/2 inches  and smaller shall conform to MSS SP-80 , bronze, 
threaded, soldered, or flanged ends.  Globe valves  3 inches  and larger 
shall conform to MSS SP-85 , cast iron, bronze trim, flanged, or threaded 
ends.
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2.5.15.3   Check Valves

Check valves  2-1/2 inches  and smaller shall conform to MSS SP-80 , bronze, 
threaded, soldered, or flanged ends.  Check valves  3 inches  and larger 
shall conform to MSS SP-71 , cast iron, bronze trim, flanged, or threaded 
ends.

2.5.15.4   Angle Valves

Angle valves  2-1/2 inches  and smaller shall conform to MSS SP-80  bronze, 
threaded, soldered, or flanged ends.  Angle valves  3 inches  and larger 
shall conform to MSS SP-85 , cast iron, bronze trim, flanged, or threaded 
ends.

2.5.15.5   Ball Valves

Ball valves  1/2 inch  and larger shall conform to MSS SP-72 , ductile iron 
or bronze, threaded, soldered, or flanged ends.

2.5.15.6   Plug Valves

Plug valves  2 inch  and larger shall conform to MSS SP-78 .  Plug valves 
smaller than  2 inch  shall conform to ASME B16.34 .

2.5.15.7   Grooved End Valves

Valves with grooved ends in accordance with AWWA C606 may be used if the 
valve manufacturer certifies that their performance meets the requirements 
of the standards indicated for each type of valve.

2.5.15.8   Balancing Valves

Balancing valves shall have meter connections with positive shutoff 
valves.  An integral pointer shall register the degree of valve opening. 
Valves shall be calibrated so that flow rate can be determined when valve 
opening in degrees and pressure differential across valve is known.  Each 
balancing valve shall be constructed with internal seals to prevent 
leakage and shall be supplied with preformed insulation.  Valves shall be 
suitable for  250 degrees F  temperature and working pressure of the pipe in 
which installed.  Valve bodies shall be provided with tapped openings and 
pipe extensions with shutoff valves outside of pipe insulation.  The pipe 
extensions shall be provided with quick connecting hose fittings for a 
portable meter to measure the pressure differential.  One portable 
differential meter shall be furnished.  The meter suitable for the 
operating pressure specified shall be complete with hoses, vent, and 
shutoff valves, and carrying case.  In lieu of the balancing valve with 
integral metering connections, a ball valve or plug valve with a 
separately installed orifice plate or venturi tube may be used for 
balancing.

2.5.15.9   Automatic Flow Control Valves

In lieu of the specified balancing valves, automatic flow control valves 
may be provided to maintain constant flow and shall be designed to be 
sensitive to pressure differential across the valve to provide the 
required opening.  Valves shall be selected for the flow required and 
provided with a permanent nameplate or tag carrying a permanent record of 
the factory-determined flow rate and flow control pressure levels.  Valves 
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shall control the flow within 5 percent of the tag rating.  Valves shall 
be suitable for the maximum operating pressure of  125 psi  or 150 percent 
of the system operating pressure, whichever is greater.  Where the 
available system pressure is not adequate to provide the minimum pressure 
differential that still allows flow control, the system pump head 
capability shall be increased.  Valves shall be suitable for  250 degrees F  
temperature service.  Valve materials shall be same as specified for the 
heating system check, globe, angle, and gate valves.  Valve operator shall 
be the electric motor type.  Valve operator shall be capable of positive 
shutoff against the system pump head.  Valve bodies shall be provided with 
tapped openings and pipe extensions with shutoff valves outside of pipe 
insulation.  The pipe extensions shall be provided with quick connecting 
hose fittings for a portable meter to measure the pressure differential 
across the automatic flow control valve.  A portable meter shall be 
provided with accessory kit as recommended for the project by the 
automatic valve manufacturer.

2.5.15.10   Butterfly Valves

Butterfly valves shall be 2-flange type or lug wafer type, and shall be 
bubbletight at  150 psig .  Valve bodies shall be cast iron, malleable iron, 
or steel.  ASTM A167, Type 404 or Type 316, corrosion resisting steel 
stems, bronze, or corrosion resisting steel discs, and synthetic rubber 
seats shall be provided.  Valves smaller than  8 inches  shall have 
throttling handles with a minimum of seven locking positions.  Valves  8 
inches  and larger shall have totally enclosed manual gear operators with 
adjustable balance return stops and position indicators.  Valves in 
insulated lines shall have extended neck to accommodate insulation 
thickness.

2.5.15.11   Drain valves

Drain valves shall be provided at each drain point of blowdown as 
recommended by the boiler manufacturer.  Piping shall conform to 
ASME BPVC SEC IV  and ASTM A53/A53M.

2.5.15.12   Safety Valves

Safety valves shall have steel bodies and shall be equipped with 
corrosion-resistant trim and valve seats.  The valves shall be properly 
guided and shall be positive closing so that no leakage can occur. 
Adjustment of the desired back-pressure shall cover the range between  2 
and 10 psig .  The adjustment shall be made externally, and any shafts 
extending through the valve body shall be provided with adjustable 
stuffing boxes having renewable packing.  Boiler safety valves of proper 
size and of the required number, in accordance with ASME BPVC SEC IV , 
shall be installed so that the discharge will be through piping extended 
to the blowoff tank.  Each discharge pipe for hot water service shall be 
pitched away from the valve seat.

2.5.16   Strainers

Basket and "Y" type strainers shall be the same size as the pipelines in 
which they are installed.  The strainer bodies shall be heavy and durable, 
fabricated of cast iron, and shall have bottoms drilled and tapped with a 
gate valve attached for blowdown purposes.  Strainers shall be designed 
for 200  psig  service and 212  degrees F .  The bodies shall have arrows 
clearly cast on the sides indicating the direction of flow.  Each strainer 
shall be equipped with an easily removable cover and sediment screen.  The 
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screen shall be made of  22 gauge  thick corrosion-resistant steel with 
small perforations numbering not less than  400/square inch  to provide a 
net free area through the basket of at least 3.30 times that of the 
entering pipe.  The flow shall be into the screen and out through the 
perforations.

2.5.17   Pressure Gauges

Gauges shall conform to ASME B40.100  and shall be provided with throttling 
type needle valve or a pulsation dampener and shutoff valve.  Minimum dial 
size shall be  3-1/2 inches .  A pressure gauge shall be provided for each 
boiler in a visible location on the boiler.  Pressure gauges shall be 
provided with readings in  psi .  Pressure gauges shall have an indicating 
pressure range that is related to the operating pressure of the fluid in 
accordance with the following table:

Operating Pressure  (psi) Pressure Range  (psi)

76-150 0-200

16-75 0-100

2-15 0-30 (retard)

2.5.18   Thermometers

Thermometers shall be provided with wells and separable 
corrosion-resistant steel sockets.  Mercury shall not be used in 
thermometers.  Thermometers for inlet water and outlet water for each hot 
water boiler shall be provided in a visible location on the boiler.  
Thermometers shall have brass, malleable iron, or aluminum alloy case and 
frame, clear protective face, permanently stabilized glass tube with 
indicating-fluid column, white face, black numbers, and a minimum  9 inch  
scale.  The operating range of the thermometers shall be  32-212 degrees F .  
The thermometers shall be provided with readings in degrees  F .

2.5.19   Air Vents

2.5.19.1   Manual Air Vents

Manual air vents shall be brass or bronze valves or cocks suitable for the 
pressure rating of the piping system and furnished with threaded plugs or 
caps.

2.5.19.2   Automatic Air Vents

Automatic air vents shall be  3/4 inch  quick-venting float and vacuum air 
valves.  Each air vent valve shall have a large port permitting the 
expulsion of the air without developing excessive back pressure, a 
noncollapsible metal float which will close the valve and prevent the loss 
of water from the system, an air seal that will effectively close and 
prevent the re-entry of air into the system when subatmospheric pressures 
prevail therein, and a thermostatic member that will close the port 
against the passage of steam from the system.  The name of the 
manufacturer shall be clearly stamped on the outside of each valve.  The 
air vent valve shall be suitable for the pressure rating of the piping 
system.
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2.5.20   Steam Traps

2.5.20.1   Thermostatic Traps

Thermostatic traps shall conform to the requirements of ASTM F1139 and 
shall be installed in the return connection from each radiator and 
elsewhere as indicated.  Drip traps for mains, risers, and similar lines 
shall be installed with a cooling leg of  5 feet  of uncovered  3/4 inch  
pipe.  The capacity of traps shall be based on a pressure differential of  
2 psi .  The traps shall be designed for a steam working pressure of  15 psig
 but shall operate with a supply pressure of approximately  2 psig .  The 
traps shall be angle or straight-through pattern with union inlet 
connections as indicated.  The trap bodies and covers shall be brass.  
Valve mechanisms and seats shall be monel, stainless steel or hard bronze 
and shall be removable for servicing or replacement.

2.5.20.2   Float-and-Thermostatic Traps

Float-and-thermostatic traps shall conform to the requirements of 
ASTM F1139 and be designed for a steam working pressure of  15 psig  but 
shall operate with a supply pressure of approximately  5 psig .  The trap 
capacity shall be based on a pressure differential of  2 psig .  Each 
float-and-thermostatic trap shall have a cast iron body and shall be 
provided with a hard bronze, monel, or corrosion-resisting steel valve 
seat and mechanism, an open- or closed-type float of brass or equally 
corrosion-resistant metal, and a corrosion-resisting steel thermostatic 
air vent, all of which can be easily removed for inspection or replacement 
without disturbing the piping connections.  The inlet to each trap shall 
have a brass or stainless steel strainer, either as an integral part of 
the trap or as a separate item of equipment.

2.5.20.3   Inverted Bucket Traps

Inverted bucket traps shall conform to the requirements of ASTM F1139 and 
be designed for a steam working pressure of  15 psig  but shall operate with 
a supply pressure of approximately  5 psig .  Each trap shall have a cast 
iron body and shall have a corrosion-resistant steel valve and seat and a 
brass or corrosion-resistant steel bucket, all of which can be easily 
removed for inspection or replacement without disturbing the piping 
connections.  The inlet to each trap shall have a brass or stainless steel 
strainer, either as an integral part of the trap or as a separate item of 
equipment.

2.6   ELECTRICAL EQUIPMENT

Electric motor-driven equipment shall be provided complete with motors, 
motor starters, and necessary control devices.  Electrical equipment, 
motor control devices, motor efficiencies and wiring shall be as specified 
in Section 26 20 00  INTERIOR DISTRIBUTION SYSTEM.  Motors which are not an 
integral part of a packaged boiler and which are integral in size shall be 
the premium efficiency type in accordance with NEMA MG 1.  Motors which 
are an integral part of the packaged boiler shall be the highest 
efficiency available by the manufacturer of the packaged boiler.  Motor 
starters shall be provided complete with properly sized thermal overload 
protections and other appurtenances necessary for the motor control 
specified.  Starters shall be furnished in general purpose enclosures.  
Manual or automatic control and protective or signal devices required for 
the operation specified and any control wiring required for controls and 
devices but not shown shall be provided.
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2.6.1   Motor Ratings

Motors shall be suitable for the voltage and frequency provided.  Motors  
1/2 hp  and larger shall be three-phase, unless otherwise indicated.  
Motors shall be of sufficient capacity to drive the equipment at the 
specified capacity without exceeding the nameplate rating on the motor.

2.6.2   Motor Controls

Motor controllers shall be provided complete with properly sized thermal 
overload protection.  Manual or automatic control and protective or signal 
devices required for the operation specified and any wiring required to 
such devices shall be provided.  Where two-speed or variable-speed motors 
are indicated, solid-state variable-speed controllers may be provided to 
accomplish the same function.  Solid state variable speed controllers 
shall be utilized for fractional through  10 hp  ratings.  Adjustable 
frequency drives shall be used for larger motors.

2.7   INSULATION

Shop and field-applied insulation shall be as specified in Section 23 07 00
 THERMAL INSULATION FOR MECHANICAL SYSTEMS.

2.8   BOILER WATER TREATMENT

Submit six complete copies of the proposed water treatment plan.  The plan 
shall include a layout, control scheme, a list of the existing water 
conditions including the items listed in this paragraph, a list of all 
chemicals, the proportion of chemicals to be added, the final treated 
water conditions, and a description of environmental concerns for handling 
the chemicals.  The water treatment system  shall be capable of feeding 
chemicals and bleeding the system to prevent corrosion and scale within 
the boiler and piping distribution system.  Submit 6 complete copies of 
operating and maintenance manuals for the step-by-step water treatment 
procedures, including procedures for testing the water quality.  The water 
shall be treated to maintain the conditions recommended by the boiler 
manufacturer.  Chemicals shall meet required federal, state, and local 
environmental regulations for the treatment of boilers and discharge to 
the sanitary sewer.  The services of a company regularly engaged in the 
treatment of boilers shall be used to determine the correct chemicals and 
concentrations required for water treatment.  The company shall maintain 
the chemical treatment and provide all chemicals required for a period of 
1 year from the date of occupancy.  Filming amines and proprietary 
chemicals shall not be used.  The water treatment chemicals shall remain 
stable throughout the operating temperature range of the system and shall 
be compatible with pump seals and other elements of the system.

2.8.1   MakeUp Water Analysis

The makeup water conditions reported as prescribed in ASTM D596 are as 
follows:

Date of Sample

Temperature  degrees F
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Silica (SiO2)  ppm (mg/1)

Insoluble  ppm (mg/1)

Iron and Aluminum Oxides  ppm (mg/1)

Calcium (Ca)  ppm (mg/1)

Magnesium (Mg)  ppm (mg/1)

Sodium and Potassium (Na and K)  ppm (mg/1)

Carbonate (HCO3)  ppm (mg/1)

Sulfate (SO4)  ppm (mg/1)

Chloride (C1)  ppm (mg/1)

Nitrate (NO3)  ppm (mg/1)

Turbidity  ntu

pH

Residual Chlorine  ppm (mg/1)

Total Alkalinity  epm (meq/1)

Noncarbonate Hardness  epm (meq/1)

Total Hardness  epm (meq/1)

Dissolved Solids  ppm (mg/1)

Fluorine  ppm (mg/1)

Conductivity  micro-mho/cm

2.8.2   Boiler Water Limits

The boiler manufacturer shall be consulted for the determination of the 
boiler water chemical composition limits.  The boiler water limits shall 
be as follows unless dictated differently by the boiler manufacturer's 
recommendations:

Causticity 20-200 ppm

Total Alkalinity (CACO3) 900-1200 ppm

Phosphate 30-60 ppm
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Tanin Medium

Dissolved Solids 3000-5000 ppm

Suspended Solids 300 ppm Max

Sodium Sulfite 20-40 ppm Max

Silica Less than 150 ppm

Dissolved Oxygen Less than 7 ppm

Iron 10 ppm

pH (Condensate) 7 - 8

2.8.3   Water Softening System

The water softening system shall be as specified in Section 22 31 00  WATER 
SOFTENERS, CATION-EXCHANGE (SODIUM CYCLE).

2.8.4   Chemical Feed Pumps

One pump shall be provided for each chemical feed tank.  The chemical feed 
pumps shall be positive displacement diaphragm type.  The capacity of the 
pumps shall be adjustable from 0 to 100 percent while in operation.  The 
discharge pressure of the pumps shall be not less than 1.5 times the 
pressure at the point of connection.  The pumps shall be provided with a 
pressure relief valve and a check valve mounted in the pump discharge.

2.8.5   Tanks

The tanks shall be constructed of high density polyethylene with a hinged 
cover.  The tanks shall have sufficient capacity to require recharging 
only once per 7 days during normal operation.  A level indicating device 
shall be included with each tank.  An electric agitator shall be provided 
for each tank.

2.8.6   Injection Assemblies

An injection assembly shall be provided at each chemical injection point 
located along the boiler piping as indicated.  The injection assemblies 
shall be constructed of stainless steel.  The discharge of the assemblies 
shall extend to the centerline of the piping.  Each assembly shall include 
a shutoff valve and check valve at the point of entrance into the water 
line.

2.8.7   Water Meter

The water meter shall be provided with an electric contacting register and 
remote accumulative counter.  The meter shall be installed within the 
makeup water line, as indicated.

2.8.8   Water Treatment Control Panel

The control panel shall be a NEMA 12, single door, wall-mounted box 

SECTION 23 52 00  Page 26



CAPITAL PROJECT # 1043925 MAY 2022 HAFB 309th SWEG
KRSM200806 100% FINAL SUBMITTAL

conforming with NEMA 250.  The panel shall be constructed of steel with a 
hinged door and lock.  The panel shall contain, as a minimum, the 
following functions identified with a laminated plastic nameplate:

a.  Main power switch and indicating light

b.  MAN-OFF-AUTO selector switch

c.  Indicating lamp for blow down

d.  Indicating lamp for each chemical feed pump

e.  Indicating lamp for the water softener

2.8.9   Sequence of Operation

The flow rate of chemical addition shall be based upon metering the makeup 
water. The boiler shall be provided with automatic blowdown based upon 
conductivity or boiler load. The required rate of chemical feed and boiler 
blowdown shall be determined by the water treatment company.

2.8.10   Chemical Shot Feeder

A shot feeder shall be provided as indicated.  Size and capacity of feeder 
shall be based upon local requirements and water analysis.  The feeder 
shall be furnished with an air vent, gauge glass, funnel, valves, 
fittings, and piping.

2.8.11   Chemical Piping

The piping and fittings shall be constructed of stainless steel.

2.8.12   Test Kits

One test kit of each type required to determine the water quality as 
outlined within the operation and maintenance manuals shall be provided.

2.8.13   Glycol Feed System

Design the Glycol feed system to automatically maintain the desired glycol 
content of the closed water recirculation system(s).  Each system shall 
consist of the following components:

2.8.13.1   Supply Tank and Stand

Include a 50 gallon  cross lined polyethylene tank and steel support 
stand.  The tank shall have a cover and bottom outlet fitting for pump 
suction.  Equip the tank stand with a pump mounting platform and support 
for the control panel and level switch.

2.8.13.2   Glycol Pump

Rotary gear type of bronze construction with a capacity of 1.8 gpm  at 40 
psi .  The pump shall have a 1/3 horsepower , 1/115V/60hz motor and internal 
pressure relief.  Provide the pump with a discharge check valve and 
shutoff valve.
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2.8.13.3   Pressure Switch

The pressure switch shall be adjustable over the range of 3 - 15 psi  with 
a 6 psi  differential and have contacts rated for 115V.

2.8.13.4   Level Switch

Equipped with N/O and N/C contacts to activate upon sensing a low level 
condition.

2.8.13.5   Control Panel

The control panel shall be installed in a NEMA 1 enclosure with terminal 
strip and shall include a red low level alarm light, low level alarm bell 
and silence button, full voltage motor starter for the glycol pump, and a 
Hand-Off-Auto selector switch.

PART 3   EXECUTION

3.1   EXAMINATION

After becoming familiar with details of the work, verify dimensions in the 
field, and advise the Contracting Officer of any discrepancy before 
performing any work or ordering any materials.

3.2   ERECTION OF BOILER AND AUXILIARY EQUIPMENT

Boiler and auxiliary equipment shall be installed in accordance with 
manufacturer's written instructions.  Proper provision shall be made for 
expansion and contraction between boiler foundation and floor.  This joint 
shall be packed with suitable nonasbestos rope and filled with suitable 
compound that will not become soft at a temperature of  100 degrees F .  
Boilers and firing equipment shall be supported from the foundations by 
structural steel completely independent of all brickwork. Boiler supports 
shall permit free expansion and contraction of each portion of the boiler 
without placing undue stress on any part of the boiler or setting.  Boiler 
breeching shall be as indicated with full provision for expansion and 
contraction between all interconnected components.

3.3   PIPING INSTALLATION

Unless otherwise specified, nonboiler external pipe and fittings shall 
conform to the requirements of ASME B31.1 .  Pipe installed shall be cut 
accurately to suit field conditions, shall be installed without springing 
or forcing, and shall properly clear windows, doors, and other openings. 
Cutting or other weakening of the building structure to facilitate piping 
installation will not be permitted.  Pipes shall be free of burrs, oil, 
grease and other foreign material and shall be installed to permit free 
expansion and contraction without damaging the building structure, pipe, 
pipe joints, or pipe supports.  Changes in direction shall be made with 
fittings, except that bending of pipe  4 inches  and smaller will be 
permitted provided a pipe bender is used and wide sweep bends are formed.  
The centerline radius of bends shall not be less than 6 diameters of the 
pipe.  Bent pipe showing kinks, wrinkles, flattening, or other 
malformations will not be accepted.  Vent pipes shall be carried through 
the roof as directed and shall be properly flashed.  Unless otherwise 
indicated, horizontal supply mains shall pitch down in the direction of 
flow with a grade of not less than  1 inch in 40 feet .  Open ends of 
pipelines and equipment shall be properly capped or plugged during 
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installation to keep dirt or other foreign materials out of the systems.  
Pipe not otherwise specified shall be uncoated.  Unless otherwise 
specified or shown, final connections to equipment shall be made with 
malleable-iron unions for steel pipe  2-1/2 inches  or less in diameter and 
with flanges for pipe  3 inches  or more in diameter.  Unions for copper 
pipe or tubing shall be brass or bronze.  Reducing fittings shall be used 
for changes in pipe sizes.  In horizontal hot water lines, reducing 
fittings shall be eccentric type to maintain the top of the lines at the 
same level to prevent air binding.

3.3.1   Hot Water Piping and Fittings

Pipe shall be black steel or copper tubing.  Fittings for steel piping 
shall be black malleable iron or cast iron to suit piping.  Fittings 
adjacent to valves shall suit valve material.  Grooved mechanical fittings 
will not be allowed for water temperatures above  230 degrees F .

3.3.2   Vent Piping and Fittings

Vent piping shall be black steel.  Fittings shall be black malleable iron 
or cast iron to suit piping.

3.3.3   Gauge Piping

Piping shall be copper tubing.

3.3.4   Steam Piping and Fittings

Piping shall be black steel.  Fittings shall be black, malleable iron, 
cast iron or steel.  Fittings adjacent to valves shall suit valves 
specified. Grooved mechanical fittings will not be allowed for steam 
piping.

3.3.5   Condensate Return Pipe and Fittings

Piping shall be black steel.  Fittings shall be malleable iron, cast iron, 
or steel.  Grooved mechanical fittings will not be allowed for condensate 
piping.

3.3.6   Joints

Joints between sections of steel pipe and between steel pipe and fittings 
shall be threaded, grooved, flanged or welded as indicated or specified. 
Except as otherwise specified, fittings  1 inch  and smaller shall be 
threaded; fittings  1-1/4 inches  and up to but not including  3 inches  shall 
be either threaded, grooved, or welded; and fittings  3 inches  and larger 
shall be either flanged, grooved, or welded.  Pipe and fittings  1-1/4 
inches  and larger installed in inaccessible conduit or trenches beneath 
concrete floor slabs shall be welded.  Connections to equipment shall be 
made with black malleable-iron unions for pipe  2-1/2 inches  or smaller in 
diameter and with flanges for pipe  3 inches or larger in diameter.  Joints 
between sections of copper tubing or pipe shall be flared, soldered, or 
brazed.

3.3.6.1   Threaded Joints

Threaded joints shall be made with tapered threads properly cut and shall 
be made perfectly tight with a stiff mixture of graphite and oil or with 
polytetrafluoroethylene tape applied to the male threads only and in no 
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case to the fittings.

3.3.6.2   Welded Joints

Welded joints shall be in accordance with paragraph GENERAL REQUIREMENTS 
unless otherwise specified.  Changes in direction of piping shall be made 
with welding fittings only; mitering or notching pipe to form elbows and 
tees or other similar type construction will not be permitted.  Branch 
connections may be made with either welding tees or forged branch outlet 
fittings, either being acceptable without size limitation.  Branch outlet 
fittings, where used, shall be forged, flared for improved flow 
characteristics where attached to the run, reinforced against external 
strains, and designed to withstand full pipe bursting strength.  Socket 
weld joints shall be assembled so that the space between the end of the 
pipe and the bottom of the socket is no less than  1/16 inch  and no more 
than  1/8 inch .

3.3.6.3   Grooved Mechanical Joints

Grooved mechanical joints may be provided for hot water systems in lieu of 
unions, welded, flanged, or screwed piping connections in low temperature 
hot water systems where the temperature of the circulating medium does not 
exceed  230 degrees F .  Grooves shall be prepared according to the coupling 
manufacturer's instructions.  Pipe and groove dimensions shall comply with 
the tolerances specified by the coupling manufacturer.  The diameter of 
grooves made in the field shall be measured using a "go/no-go" gauge, 
vernier or dial caliper, narrow-land micrometer or other method 
specifically approved by the coupling manufacturer for the intended 
application.  Groove width and dimension of groove from end of pipe shall 
be measured and recorded for each change in grooving tool setup to verify 
compliance with coupling manufacturer's tolerances.  Grooved joints shall 
not be used in concealed locations.  Mechanical joints shall use rigid 
mechanical pipe couplings, except at equipment connections.  At equipment 
connections, flexible couplings may be used.  Coupling shall be of the 
bolted type for use with grooved end pipes, fittings, valves, and 
strainers.  Couplings shall be self-centering and shall engage in a 
watertight couple.

3.3.6.4   Flared and Brazed Copper Pipe and Tubing

Tubing shall be cut square, and burrs shall be removed.  Both inside of 
fittings and outside of tubing shall be cleaned thoroughly with sand cloth 
or steel wire brush before brazing.  Annealing of fittings and hard-drawn 
tubing shall not occur when making connections.  Installation shall be 
made in accordance with the manufacturer's recommendations.  Mitering of 
joints for elbows and notching of straight runs of pipe for tees will not 
be permitted.  Brazed joints shall be made in conformance with 
AWS B2.2/B2.2M  and CDA A4015 with flux.  Copper-to-copper joints shall 
include the use of copper-phosphorous or copper-phosphorous-silver brazing 
metal without flux.  Brazing of dissimilar metals (copper to bronze or 
brass) shall include the use of flux with either a copper-phosphorous, 
copper-phosphorous-silver or a silver brazing filler metal.  Joints for 
flared fittings shall be of the compression pattern.  Swing joints or 
offsets shall be provided in all branch connections, mains, and risers to 
provide for expansion and contraction forces without undue stress to the 
fittings or to short lengths of pipe or tubing.  Flared or brazed copper 
tubing to pipe adapters shall be provided where necessary for joining 
threaded pipe to copper tubing.
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3.3.6.5   Soldered Joints

Soldered joints shall be made with flux and are only acceptable for lines  
2 inches  and smaller.  Soldered joints shall conform to ASME B31.5  and 
CDA A4015.

3.3.6.6   Copper Tube Extracted Joint

An extruded mechanical tee joint may be made in copper tube.  Joint shall 
be produced with an appropriate tool by drilling a pilot hole and drawing 
out the tube surface to form a collar having a minimum height of three 
times the thickness of the tube wall.  To prevent the branch tube from 
being inserted beyond the depth of the extracted joint, dimpled depth 
stops shall be provided.  The branch tube shall be notched for proper 
penetration into fitting to assure a free flow joint.  Extracted joints 
shall be brazed using a copper phosphorous classification brazing filler 
metal.  Soldered joints will not be permitted.

3.3.7   Flanges and Unions

Flanges shall be faced true, provided with  1/16 inch  thick gaskets, and 
made square and tight.  Where steel flanges mate with cast-iron flanged 
fittings, valves, or equipment, they shall be provided with flat faces and 
full face gaskets.  Union or flange joints shall be provided in each line 
immediately preceding the connection to each piece of equipment or 
material requiring maintenance such as coils, pumps, control valves, and 
other similar items.  Dielectric pipe unions shall be provided between 
ferrous and nonferrous piping to prevent galvanic corrosion.  The 
dielectric unions shall have metal connections on both ends.  The ends 
shall be threaded, flanged, or brazed to match adjacent piping.  The metal 
parts of the union shall be separated so that the electrical current is 
below 1 percent of the galvanic current which would exist upon 
metal-to-metal contact.  Gaskets, flanges, and unions shall be installed 
in accordance with manufacturer's recommendations.

3.3.8   Branch Connections

3.3.8.1   Branch Connections for Hot Water Systems

Branches from the main shall pitch up or down as shown to prevent air 
entrapment.  Connections shall ensure unrestricted circulation, eliminate 
air pockets, and permit complete drainage of the system.  Branches shall 
pitch with a grade of not less than  1 inch in 10 feet .  When indicated, 
special flow fittings shall be installed on the mains to bypass portions 
of the water through each radiator.  Special flow fittings shall be 
standard catalog products and shall be installed as recommended by the 
manufacturer.

3.3.8.2   Branch Connections for Steam Systems

Branches shall be taken from the supply mains at an angle of 45 degrees 
above the horizontal, unless otherwise indicated.  The branches from 
return mains shall be taken from the top or sides, unless indicated 
otherwise. Branches shall pitch up from the mains toward the undripped 
risers or radiator connections with a grade of not less than  1 inch in 10 
feet .  Connections to ensure unrestricted circulation, eliminate air 
pockets, and permit the complete drainage of the system.
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3.3.9   Steam Connections to Equipment

Steam supply and return connections shall be provided as shown.  
Connections shall be made with malleable-iron unions or with steel 
flanges, to match equipment.  Valves and traps shall be installed in 
accordance with the manufacturer's recommendations.  The size of the 
supply and return pipes to each piece of equipment shall not be smaller 
than the outlets on the equipment.

3.3.10   Steam Risers

The location of risers is approximate.  The exact locations of the risers 
shall be approved.  Downfeed risers shall terminate in a dirt pocket and 
shall be dripped through a trap to the return line.

3.3.11   Air Vents for Steam Systems

Automatic balanced pressure thermostatic air vents shall be installed at 
the ends of the steam lines and where shown on the drawings.  The vents 
shall be rated for  125 psi  steam service.  The outlet of the vent shall be 
routed to a point designated by the Contracting Officer's Representative.  
The inlet line shall have a gate valve or ball valve.

3.3.12   Flared, Brazed, and Soldered Copper Pipe and Tubing

Copper tubing shall be flared, brazed, or soldered.  Tubing shall be cut 
square, and burrs shall be removed.  Both inside of fittings and outside 
of tubing shall be cleaned thoroughly with sand cloth or steel wire brush 
before brazing.  Annealing of fittings and hard-drawn tubing shall not 
occur when making connections.  Installation shall be made in accordance 
with the manufacturer's recommendations.  Mitering of joints for elbows 
and notching of straight runs of pipe for tees will not be permitted.  
Joints for flared fittings shall be of the compression pattern.  Swing 
joints or offsets shall be provided on branch connections, mains, and 
risers to provide for expansion and contraction forces without undue 
stress to the fittings or to short lengths of pipe or tubing.  Pipe 
adapters shall be provided where necessary for joining threaded pipe to 
copper tubing.  Brazed joints shall be made in conformance with CDA A4015.  
Copper-to-copper joints shall include the use of copper-phosphorous or 
copper-phosphorous-silver brazing metal without flux.  Brazing of 
dissimilar metals (copper to bronze or brass) shall include the use of 
flux with either a copper-phosphorous, copper-phosphorous-silver, or a 
silver brazing filler metal.  Soldered joints shall be made with flux and 
are only acceptable for lines  2 inches  or smaller.  Soldered joints shall 
conform to ASME B31.5  and shall be in accordance with CDA A4015.

3.3.13   Copper Tube Extracted Joint

An extracted mechanical tee joint may be made in copper tube.  Joint shall 
be produced with an appropriate tool by drilling a pilot hole and drawing 
out the tube surface to form a collar having a minimum height of three 
times the thickness of the tube wall.  To prevent the branch tube from 
being inserted beyond the depth of the extracted joint, dimpled depth 
stops shall be provided.  The branch tube shall be notched for proper 
penetration into fitting to assure a free flow joint.  Extracted joints 
shall be brazed using a copper phosphorous classification brazing filler 
metal.  Soldered joints will not be permitted.
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3.3.14   Supports

Hangers used to support piping  2 inches  and larger shall be fabricated to 
permit adequate adjustment after erection while still supporting the 
load.  Pipe guides and anchors shall be installed to keep pipes in 
accurate alignment, to direct the expansion movement, and to prevent 
buckling, swaying, and undue strain.  Piping subjected to vertical 
movement when operating temperatures exceed ambient temperatures shall be 
supported by variable spring hangers and supports or by constant support 
hangers.  Threaded rods which are used for support shall not be formed or 
bent.  Supports shall not be attached to the underside of concrete filled 
floors or concrete roof decks unless approved by the Contracting Officer.

3.3.14.1   Seismic Requirements for Supports and Structural Bracing

Piping and attached valves shall be supported and braced to resist seismic 
loads as specified in Section 13 48 73  SEISMIC CONTROL FOR MECHANICAL 
EQUIPMENT as shown on the drawings.  Structural steel required for 
reinforcement to properly support piping, headers, and equipment, but not 
shown, shall be provided in this section.  Material used for supports 
shall be as specified in Section 05 12 00  STRUCTURAL STEEL.

3.3.14.2   Pipe Hangers, Inserts, and Supports

Pipe hangers, inserts, and supports shall conform to MSS SP-58 , except as 
modified herein.

3.3.14.2.1   Types 5, 12, and 26

Use of Types 5, 12, and 26 is prohibited.

3.3.14.2.2   Type 3

Type 3 shall not be used on insulated pipe which has a vapor barrier.  
Type 3 may be used on insulated pipe that does not have a vapor barrier if 
clamped directly to the pipe, if the clamp bottom does not extend through 
the insulation, and if the top clamp attachment does not contact the 
insulation during pipe movement.

3.3.14.2.3   Type 18

Type 18 inserts shall be secured to concrete forms before concrete is 
placed.  Continuous inserts which allow more adjustment may be used if 
they otherwise meet the requirements for Type 18 inserts.

3.3.14.2.4   Type 19 and 23 C-Clamps

Torque Type 19 and 23 C-clamps in accordance with MSS SP-58  and have both 
locknuts and retaining devices furnished by the manufacturer.  Field 
fabricated C-clamp bodies or retaining devices are not acceptable.

3.3.14.2.5   Type 20 Attachments

Type 20 attachments used on angles and channels shall be furnished with an 
added malleable-iron heel plate or adapter.

3.3.14.2.6   Type 24

Type 24 may be used only on trapeze hanger systems or on fabricated frames.
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3.3.14.2.7   Horizontal Pipe Supports

Horizontal pipe supports shall be spaced as specified in MSS SP-58  and a 
support shall be installed not over  1 foot  from the pipe fitting joint at 
each change in direction of the piping.  Pipe supports shall be spaced not 
over  5 feet  apart at valves.

3.3.14.2.8   Vertical Pipe Support

Vertical pipe shall be supported at each floor, except at slab-on-grade, 
and at intervals of not more than  15 feet , not more than  8 feet  from end 
of risers, and at vent terminations.

3.3.14.2.9   Type 35 Guides

Type 35 guides using steel, reinforced polytetrafluoroethylene (PTFE) or 
graphite slides shall be provided where required to allow longitudinal 
pipe movement.  Lateral restraints shall be provided as required.  Slide 
materials shall be suitable for the system operating temperatures, 
atmospheric conditions, and bearing loads encountered.

a.  Where steel slides do not require provisions for restraint of lateral 
movement, an alternate guide method may be used.  On piping  4 inches  
and larger, a Type 39 saddle may be welded to the pipe and freely 
rested on a steel plate.  On piping under  4 inches , a Type 40 
protection shield may be attached to the pipe or insulation and freely 
rested on a steel slide plate.

b.  Where there are high system temperatures and welding to piping is not 
desirable, the Type 35 guide shall include a pipe cradle welded to the 
guide structure and strapped securely to the pipe.  The pipe shall be 
separated from the slide material by at least  4 inches  or by an amount 
adequate for the insulation, whichever is greater.

3.3.14.2.10   Horizontal Insulated Pipe

Except for Type 3, pipe hangers on horizontal insulated pipe shall be the 
size of the outside diameter of the insulation.

3.3.14.2.11   Piping in Trenches

Support piping in trenches as indicated.

3.3.14.2.12   Structural Steel Attachments

Structural steel attachments and brackets required to support piping, 
headers, and equipment, but not shown, shall be provided under this 
section.  Material and installation shall be as specified under Section 
05 12 00  STRUCTURAL STEEL.  Pipe hanger loads suspended from steel joist 
between panel points shall not exceed  50 pounds .  Loads exceeding  50 pounds
 shall be suspended from panel points.

3.3.14.3   Multiple Pipe Runs

In the support of multiple pipe runs on a common base member, a clip or 
clamp shall be used where each pipe crosses the base support member. 
Spacing of the base support member shall not exceed the hanger and support 
spacing required for any individual pipe in the multiple pipe run.  The 
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clips or clamps shall be rigidly attached to the common base member.  A 
clearance of  1/8 inch  shall be provided between the pipe insulation and 
the clip or clamp for piping which may be subjected to thermal expansion.

3.3.15   Anchors

Anchors shall be provided where necessary to localize expansion or to 
prevent undue strain on piping.  Anchors shall consist of heavy steel 
collars with lugs and bolts for clamping and attaching anchor braces, 
unless otherwise indicated.  Anchor braces shall be installed in the most 
effective manner to secure the desired results, using turnbuckles where 
required.  Supports, anchors, or stays shall not be attached where they 
will injure the structure or adjacent construction during installation or 
by the weight of expansion of the pipeline.

3.3.16   Valves

Valves shall be installed where indicated, specified, and required for 
functioning and servicing of the systems.  Valves shall be safely 
accessible.  Swing check valves shall be installed upright in horizontal 
lines and in vertical lines only when flow is in the upward direction.  
Gate and globe valves shall be installed with stems horizontal or above. 
Valves to be brazed shall be disassembled prior to brazing and all packing 
removed.  After brazing, the valves shall be allowed to cool before 
reassembling.

3.3.17   Pipe Sleeves

Pipe passing through concrete or masonry walls or concrete floors or roofs 
shall be provided with pipe sleeves fitted into place at the time of 
construction.  A waterproofing clamping flange shall be installed as 
indicated where membranes are involved.  Sleeves shall not be installed in 
structural members except where indicated or approved.  Rectangular and 
square openings shall be as detailed.  Each sleeve shall extend through 
its respective wall, floor, or roof.  Sleeves through walls shall be cut 
flush with wall surface.  Sleeves through floors shall extend above top 
surface of floor a sufficient distance to allow proper flashing or 
finishing.  Sleeves through roofs shall extend above the top surface of 
roof at least  6 inches  for proper flashing or finishing.  Unless otherwise 
indicated, sleeves shall be sized to provide a minimum clearance of  1/4 
inch  between bare pipe and sleeves or between jacket over insulation and 
sleeves.  Sleeves in waterproofing membrane floors, bearing walls, and wet 
areas shall be galvanized steel pipe or cast-iron pipe.  Sleeves in 
nonbearing walls, floors, or ceilings may be galvanized steel pipe, 
cast-iron pipe, or galvanized sheet metal with lock-type longitudinal 
seam.  Except in pipe chases or interior walls, the annular space between 
pipe and sleeve or between jacket over insulation and sleeve in nonfire 
rated walls shall be sealed as indicated and specified in Section 07 92 00  
JOINT SEALANTS.  Metal jackets shall be provided over insulation passing 
through exterior walls, firewalls, fire partitions, floors, or roofs.

a.  Metal jackets shall not be thinner than  0.006 inch  thick aluminum, if 
corrugated, and  0.016 inch  thick aluminum, if smooth.

b.  Secure metal jackets with aluminum or stainless steel bands not less 
than  3/8 inch  wide and not more than  8 inches  apart.  When penetrating 
roofs and before fitting the metal jacket into place, a  1/2 inch  wide 
strip of sealant shall be run vertically along the inside of the 
longitudinal joint of the metal jacket from a point below the backup 
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material to a minimum height of  36 inches  above the roof.  If the pipe 
turns from vertical to horizontal, the sealant strip shall be run to a 
point just beyond the first elbow.  When penetrating waterproofing 
membrane for floors, the metal jacket shall extend from a point below 
the back-up material to a minimum distance of  2 inches  above the 
flashing.  For other areas, the metal jacket shall extend from a point 
below the backup material to a point  12 inches  above material to a 
minimum distance of  2 inches  above the flashing.  For other areas, the 
metal jacket shall extend from a point below the backup material to a 
point  12 inches  above the floor; when passing through walls above 
grade, the jacket shall extend at least  4 inches  beyond each side of 
the wall.

3.3.17.1   Pipes Passing Through Waterproofing Membranes

In addition to the pipe sleeves referred to above, pipes passing through 
waterproofing membranes shall be provided with a  4 pound  lead flashing or a
 16 ounce  copper flashing, each within an integral skirt or flange.  
Flashing shall be suitably formed, and the skirt or flange shall extend 
not less than  8 inches  from the pipe and shall set over the membrane in a 
troweled coating of bituminous cement.  The flashing shall extend above 
the roof or floor a minimum of  10 inches .  The annular space between the 
flashing and the bare pipe or between the flashing and the 
metal-jacket-covered insulation shall be sealed as indicated.  Pipes up to 
and including  10 inches  in diameter which pass through waterproofing 
membrane may be installed through a cast-iron sleeve with caulking recess, 
anchor lugs, flashing clamp device, and pressure ring with brass bolts.  
Waterproofing membrane shall be clamped into place and sealant shall be 
placed in the caulking recess.

3.3.17.2   Optional Modular Mechanical Sealing Assembly

At the option of the Contractor, a modular mechanical type sealing 
assembly may be installed in the annular space between the sleeve and 
conduit or pipe in lieu of a waterproofing clamping flange and caulking 
and sealing specified above.  The seals shall include interlocking 
synthetic rubber links shaped to continuously fill the annular space 
between the pipe/conduit and sleeve with corrosion-protected carbon steel 
bolts, nuts, and pressure plates.  The links shall be loosely assembled 
with bolts to form a continuous rubber belt around the pipe with a 
pressure plate under each bolt head and each nut.  After the seal assembly 
is properly positioned in the sleeve, tightening of the bolt shall cause 
the rubber sealing elements to expand and provide a watertight seal 
between the pipe/conduit and the sleeve.  Each seal assembly shall be 
sized as recommended by the manufacturer to fit the pipe/conduit and 
sleeve involved.

3.3.17.3   Optional Counterflashing

As alternates to caulking and sealing the annular space between the pipe 
and flashing or metal-jacket-covered insulation and flashing, 
counterflashing may consist of standard roof coupling for threaded pipe up 
to  6 inches  in diameter, lead flashing sleeve for dry vents with the 
sleeve turned down into the pipe to form a waterproof joint, or a 
tack-welded or banded-metal rain shield around the pipe, sealed as 
indicated.
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3.3.17.4   Fire Seal

Where pipes pass through firewalls, fire partitions, or floors, a fire 
seal shall be provided as specified in Section 07 84 00  FIRESTOPPING.

3.3.18   Balancing Valves

Balancing valves shall be installed as indicated.

3.3.19   Thermometer Wells

Provide a thermometer well in each return line for each circuit in 
multicircuit systems.

3.3.20   Air Vents

Install air vents in piping at all system high points.  The vent shall 
remain open until water rises in the tank or pipe to a predetermined level 
at which time it shall close tight.  An overflow pipe from the vent shall 
be run to a point designated by the Contracting Officer's representative.  
The inlet to the air vent shall have a gate valve or ball valve.

3.3.21   Escutcheons

Provide escutcheons at all finished surfaces where exposed piping, bare or 
insulated, passes through floors, walls, or ceilings except in boiler, 
utility, or equipment rooms.  Escutcheons shall be fastened securely to 
pipe or pipe covering and shall be chromium-plated iron or chromium-plated 
brass, either one-piece or split pattern, held in place by internal spring 
tension or setscrews.

3.3.22   Drains

A drain connection with a  1 inch  gate valve or  3/4 inch  hose bib shall be 
installed at the lowest point in the return main near the boiler.  In 
addition, threaded drain connections with threaded cap or plug shall be 
installed on the heat exchanger coil on each unit heater or unit 
ventilator and wherever required for thorough draining of the system.

3.3.23   Strainer Blow-Down Piping

Strainer blow-down connections shall be fitted with a black steel 
blow-down pipeline routed to an accessible location and provided with a 
blow-down valve.

3.3.24   Direct Venting for Combustion Intake Air and Exhaust Air

The intake air and exhaust vents shall be installed in accordance with 
NFPA 54  and boiler manufacturer's recommendations.  The exhaust vent shall 
be sloped  1/4 inch/ft  toward the boiler's flue gas condensate collection 
point.

3.4   GAS FUEL SYSTEM

Gas piping, fittings, valves, regulators, tests , cleaning, and adjustments 
shall be in accordance with the Section 23 11 20  FACILITY GAS PIPING.  
Submit proposed test schedules for the heating system and fuel system 
tests, at least 2 weeks prior to the start of related testing.  NFPA 54  
shall be complied with unless otherwise specified.  Burners, pilots, and 
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all accessories shall be listed in UL FLAMMABLE & COMBUSTIBLE.  The fuel 
system shall be provided with a gas tight, manually operated, UL listed 
stop valve at the gas-supply connections, a gas strainer, a pressure 
regulator, pressure gauges, a burner-control valve, a safety shutoff valve 
suitable for size of burner and sequence of operation, and other 
components required for safe, efficient, and reliable operation as 
specified.  Approved permanent and ready facilities to permit periodic 
valve leakage tests on the safety shutoff valve or valves shall be 
provided.

3.5   COLOR CODE MARKING AND FIELD PAINTING

Color code marking of piping shall be as specified in Section 09 90 00  
PAINTS AND COATINGS.  Ferrous metal not specified to be coated at the 
factory shall be cleaned, prepared, and painted as specified in Section 
09 90 00  PAINTS AND COATINGS.  Exposed pipe covering shall be painted as 
specified in Section 09 90 00  PAINTS AND COATINGS.  Aluminum sheath over 
insulation shall not be painted.

3.6   MANUFACTURER'S SERVICES

Provide the services of a manufacturer's representative who is experienced 
in the installation, adjustment, and operation of the equipment specified 
to supervise the installing, adjusting, and testing of the equipment.

3.7   TEST OF BACKFLOW PREVENTION ASSEMBLIES

Backflow prevention assemblies shall be tested in accordance with Section 
22 00 00  PLUMBING, GENERAL PURPOSE.

3.8   HEATING SYSTEM TESTS

Submit the Qualifications  of the firms in charge of installation and 
testing as specified.  Submit a statement from the firms proposed to 
prepare submittals and perform installation and testing, demonstrating 
successful completion of similar services of at least five projects of 
similar size or scope, at least 2 weeks prior to the submittal of any 
other item required by this section.  Before any covering is installed on 
pipe or heating equipment, the entire heating system's piping, fittings, 
and terminal heating units shall be hydrostatically tested and proved 
tight at a pressure of 1.5 times the design working pressure, but not less 
than  100 psi .  Submit proposed test procedures for the heating system 
tests and fuel system tests, at least 2 weeks prior to the start of 
related testing.

a.  Before pressurizing system for test, items or equipment (e.g., 
vessels, pumps, instruments, controls, relief valves) rated for 
pressures below the test pressure shall be blanked off or replaced 
with spool pieces.

b.  Before balancing and final operating test, test blanks and spool 
pieces shall be removed; and protected instruments and equipment shall 
be reconnected.  With equipment items protected, the system shall be 
pressurized to test pressure.  Pressure shall be held for a period of 
time sufficient to inspect all welds, joints, and connections for 
leaks, but not less than 2 hours.  No loss of pressure will be 
allowed.  Leaks shall be repaired and repaired joints shall be 
retested.
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c.  Repair joints shall not be allowed under the floor for floor radiant 
heating systems.  If a leak occurs in tubing located under the floor 
in radiant heating systems, the entire zone that is leaking shall be 
replaced.  If any repair is made above the floor for floor radiant 
heating systems, access shall be provided for the installed joint.  
Caulking of joints shall not be permitted.

d.  System shall be drained and after instruments and equipment are 
reconnected, the system shall be refilled with service medium and 
maximum operating pressure applied.  The pressure shall be held while 
inspecting these joints and connections for leaks.  The leaks shall be 
repaired and the repaired joints retested.

Upon completion of hydrostatic tests and before acceptance of the 
installation, submit test reports for the heating system tests.  Upon 
completion of testing complete with results, balance the heating system in 
accordance with Section 23 05 93  TESTING, ADJUSTING, AND BALANCING OF HVAC 
SYSTEMS and operating tests required to demonstrate satisfactory 
functional and operational efficiency.  The operating test shall cover a 
period of at least 24 hours for each system, and shall include, as a 
minimum, the following specific information in a report, together with 
conclusions as to the adequacy of the system:

a.  Certification of balancing.

b.  Time, date, and duration of test.

c.  Outside and inside dry bulb temperatures.

d.  Temperature of hot water supply leaving boiler.

e.  Temperature of heating return water from system at boiler inlet.

f.  Quantity of water feed to boiler.

g.  Boiler make, type, serial number, design pressure, and rated capacity.

h.  Fuel burner make, model, and rated capacity; ammeter and voltmeter 
readings for burner motor.

i.  Circulating pump make, model, and rated capacity, and ammeter and 
voltmeter readings for pump motor during operation.

j.  Flue-gas temperature at boiler outlet.

k.  Percent carbon dioxide in flue-gas.

l.  Grade or type and calorific value of fuel.

m.  Draft at boiler flue-gas exit.

n.  Draft or pressure in furnace.

o.  Quantity of water circulated.

p.  Quantity of fuel consumed.

q.  Stack emission pollutants concentration.
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Indicating instruments shall be read at half-hour intervals unless 
otherwise directed.  Furnish all instruments, equipment, and personnel 
required for the tests and balancing.  Obtain necessary natural gas, water 
and electricity as specified in the CONTRACT REQUIREMENTS .  Provide 
necessary quantities of propane gas or No.  fuel oil when propane gas or 
fuel oil is require d for testing.  Operating tests shall demonstrate that 
fuel burners and combustion and safety controls meet the requirements of 
NFPA 85  

3.8.1   Water Treatment Testing

The boiler water shall be analyzed prior to the acceptance of the facility 
by the water treatment company.  Submit a water quality test report 
identifying the chemical composition of the boiler water.  The report 
shall include a comparison of the condition of the boiler water with the 
manufacturer's recommended conditions.  Any required corrective action 
shall be documented within the report.  The test report shall identify the 
condition of the boiler at the completion of 1 year of service.  The 
report shall include a comparison of the condition of the boiler with the 
manufacturer's recommended operating conditions.  The analysis shall 
include the following information recorded in accordance with ASTM D596.

Date of Sample ________

Temperature ________  degrees F

Silica (SiO2) ________  ppm (mg/1)

Insoluble ________  ppm (mg/1)

Iron and Aluminum Oxides ________  ppm (mg/1)

Calcium (Ca) ________  ppm (mg/1)

Magnesium (Mg) ________  ppm (mg/1)

Sodium and Potassium (Na and K) ________  ppm (mg/1)

Carbonate (HCO3) ________  ppm (mg/1)

Sulfate (SO4) ________  ppm (mg/1)

Chloride (C1) ________  ppm (mg/1)

Nitrate (NO3) ________  ppm (mg/1)

Turbidity ________  ntu

pH ________

Residual Chlorine ________  ppm (mg/1)

Total Alkalinity ________  epm (meq/1)
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Noncarbonate Hardness ________  epm (meq/1)

Total Hardness ________  epm (meq/1)

Dissolved Solids ________  ppm (mg/1)

Fluorine ________  ppm (mg/1)

Conductivity ________  micro-mho/cm

If the boiler water is not in conformance with the boiler manufacturer's 
recommendations, the water treatment company shall take corrective action.

3.8.2   Boiler/Piping Test

At the conclusion of the 1 year period, the boiler and condensate piping 
shall be inspected for problems due to corrosion and scale.  If the boiler 
is found not to conform to the manufacturer's recommendations, and the 
water treatment company recommendations have been followed, the water 
treatment company shall provide all chemicals and labor for cleaning or 
repairing the equipment as required by the manufacturer's recommendations. 
If corrosion is found within the condensate piping, proper repairs shall 
be made by the water treatment company.

3.9   CLEANING

3.9.1   Boilers and Piping

After the hydrostatic tests have been made and before the system is 
balanced and operating tests are performed, the boilers and piping shall 
be thoroughly cleaned by filling the system with a solution consisting of 
either  1 pound  of caustic soda or  1 pound  of trisodium phosphate per  50 
gallons  of water.  The proper safety precautions shall be observed in the 
handling and use of these chemicals. The water shall be heated to 
approximately  150 degrees F  and the solution circulated in the system for 
a period of 48 hours.  The system shall then be drained and thoroughly 
flushed out with fresh water. Strainers and valves shall be thoroughly 
cleaned.  Prior to operating tests, air shall be removed from all water 
systems by operating the air vents.

3.9.2   Heating Units

Inside space heating equipment, ducts, plenums, and casing shall be 
thoroughly cleaned of debris and blown free of small particles of rubbish 
and dust and then vacuum cleaned before installing outlet faces.  
Equipment shall be wiped clean, with all traces of oil, dust, dirt, or 
paint spots removed.  Temporary filters shall be provided for fans that 
are operated during construction, and new provide filters after 
construction dirt has been removed from the building, and the ducts, 
plenum, casings, and other items specified have been vacuum cleaned.  
Perform and document that proper " Indoor Air Quality During Construction " 
procedures have been followed; provide documentation showing that after 
construction ends, and prior to occupancy, new filters were provided and 
installed.  System shall be maintained in this clean condition until final 
acceptance.  Bearings shall be properly lubricated with oil or grease as 
recommended by the manufacturer.  Belts shall be tightened to proper 
tension.  Control valves and other miscellaneous equipment requiring 
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adjustment shall be adjusted to setting indicated or directed.  Fans shall 
be adjusted to the speed indicated by the manufacturer to meet specified 
conditions.

3.10   FIELD TRAINING

Conduct a training course for the operating staff as designated by the 
Contracting Officer.  The training period shall consist of a total of 4 
hours of normal working time and shall start after the system is 
functionally completed but prior to final acceptance tests.

a.  The field instructions  shall cover all of the items contained in the 
approved operation and maintenance manuals, as well as demonstrations 
of routine maintenance operations and boiler safety devices.

b.  Submit system layout diagrams that show the layout of equipment, 
piping, and ductwork and typed condensed operation manuals explaining 
preventative maintenance procedures, methods of checking the system 
for normal, safe operation, and procedures for safely starting and 
stopping the system, framed under glass or laminated plastic, at least 
2 weeks prior to the start of related testing.  After approval, these 
items shall be posted where directed.

c.  Submit six complete operation and maintenance instructions  listing 
step-by-step procedures required for system startup, operation, 
shutdown, and routine maintenance, at least 2 weeks prior to field 
training.  The manuals shall include the manufacturer's name, model 
number, parts list, simplified wiring and control diagrams, 
troubleshooting guide, and recommended service organization (including 
address and telephone number) for each item of equipment.  Each 
service organization shall be capable of providing 4 hour onsite 
response to a service call on an emergency basis.

d.  Notify the Contracting Officer at least 14 days prior to date of 
proposed conduction of the training course.

3.11   FUEL SYSTEM TESTS

Submit test reports for the fuel system tests, upon completion of testing 
complete with results.

3.11.1   Gas System Test

The gas fuel system shall be tested in accordance with the test procedures 
outlined in NFPA 54 .

        -- End of Section --
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SECTION 23 54 19

BUILDING HEATING SYSTEMS, WARM AIR

PART 1   GENERAL

1.1   REFERENCES

The publications listed below form a part of this specification to the 
extent referenced.  The publications are referred to within the text by 
the basic designation only.

AIR MOVEMENT AND CONTROL ASSOCIATION INTERNATIONAL, INC. (AMCA)

AMCA 210 (2016) Laboratory Methods of Testing Fans 
for Aerodynamic Performance Rating

AMCA 300 (2014) Reverberant Room Method for Sound 
Testing of Fans

AMCA 301 (2014) Methods for Calculating Fan Sound 
Ratings from Laboratory Test Data

AMERICAN NATIONAL STANDARDS INSTITUTE (ANSI)

ANSI Z21.47/CSA 2.3 (2021) Gas-Fired Central Furnaces

ANSI Z21.66/CGA 6.14 (2015; R 2020) Automatic Vent Damper 
Devices for Use with Gas-Fired Appliances

AMERICAN SOCIETY OF HEATING, REFRIGERATING AND AIR-CONDITIONING 
ENGINEERS (ASHRAE)

ASHRAE 52.2 (2017) Method of Testing General 
Ventilation Air-Cleaning Devices for 
Removal Efficiency by Particle Size

CSA GROUP (CSA)

CSA Directory (updated continuously online) Product Index

INTERNATIONAL CODE COUNCIL (ICC)

ICC IBC (2021) International Building Code

ICC IMC (2021) International Mechanical Code

ICC IPC (2021) International Plumbing Code

NATIONAL ELECTRICAL MANUFACTURERS ASSOCIATION (NEMA)

NEMA DC 3 (2013) Residential Controls - Electrical 
Wall-Mounted Room Thermostats

NEMA MG 1 (2018) Motors and Generators
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NEMA MG 10 (2017) Energy Management Guide for 
Selection and Use of Fixed Frequency 
Medium AC Squirrel-Cage Polyphase 
Induction Motors

NEMA MG 11 (1977; R 2012) Energy Management Guide for 
Selection and Use of Single Phase Motors

NATIONAL FIRE PROTECTION ASSOCIATION (NFPA)

NFPA 31 (2020) Standard for the Installation of 
Oil-Burning Equipment

NFPA 54 (2021) National Fuel Gas Code

NFPA 90A (2021) Standard for the Installation of 
Air Conditioning and Ventilating Systems

NFPA 90B (2021) Standard for the Installation of 
Warm Air Heating and Air Conditioning 
Systems

NFPA 211 (2019) Standard for Chimneys, Fireplaces, 
Vents, and Solid Fuel-Burning Appliances

U.S. DEPARTMENT OF ENERGY (DOE)

Energy Star (1992; R 2006) Energy Star Energy 
Efficiency Labeling System (FEMP)

UNDERWRITERS LABORATORIES (UL)

UL 900 (2015) Standard for Air Filter Units

1.2   SUBMITTALS

Government approval is required for submittals with a "G" or "S" 
classification.  Submittals not having a "G" or "S" classification are for 
Contractor Quality Control approval. Submit data packages in accordance 
with Section 01 78 23  OPERATION AND MAINTENANCE DATA.  Submit the 
following in accordance with Section 01 33 00  SUBMITTAL PROCEDURES:

SD-01 Preconstruction Submittals

Contractor Qualifications ; G

SD-02 Shop Drawings

Equipment Layouts

SD-03 Product Data

Self-Contained Furnaces ; GVent Connections ; G

Controls ; G

Dampers ; G

Air Filters ; G
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Humidifiers ; G

Duct Furnace ; GSystem Diagrams ; G

SD-06 Test Reports

Field Acceptance Test Plans and Test Reports ; G

Field Acceptance Testing ; G

Test Reports ; G

SD-08 Manufacturer's Instructions

Self-Contained Furnaces - Installation Instructions ; G

Vent Connections - Installation Instructions ; G

Controls - Installation Instructions ; G

Dampers - Installation Instructions ; G

Air Filters - Installation Instructions ; G

Humidifiers - Installation Instructions ; G

Duct Furnace - Installation Instructions ; GSD-10 Operation and 
Maintenance Data

Self-Contained Furnaces , Data Package 3; G

Vent Connections , Data Package 3; G

Controls , Data Package 3; G

Dampers,  Data Package 3; G

Humidifiers , Data Package 3; GSD-11 Closeout Submittals

Field Training

Indoor Air Quality During Construction ; S

1.3   QUALITY CONTROL

1.3.1   Installing Contractor Qualifications

Submit contractor qualifications  demonstrating successful completion of 
similar services by the mechanical contractor on at least five projects of 
similar award amount and scope with equipment submittal.

1.3.2   Service Contractor Qualifications

The submitted equipment must be supported by manufacturer-approved service 
organizations.  Provide service organization names and locations along 
with the Operation and Maintenance submittal.  The service organizations 
must have an office within 100 miles of the site with factory certified 
technicians, spare parts inventory and all necessary test and diagnostic 
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equipment for the installed system.  The service organization must be able 
to render service to the equipment on both a regular and emergency basis 
during the warranty period of the contract as determined by the 
Contracting Officer.

Spare parts data for each different item of material and equipment 
specified, after approval of detail drawings and not later than 2 months 
prior to the date of beneficial occupancy.  The data must include a 
complete list of parts and supplies, with current unit prices and source 
of supply, a recommended spare parts list for 12 months operation, and a 
list of the parts recommended by the manufacturer to be replaced after 1 
and 3 year(s) of service.

1.3.3   Modification to Reference

In each of the publications referred to herein, consider the advisory 
provisions to be mandatory, as though the word "must" had been substituted 
for "should" wherever it appears.  Interpret references in these 
publications to the "authority having jurisdiction", or words of similar 
meaning, to mean the Contracting Officer.

1.3.3.1   Definitions

For the International Code Council (ICC) Codes referenced in the contract 
documents, advisory provisions must be considered mandatory, the word 
"should" is interpreted as "must."  Reference to the "code official" must 
be interpreted to mean the "Contracting Officer."  For government owned 
property, references to the "owner" must be interpreted to mean the 
"Contracting Officer."  For leased facilities, references to the "owner" 
must be interpreted to mean the "lessor."  References to the "permit 
holder" must be interpreted to mean the "Contractor."

1.3.3.2   Administrative Interpretations  

For ICC Codes referenced in the contract documents, the provisions of 
Chapter 1, "Administrator," do not apply.  These administrative 
requirements are covered by the applicable Federal Acquisition Regulations 
(FAR) included in this contract and by the authority granted to the 
Officer in Charge of Construction to administer the construction of this 
project.  References in the ICC Codes to sections of Chapter 1, must be 
applied appropriately by the Contracting Officer as authorized by his 
administrative cognizance and the FAR.

1.3.4   Equipment Layouts

Submit Equipment Layouts showing equipment assembly and installation 
details with electrical, ductwork layout, supports, utility connections, 
and details. Include any information required to demonstrate that the 
system has been coordinated and functions properly as designed.

1.3.5   System Diagrams

Proposed system diagrams, must be submitted, approved and posted prior to 
start of related testing.  System diagrams that show the layout of 
equipment and ductwork, and typed condensed operation manuals explaining 
preventative maintenance procedures, methods of checking the system for 
normal safe operation, and procedures for safely starting and stopping the 
system must be framed under glass or laminated plastic.  After approval, 
these items must be posted where directed.
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1.4   DELIVERY STORAGE AND HANDLING

Handle, store, and protect equipment and materials to prevent damage 
before and during installation in accordance with the manufacturer's 
recommendations, and as approved by the Contracting Officer.  Replace 
damaged or defective items.

1.5   ACCESSIBILITY

Install all work so that parts requiring periodic inspection, operation, 
maintenance, and repair are readily accessible.  Install concealed valves, 
expansion joints, controls, dampers, and equipment requiring access, in 
locations freely accessible through access doors.  Access door must be 
adequately sized for removal and replacement.  Installation must provide 
both manufacturer and code required clearances.

PART 2   PRODUCTS

Provide warm air heating system, including equipment, equipment,  
materials, installation, workmanship, fabrication, assembly, erection, 
inspection, examination, and testing in accordance with the applicable 
requirements contained in ICC IBC , ICC IMC , ICC IPC , NFPA 90A or NFPA 90B, 
and NFPA 31  as modified and supplemented by this specification section and 
accompanying drawings.

2.1   MATERIALS AND EQUIPMENT

2.1.1   Standard Products

Provide materials and equipment which are the standard product of a 
manufacturer regularly engaged in the manufacture of the products and that 
essentially duplicate equipment that has been in satisfactory use at least 
1 year prior to bid opening.

2.1.2   Material and Equipment Qualifications

Provide materials and equipment that are standard products of 
manufacturers regularly engaged in the manufacture of such products, which 
are of a similar material, design and workmanship.  Standard products and 
materials must have a local supplier within 100 miles of the site.  
Standard products must have been in satisfactory commercial or industrial 
use for 2 years prior to bid opening.  The 2-year use must include 
applications of equipment and materials under similar circumstances and of 
similar size.  The product must have been for sale on the commercial 
market through advertisements, manufacturers' catalogs, or brochures 
during the 2 year period.  

2.1.3   Alternative Qualifications

Products having less than a two-year field service record will be 
acceptable if a certified record of satisfactory field operation for not 
less than 6000 hours, exclusive of the manufacturer's factory or 
laboratory tests, can be shown.

2.1.4   Nameplates

Secure a plate to each major component of equipment containing the 
manufacturer's name, address, type or style, model or serial number, and 
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catalog number.  As applicable, affix an Energy Star  label to the product.

2.1.5   Bearings

Motor bearings must be fitted with grease supply fittings and grease 
relief to outside of the enclosure.

2.2   ELECTRICAL WORK 

Provide motors, controllers, integral disconnects, contactors, and 
controls with their respective pieces of equipment, except controllers 
indicated as part of motor control centers.  Provide electrical equipment, 
including motors and wiring, as specified in Section 26 20 00  INTERIOR 
DISTRIBUTION SYSTEM.  Provide manual or automatic control and protective 
or signal devices required for the operation specified and control wiring 
required for controls and devices specified, but not shown, must be 
provided.  For packaged equipment, the manufacturer must provide 
controllers including the required monitors and timed restart.

2.2.1   Motors

a.  For single-phase motors, provide high-efficiency type, 
fractional-horsepower alternating-current motors, including motors 
that are part of a system, in accordance with NEMA MG 11.  Provide 
premium efficiency type integral size motors in accordance with 
NEMA MG 1.

b.  For polyphase motors, provide squirrel-cage medium induction motors, 
including motors that are part of a system, and that meet the 
efficiency ratings for premium efficiency motors in accordance with 
NEMA MG 1.  Select premium efficiency polyphase motors in accordance 
with NEMA MG 10.

c.  Provide motors in accordance with NEMA MG 1 and of sufficient size to 
drive the load at the specified capacity without exceeding the 
nameplate rating of the motor.  Provide motors rated for continuous 
duty with the enclosure specified.  Provide motor duty that allows for 
maximum frequency start-stop operation and minimum encountered 
interval between start and stop.  Provide motor torque capable of 
accelerating the connected load within 20 seconds with 80 percent of 
the rated voltage maintained at motor terminals during one starting 
period.  Provide motor starters complete with thermal overload 
protection and other necessary appurtenances.  Fit motor bearings with 
grease supply fittings and grease relief to outside of the enclosure.

d.  Where two-speed or variable-speed motors are indicated, solid-state 
variable-speed controllers are allowed to accomplish the same 
function. Use solid-state variable-speed controllers for motors rated  
10 hp  or less and adjustable frequency drives for larger motors.  
Provide variable frequency drives for motors as specified in Section 
26 29 23  ADJUSTABLE SPEED DRIVE (ASD) SYSTEMS UNDER 600 VOLTS.

2.3   AIR SYSTEMS EQUIPMENT

2.3.1   Ductwork and Accessories

Ductwork and accessories must be as specified in Section 23 30 00  HVAC AIR 
DISTRIBUTION.
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2.3.2   Fans

Test and rate fans according to AMCA 210.  Calculate system effect on air 
moving devices in accordance with AMCA 201 where installed ductwork 
differs from that indicated on drawings.  Install air moving devices to 
minimize fan system effect.  Where system effect is unavoidable, determine 
the most effective way to accommodate the inefficiencies caused by system 
effect on the installed air moving device.  The sound power level of the 
fans must not exceed 85 dBA when tested according to AMCA 300 and rated in 
accordance with AMCA 301.  Provide all fans with an AMCA seal.  Connect 
fans to the motors either directly or indirectly. Indirectly connected 
motors must use V-belt drives designed for not less than 150 percent of 
the connected driving capacity.  Provide variable pitch motor sheaves for  
15 hp  and below, and fixed pitch as defined by AHRI Guideline D (A 
fixed-pitch sheave is provided on both the fan shaft and the motor shaft.  
This is a non-adjustable speed drive.).  Select variable pitch sheaves to 
drive the fan at a speed which can produce the specified capacity when set 
at the approximate midpoint of the sheave adjustment.  When fixed pitch 
sheaves are furnished, provide a replaceable sheave when needed to achieve 
system air balance.  Provide motors for V-belt drives with adjustable 
rails or bases.  Provide removable metal guards for all exposed V-belt 
drives, and provide speed-test openings at the center of all rotating 
shafts.  Provide fans with personnel screens or guards on both suction and 
supply ends, except that the screens need not be provided, unless 
otherwise indicated, where ducts are connected to the fan.  Provide fan 
and motor assemblies with vibration-isolation supports or mountings as 
indicated.  Use vibration-isolation units that are standard products with 
published loading ratings. Select each fan to produce the capacity 
required at the fan static pressure indicated.  Provide sound power level 
as indicated.  Obtain the sound power level values according to AMCA 300.  
Provide standard AMCA arrangement, rotation, and discharge as indicated. 

2.3.3   Air Filters

Air Filters must be listed in accordance with requirements of UL 900 .

2.3.4   Replaceable Media Filters

The air flow capacity of the filter must be based on net filter face 
velocity not exceeding  300 feet per minute , with initial resistance of  0.13
 inches  water gauge.  Minimum Efficiency Reporting Value (MERV) must be 
not less than 13 when tested according to ASHRAE 52.2 .

2.4   GAS-FIRED COMPONENTS
2.4.1   Gas-Burning Components

Gas-burning equipment must include the gas burners, ignition equipment, 
gas-control valve, gas piping, gas-pressure regulating valve, when 
applicable, and accessories necessary for a fully automatic system that is 
listed in CSA Directory .  Gas-fired units equipped with programming 
controls must be furnished both with high and with low gas supply pressure 
switches in the fuel supply piping.  Provide Energy Star  labeled equipment 
for high efficiency furnaces installed in residential applications (input 
less than  225 MBtuh ).  Provide proof of Energy Star  label for residential 
gas fired furnace product.

2.4.2   Gas Burners

The gas burners must include ignition equipment, gas-control valve, gas 
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piping, gas-pressure regulating valve, gas shut-off cocks, when 
applicable, and accessories necessary for a fully automatic system that 
conforms to ANSI Z21.47/CSA 2.3  and NFPA 54 .

Do not provide manually ignited type burners.  Burners must always return 
to low fire for ignition.  Provide control system for modulated 
operation.  Provide interrupted type ignition systems for burners with 
input capacities over  400,000 Btu's per hour .

2.4.3   Ignition System

Ignition systems must be of the direct spark type with automatic electric 
ignition.  The pilots must be of the electrically-ignited proven type.  
Continuous pilots will not be permitted.  Burner must be designed in 
accordance with NFPA 54  and located so that parts are protected against 
overheating.  Provisions must be made in the burner housing for inspection 
of the pilot flame.

2.5   CONTROLS

2.5.1   Thermostat

Provide wall mounted, low voltage type conforming to NEMA DC 3 with an 
operating range from  55 to 90 degrees F .  Housing must have , exposed 
adjustment covers with visible thermometers.  The mounting plate or base 
must be made of thermal insulating material or must support the thermal 
element not less than  1/4 inch  from the wall.  The control unit of the 
thermostat must consist of a temperature sensing element, control switch, 
and anticipating heater.  The control switch must be a hermetically-sealed 
switch.  Thermostat must have provisions for calibrating the unit to the 
accuracy specified in NEMA DC 3.  The design must preclude calibration 
adjustment with ordinary tools, such as screwdriver or pliers.  Unless 
otherwise specified, a system selector switch having "heat" and "off" 
positions, and a fan selector switch having "auto" and "on" positions must 
be provided integral to or mounted on a sub-base of the thermostat.  
Mercury must not be allowed in switches and thermometers.

2.5.2   Carbon Monoxide Detection

Provide Carbon Monoxide Detector(s) and monitoring system for all 
installations.

Carbon monoxide detection systems must conform to Sections 28 31 60  
INTERIOR FIRE ALARM SYSTEM, NON-ADDRESSABLE, 28 31 66  INTERIOR FIRE ALARM 
AND MASS NOTIFICATION SYSTEM, NON-ADDRESSABLE, 28 31 70  INTERIOR FIRE 
ALARM SYSTEM, ADDRESSABLE, and 28 31 76  INTERIOR FIRE ALARM AND MASS 
NOTIFICATION SYSTEM, ADDRESSABLE.

2.5.3   Cybersecurity

Control systems must conform to Section 25 05 11  CYBERSECURITY FOR 
FACILITY-RELATED CONTROL SYSTEMS.

2.6   FACTORY PAINTING

Equipment painting must be factory or shop applied, and must be as 
specified herein, and provided under each individual section.
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2.6.1   Factory Painting of Indoor Equipment

Indoor Equipment must be coated with a manufacturer's factory-applied 
finish that meets the following requirements:

a.  The finish system designed for the equipment must have been tested in 
accordance with Federal Test Method Standard No. 141 (Method 6061) and 
passed the 125-hour salt-spray fog test of that standard.  The film 
thickness of the factory painting system applied on the equipment must 
not be less than the film thickness used on the successful test 
specimens.

b.  If manufacturer's standard factory painting system is being proposed 
for use on surfaces subject to working temperatures above  120 degrees F , 
the factory painting system must be designed for service at the 
finished surface's working temperature and must meet the test 
requirements specified above for Federal Test Method Standard No. 141 
when the finished surface temperature is at the service working 
temperature.

2.6.2   Shop Applied Painting of Equipment

Shop applied painting must meet same requirements as factory painting. 
Field retouch only if approved by the Contracting Officer.  Otherwise, 
return equipment to the factory for refinishing.

PART 3   EXECUTION

3.1   EXAMINATION

After becoming familiar with all details of the work, verify all 
dimensions in the field, and advise the Contracting Officer of any 
discrepancy before performing the work.

3.2   INSTALLATION

The warm air heating system installation must be in accordance with the 
manufacturer's written instructions and be in compliance with the 
requirements contained in ICC IBC , ICC IMC , ICC IPC , NFPA 90A or NFPA 90B, 
and NFPA 31 .

Combustion air supply and ventilation must be in accordance with NFPA 31 .  
Systems and equipment include:

a.  Self-contained furnaces - Installation Instructions

3.2.1   Furnaces

Foundations, settings, or suspensions for mounting equipment and 
accessories including supports, vibration isolators, stands, guides, 
anchors, clamps, and brackets must be provided.  Foundations and 
suspension for equipment must conform to the recommendations of the 
manufacturer, unless otherwise indicated on drawings.  Anchor bolts and 
sleeves must be set accurately using properly constructed templates.  
Anchor bolts, when embedded in concrete, must be provided with welded-on 
plates on the head end and guarded against damage until equipment is 
installed.  Equipment bases must be leveled, using jacks or steel wedges, 
and when resting on concrete must be neatly grouted-in with a 
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non-shrinking type of grout.  Equipment must be located as indicated and 
in such a manner that working space is available for all necessary 
servicing, such as shaft removal, replacing, or adjusting drives, motors, 
or shaft seals, air filters, access to automatic controls, humidifiers, 
and lubrication.  Electrical isolation must be provided between dissimilar 
metals for the purpose of minimizing galvanic corrosion.  The interior of 
cabinets or casings must be cleaned before completion of installation.  
The furnace must be connected to the vent or chimney with the specified 
connectors, draft regulators, draft loads, and induced draft fans, as 
applicable, in accordance with NFPA 211 .

3.2.2   Automatic Vent Dampers

Automatic vent dampers must be installed in accordance with 
ANSI Z21.66/CGA 6.14 .

3.2.3   Access Panels

Access panels must be provided for concealed valves, vents, controls, 
dampers, and items requiring inspection or maintenance.  Access panels 
must be of sufficient size and so located that the concealed items may be 
serviced and maintained or completely removed for replacement.  Access 
panels must be as specified in Section 05 50 13  MISCELLANEOUS METAL 
FABRICATIONS.

3.2.4   Flexible Connectors

Pre-insulated flexible connectors and flexible duct must be attached to 
other components in accordance with the latest printed instructions of the 
manufacturer to ensure a vapor tight joint.  Hangers, when required to 
suspend the connectors, must be of the type recommended by the connector 
or duct manufacturer and must be provided at the intervals recommended.

3.2.5   Sleeved and Framed Openings

Space between the sleeved or framed opening and the duct or the duct 
insulation must be packed as specified in Section 07 84 00  FIRESTOPPING 
for fire rated penetrations.  For non-fire rated penetrations, the space 
must be packed as specified in Section 07 92 00  JOINT SEALANTS.

3.2.6   Ductwork

Ductwork and accessories must be in accordance with Section 23 30 00  HVAC 
AIR DISTRIBUTION.

3.2.7   Air Filters

Air filters must be installed in heater casings.  Fans or blowers must not 
be operated until filters are installed.  After completion of tests and 
before the building is accepted by the Government, the Contractor must 
provide a new second set of replaceable filters, where utilized.  Perform 
and document that proper Indoor Air Quality During Construction  procedures 
have been followed; this includes providing documentation showing that 
after construction ends, and prior to occupancy, new filters were provided 
and installed.

3.2.8   Insulation

Thickness and application of insulation materials for ductwork and 
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equipment must be in accordance with Section 23 07 00  THERMAL INSULATION 
FOR MECHANICAL SYSTEMS.

3.2.9   Duct Test Holes

Holes with closures or threaded holes with plugs must be provided in ducts 
and plenums as indicated or where necessary for the use of pitot tube in 
balancing the air system.  Extensions, complete with cap or plug, must be 
provided where the ducts are insulated.

3.2.10   Condensate Collection and Disposal

For high efficient, condensing type units provide condensate collection 
system consisting of p-traps, acid neutralizers, and corrosion resistant 
piping.  Provide drains for heating unit and exhaust vents.  All 
condensate must be captured and appropriately treated prior to entering 
sanitary system or discharging to outdoors.  Install system in accordance 
manufacturer's installation instructions, ICC IMC  and ICC IPC  
requirements.  Provide piping as specified in Section 22 00 00  PLUMBING, 
GENERAL PURPOSE.  Provide .

3.3   FIELD PAINTING

Finish painting of items only primed at the factory or surfaces not 
specifically noted otherwise, are specified in paragraph SYSTEM 
DESCRIPTION.

3.4   CLEANING

Ducts, plenums, and casings must be thoroughly cleaned of all debris and 
blown free of all small particles of rubbish and dust and then must be 
vacuum cleaned before installing outlet faces.  Equipment must be wiped 
clean, with all traces of oil, dust, dirt, or paint spots removed.  
Temporary filters must be provided prior to startup of all fans that are 
operated during construction, and new filters must be installed after all 
construction dirt has been removed from the building, the ducts, plenums, 
casings, and other items specified have been vacuum cleaned, and after 
completion of all tests.  System must be maintained in this clean 
condition until final acceptance.  Bearings must be properly lubricated 
with oil or grease as recommended by the manufacturer.  Belts must be 
tightened to proper tension.  All equipment requiring adjustment must be 
adjusted to setting indicated or directed.  Fans must be adjusted to the 
speed indicated by the manufacturer to meet specified conditions.

3.5   FIELD QUALITY CONTROL

Inspect equipment when it is delivered to the job site.  The right is 
reserved to inspect any equipment at the plant of the manufacturer, during 
or after manufacture.  Inspect and repair all refractory after 
installation and prior to startup.  Continually inspect equipment during 
installation, after installation, and during the tests.  Upon completion 
and prior to acceptance, perform tests and furnish all necessary equipment 
and materials required for the tests as specified herein to demonstrate 
that warm air heating system is in compliance with contract requirements.  
Make all tests under the direction of the Contracting Officer.  Read all 
indicating instruments no less frequently than at half-hour intervals.
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3.6   TESTS 

Upon completion and prior to acceptance of the installation, furnish all 
equipment, instruments, materials, labor, and supervision required for the 
tests as specified.  Submit proposed test procedures for ductwork leak and 
performance tests, at least 2 weeks prior to the start of related testing.

a.  Obtain necessary natural gas, water and electricity as specified in 
Section 01 50 00  TEMPORARY CONSTRUCTION FACILITIES AND CONTROLS.  
Provide necessary quantities of propane gas or No.  fuel oil when 
propane gas or fuel oil is require for testing.

b.  Defects disclosed by the tests must be rectified.  Tests must be made 
under the direction and subject to the approval of the Contracting 
Officer.  All indicating instruments must be read at 1/2-hour 
intervals unless otherwise directed by the Contracting Officer.  
Submit proposed System Diagrams, at least 2 weeks prior to start of 
related testing.

c.  System diagrams that show the layout of equipment and ductwork, and 
typed condensed operation manuals explaining preventative maintenance 
procedures, methods of checking the system for normal safe operation, 
and procedures for safely starting and stopping the system must be 
framed under glass or laminated plastic.  After approval, these items 
must be posted where directed.

d.  Submit test reports  for the ductwork leak test and the performance 
tests in booklet form, upon completion of testing.  Reports must 
document phases of tests performed including initial test summary, 
repairs/adjustments made, and final test results.

3.7   TESTING, ADJUSTING, AND BALANCING

Testing, adjusting, and balancing requirements are specified in Section 
23 05 93  TESTING, ADJUSTING, AND BALANCING FOR HVAC.  Testing, adjusting, 
and balancing must begin only when the air supply and distribution, 
including controls, has been completed, with the exception of performance 
tests.

3.7.1   Firing Tests

a.  Test combustion controls and equipment with specified fuel at 100 
percent rated load.  Demonstrate satisfactory smoke-count numbers and 
combustion efficiency.  Maintain firing for at least 4 hours.  During 
tests, verify proper operation of controls.  Adjust burners for 
maximum efficiency using Orsat or similar apparatus.

b.  Record temperature rises across heat exchangers.

c.  Minimum requirements for satisfactory combustion efficiency must be 
8.5 percent carbon dioxide for gas burners.  Minimum temperatures of 
flue gas at the stack must be  100 degrees F  above the flue-gas dew 
points.  The observed smoke at all firing rates during the prescribed 
tests must not exceed that indicated by a number 2 spot for the 
burners firing a distillate fuel or gas and a number 4 spot for 
burners firing a residual type fuel on the Shell-Bacharach scale.
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3.7.2   Operating Test

Perform the following operating tests to demonstrate satisfactory furnace 
operation.  Check burner safety controls by simulating flame failure in 
accordance with the manufacturer's instructions.  Operate furnace for a 
period sufficient to make the following observations and record the 
following data but in no case less than one hour.  These tests may be run 
concurrent with fire tests specified below to the extent practical.  
Demonstrate satisfactory operation of all heat-regulating controls and 
safety controls.  Record temperature rise across the heat exchanger under 
all firing rates after equilibrium conditions have been reached at each 
firing rate.  Record ammeter and voltmeter readings for the circulating 
blower motor.

3.7.3   Performance Tests

After testing, adjusting, and balancing has been completed as specified, 
each system must be tested as a whole to see all items perform as integral 
parts of the system and temperatures and conditions are evenly controlled 
throughout the building.  Corrections and adjustments must be conducted by 
an experienced engineer.  Tests must cover a period of not less than 2 
days for each system and must demonstrate that the entire system is 
functioning according to the specifications.  Coincidental chart 
recordings must be made at points indicated on the drawings for the 
duration of the time period and must record the temperature at space 
thermostats or space sensors, and the outdoor air temperature in an 
immediately adjacent shaded and weather protected outdoor area.

3.8   FIELD ACCEPTANCE PROCEDURES

3.8.1   Field Acceptance Test Plans and Test Reports

a.  Manufacturer's Test Plans:  Within 120 calendar days after contract 
award, submit the Field Acceptance Test Plan.  Field acceptance test 
plans must developed by the furnace manufacturer detailing recommended 
field test procedures for that particular type and size of equipment.  
Field acceptance test plans developed by the installing Contractor, or 
the equipment sales agency furnishing the equipment, will not be 
acceptable.

    The Contracting Officer will review and approve the field acceptance 
test plan for each of the furnaces prior to commencement of field 
testing of the furnaces.  The approved field acceptance test plans 
must be the plan and procedures followed for the field acceptance 
tests of the furnaces and resultant test reporting.

b.  Coordinated testing:  Indicate in each field acceptance test plan when 
work required by this section requires coordination with test work 
required by other specification sections.  Furnish test procedures for 
the simultaneous or integrated testing of furnace controls which 
interlock and interface with controls factory prewired or external 
controls for the equipment provided under Section 23 09 23_13 20 
BACnet DDC Systems .

c.  Prerequisite testing:  Equipment for which performance testing is 
dependent upon the completion of the work covered by Section 23 05 93  
TESTING, ADJUSTING AND BALANCING FOR HVAC must have that work 
completed as a prerequisite to testing work under this section.  
Indicate in each field acceptance test plan when such prerequisite 
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work is required.

d.  Test procedure:  Indicate in each field acceptance test plan each 
equipment manufacturers published installation, start-up, and field 
acceptance test procedures.  Include in each test plan a detailed 
step-by-step procedure for testing automatic controls provided by the 
manufacturer.  Each test plan must include the required test reporting 
forms to be completed by the Contractor's testing representatives.  
Procedures must be structured to test the controls through all modes 
of control to confirm that the controls are performing with the 
intended sequence of control.

    Controllers must be verified to be properly calibrated and have the 
proper set point to provide stable control of their respective 
equipment.

e.  Performance variables:  Each test plan must list performance variables 
that are required to be measured or tested as part of the field test.

    Include in the listed variables performance requirements indicated on 
the equipment schedules on the design drawings.  Manufacturer must 
furnish with each test procedure a description of acceptable results 
that have been verified.

f.  Job specific:  Each test plan must be job specific and must address 
the particular item of equipment and particular conditions which exist 
with this contract.  Generic or general preprinted test procedures are 
not acceptable.

g.  Specialized components:  Each test plan must include procedures for 
field testing and field adjusting specialized components, such 
temperature control valves, or pressure control valves.

3.8.2   Field Acceptance Testing

a.  Equipment Requiring Test Reports:    Each self-contained furnace must 
be field acceptance tested in compliance with its approved field 
acceptance test plan and the resulting field acceptance test report 
submitted for approval.

b.  Manufacturer's recommended testing:  Conduct the manufacturer's 
recommend field testing in compliance with the approved test plan.  
Furnish a factory trained field representative authorized by and to 
represent the equipment manufacturer throughout the complete execution 
of the field acceptance testing.

c.  Operational test:  Conduct a continuous 24 hour operational test for 
each item of equipment.  Equipment shutdown before the test period is 
completed must result in the test period being started again and run 
for the required duration.  For the duration of each test period, 
compile an operational log of each item of equipment.  Log required 
entries every two hours.  Use the test report forms for logging the 
operational variables.  Submit test logs for each test period.

d.  Notice of tests:  Conduct the manufacturer's recommended tests and the 
operational tests; record the required data using the approved 
reporting forms.  Notify the Contracting Officer in writing at least 
15 calendar days prior to the testing.  Within 30 calendar days after 
acceptable completion of testing, submit each test report for review 
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and approval.

e.  Report forms:  Type data entries and writing on the test report 
forms.  Completed test report forms for each item of equipment must be 
reviewed, approved, and signed by the Contractor's test director and 
the QC manager.  The manufacturer's field test representative must 
review, approve, and sign the report of the manufacturer's recommended 
test.  Signatures must be accompanied by the person's name typed.

f.  Deficiency resolution:  The test requirements acceptably met; 
deficiencies identified during the tests must be corrected in 
compliance with the manufacturer's recommendations and corrections 
retested in order to verify compliance.

3.9   FIELD TRAINING

Conduct a training course for the members of the operating staff as 
designated by the Contracting Officer.  Make the training period consist 
of a total of 8 hours of normal working time and start it after all work 
specified herein is functionally completed and the Performance Tests have 
been approved.  Conduct field instruction that covers all of the items 
contained in the Operation and Maintenance Manuals, manufacturer’s 
troubleshooting and repair manuals, as well as demonstrations of routine 
maintenance operations.  Submit the proposed On-site Training schedule 
concurrently with the Operation and Maintenance Manuals, manufacturer's 
troubleshooting and repair manuals, and at least 14 days prior to 
conducting the training course.

3.10   INSTRUCTION TO GOVERNMENT PERSONNEL

When specified in other sections, furnish the services of competent 
instructors to give full instruction to the designated Government 
personnel in the adjustment, operation, and maintenance, including 
pertinent safety requirements, of the specified equipment or system.  
Instructors must be thoroughly familiar with all parts of the installation 
and must be trained in operating theory as well as practical operation and 
maintenance work.  Instruction must be given during the first regular work 
week after the equipment or system has been accepted and turned over to 
the Government for regular operation.  When significant changes or 
modifications in the equipment or system are made under the terms of the 
contract, provide additional instruction to acquaint the operating 
personnel with the changes or modifications.

        -- End of Section --
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SECTION 23 64 10

WATER CHILLERS, VAPOR COMPRESSION TYPE

PART 1   GENERAL

1.1   REFERENCES

The publications listed below form a part of this specification to the 
extent referenced.  The publications are referred to within the text by 
the basic designation only.

AIR-CONDITIONING, HEATING AND REFRIGERATION INSTITUTE (AHRI)

AHRI 550/590 I-P (2015; ERTA 2016) Performance Rating Of 
Water-Chilling and Heat Pump Water-Heating 
Packages Using the Vapor Compression Cycle

AHRI 575 (2008) Method of Measuring Machinery Sound 
Within an Equipment Space

AMERICAN BEARING MANUFACTURERS ASSOCIATION (ABMA)

ABMA 9 (2015) Load Ratings and Fatigue Life for 
Ball Bearings

ABMA 11 (2014) Load Ratings and Fatigue Life for 
Roller Bearings

AMERICAN SOCIETY OF HEATING, REFRIGERATING AND AIR-CONDITIONING 
ENGINEERS (ASHRAE)

ANSI/ASHRAE 15 & 34 (2013) ANSI/ASHRAE Standard 15-Safety 
Standard for Refrigeration Systems and 
ANSI/ASHRAE Standard 34-Designation and 
Safety Classification of Refrigerants

AMERICAN SOCIETY OF MECHANICAL ENGINEERS (ASME)

ASME BPVC SEC VIII D1 (2019) BPVC Section VIII-Rules for 
Construction of Pressure Vessels Division 1

AMERICAN WELDING SOCIETY (AWS)

AWS Z49.1 (2012) Safety in Welding and Cutting and 
Allied Processes

ASTM INTERNATIONAL (ASTM)

ASTM A307 (2021) Standard Specification for Carbon 
Steel Bolts, Studs, and Threaded Rod 60 
000 PSI Tensile Strength

ASTM B117 (2019) Standard Practice for Operating 
Salt Spray (Fog) Apparatus
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ASTM D520 (2000; R 2011) Zinc Dust Pigment

ASTM E84 (2020) Standard Test Method for Surface 
Burning Characteristics of Building 
Materials

ASTM F104 (2011; R 2020) Standard Classification 
System for Nonmetallic Gasket Materials

NATIONAL ELECTRICAL MANUFACTURERS ASSOCIATION (NEMA)

NEMA MG 1 (2018) Motors and Generators

NEMA MG 11 (1977; R 2012) Energy Management Guide for 
Selection and Use of Single Phase Motors

U.S. NATIONAL ARCHIVES AND RECORDS ADMINISTRATION (NARA)

40 CFR 82 Protection of Stratospheric Ozone

1.2   SUBMITTALS

Government approval is required for submittals with a "G" or "S" 
classification.  Submittals not having a "G" or "S" classification are for 
Contractor Quality Control approval. Submit the following in accordance 
with Section 01 33 00  SUBMITTAL PROCEDURES:

SD-03 Product Data

Water Chiller ; G, 

Posted Instructions

Verification of Dimensions

Factory Tests

System Performance Tests

Demonstrations

Refrigerant

Water Chiller - Field Acceptance Test Plan

SD-06 Test Reports

Field Acceptance Testing

Water Chiller - Field Acceptance Test Report

Factory Tests

System Performance Tests

SD-07 Certificates

Refrigeration System ; G, 
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Ozone Depleting Substances Technician Certification

SD-08 Manufacturer's Instructions

Water Chiller - Installation Instructions ; G, 

SD-10 Operation and Maintenance Data

Operation and Maintenance Manuals ; G, 

SD-11 Closeout Submittals

Indoor Air Quality During Construction ; S

1.3   CERTIFICATIONS

1.3.1   Ozone Depleting Substances Technician Certification

All technicians working on equipment that contain ozone depleting 
refrigerants must be certified as a Section 608 Technician to meet 
requirements in 40 CFR 82 , Subpart F.  Provide copies of technician 
certifications to the Contracting Officer at least 14 calendar days prior 
to work on any equipment containing these refrigerants.

1.4   SAFETY REQUIREMENTS

Exposed moving parts, parts that produce high operating temperature, parts 
which may be electrically energized, and parts that may be a hazard to 
operating personnel must be insulated, fully enclosed, guarded, or fitted 
with other types of safety devices.  Safety devices must be installed so 
that proper operation of equipment is not impaired.  Welding and cutting 
safety requirements must be in accordance with AWS Z49.1 .

1.5   DELIVERY, STORAGE, AND HANDLING

Stored items must be protected from the weather, humidity and temperature 
variations, dirt and dust, or other contaminants.  Proper protection and 
care of all material both before and during installation will be the 
Contractor's responsibility.  Any materials found to be damaged must be 
replaced at the Contractor's expense.  During installation, piping and 
similar openings must be capped to keep out dirt and other foreign matter.

1.6   PROJECT REQUIREMENTS

1.6.1   Verification of Dimensions

The Contractor must become familiar with all details of the work, verify 
all dimensions in the field, and advise the Contracting Officer of any 
discrepancy before performing any work.

PART 2   PRODUCTS

2.1   STANDARD COMMERCIAL PRODUCTS

Materials and equipment will be standard Commercial cataloged products of 
a manufacturer regularly engaged in the manufacturing of such products, 
which are of a similar material, design and workmanship.  These products 
must have a two year record of satisfactory field service prior to bid 
opening.  The two year record of service must include applications of 
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equipment and materials under similar circumstances and of similar size.  
Products having less than a two year record of satisfactory field service 
will be acceptable if a certified record of satisfactory field service for 
not less than 6000 hours can be shown.  The 6000 hour service record must 
not include any manufacturer's prototype or factory testing.  Satisfactory 
field service must have been completed by a product that has been, and 
presently is being sold or offered for sale on the commercial market 
through the following copyrighted means:  advertisements, manufacturer's 
catalogs, or brochures.

2.2   MANUFACTURER'S STANDARD NAMEPLATES

Major equipment including chillers, compressors, compressor drivers, 
condensers, water coolers, receivers, refrigerant leak detectors, heat 
exchanges, fans, and motors must have the manufacturer's name, address, 
type or style, model or serial number, and catalog number on a plate 
secured to the item of equipment.  Plates must be durable and legible 
throughout equipment life.  Plates must be fixed in prominent locations 
with nonferrous screws or bolts.

Nameplates are required on major components if the manufacturer needs to 
provide specific engineering and manufacturing information pertaining to 
the particular component.  Should replacement of this component be 
required, nameplate information will insure correct operation of the unit 
after replacement of this component.

2.3   ELECTRICAL WORK

a.  Provide motors, controllers, integral disconnects, contactors, and 
controls with their respective pieces of equipment, except controllers 
indicated as part of motor control centers.  Provide electrical 
equipment, including motors and wiring, as specified in Section 
26 20 00  INTERIOR DISTRIBUTION SYSTEM.  Manual or automatic control 
and protective or signal devices required for the operation specified 
and control wiring required for controls and devices specified, but 
not shown, must be provided.  For packaged equipment, the manufacturer 
must provide controllers including the required monitors and timed 
restart.

b.  For single-phase motors, provide high-efficiency type, 
fractional-horsepower alternating-current motors, including motors 
that are part of a system, in accordance with NEMA MG 11.

c.  For polyphase motors, provide squirrel-cage medium induction motors, 
including motors that are part of a system, and that meet the 
efficiency ratings for premium efficiency motors in accordance with 
NEMA MG 1.

d.  Provide motors in accordance with NEMA MG 1 and of sufficient size to 
drive the load at the specified capacity without exceeding the 
nameplate rating of the motor.  Motors must be rated for continuous 
duty with the enclosure specified.  Motor duty requirements must allow 
for maximum frequency start-stop operation and minimum encountered 
interval between start and stop.  Motor torque must be capable of 
accelerating the connected load within 20 seconds with 80 percent of 
the rated voltage maintained at motor terminals during one starting 
period.  Provide motor starters complete with thermal overload 
protection and other necessary appurtenances.   Motor bearings must be 
fitted with grease supply fittings and grease relief to outside of the 
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enclosure.   Motor enclosure type may be either TEAO or TEFC.

e.  Use adjustable frequency drives for all variable-speed motor 
applications.  Provide variable frequency drives for motors as 
specified in Section 26 29 23  ADJUSTABLE SPEED DRIVE (ASD) SYSTEMS 
UNDER 600 VOLTS.

f.  Provide inverter duty premium efficiency motors for use with variable 
frequency drives.

2.4   SELF-CONTAINED WATER CHILLERS, VAPOR COMPRESSION TYPE

Unless necessary for delivery purposes, units must be assembled, 
leak-tested, charged (refrigerant and oil), and adjusted at the factory.  
In lieu of delivery constraints, a chiller may be assembled, leak-tested, 
charged (refrigerant and oil), and adjusted at the job site by a factory 
representative.  Unit components delivered separately must be sealed and 
charged with a nitrogen holding charge.  Parts weighing  50 pounds  or more 
which must be removed for inspection, cleaning, or repair, such as motors, 
gear boxes, cylinder heads, casing tops, condenser, and cooler heads, must 
have lifting eyes or lugs.  Chiller must be provided with a single point 
wiring connection for incoming power supply.  Chiller's condenser and 
water cooler must be provided with standard water boxes with grooved 
mechanical connections.

2.4.1   Scroll, Reciprocating, or Rotary Screw Type

Chiller must be certified for performance per AHRI 550/590 I-P .  If 
specified performance is outside of the Application Rating Conditions of 
AHRI 550/590 I-P , Table 2 then the chiller's performance must be rated in 
accordance with AHRI 550/590 I-P .  Chiller must conform to 
ANSI/ASHRAE 15 & 34 .  As a minimum, chiller must include the following 
components as defined in paragraph CHILLER COMPONENTS.

a.  Refrigerant and oil

b.  Structural base

c.  Chiller refrigerant circuit

d.  Controls package

e.  Scroll, reciprocating, or rotary screw compressor

f.  Compressor driver, electric motor 

g.  Compressor driver connection

h.  Water cooler (evaporator)

i.  Air-cooled condenser coil

l.  Tools
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2.5   CHILLER COMPONENTS

2.5.1   Refrigerant  and Oil

Refrigerants must be one of the fluorocarbon gases.  Refrigerants must 
have number designations and safety classifications in accordance with 
ANSI/ASHRAE 15 & 34 .  CFC-based refrigerants are prohibited.  Refrigerants 
must have an Ozone Depletion Potential (ODP) no greater than 0.0, with the 
exception of R-123.  Provide SDS sheets for all refrigerants.

2.5.2   Structural Base

Chiller and individual chiller components must be provided with a 
factory-mounted structural steel base (welded or bolted) or support 
legs.   Chiller and individual chiller components must be isolated from 
the building structure by means of molded neoprene isolation pads. 

2.5.3   Chiller Refrigerant Circuit

Chiller refrigerant circuit must be completely piped and factory leak 
tested in accordance with ANSI/ASHRAE 15 & 34 .  For multicompressor units, 
not less than 2 independent refrigerant circuits must be provided.  
Circuit must include as a minimum a combination filter and drier, 
combination sight glass and moisture indicator, an electronic or 
thermostatic expansion valve with external equalizer or float valve, 
charging ports, compressor service valves for field-serviceable 
compressors, and superheat adjustment.

2.5.4   Controls Package

Provide chillers with a complete remote-mounted where indicated, 
microprocessor based operating and safety control system.  Controls 
package must contain as a minimum a digital display, an on-auto-off 
switch, motor starters, variable frequency motor controller, disconnect 
switches, power wiring, and control wiring.  Controls package must provide 
operating controls, monitoring capabilities, programmable setpoints, 
safety controls, and UMCS interfaces as defined below.

2.5.4.1   Operating Controls

Chiller must be provided with the following adjustable operating controls 
as a minimum.

a.  Leaving chilled water temperature control

b.  Adjustable timer or automated controls to prevent a compressor from 
short cycling

c.  Automatic lead/lag controls (adjustable) for multi-compressor units

d.  Load limiting

e.  System capacity control to adjust the unit capacity in accordance with 
the system load and the programmable setpoints.  Controls must 
automatically re-cycle the chiller on power interruption.

f.  Startup and head pressure controls to allow system operation at all 
ambient temperatures down to 20 degrees  F .
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g.  Fan sequencing for air-cooled condenser

2.5.4.2   Monitoring Capabilities

During normal operations, the control system must be capable of monitoring 
and displaying the following operating parameters.  Access and operation 
of display must not require opening or removing any panels or doors.

a.  Entering and leaving chilled water temperatures

b.   Chilled water flow

c.   Entering and leaving condenser water pressure

d.  Self diagnostic

e.  Operation status

f.  Operating hours

g.  Number of starts

h.  Compressor status (on or off)

i.  Compressor load (percent)

j.  Refrigerant discharge and suction pressures

k.  Magnetic bearing levitation status (if applicable)

l.   Magnetic bearing temperatures (if applicable)

m.  Oil pressure

n.  Condenser water entering and leaving temperatures

o.  Number of purge cycles over the last 7 days

2.5.4.3   Configurable Setpoints

The control system must be capable of being configured directly at the 
unit's interface panel.  No parameters may be capable of being changed 
without first entering a security access code.  The programmable setpoints 
must include the following as a minimum:

a.  Leaving Chilled Water Temperature

b.  Leaving Condenser Water Temperature

c.  Time Clock/Calendar Date

2.5.4.4   Safety Controls with Manual Reset

Chiller must be provided with the following safety controls which 
automatically shutdown the chiller and which require manual reset.

a.  Low chilled water temperature protection

b.  High condenser refrigerant discharge pressure protection
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c.  Low evaporator pressure protection

d.  Chilled water flow detection

e.  High motor winding temperature protection

f.  Low oil flow protection if applicable

g.  Magnetic bearing controller (MBC), Internal fault (if applicable)

h.  MBC, High bearing temperature (if applicable)

i.  MBC, Communication fault (if applicable)

j.  MBC, Power supply fault (if applicable)

k.  Motor current overload and phase loss protection

2.5.4.5   Safety Controls with Automatic Reset

Chiller must be provided with the following safety controls which 
automatically shutdown the chiller and which provide automatic reset.

a.  Over/under voltage protection

b.  Chilled water flow interlock

c.  MBC, Vibration (if applicable)

d.  MBC, No levitation (if applicable)

e.  Phase reversal protection

2.5.4.6   Remote Alarm

During the initiation of a safety shutdown, a chiller's control system 
must be capable of activating a remote alarm bell.  In coordination with 
the chiller, the Contractor must provide an alarm circuit (including 
transformer if applicable) and a minimum  4 inch  diameter alarm bell.  
Alarm circuit must activate bell in the event of machine shutdown due to 
the chiller's monitoring of safety controls.  The alarm bell must not 
sound for a chiller that uses low-pressure cutout as an operating control.

2.5.4.7   Utility Monitoring and Control System Interface

Provide a Utility Monitoring and Control System (UMCS) interface meeting 
the requirements of Section 23 09 00  INSTRUMENTATION AND CONTROL FOR HVAC 
and the requirements of Section 23 09 23.02  BACNET DIRECT DIGITAL CONTROL 
FOR HVAC AND OTHER BUILDING CONTROL SYSTEMS.  The interface must provide 
all system operating conditions, capacity controls, and safety shutdown 
conditions as network points.  In addition, the following points must be 
overridable via the network interface:

a.  Unit Start/Stop

b.  Leaving Chilled Water Temperature Setpoint

c.  Leaving Condenser Water Temperature Setpoint
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2.5.5   Compressor(s)

2.5.5.1   Scroll Compressor(s)

Compressors must be of the hermetically sealed design.  Compressors must 
be mounted on vibration isolators to minimize vibration and noise.  
Rotating parts must be statically and dynamically balanced at the factory 
to minimize vibration.  Lubrication system must be centrifugal pump type 
equipped with a means for determining oil level and an oil charging 
valve.  Crankcase oil heater must be provided.  Provide continuous 
compressor unloading to 10 percent of full-load capacity by way of 
variable speed compressor motor controller or variable unloading of the 
scroll.

2.5.5.2   Rotary Screw Compressor(s)

Compressors must operate stably for indefinite time periods to at least 25 
percent capacity reduction without gas bypass external to the compressor.  
Provision must be made to insure proper lubrication of bearings and shaft 
seals on shutdown with or without electric power supply.  Rotary screw 
compressors must include:

a.  An open or hermetic, positive displacement, oil-injected design 
directly driven by the compressor driver.  Allow access to internal 
compressor components for repairs, inspection, and replacement of 
parts.

b.  Rotors must be solid steel, possessing sufficient rigidity for proper 
operation.

c.  A maximum rotor operating speed no greater than 3600 RPM.  Provide 
cast iron rotor housing.

d.  Casings of cast iron, precision machined for minimal clearance about 
periphery of rotors with minimal clearance at rotor tops and rotor 
ends.

e.  A lubrication system of the forced-feed type that provides oil at the 
proper pressure to all parts requiring lubrication.

f.  Bearing housing must be conservatively loaded and rated for an L(10) 
life of not less than 200,000 hours.  Shaft main bearings of the 
sleeve type with heavy duty bushings or rolling element type in 
accordance with ABMA 9 or ABMA 11.

g.  A differential oil pressure or flow cutout to allow the compressor to 
operate only when the required oil pressure or flow is provided to the 
bearings.

h.  Use a Variable Frequency Drive (VFD) to modulate capacity modulation 
from 100 percent to 15 percent.

i.  An oil separator and oil return system to remove oil entrained in the 
refrigerant gas and automatically return the oil to the compressor.

j.  Crankcase oil heaters must be provided.
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2.5.5.3   Centrifugal Compressor(s)

Centrifugal compressors may be either single or multistage, having 
dynamically balanced impellers, either direct or gear driven by the 
compressor driver.  Impellers must be over-speed tested at 1.2 times the 
impeller-shaft speed.  Impeller shaft must be steel with sufficient 
rigidity for proper operation at any required operating speed.  
Compressors must be capable of variable speed operation and may have 
either oil-free bearing drives or oil-lubricated bearing drives.  
Centrifugal compressors must include:

a.  Shaft main bearings that are either oil lubricated, oil free ceramic 
or magnetic levitated.  The oil lubricated bearings must be the 
rolling element type in accordance with ABMA 9 or ABMA 11, journal 
type with bronze or babbitt liners, or of the aluminum-alloy one-piece 
insert type.  Oil lubricated or oil free ceramic bearings must be 
rated for an L(10) life of not less than 200,000 hours.  Magnetic 
levitated main shaft bearings must be in accordance with ISO 14839-1, 
ISO 14839-2, ISO 14839-3, ISO 14839-4, and provided with radial and 
axial magnetic levitated bearings (combination permanent and electro 
magnets) to levitate the shaft thereby eliminating metal to metal 
contact and thus eliminating the need for oil. The active magnetic 
bearings must be equipped with an automatic vibration reduction and 
balancing system.  Each bearing position must be sensed by position 
sensors and provide real time positioning of the rotor shaft, 
controlled by on-board digital electronics.  In the event of a power 
failure, the magnetic bearings will remain in operation throughout the 
compressor coast-down using a reserve power supply.  Provide 
mechanical bearings designed for emergency touchdowns, as a backup to 
the magnetic bearings.

b.  Casing of cast iron, aluminum, or steel plate with split sections 
gasketed and bolted or clamped together.

c.  Lubrication system of the forced-feed type that provides oil at the 
proper pressure to all parts requiring lubrication.

d.  Provisions to ensure proper lubrication of bearings and shaft seals 
prior to starting and upon stopping with or without electric power 
supply (if applicable).  On units providing forced-feed lubrication 
prior to starting, a differential oil pressure cutout interlocked with 
the compressor starting equipment must allow the compressor to operate 
only when the required oil pressure is provided to the bearings (if 
applicable).

e.  Oil sump heaters controlled as recommended by the manufacturer.

f.  Temperature-or pressure-actuated prerotation vane, variable geometry 
diffuser or suction damper to provide automatic capacity modulation 
from 100 percent capacity to 25 percent capacity.  If operation to 25 
percent capacity cannot be achieved without providing gas bypass 
external to the compressor, then the Contractor must indicate in the 
equipment submittal the load percent at which external hot gas bypass 
is required to prevent surge and to provide the specified capacity 
reduction and its impact on performance.

2.5.6   Compressor Driver, Electric Motor

Components such as motors, , variable speed drives and wiring must be in 
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accordance with paragraph ELECTRICAL WORK.  Variable frequency drive must 
be unit mounted as indicated with variable frequency drive type, wiring, 
and accessories coordinated with the chiller manufacturer.

2.5.7   Compressor Driver, Steam Turbine

Steam turbine must be suitable for direct connection to the compressor.  
Turbine must have a capacity 10 percent greater than the compressor brake 
horsepower requirement at full-load condition.  Steam strainer must be 
either internally mounted or installed in connecting piping.  Turbine must 
include sentinel warning valve, forced-feed lubrication, oil cooler, oil 
reservoir, oil relief valve, oil piping, oil-pressure gauge, tachometer, 
and gland-seal piping if a condensing turbine is used.  If a 
non-condensing turbine is used, provision must be made for drain piping.  
The turbine must be suitable for automatic control.  An overspeed trip 
governor must be provided to shut off the steam supply at 115 percent of 
design speed.  Provision must be made to stop the turbine upon operation 
of the compressor safety devices and upon power failure by the use of a 
solenoid trip on the emergency overspeed governor.  Turbine must be 
governed by a pneumatically controlled hydraulic governor during automatic 
operation and with a manual control effective during failure of the air 
supply.  Pneumatic valve must be actuated by a temperature controller with 
its sensing element in contact with the chilled water.  Turbine must be 
designed to operate at the steam pressure and exhaust conditions 
indicated.  If the turbine is a condensing type, a surface-type steam 
condenser complete with single-stage air ejector, inter- and 
after-condenser, electric-driven dual condensate pumps, atmospheric relief 
valve, and expansion joint must be furnished.

2.5.8   Compressor Driver Connections

Each compressor must be driven by a V-belt drive or direct connected 
through a flexible coupling, except that flexible coupling is not required 
on hermetic units.  V-belt drives must be designed for not less than 150 
percent of the driving motor capacity.  Flexible couplings must be of the 
type that does not require lubrication.  2.5.9   Air-Cooled Condenser Coil

The condenser coil must be of the microchannel heat exchanger technology 
(MCHX) type consisting of a series of flat tubes containing a series of 
multiple, parallel flow microchannels layered between the refrigerant 
manifolds in a two-pass arrangement.  Provide coils constructed of 
aluminum alloys for fins, tubes, and manifolds.  Coil must be factory leak 
and pressure tested after assembly in accordance with ANSI/ASHRAE 15 & 34 .

2.5.10   Receivers

Receiver must bear a stamp certifying compliance with ASME BPVC SEC VIII D1
 and must meet the requirements of ANSI/ASHRAE 15 & 34 .  Inner surfaces 
must be thoroughly cleaned by sandblasting or other approved means.  Each 
receiver must have a storage capacity not less than 20 percent in excess 
of that required for the fully-charged system.  Each receiver must be 
equipped with inlet, outlet drop pipe, drain plug, purging valve, relief 
valves of capacity and setting required by ANSI/ASHRAE 15 & 34 , and two 
bull's eye liquid-level sight glasses.  Sight glasses must be in the same 
vertical plane, 90 degrees apart, perpendicular to the axis of the 
receiver, and not over  3 inches  horizontally from the drop pipe measured 
along the axis of the receiver.  In lieu of bull's eye sight glass, 
external gauge glass with metal glass guard and automatic closing stop 
valves may be provided.
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2.5.11   Chiller Purge System

Chillers which operate at pressures below atmospheric pressure must be 
provided with a purge system.  Purge system must automatically remove air, 
water vapor, and non-condensible gases from the chiller's refrigerant 
while keeping refrigerant emissions below requirements of ASHRAE Std 147.  
Purge units must be certified per AHRI 580.  Purge system must condense, 
separate, and return all refrigerant back to the chiller.  An oil 
separator must be provided with the purge system if required by the 
manufacturer.  Purge system must not discharge to occupied areas, or 
create a potential hazard to personnel.  Purge system must include a purge 
pressure gauge, number of starts counter, and an elapsed time meter.  
Purge system must include lights or an alarm which indicate excessive 
purge or an abnormal air leakage into chiller.

2.5.12   Tools

One complete set of special tools, as recommended by the manufacturer for 
field maintenance of the system, must be provided.  Tools must be mounted 
on a tool board in the equipment room or contained in a toolbox as 
directed by the Contracting Officer.

2.6   ACCESSORIES

2.6.1   Refrigerant Leak Detector

Detector must be the continuously-operating, halogen-specific type.  
Detector must be appropriate for the refrigerant in use.  Detector must be 
specifically designed for area monitoring and must include a single 
sampling point installed where indicated.  Detector design and 
construction must be compatible with the temperature, humidity, barometric 
pressure and voltage fluctuations of the operating area.  Detector must 
have an adjustable sensitivity such that it can detect refrigerant at or 
above 3 parts per million (ppm).  Detector must be supplied 
factory-calibrated for the appropriate refrigerant(s).  Detector must be 
provided with an alarm relay output which energizes when the detector 
detects a refrigerant level at or above the TLV-TWA (or toxicity 
measurement consistent therewith) for the refrigerant(s) in use.  The 
detector's relay must be capable of initiating corresponding alarms and 
ventilation systems as indicated on the drawings.  Detector must be 
provided with a failure relay output that energizes when the monitor 
detects a fault in its operation.   Detector must be compatible with the 
facility's Building Control Network (BCN).  The BCN must be capable of 
generating an electronic log of the refrigerant level in the operating 
area, monitoring for detector malfunctions, and monitoring for any 
refrigerant alarm conditions.

2.6.2   Refrigerant Relief Valve/Rupture Disc Assembly

The assembly must be a combination pressure relief valve and rupture disc 
designed for refrigerant usage.  The assembly must be in accordance with 
ASME BPVC SEC VIII D1  and ANSI/ASHRAE 15 & 34 .  The assembly must be 
provided with a pressure gauge assembly which will provide local 
indication if a rupture disc is broken.  Rupture disc must be the 
non-fragmenting type.
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2.6.3   Refrigerant Signs

Refrigerant signs must be a medium-weight aluminum type with a baked 
enamel finish.  Signs must be suitable for indoor or outdoor service.  
Signs must have a white background with red letters not less than  0.5 
inches  in height.

2.6.3.1   Installation Identification

Each new refrigerating system must be provided with a refrigerant sign 
which indicates the following as a minimum:

a.  Contractor's name.

b.  Refrigerant number and amount of refrigerant.

c.  The lubricant identity and amount.

d.  Field test pressure applied.

2.6.3.2   Controls and Piping Identification

Refrigerant systems containing more than  110 lb  of refrigerant must be 
provided with refrigerant signs which designate the following as a minimum:

a.  Valves or switches for controlling the refrigerant flow , the 
ventilation system, and the refrigerant compressor(s).

b.  Pressure limiting device(s).

2.6.4   Gaskets

Gaskets must conform to ASTM F104 - classification for compressed sheet 
with nitrile binder and acrylic fibers for maximum  700 degrees F  service.

2.6.5   Bolts and Nuts

Bolts and nuts, except as required for piping applications, must be in 
accordance with ASTM A307.  The bolt head must be marked to identify the 
manufacturer and the standard with which the bolt complies in accordance 
with ASTM A307.

2.7   FABRICATION

2.7.1   Factory Coating

Unless otherwise specified, equipment and component items, when fabricated 
from ferrous metal, must be factory finished with the manufacturer's 
standard finish, except that items located outside of buildings must have 
weather resistant finishes that will withstand 125 hours exposure to the 
salt spray test specified in ASTM B117 using a 5 percent sodium chloride 
solution.  Immediately after completion of the test, the specimen must 
show no signs of blistering, wrinkling, cracking, or loss of adhesion and 
no sign of rust creepage beyond  1/8 inch  on either side of the scratch 
mark.  Cut edges of galvanized surfaces where hot-dip galvanized sheet 
steel is used must be coated with a zinc-rich coating conforming to 
ASTM D520, Type I.
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2.7.2   Factory Applied Insulation

Chiller must be provided with factory installed insulation on surfaces 
subject to sweating including the water cooler, suction line piping, 
economizer, and cooling lines.  Insulation on heads of coolers may be 
field applied, however it must be installed to provide easy removal and 
replacement of heads without damage to the insulation.  Where motors are 
the gas-cooled type, factory installed insulation must be provided on the 
cold-gas inlet connection to the motor per manufacturer's standard 
practice.  Factory insulated items installed outdoors are not required to 
be fire-rated.  As a minimum, factory insulated items installed indoors 
must have a flame spread index no higher than 75 and a smoke developed 
index no higher than 150.  Factory insulated items (no jacket) installed 
indoors and which are located in air plenums, in ceiling spaces, and in 
attic spaces must have a flame spread index no higher than 25 and a smoke 
developed index no higher than 50.  Flame spread and smoke developed 
indexes must be determined by ASTM E84.  Insulation must be tested in the 
same density and installed thickness as the material to be used in the 
actual construction.  Material supplied by a manufacturer with a jacket 
must be tested as a composite material.  Jackets, facings, and adhesives 
must have a flame spread index no higher than 25 and a smoke developed 
index no higher than 50 when tested in accordance with ASTM E84.

2.8   FACTORY TESTS

2.8.1   Chiller Performance Test

The Contractor and proposed chiller manufacturer shall be responsible for 
performing the chiller factory test to validate the specified full load 
capacity, full load EER, and IPLV in accordance with AHRI 550/590 I-P  
except as indicated.  The Contractor and chiller manufacturer must provide 
to the Government a certified chiller factory test report in accordance 
with AHRI 550/590 I-P  to confirm that the chiller performs as specified.  
Tests must be conducted in an AHRI certified test facility in conformance 
with AHRI 550/590 I-P  procedures and tolerances, except as indicated.  At 
a minimum, chiller capacity must be validated to meet the scheduled 
requirements indicated on the drawings.  Tolerance or deviation must be in 
strict accordance with AHRI 550/590 I-P .  Stable operation at minimum load 
of 10 percent of total capacity must be demonstrated during the factory 
test.

2.8.1.1   Temperature Adjustments

Temperature adjustments must adhere to AHRI 550/590 I-P  to adjust from the 
design fouling factor to the clean tube condition.  Test temperature 
adjustments must be verified prior to testing by the manufacturer.  There 
must be no exceptions to conducting the test with clean tubes with the 
temperature adjustments per AHRI 550/590 I-P .  The manufacturer must clean 
the tubes prior to testing to obtain a test fouling factor of 0.0000.

2.8.1.2   Test Instrumentation

The factory test instrumentation must be per AHRI 550/590 I-P  and the 
calibration must be traceable to the National Institute of Standards and 
Technology.

2.8.1.3   Equipment Adjustments

If the equipment fails to perform within allowable tolerances, the 
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manufacturer must be allowed to make necessary revisions to his equipment 
and retest as required.  The manufacturer shall assume all expenses 
incurred by the Government to witness the retest.

2.8.2   Chiller Sound Test

Chillers must be sound tested at the factory prior to shipment to confirm 
the sound pressure level specified herein.  Tests and data must be 
conducted and measured in strict accordance with AHRI 575  at the full load 
system operating conditions.  The chiller sound pressure level, in 
decibels (dB), with a reference pressure of 20 micropascals, must not 
exceed 85 dB, A weighted.  Ratings must be in accordance with AHRI 575 .  
No reduction of entering condenser water temperature or raising of leaving 
chilled water temperature will be allowed.  A minimum of 75 percent of the 
sound data points must be taken along the length of the machine, and 
established as the minimum percentage of total possible points used to 
determine sound levels.  In the event that the chiller does not meet the 
dBA sound pressure level, the manufacturer shall, at his expense, provide 
sufficient attenuation to the machine to meet the specified value.  This 
attenuation must be applied in such a manner that it does not hinder the 
operation or routine maintenance procedures of the chiller.  The 
attenuation material, adhesives, coatings, and other accessories must have 
surface burning characteristics as determined by ASTM E84.

2.9   SUPPLEMENTAL COMPONENTS/SERVICES

2.9.1   Chilled and Condenser Water Piping and Accessories

Chilled and condenser water piping and accessories must be provided and 
installed in accordance with Section 23 64 26  CHILLED, CHILLED-HOT, AND 
CONDENSER WATER PIPING SYSTEMS.

2.9.2   Refrigerant Piping

Refrigerant piping for split-system water chillers must be provided and 
installed in accordance with Section 23 23 00  REFRIGERANT PIPING.

2.9.3   Cooling Tower

Cooling towers must be provided and installed in accordance with Section 
23 65 00  COOLING TOWERS AND REMOTE EVAPORATIVELY-COOLED CONDENSERS.

2.9.4   Temperature Controls

Chiller control packages must be fully coordinated with and integrated 
into the temperature control system indicated in Section 23 30 00  HVAC AIR 
DISTRIBUTION and Section 23 09 00  INSTRUMENTATION AND CONTROL FOR HVAC and 
Section 23 09 23.02  BACNET DIRECT DIGITAL CONTROL FOR HVAC AND OTHER 
BUILDING CONTROL SYSTEMS .

PART 3   EXECUTION

3.1   INSTALLATION

Installation of water chiller systems including materials, installation, 
workmanship, fabrication, assembly, erection, examination, inspection, and 
testing must be in accordance with the manufacturer's written installation 
instructions, including the following:
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3.1.1   Installation Instructions

Provide manufacturer's standard catalog data, at least 5 weeks prior to 
the purchase or installation of a particular component, highlighted to 
show features such as materials, dimensions, options, performance and 
efficiency.  Data must include manufacturer's recommended installation 
instructions and procedures.  Data must be adequate to demonstrate 
compliance with contract requirements.

3.1.2   Vibration Isolation

If vibration isolation is specified for a unit, vibration isolator 
literature must be included containing catalog cuts and certification that 
the isolation characteristics of the isolators provided meet the 
manufacturer's recommendations.

3.1.3   Posted Instructions

Provide posted instructions, including equipment layout, wiring and 
control diagrams, piping, valves and control sequences, and typed 
condensed operation instructions.  The condensed operation instructions 
must include preventative maintenance procedures, methods of checking the 
system for normal and safe operation, and procedures for safely starting 
and stopping the system.  The posted instructions must be framed under 
glass or laminated plastic and be posted where indicated by the 
Contracting Officer.

3.1.4   Verification of Dimensions

Provide a letter including the date the site was visited, conformation of 
existing conditions, and any discrepancies found.

3.1.5   System Performance Test Schedules

Provide a schedule, at least 2 weeks prior to the start of related 
testing, for the system performance tests.  The schedules must identify 
the proposed date, time, and location for each test.

3.1.6   Certificates

Where the system, components, or equipment are specified to comply with 
requirements of AGA, NFPA, ARI, ASHRAE, ASME, or UL, proof of such 
compliance must be provided.  The label or listing of the specified agency 
must be acceptable evidence.  In lieu of the label or listing, a written 
certificate from an approved, nationally recognized testing organization 
equipped to perform such services, stating that the items have been tested 
and conform to the requirements and testing methods of the specified 
agency may be submitted.  When performance requirements of this project's 
drawings and specifications vary from standard ARI rating conditions, 
computer printouts, catalog, or other application data certified by ARI or 
a nationally recognized laboratory as described above must be included.  
If ARI does not have a current certification program that encompasses such 
application data, the manufacturer may self certify that his application 
data complies with project performance requirements in accordance with the 
specified test standards.

3.1.7   Operation and Maintenance Manuals

Provide Six complete copies of an operation manual in bound  8 1/2 by 11 
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inch  booklets listing step-by-step procedures required for system startup, 
operation, abnormal shutdown, emergency shutdown, and normal shutdown at 
least 4 weeks prior to the first training course.  The booklets must 
include the manufacturer's name, model number, and parts list.  The 
manuals must include the manufacturer's name, model number, service 
manual, and a brief description of all equipment and their basic operating 
features.  Six complete copies of maintenance manual in bound  8 1/2 by 11 
inch  booklets listing routine maintenance procedures, possible breakdowns 
and repairs, and a trouble shooting guide.  The manuals must include 
piping and equipment layouts and simplified wiring and control diagrams of 
the system as installed.

3.1.8   Connections to Existing Systems

Notify the Contracting Officer in writing at least 15 calendar days prior 
to the date the connections are required.  Obtain approval before 
interrupting service.  Furnish materials required to make connections into 
existing systems and perform excavating, backfilling, compacting, and 
other incidental labor as required.  Furnish labor and tools for making 
actual connections to existing systems.

3.1.9   Refrigeration System

3.1.9.1   Equipment

Refrigeration equipment and the installation thereof must conform to 
ANSI/ASHRAE 15 & 34 .  Necessary supports must be provided for all 
equipment, appurtenances, and pipe as required, including frames or 
supports for compressors, pumps, cooling towers, condensers, water 
coolers, and similar items.  Compressors must be isolated from the 
building structure.  If mechanical vibration isolators are not provided, 
vibration absorbing foundations must be provided.  Each foundation must 
include isolation units consisting of machine and floor or foundation 
fastenings, together with intermediate isolation material.  Other 
floor-mounted equipment must be set on not less than a  6 inch  concrete pad 
doweled in place.  Concrete foundations for floor mounted pumps must have 
a mass equivalent to three times the weight of the components, pump, base 
plate, and motor to be supported.  In lieu of concrete pad foundation, 
concrete pedestal block with isolators placed between the pedestal block 
and the floor may be provided.  Concrete pedestal block must be of mass 
not less than three times the combined pump, motor, and base weights.  
Isolators must be selected and sized based on load-bearing requirements 
and the lowest frequency of vibration to be isolated. Lines connected to 
pumps mounted on pedestal blocks must be provided with flexible 
connectors.  Foundation drawings, bolt-setting information, and foundation 
bolts must be furnished prior to concrete foundation construction for all 
equipment indicated or required to have concrete foundations.  Concrete 
for foundations must be as specified in Section 03 30 00  CAST-IN-PLACE 
CONCRETE.  Equipment must be properly leveled, aligned, and secured in 
place in accordance with manufacturer's instructions.

3.1.9.2   Field Refrigerant Charging

a.  Initial Charge:  Upon completion of all the refrigerant pipe tests, 
the vacuum on the system must be broken by adding the required charge 
of dry refrigerant for which the system is designed, in accordance 
with the manufacturer's recommendations.  Contractor must provide the 
complete charge of refrigerant in accordance with manufacturer's 
recommendations.  Upon satisfactory completion of the system 
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performance tests, any refrigerant that has been lost from the system 
must be replaced.  After the system is fully operational, service 
valve seal caps and blanks over gauge points must be installed and 
tightened.

b.  Refrigerant Leakage:  If a refrigerant leak is discovered after the 
system has been charged, the leaking portion of the system must 
immediately be isolated from the remainder of the system and the 
refrigerant must be pumped into the system receiver or other suitable 
container.  The refrigerant must not be discharged into the atmosphere.

c.  Contractor's Responsibility:  The Contractor must, at all times during 
the installation and testing of the refrigeration system, take steps 
to prevent the release of refrigerants into the atmosphere.  The steps 
must include, but not be limited to, procedures which will minimize 
the release of refrigerants to the atmosphere and the use of 
refrigerant recovery devices to remove refrigerant from the system and 
store the refrigerant for reuse or reclaim.  At no time must more than  
3 ounces  of refrigerant be released to the atmosphere in any one 
occurrence.  Any system leaks within the first year must be repaired 
in accordance with the specified requirements including material, 
labor, and refrigerant if the leak is the result of defective 
equipment, material, or installation.

3.1.9.3   Oil Charging

Except for factory sealed units, two complete charges of lubricating oil 
for each compressor crankcase must be furnished.  One charge must be used 
during the performance testing period, and upon the satisfactory 
completion of the tests, the oil must be drained and replaced with the 
second charge.

3.1.10   Mechanical Room Ventilation

Mechanical ventilation systems must be in accordance with Section 23 30 00  
HVAC AIR DISTRIBUTION.

3.1.11   Field Applied Insulation

Field installed insulation must be as specified in Section 23 07 00  
THERMAL INSULATION FOR MECHANICAL SYSTEMS, except as defined differently 
herein.

3.1.12   Field Painting

Painting required for surfaces not otherwise specified, and finish 
painting of items only primed at the factory are specified in Section 
09 90 00  PAINTS AND COATINGS.

3.2   FACTORY TEST SCHEDULING AND REPORTS

Provide schedules which identify the date, time, and location for each 
test.  Schedules must be submitted for the Chiller Performance Tests .  
The Chiller Performance Test schedule must also allow the witnessing of 
the test by a Government Representative.

 copies of the certified test report must be forwarded to the Government 
for approval prior to project acceptance.  Calibration curves and 
information sheets for all instrumentation must be included.  Provide 

SECTION 23 64 10  Page 20



CAPITAL PROJECT # 1043925 MAY 2022 HAFB 309th SWEG
KRSM200806 100% FINAL SUBMITTAL

copies in bound  8 1/2 by 11 inch  booklets.  Reports must certify the 
compliance with performance requirements and follow the format of the 
required testing standard for the Chiller Performance Tests .  Test report 
must include certified calibration report of all test instrumentation.  
Calibration report must include certification that all test 
instrumentation has been calibrated within 6 months prior to the test 
date, identification of all instrumentation, and certification that all 
instrumentation complies with requirements of the test standard.  Test 
report must be submitted 1 week after completion of the factory test.

3.3   MANUFACTURER'S FIELD SERVICE

The services of a factory-trained representative must be provided for 1 
days.  The representative shall advise on the following:

a.  Hermetic machines:

(1) Testing hermetic water-chilling unit under pressure for 
refrigerant leaks; evacuation and dehydration of machine to an 
absolute pressure of not over 300 micrometers.

(2) Charging the machine with refrigerant.

(3) Starting the machine.

b.  Open Machines:

(1) Erection, alignment, testing, and dehydrating.

(2) Charging the machine with refrigerant.

(3) Starting the machine.

3.4   CLEANING AND ADJUSTING

Equipment must be wiped clean, with all traces of oil, dust, dirt, or 
paint spots removed.  Provide temporary filters for all fans that are 
operated during construction.  Perform and document that proper Indoor Air 
Quality During Construction  procedures have been followed; this includes 
providing documentation showing that after construction ends, and prior to 
occupancy, new filters were provided and installed.  System must be 
maintained in this clean condition until final acceptance.  Bearings must 
be properly lubricated with oil or grease as recommended by the 
manufacturer.  Belts must be tightened to proper tension.  Control valves 
and other miscellaneous equipment requiring adjustment must be adjusted to 
setting indicated or directed.  Fans must be adjusted to the speed 
indicated by the manufacturer to meet specified conditions.  At least one 
week before the official equipment warranty start date, all condenser 
coils on air-cooled water chillers and split-system water chillers must be 
cleaned in accordance with the chiller manufacturer's instructions.  This 
work covers two coil cleanings.  The condenser coils must be cleaned with 
an approved coil cleaner by a service technician, factory trained by the 
chiller manufacturer.  The condenser coil cleaner must not have any 
detrimental affect on the materials or protective coatings on the 
condenser coils.  Testing, adjusting, and balancing must be as specified 
in Section 23 05 93  TESTING, ADJUSTING, AND BALANCING FOR HVAC.
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3.5   FIELD ACCEPTANCE TESTING

3.5.1   Test Plans

a.  Manufacturer's Test Plans:  Within 120 calendar days after contract 
award, submit the following plans:

Field acceptance test plans must be developed by the chiller 
manufacturer detailing recommended field test procedures for that 
particular type and size of equipment.  Field acceptance test 
plans developed by the installing Contractor, or the equipment 
sales agency furnishing the equipment, will not be acceptable.

The Contracting Officer will review and approve the field 
acceptance test plan for each of the listed equipment prior to 
commencement of field testing of the equipment.  The approved 
field acceptance tests of the chiller and subsequent test 
reporting.

b.  Coordinated testing:  Indicate in each field acceptance test plan when 
work required by this section requires coordination with test work 
required by other specification sections.  Furnish test procedures for 
the simultaneous or integrated testing of tower system controls which 
interlock and interface with controls for the equipment provided under 
Section 23 09 00  INSTRUMENTATION AND CONTROL FOR HVAC or Section 
23 09 23.02  BACNET DIRECT DIGITAL CONTROL FOR HVAC AND OTHER BUILDING 
CONTROL SYSTEMS.

c.  Prerequisite testing:  Chillers for which performance testing is 
dependent upon the completion of the work covered by Section 23 05 93  
TESTING, ADJUSTING, AND BALANCING FOR HVAC must have that work 
completed as a prerequisite to testing work under this section.  
Indicate in each field acceptance test plan when such prerequisite 
work is required.

d.  Test procedure:  Indicate in each field acceptance test plan each 
equipment manufacturers published installation, start-up, and field 
acceptance test procedures.  Include in each test plan a detailed 
step-by-step procedure for testing automatic controls provided by the 
manufacturer.

Each test plan must include the required test reporting forms to 
be completed by the Contractor's testing representatives.  
Procedures must be structured to test the controls through all 
modes of control to confirm that the controls are performing with 
the intended sequence of control.

Controller must be verified to be properly calibrated and have the 
proper set point to provide stable control of their respective 
equipment.

e.  Performance variables:  Each test plan must list performance variables 
that are required to be measured or tested as part of the field test.

Include in the listed variables performance requirements indicated 
on the equipment schedules on the design drawings.  Chiller 
manufacturer must furnish with each test procedure a description 
of acceptable results that have been verified.
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Chiller manufacturer must identify the acceptable limits or 
tolerance within which each tested performance variable must 
acceptably operate.

f.  Job specific:  Each test plan must be job specific and must address 
the particular cooling towers and particular conditions which exist in 
this contract.  Generic or general preprinted test procedures are not 
acceptable.

g.  Specialized components:  Each test plan must include procedures for 
field testing and field adjusting specialized components, such as hot 
gas bypass control valves, or pressure valves.

3.5.2   Testing

a.  Each water chiller system must be field acceptance tested in 
compliance with its approved field acceptance test plan and the 
resulting following field acceptance test report submitted for 
approval:

b.  Manufacturer's recommended testing:  Conduct the manufacturer's 
recommended field testing in compliance with the approved test plan.  
Furnish a factory trained field representative authorized by and to 
represent the equipment manufacturer at the complete execution of the 
field acceptance testing.

c.  Operational test:  Conduct a continuous 24 hour operational test for 
each item of equipment.  Equipment shutdown before the test period is 
completed shall result in the test period being started again and run 
for the required duration.  For the duration of the test period, 
compile an operational log of each item of equipment.  Log required 
entries every two hours.  Use the test report forms for logging the 
operational variables.

d.  Notice of tests:  Conduct the manufacturer's recommended tests and the 
operational tests; record the required data using the approved 
reporting forms.  Notify the Contracting Officer in writing at least 
15 calendar days prior to the testing.  Within 30 calendar days after 
acceptable completion of testing, submit each test report for review 
and approval.

e.  Report forms:  Type data entries and writing on the test report 
forms.  Completed test report forms for each item of equipment must be 
reviewed, approved, and signed by the Contractor's test director.  The 
manufacturer's field test representative must review, approve, and 
sign the report of the manufacturer's recommended test.  Signatures 
must be accompanied by the person's name typed.

f.  Deficiency resolution:  The test requirements acceptably met; 
deficiencies identified during the tests must be corrected in 
compliance with the  manufacturer's recommendations and corrections 
retested in order to verify compliance.

3.6   SYSTEM PERFORMANCE TESTS

Six copies of the report must be provided in bound  8 1/2 by 11 inch  
booklets.
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3.6.1   General Requirements

Before each refrigeration system is accepted, tests to demonstrate the 
general operating characteristics of all equipment must be conducted by 
the manufacturer's approved start-up representative experienced in system 
start-up and testing, at such times as directed.  Tests must cover a 
period of not less than 48 hours for each system and must demonstrate that 
the entire system is functioning in accordance with the drawings and 
specifications.  Corrections and adjustments must be made as necessary and 
tests must be re-conducted to demonstrate that the entire system is 
functioning as specified.  Prior to acceptance, service valve seal caps 
and blanks over gauge points must be installed and tightened.  Any 
refrigerant lost during the system startup must be replaced.  If tests do 
not demonstrate satisfactory system performance, deficiencies must be 
corrected and the system must be retested.  Tests must be conducted in the 
presence of the Contracting Officer.  Water and electricity required for 
the tests will be furnished by the Government.  Any material, equipment, 
instruments, and personnel required for the test must be provided by the 
Contractor.  Field tests must be coordinated with Section 23 05 93  
TESTING, ADJUSTING, AND BALANCING FOR HVAC.

3.6.2   Test Report

The report must document compliance with the specified performance 
criteria upon completion and testing of the system.  The report must 
indicate the number of days covered by the tests and any conclusions as to 
the adequacy of the system.  The report must also include the following 
information and must be taken at least three different times at outside 
dry-bulb temperatures that are at least  5 degrees F  apart:

a.  Date and outside weather conditions.

b.  The load on the system based on the following:

(1) The refrigerant used in the system.
(2) Condensing temperature and pressure.
(3) Suction temperature and pressure.
(4) Running current, voltage and proper phase sequence for each phase 

of all motors.
(5) The actual on-site setting of all operating and safety controls.
(6) Chilled water pressure, flow and temperature in and out of the 

chiller.
(7) The position of the capacity-reduction gear at machine off, 

one-third loaded, one-half loaded, two-thirds loaded, and fully 
loaded.

3.7   DEMONSTRATIONS

Contractor must conduct a training course for the operating staff as 
designated by the Contracting Officer.  The training period must consist 
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of a total 4 hours of normal working time and start after the system is 
functionally completed but prior to final acceptance tests.  The training 
course must cover all of the items contained in the approved operation and 
maintenance manuals  as well as demonstrations of routine maintenance 
operations.

Provide a schedule, at least 2 weeks prior to the date of the proposed 
training course, which identifies the date, time, and location for the 
training.

        -- End of Section --
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SECTION 23 73 13.00 40

MODULAR INDOOR CENTRAL-STATION AIR-HANDLING UNITS

PART 1   GENERAL

1.1   REFERENCES

The publications listed below form a part of this specification to the 
extent referenced.  The publications are referred to within the text by 
the basic designation only.

AIR MOVEMENT AND CONTROL ASSOCIATION INTERNATIONAL, INC. (AMCA)

AMCA 99 (2016) Standards Handbook

AMCA 211 (2013; Rev 2017) Certified Ratings Program 
Product Rating Manual for Fan Air 
Performance

AMCA 300 (2014) Reverberant Room Method for Sound 
Testing of Fans

AIR-CONDITIONING, HEATING AND REFRIGERATION INSTITUTE (AHRI)

AHRI 430 I-P (2014) Performance Rating of Central 
Station Air-handling Unit Supply Fans

AHRI 880 I-P (2011) Performance Rating of Air Terminals

AMERICAN SOCIETY OF HEATING, REFRIGERATING AND AIR-CONDITIONING 
ENGINEERS (ASHRAE)

ASHRAE 51 (2016) Laboratory Methods of Testing Fans 
for Aerodynamic Performance Rating

ASHRAE 52.2 (2017) Method of Testing General 
Ventilation Air-Cleaning Devices for 
Removal Efficiency by Particle Size

ASTM INTERNATIONAL (ASTM)

ASTM A653/A653M (2020) Standard Specification for Steel 
Sheet, Zinc-Coated (Galvanized) or 
Zinc-Iron Alloy-Coated (Galvannealed) by 
the Hot-Dip Process

ASTM B117 (2019) Standard Practice for Operating 
Salt Spray (Fog) Apparatus

INTERNATIONAL ORGANIZATION FOR STANDARDIZATION (ISO)

ISO 21940-11 (2016) Mechanical vibration -- Rotor 
balancing -- Part 11: Procedures and 
Tolerances for Rotors with Rigid Behavior
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NATIONAL ELECTRICAL MANUFACTURERS ASSOCIATION (NEMA)

NEMA MG 1 (2018) Motors and Generators

NATIONAL FIRE PROTECTION ASSOCIATION (NFPA)

NFPA 90A (2021) Standard for the Installation of 
Air Conditioning and Ventilating Systems

UNDERWRITERS LABORATORIES (UL)

UL 900 (2015) Standard for Air Filter Units

1.2   SUBMITTALS

Government approval is required for submittals with a "G" or "S" 
classification.  Submittals not having a "G" or "S" classification are for 
Contractor Quality Control approval. Submit the following in accordance 
with Section 01 33 00  SUBMITTAL PROCEDURES:

SD-02 Shop Drawings

Installation Drawings ; G

Fabrication and Connection Drawings ; G

SD-03 Product Data

Equipment and Performance Data ; G

Sample Warranty ; G

Air Filter Gauges ; G

SD-04 Samples

SD-06 Test Reports

Final Test Reports ; G

SD-07 Certificates

List of Product Installations

Certificates of Conformance ; G

Unit Cabinet

Fan

Drain Pans

Insulation

Plenums

Multizone AHU

Blow-Through AHU
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Spare Parts

SD-10 Operation and Maintenance Data

Operation and Maintenance Manuals

SD-11 Closeout Submittals

Warranty

1.3   QUALITY CONTROL

Submit a list of product installations  for air-handling units showing a 
minimum of five installed units, similar to those proposed for use, that 
have been in successful service for at least 5 years.  Provide a list that 
includes the purchaser, address of installation, service organization, and 
date of installation.

1.3.1   Certification of Conformance

Submit certificates of conformance  for the following items, showing 
conformance with the referenced standards contained in this section:

a.  Unit Cabinet

b.  Fan

c.  Drain Pans

d.  Insulation

e.  Plenums

f.  Multizone AHU

g.  Blow-Through AHU

h.  Spare Parts

1.3.2   Sample Warranty

Submit samples of warranty language concurrently with Certificates for 
review and approval by the Contracting Officer.

Submit a sample warranty  for the following items:

a.  Unit Cabinet

b.  Fan

c.  Drain Pans

d.  Insulation

e.  Plenums

f.  Multizone AHU
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g.  Blow-Through AHU

h.  Spare Parts

1.4   DELIVERY, STORAGE, AND HANDLING

Deliver, handle, and store equipment and accessories in a manner that 
prevents damage or deformity.  Provide temporary skids under units 
weighing more than 500  pounds .

1.5   WARRANTY

Final acceptance is dependent upon providing the warranty, based on 
approved sample warranty, to the Contracting Officer, along with final 
test reports.  Ensure that the warranty is valid for at least 2 years from 
the date of project closeout, showing Government as the warranty recipient.

PART 2   PRODUCTS

2.1   SYSTEM DESCRIPTION

Submit equipment and performance data  for air-handling units, including 
use life, total static pressure and coil face area classifications, and 
performance ratings.

Submit all required fabrication and connection drawings  and obtain 
approval from the Contracting Officer before the start of work shown on 
these drawings.

Submit drawings and manuals that include a spare parts  data sheet, with 
manufacture's recommended stock levels.

2.2   COMPONENTS

2.2.1   Air-Handling Unit (AHU)

Provide a central-station type, factory-fabricated, and fully assembled 
AHU.  Provide AHU that includes components and auxiliaries in accordance 
with  AHRI 430 I-P .  Balance the AHU fan and motor according to ISO 21940-11 .

Ensure that the total static pressure and coil face area classification 
conforms to AMCA 99.

Fans with enlarged outlets are not permitted.

2.2.2   Unit Cabinet

2.2.2.1   Class A and Class B Cabinets

Provide an AHU cabinet suitable for the pressure class shown and has 
leaktight joints, closures, penetrations, and access provisions.  Provide 
a cabinet that does not expand or contract perceptibly when fans are 
starting or stopping and that does not pulsate during operation.  
Reinforce cabinet surfaces with deflections in excess of 0.004167 of 
unsupported span before acceptance.  Stiffen pulsating panels, which 
produce low-frequency noise due to diaphragming of unstable panel walls, 
to raise the natural frequency to an easily attenuated level.  Fabricate 
the enclosure from continuous hot-dipped-galvanized steel no lighter than  
20 gauge  thickness, to match the industry standard.  Provide 
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mill-galvanized sheet-metal that conforms to ASTM A653/A653M  and that is 
coated with not less than  1.25 ounces of zinc per square foot  of a 
two-sided surface.  Provide mill-rolled structural-steel that is 
hot-dip-galvanized or primed and painted.  Corrosion-protect cut edges, 
burns, and scratches in galvanized surfaces.  Provide primed and painted 
black carbon steel cabinet construction that complies with this 
specification.

Provide removable panels to access the interior of the unit cabinet.  
Provide seams that are welded, bolted, or gasketed and sealed with a 
rubber-based mastic.  Make entire cabinet floor and ceiling 
hot-dipped-galvanized steel.  Provide removable access doors on both sides 
of all access, filter, and fan sections for inspection and maintenance.

2.2.2.2   Class C Cabinets

Provide an AHU cabinet that is suitable for the pressure class shown and 
has leaktight joints, closures, penetrations, and access provisions.  
Provide a cabinet that does not expand or contract perceptibly when the 
fans are starting or stopping and that does not pulsate during operation.  
Reinforce cabinet surfaces with deflections in excess of 0.002778 of 
unsupported span before acceptance by the Contracting Officer.  Stiffen 
pulsating panels, which produce low-frequency noise due to diaphragming of 
unstable panel walls, to raise the natural frequency to an easily 
attenuated level.  Provide the enclosure that is fabricated from 
mill-galvanized or primed and painted carbon sheet steel.  Provide 
mill-galvanized sheet metal that conforms to ASTM A653/A653M  and that is 
coated with not less than  1.25 ounces of zinc per square foot  of a 
two-sided surface.  Provide mill-rolled structural steel that is hot-dip 
galvanized or primed and painted.  Corrosion-protect edges, burns, and 
scratches in galvanized surfaces.  Provide primed and painted black carbon 
steel cabinet construction that complies with this specification.

Provide removable panels to access the interior of the unit cabinet.  
Provide seams that are welded, bolted, or gasketed and sealed with a 
rubber-based mastic.  Make the entire cabinet floor and ceiling hot-dipped 
galvanized steel.  Provide removable access doors on both sides of all 
access, filter, and fan sections for inspection and maintenance.

2.2.2.3   Cabinet Construction

Where the cabinet size is such that personnel access is possible, 
strengthen the cabinet floor to permit entry without damaging any 
component.  Hinge and latch the access doors and panels sufficiently close 
together to preclude leaks caused by distortion, and effectively gasket.

Make all door handles operable from inside the casing.

Black carbon steel cabinet construction is acceptable when the following 
conditions are met:

a.  Coat all interior and exterior surfaces, including the lapped 
contacting surfaces, with a corrosion-protective coating.

b.  Certify the coating as passing a 500-hour-exposure salt-spray fog test 
in accordance with ASTM B117.

c.  Immediately after completing the test, provide a coating specimen  that 
shows no signs of wrinkling, cracking, or loss of adherence and no 
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signs of rust creep beyond  1/8 inch  on either side of the scratch mark.

d.  Ensure that inspection of interior and exterior cabinet surfaces will 
pass examination for the same defects as the salt-spray fog test 
specimen, after 11 months of service and before the guarantee expires.

Interior surfaces of cabinets that are constructed of intact 
mill-galvanized steel require no further protection.

Provide cabinets with exterior surfaces constructed of 
mill-galvanized-steel that are painted.

Provide cabinets and casings that are double-walled with  2 inch  
insulation.  Provide a galvanized interior wall.

Weigh the fan and motor assembly at the AHU manufacturer's factory for 
isolator selection.  Statically and dynamically balance fan section 
assemblies, including fan wheels, shafts, bearings, drives, belts, 
isolation bases, and isolators.  Allow isolators to free-float when 
performing fan balance.  Measure vibration at each fan shaft bearing in 
horizontal, vertical, and axial directions.

Factory install all motors on slide bases to permit adjustment of belt 
tension.

Provide heavy-duty, open drip-proof, three-phase fan motors, operable at 
460 volts (V), 60 hertz (Hz).  Provide high-efficiency motors.  Refer to 
specification Section 26 05 70.00 40  HIGH VOLTAGE OVERCURRENT PROTECTIVE 
DEVICES and Section 26 05 71.00 40  LOW VOLTAGE OVERCURRENT PROTECTIVE 
DEVICES.

Provide a marine-type, vapor-proof service light in the fan segment.  
Provide a 100 watt (W) service light that is wired to an individual switch 
and operates on 115 V, single-phase, 60 Hz service that is separate from 
the main power to the AHU.  Provide a single 115 V outlet at the light 
switch.

2.2.3   Fan

Ensure that fan wheels are dynamically and statically balanced at the 
factory.  Provide a fan with RPM that is 25 percent less than the first 
critical speed.  Provide a fan shaft that is solid, ground and polished 
steel and coated with a rust inhibitor.  Provide V-belt-driven fans that 
are designed for 50 percent overload capacity.  For variable air volume 
AHUs that are provided with variable-frequency drives, have their fans 
balanced over the entire range of operation (20 percent to 100 percent 
RPM).  Balancing fans of only 100 percent design of RPM is not acceptable 
for AHUs to be used with variable-frequency drives.

Mount fans on isolation bases.  Internally mount motors on the same 
isolation bases and internally isolate fans and motors.  Install flexible 
canvas ducts or a vibration absorbent fan discharge seal between the fan 
and casings to ensure complete isolation.  Provide flexible canvas ducts 
that comply with NFPA 90A.

Provide an overall fan-section depth that is equal to or greater than the 
manufacturer's free-standing fan.

Locate the fan inlet where it provides not less than one-half fan-wheel 
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diameter clearance from the cabinet wall or the adjacent fan inlet where 
double wheels are permitted.

Mount the AHU fan drive external to the casing.

Install the AHU fan motor and drive inside the fan cabinet.  Provide a 
motor that conforms to NEMA MG 1 and is installed on an adjustable base.  
Provide an access door of adequate size for servicing the motor and 
drive.  Provide a belt guard inside the cabinet or interlock the access 
door with the supply fan so that power to the fan is interrupted when the 
access door is opened.

2.2.4   Drain Pans

Provide intermediate-coil,  3 inch  deep drip pans for each tiered coil bank.

Extend the top pan  12 inches  beyond the face of the coil, and extend the 
bottom pan not less than  24 inches  beyond the face of the  coil.  Where 
more than two pans are used, make the pan extension proportional.  Make 
adequate supports from the same type of material as the pans or from 
hot-dip galvanized angle iron with isolation at the interface.  Use  
22-gauge , AISI Type 304, corrosion-resistant steel for pan material, with 
silver-soldered joints.  Minimum size of the drain opening is  1-1/4 inches .  
Pipe the pan to the drain.

Extend the integral cabinet drain pan under all areas where condensate is 
collected and make it watertight with welded or brazed joints, piped to 
the drain.  Provide corrosion protection in condensate collection areas, 
and insulate against sweating.  Provide minimum  14-gauge  sheet metal; 
however  16-gauge  double-drain-pan construction is also acceptable.

Provide cooling coil ends that are enclosed by the cabinet and are factory 
insulated against sweating or drain to a drain pan.

Provide drain pans that are double-pan construction, thermally isolated 
from the exterior casing with  1 inch  thick fiberglass insulation.  Provide 
drain pans that slope to the drain and drain substantially dry by gravity 
alone when the drains are open.

Provide pans that have a double slope to the drain point.

2.2.5   Insulation

Provide a unit that is internally fitted at the factory with a 
sound-attenuating, thermal-attenuating, fibrous-glass material not less 
than  2 inches  thick.  Ensure that the insulation precludes any 
condensation on any exterior cabinet surface under conditions that are 
normal to the unit's installed location.  Provide acoustic treatment that 
attenuates fan noise in compliance with specified noise criteria.  Apply 
material to the entire cabinet with waterproof adhesives and permanent 
fasteners.  Provide adhesive and insulating material in accordance with 
NFPA 90A.

Provide insulated plenums and bypasses.
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2.2.6   Coils

2.2.6.1   Coil Section

Provide a coil section that encases cooling coils and drain pipes.  
Arrange coils for horizontal air flow.  Provide intermediate drain pans 
for multiple-coils installation.  Completely enclose coil headers with the 
insulated casing with only the connections extending through the cabinet.

2.2.6.2   Coil Pressure and Temperature Ratings

Ensure that the coils are designed for the following fluid operating 
pressures and temperatures:

SERVICE PRESSURE TEMPERATURE

Hot Water 200 PSI 250 degrees F

Chilled Water 200 PSI 40 degrees F

Provide coils that are air-pressure-tested under water at the following 
minimum pressures:

SERVICE PRESSURE

Water (hot and chilled) 250 PSI

2.2.6.3   Coil Casings

Provide coils that are factory-tested, dehydrated, vacuum-tested, purged 
with inert gas, and sealed before shipped to the job site.

Provide stainless-steel casings.  Provide cast iron, brass, or copper coil 
headers.  Fit water coil headers with  0.25 inch  ips spring-loaded plug 
drains and vent petcocks.  Provide automatic air vents with ball-type 
isolation valves for each coil that is piped to the drain pan.

2.2.6.4   Chilled Water Coils

Provide  0.625 inch  outside diameter copper tubing for coils.  Provide fins 
that are aluminum and mechanically bonded by tubing expansion with a 
maximum spacing of 12 fins per 1 inch  unless otherwise noted.  Provide 
coils that have supply and return connections on the same end.  Provide a 
maximum of four coil rows.

2.2.6.5   Hot Water Coils

Provide heating coils that have copper tubing aluminum fins.

2.2.6.6   Drainable Coils

Provide drainable coils that are capable of being purged free of water 
with compressed air.

2.2.7   Eliminators

Provide eliminators that are SMACNA three-break, hooked-edge design, 
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constructed of reinforced  16 gauge  galvanized steel with assembled brazed 
joints.  Provide easily removable eliminator sections for cleaning from 
the side of the AHU without requiring partial or complete disassembly of 
the AHU casing.

2.2.8   Filters

2.2.8.1   Filter Housing

Provide factory-fabricated filter sections of the same construction and 
finish as the unit casings.  Provide filter sections that have filter 
guides and full height, double-wall, hinged, and removable access doors 
for filter removal.  Provide air sealing gaskets to prevent air bypass 
around filters.  Provide visible identification on media frames showing 
the model number and airflow direction.  Where a filter bank is indicated 
or required, provide a means of sealing to prevent bypass of unfiltered 
air.  Ensure that the filters perform in accordance with ASHRAE 52.2 .

2.2.8.2   Replaceable Air Filters

Select filters conforming to UL 900 , Class 1.  Ensure that when clean 
filters are exposed to flame, the filters do not contribute fuel when 
attacked by flame and emit only negligible amount of smoke.  Provide 
permanent frames with replaceable media,  1 inch  thickness, size as 
indicated.

2.2.8.3   Disposable Cartridge Air Filters

Provide UL 900 , Class 2, UL-classified, and factory-assembled filters.  
Provide media of ultra-fine glass fibers having 50 to 55 percent average 
dust spot efficiencies with a maximum final resistance  0.75-inch  water 
gauge, and maximum face velocity of  500 feet  per minute.  Construct filter 
frames of  18 gauge  galvanized steel or aluminum with welded or riveted 
joints.  Caulk or gasket the entire assembly to prevent air leakage around 
the frames.  Ensure that the minimum efficiency of the filter is 60 
percent per ASHRAE 52.2 .

2.2.8.4   Outside Air Filters

Provide an extended-surface, factory-assembled air filters with supported 
cartridges.  Provide extended surface filter units fabricated for disposal 
when the dust-load limit is reached as indicated by maximum (final) 
pressure drop.

Filter Classification:  UL-approved for Class 1 or 2 conforming to UL 900 .

Filter Grades, Nominal Efficiency and Application:

a.  Grade B:  80 to 85 percent nominal efficiency outfitter

b.  Grade D:  25 to 30 percent nominal efficiency prefilter

Filter Media:  Grade B Supported (Rigid Pleated) Type:  Provide media that 
is composed of high-density glass fibers.  Use fastening methods to 
maintain pleat shape, seal aluminum separators in a proper enclosing frame 
to ensure that there is no air leakage for the life of filter.  Staples 
and stays are prohibited.

Grade D Type:  Provide media that is composed of synthetic/natural 
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fibers.  Bond a metal grid backing to the air leaving side of the media to 
maintain uniform pleat shape and stability for proper airflow and maximum 
dust loading.  Provide a media frame that is constructed of high-strength, 
moisture-resistant fiber or beverage board.  Bond the pleated media pack 
on all four edges to ensure that there is no air leakage for the life of 
the filter.  Staples and stays are prohibited.

Filter Efficiency and Arrestance:  Determine the efficiency and arrestance 
of filters in accordance with ASHRAE 52.2  Standard Atmospheric dust spot 
efficiency and synthetic dust weight arrestance that is not less than the 
following:

Initial
Efficiency
(Percent)

Average
Efficiency
(Percent)

Final Efficiency
(Percent)

Grade B 58 79 98

Grade D Less than 20 22 89

Maximum initial and final resistance and inches of water gauge for each 
filter cartridge when operated at a face velocity of  500-feet  per minute 
are as follows:

Initial Resistance Final Resistance

Grade B, Rigid Pleated 0.60 1.00

Grade D, 2-inches deep 0.32 0.70

Dust-Holding Capacity:  When tested to 1.00 inch w.g. at  500 feet  per 
minute face velocity, provide a dust-holding capacity from each  24 inch by 
24 inch  (face area) filter that is at least equal to the values listed 
below.  For other filter sizes, provide a dust-holding capacity that is 
proportionally higher or lower.

Grade B, Rigid Pleated            6.17 ounces
Grade D, 2 inches Deep            2.29 ounces
Grade D, 4 inches Deep           10.58 ounces

Minimum Media Area:  Provide a minimum net effective area in square feet 
for each  24 inch by 24 inch  (face area) filter at  500 feet  per minute face 
velocity of at least the values listed below.  For other filter sizes, 
provide a net effective media that is proportionally higher or lower.

Grade B, Rigid Pleated     57.0
Grade D, 2-inches Deep     14.8

2.2.8.5   Air Filter Gauges

Provide manometer air filter gauges  of the inclined tube differential type 
that have solid acrylic plastic construction with a built-in level vial 
and with an adjustable mirror-polished scale.  Equip gauges with vent 
valves for zeroing and over-pressure safety traps.  Ensure that the gauge 
range is adequate for the particular installation.

Provide one air filter gauge at each filter bank.
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PART 3   EXECUTION

3.1   PREPARATION

Coordinate the size and location of concrete equipment pads, variable 
frequency drives, control, and electrical requirements.

3.2   INSTALLATION

Install equipment in accordance with the manufacturer's recommendations.

Provide installation drawings  in accordance with referenced standards in 
this section.

3.2.1   Temporary Construction Filters

Have temporary construction filters in place during normal building 
construction whenever the AHUs are run for general ventilation, building 
dehumidification, or other purposes during construction.  Install two 
layers of blanket filter at a time.  Replace temporary construction 
filters as required during construction and after duct system cleaning is 
completed.

After systems have been cleaned and temporary construction filters are 
removed, and before test and balance operations are started, install a set 
of final filters.  Avoid loading the filter with construction dust; do not 
have final filters in place while general building construction is taking 
place.  Clean the permanent filter bank before testing and balancing.

The maximum number of coil rows is four.  Maximum number of fins per inch 
is ten.

Provide variable air volume (VAV) terminal units that are certified by  
AHRI 880 I-P  and UL-listed.

3.3   FIELD QUALITY CONTROL

3.3.1   Vibration Analyzer

Use an Fast Fourier Transform (FFT) analyzer to measure vibration levels.  
The following characteristics are required:  A dynamic range greater than 
70 dB; a minimum of 400-line resolution; a frequency response range of 5 
Hz to 10 KHz(300-600000 cpm); the capacity to perform ensemble averaging, 
the capability to use a Hanning window; auto-ranging frequency amplitude; 
a minimum amplitude accuracy over the selected frequency range of plus or 
minus 20 percent or plus or minus 1.5 dB.

Use an accelerometer, either stud-mounted or mounted using a rare earth, 
low-mass magnet and sound disk (or finished surface) with the FFT analyzer 
to collect data.  Ensure that the mass of the accelerometer and its 
mounting have minimal influence on the frequency response of the system 
over the selected measurement range.

3.3.2   Acceptance

Before final acceptance, use dial-indicator gauges to demonstrate that the 
fan and motor are aligned as specified.
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Before final acceptance, verify conformance to specifications using 
vibration analysis.  Ensure that the maximum vibration levels are  0.075 
inches per second  at 1 times run speed and at fan/blade frequency, and  
0.04 inches per second  at other multiples of run speed.

3.3.3   AHU Testing

Conduct performance test and rate the AHU and components in accordance 
with AMCA 211, AMCA 300, and ASHRAE 51.  Provide AHU ratings in accordance 
with  AHRI 430 I-P .

Provide final test reports  to the Contracting Officer.  Provide reports 
with a cover letter/sheet clearly marked with the system name, date, and 
the words "Final Test Reports - Forward to the Systems Engineer/Condition 
Monitoring Office/Predictive Testing Group for inclusion in the 
Maintenance Database."

Perform AHU start-up in the presence of the Contracting Officer.

3.4   CLOSEOUT ACTIVITIES

3.4.1   Operation And Maintenance

Submit operation and maintenance manuals  before testing the AHUs.  Update 
and resubmit data for final approval no later than 30 calendar days before 
contract completion.

3.4.2   Acceptance

With the warranty, provide a cover letter/sheet clearly marked with the 
system name, date, and the words "Equipment Warranty" - "Forward to the 
Systems Engineer/Condition Monitoring Office/Predictive Testing Group for 
inclusion in the Maintenance Database."

        -- End of Section --
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SECTION 23 82 46.00 40

ELECTRIC UNIT HEATERS

PART 1   GENERAL

Section 26 20 00 INTERIOR DISTRIBUTION SYSTEM applies to work specified in 
this section.

1.1   REFERENCES

The publications listed below form a part of this specification to the 
extent referenced.  The publications are referred to within the text by 
the basic designation only.

UNDERWRITERS LABORATORIES (UL)

UL 1996 (2009; Reprint Sep 2021) UL Standard for 
Safety Electric Duct Heaters

1.2   ADMINISTRATIVE REQUIREMENTS

1.2.1   Preinstallation Meetings

The Contracting Officer will schedule a preinstallation meeting within 30 
days of Contract Award.  Provide the following for review and approval:

a.  Submit fabrication drawings  for electric heaters, indicating the 
fabrication and assembly details to be performed in the factory.

b.  Submit manufacturer's instructions  for electric heaters, stating the 
special provisions necessary to install equipment components and 
system packages.  Detail the impedances, hazards and safety 
precautions within the special notices.

1.3   SUBMITTALS

Government approval is required for submittals with a "G" or "S" 
classification.  Submittals not having a "G" or "S" classification are for 
Contractor Quality Control approval. Submit the following in accordance 
with Section 01 33 00  SUBMITTAL PROCEDURES:

SD-02 Shop Drawings

Fabrication Drawings

SD-03 Product Data

Performance Data ; G

Electric Unit Heaters ; G

Heating Element ; G

Controls ; G
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Casings ; G

Propellers and Motors ; G

SD-08 Manufacturer's Instructions

Manufacturer's Instructions

PART 2   PRODUCTS

2.1   SYSTEM DESCRIPTION

Provide suspended electric unit heaters, and arrange for the discharge of 
air as indicated.

Provide electric unit heaters with at least the indicated capacity and 
ensure that they conform to the requirements specified herein.  Ensure 
that the electric unit heaters are factory-prewired and ready for field 
terminal connections.

Ensure products conform to the requirements of UL 1996  for electric unit 
heaters .

Submit performance data  for electric heaters, including use life, test, 
system functional flows, safety features, and mechanical automated details.

2.2   COMPONENTS

2.2.1   Heating Element

Provide a heating element constructed of a resistance wire insulated by 
highly compacted refractory insulation protected by a sealed 
metallic-finned sheath.  Provide component materials as follows:

a.  Provide a resistance wire of not less than 20-helix wound alloy of 
approximately 80-percent nickel and 20-percent chromium.

b.  Provide a refractory insulation of magnesium oxide with a resistance 
of not less than 50,000 ohms after exposure to an ambient temperature 
and humidity of  90 degrees F  and 85 plus or minus 5-percent relative 
humidity, respectively, for not less than 24 hours.

c.  Provide a sheathing consisting of aluminum fins cast around an 
internal steel sheath containing refractory insulation and resistance 
wire or carbon-steel fins permanently attached to a tubular 
carbon-steel sheath containing refractory insulation and resistance 
wire and with external surfaces porcelainized.

Ensure that the maximum surface temperature of cast-aluminum sheathing is  
500 degrees F .

2.2.2   Controls

Fit units up to and including 5 kilowatts with integral controls, 
including thermal overload cutout switches, necessary transformers, a 
liquid-vapor system, and low-mass bimetal thermostat as required.  Provide 
a cutout switch that can be automatically reset.

Provide wall-mounted thermostats complete with thermometer, mechanical 
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high-limit stop, calibrated operator, and an adjustable heater to prevent 
override of space temperature with a range between  55 and 105 degrees F  
and a differential not exceeding  1.5 degrees F .  Provide a thermostat 
rated for operation at 24 volts, 60 hertz.  Provide transformers, wiring, 
and devices necessary to meet this requirement.  Provide a casing finish 
in satin chrome.

2.2.3   Propellers and Motors

Provide propellers with mill-aluminized blades statically and dynamically 
balanced to within 0.5 percent.  Provide units with fan-inlet safety 
guards.

Ensure that propellers and motors are AMCA-certified for air performance 
and noise level.

Protect motors against damage by the heating element and resilient mount.

Ensure that propellers and motors conform to Section 26 60 13.00 40  
LOW-VOLTAGE MOTORS for motors, except that load-matched and 
custom-designed motors may be used and be so identified on the shop 
drawings.  For motors not so identified, conform to the requirements 
specified.

Subfractional and fractional custom-designed or applied motors may deviate 
from the preceding motor requirements as follows:

a.  Shaded-pole motors rated less than  1/6 horsepower  may be used for 
direct-drive service.

b.  Permanent split-capacitor, split-phase, and capacitor-start motors 
rated  1/4 horsepower  or less may be used for direct-drive service.

c.  Split-phase and capacitor-start motors, rated  1/4 horsepower  or less, 
may be used for belt-drive service.

d.  Motor bearings may be the manufacturer's standard prelubricated sleeve 
type but provide the motor with antifriction thrust bearings, when 
specified.  Ensure that the lubricant provisions are for extended 
service, requiring replenishment not more than twice per year of 
continuous operation.

Provide the manufacturer's standard motor identification plate.

Provide the manufacturer's standard motor speed and control.

PART 3   EXECUTION

3.1   INSTALLATION

Install unit heaters in accordance with the manufacturer's instructions at 
the mounting heights indicated.

3.1.1   Casings

Provide casings with smoothly contoured propeller orifice rings of at least
 20-gage  cold-rolled carbon steel.  Provide a casing surface finish with 
phosphate pretreatment, prime coating, and baked-enamel finish.
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3.1.2   Air Distribution

Provide horizontal units with adjustable single- or double-deflection 
louvers.

3.2   FIELD QUALITY CONTROL

Demonstrate in the presence of the Contracting Officer that the unit 
heaters operate satisfactorily.

Cycle unit heaters five times, from start to operating thermal conditions 
to off, to verify adequacy of construction, system controls, and component 
performance.

Conduct an operational test for a minimum of 6 hours.

        -- End of Section --
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SECTION 26 00 00.00 20

BASIC ELECTRICAL MATERIALS AND METHODS

PART 1   GENERAL

1.1   REFERENCES

The publications list  ed below form a part of this specification to the 
extent referenced.  The publications are referred to in the text by the 
basic designation only.  

ASTM INTERNATIONAL (ASTM)

ASTM D 709 (2001; R 2007) Laminated Thermosetting 
Materials

INSTITUTE OF ELECTRICAL AND ELECTRONICS ENGINEERS (IEEE)

IEEE 100 (2000; Archived) The Authoritative 
Dictionary of IEEE Standards Terms

IEEE C2 (2007; TIA 2007-1; TIA 2007-2; TIA 2007-3; 
TIA 2007-4; TIA 2007-5; Errata 2006-1; 
Errata 2007-2; Errata 2009-3 ) National 
Electrical Safety Code

IEEE C57.12.28 (2005) Standard for Pad-Mounted Equipment 
- Enclosure Integrity

IEEE C57.12.29 (2005) Standard for Pad-Mounted Equipment 
- Enclosure Integrity for Coastal 
Environments

NATIONAL ELECTRICAL MANUFACTURERS ASSOCIATION (NEMA)

NEMA 250 (2008) Enclosures for Electrical Equipment 
(1000 Volts Maximum)

NATIONAL FIRE PROTECTION ASSOCIATION (NFPA)

NFPA 70 (20 17) National Electrical Code

1.2   RELATED REQUIREMENTS

This section applies to certain sections of Division 02, EXISTING 
CONDITIONSand Divisions 22 and 23, PLUMBING and HEATING VENTILATING AND 
AIR CONDITIONING.  This section applies to all sections of Division 26 and 
33, ELECTRICAL and UTILITIES, of this project specification unless 
specified otherwise in the individual sections.  This section has been 
incorporated into, and thus, does not apply to, and is not referenced in 
the following sections.

Section 26 12 19.10  THREE-PHASE PAD MOUNTED TRANSFORMERS
Section 26 24 13  SWITCHBOARDS  
Section 26 51 00  INTERIOR LIGHTING 
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Section 26 56 00  EXTERIOR LIGHTING  
Section 27 10 00  BUILDING TELECOMMUNICATIONS CABLING SYSTEM
Section 33 71 02  UNDERGROUND ELECTRICAL DISTRIBUTION
Section 33 82 00  TELECOMMUNICATIONS OUTSIDE PLANT

1.3   DEFINITIONS

a.  Unless otherwise specified or indicated, electrical and 
electronics terms used in these specifications, and on the 
drawings, shall be as defined in IEEE 100 .

b.  The technical sections referred to herein are those specification 
sections that describe products, installation procedures, and 
equipment operations and that refer to this section for detailed 
description of submittal types.

c.  The technical paragraphs referred to herein are those paragraphs 
in PART 2 - PRODUCTS and PART 3 - EXECUTION of the technical 
sections that describe products, systems, installation procedures, 
equipment, and test methods.

1.4   ELECTRICAL CHARACTERISTICS

Electrical characteristics for this project shall be  new  12.47  kV primary, 
three phase, three wire, 60 Hz, and 208V/120  volts secondary, three phase, 
four wire.   Final connections to the power distribution system at the 
existing transformer  shall be made by the Contractor as directed by the 
Contracting Officer .

1.5   ADDITIONAL SUBMITTALS INFORMATION

Submittals required in other sections that refer to this section must 
conform to the following additional requirements as applicable.

1.5.1   Shop Drawings (SD-02)

Include wiring diagrams and installation details of equipment indicating 
proposed location, layout and arrangement, control panels, accessories, 
piping, ductwork, and other items that must be shown to ensure a 
coordinated installation.  Wiring diagrams shall identify circuit 
terminals and indicate the internal wiring for each item of equipment and 
the interconnection between each item of equipment.  Drawings shall 
indicate adequate clearance for operation, maintenance, and replacement of 
operating equipment devices.

1.5.2   Product Data (SD-03)

Submittal shall include performance and characteristic curves.

1.6   QUALITY ASSURANCE

1.6.1   Regulatory Requirements

In each of the publications referred to herein, consider the advisory 
provisions to be mandatory, as though the word, "shall" had been 
substituted for "should" wherever it appears.  Interpret references in 
these publications to the "authority having jurisdiction," or words of 
similar meaning, to mean the Contracting Officer.  Equipment, materials, 
installation, and workmanship shall be in accordance with the mandatory 
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and advisory provisions of NFPA 70  unless more stringent requirements are 
specified or indicated.

1.6.2   Standard Products

Provide materials and equipment that are products of manufacturers 
regularly engaged in the production of such products which are of equal 
material, design and workmanship.  Products shall have been in 
satisfactory commercial or industrial use for 2 years prior to bid 
opening.  The 2-year period shall include applications of equipment and 
materials under similar circumstances and of similar size.  The product 
shall have been on sale on the commercial market through advertisements, 
manufacturers' catalogs, or brochures during the 2-year period.  Where two 
or more items of the same class of equipment are required, these items 
shall be products of a single manufacturer; however, the component parts 
of the item need not be the products of the same manufacturer unless 
stated in the technical section.

1.6.2.1   Alternative Qualifications

Products having less than a 2-year field service record will be acceptable 
if a certified record of satisfactory field operation for not less than 
6000 hours, exclusive of the manufacturers' factory or laboratory tests, 
is furnished.

1.6.2.2   Material and Equipment Manufacturing Date

Products manufactured more than 3 years prior to date of delivery to site 
shall not be used, unless specified otherwise.

1.7   WARRANTY

The equipment items shall be supported by service organizations which are 
reasonably convenient to the equipment installation in order to render 
satisfactory service to the equipment on a regular and emergency basis 
during the warranty period of the contract.

1.8   POSTED OPERATING INSTRUCTIONS

Provide for each system and principal item of equipment as specified in 
the technical sections for use by operation and maintenance personnel.  
The operating instructions shall include the following:

a.  Wiring diagrams, control diagrams, and control sequence for each 
principal system and item of equipment.

b.  Start up, proper adjustment, operating, lubrication, and shutdown 
procedures.

c.  Safety precautions.

d.  The procedure in the event of equipment failure.

e.  Other items of instruction as recommended by the manufacturer of 
each system or item of equipment.

Print or engrave operating instructions and frame under glass or in 
approved laminated plastic.  Post instructions where directed.  For 
operating instructions exposed to the weather, provide weather-resistant 
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materials or weatherproof enclosures.  Operating instructions shall not 
fade when exposed to sunlight and shall be secured to prevent easy removal 
or peeling.

1.9   MANUFACTURER'S NAMEPLATE

Each item of equipment shall have a nameplate bearing the manufacturer's 
name, address, model number, and serial number securely affixed in a 
conspicuous place; the nameplate of the distributing agent will not be 
acceptable.

1.10   FIELD FABRICATED NAMEPLATES

ASTM D 709 .  Provide laminated plastic nameplates for each equipment 
enclosure, relay, switch, and device; as specified in the technical 
sections or as indicated on the drawings.  Each nameplate inscription 
shall identify the function and, when applicable, the position.  
Nameplates shall be melamine plastic,  0.125 inch  thick, white with black 
center core.  Surface shall be matte finish.  Corners shall be square.  
Accurately align lettering and engrave into the core.  Minimum size of 
nameplates shall be  one by 2.5 inches .  Lettering shall be a minimum of  
0.25 inch  high normal block style.

1.11   WARNING SIGNS

Provide warning signs for the enclosures of electrical equipment including 
substations, pad-mounted transformers, pad-mounted switches, generators, 
and switchgear having a nominal rating exceeding 600 volts.

a.  When the enclosure integrity of such equipment is specified to be 
in accordance with IEEE C57.12.28  or IEEE C57.12.29 , such as for 
pad-mounted transformers, provide self-adhesive warning signs on 
the outside of the high voltage compartment door(s).  Sign shall 
be a decal and shall have nominal dimensions of  7 by 10 inches  
with the legend "DANGER HIGH VOLTAGE" printed in two lines of 
nominal  2 inch  high letters.  The word "DANGER" shall be in white 
letters on a red background and the words "HIGH VOLTAGE" shall be 
in black letters on a white background.  Decal shall be Panduit 
No. PPSO710D72 or approved equal.

1.12   ELECTRICAL REQUIREMENTS

Electrical installations shall conform to IEEE C2 , NFPA 70 , and 
requirements specified herein.

1.13   INSTRUCTION TO GOVERNMENT PERSONNEL

Where specified in the technical sections, furnish the services of 
competent instructors to give full instruction to designated Government 
personnel in the adjustment, operation, and maintenance of the specified 
systems and equipment, including pertinent safety requirements as 
required. Instructors shall be thoroughly familiar with all parts of the 
installation and shall be trained in operating theory as well as practical 
operation and maintenance work.  Instruction shall be given during the 
first regular work week after the equipment or system has been accepted 
and turned over to the Government for regular operation.  The number of 
man-days (8 hours per day) of instruction furnished shall be as specified 
in the individual section. 
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PART 2   PRODUCTS

2.1   FACTORY APPLIED FINISH

Electrical equipment shall have factory-applied painting systems which 
shall, as a minimum, meet the requirements of NEMA 250 
corrosion-resistance test.

PART 3   EXECUTION

3.1   FIELD APPLIED PAINTING

Paint electrical equipment as required to match finish of adjacent 
surfaces or to meet the indicated or specified safety criteria.  Painting 
shall be as specified in Section 09 90 00  PAINTS AND COATINGS  and/or  the 
section specifying the associated electrical equipment.

3.2   FIELD FABRICATED NAMEPLATE MOUNTING

Provide number, location, and letter designation of nameplates as 
indicated.  Fasten nameplates to the device with a minimum of two 
sheet-metal screws or two rivets.

3.3   WARNING SIGN MOUNTING

Provide the number of signs required to be readable from each accessible 
side, but space the signs a maximum of  30 feet  apart.

        -- End of Section --
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SECTION 26 05 00.00 40

COMMON WORK RESULTS FOR ELECTRICAL

PART 1   GENERAL

1.1   REFERENCES

The publications listed below form a part of this specification to the 
extent referenced.  The publications are referred to within the text by 
the basic designation only.

ASTM INTERNATIONAL (ASTM)

ASTM D709 (2016) Laminated Thermosetting Materials

ELECTRONIC INDUSTRIES ALLIANCE (EIA)

EIA 480 (1981) Toggle Switches

INSTITUTE OF ELECTRICAL AND ELECTRONICS ENGINEERS (IEEE)

IEEE C57.12.28 (2014) Standard for Pad-Mounted Equipment 
- Enclosure Integrity

IEEE Stds Dictionary (2009) IEEE Standards Dictionary: Glossary 
of Terms & Definitions

INTERNATIONAL CODE COUNCIL (ICC)

ICC/ANSI A117.1 (2009) Accessible and Usable Buildings and 
Facilities

NATIONAL ELECTRICAL MANUFACTURERS ASSOCIATION (NEMA)

ANSI Z535.1 (2006; R 2011) American National Standard 
for Safety--Color Code

ANSI/NEMA OS 1 (2013) Sheet-Steel Outlet Boxes, Device 
Boxes, Covers, and Box Supports

NEMA 250 (2014) Enclosures for Electrical Equipment 
(1000 Volts Maximum)

NEMA FB 1 (2014) Standard for Fittings, Cast Metal 
Boxes, and Conduit Bodies for Conduit, 
Electrical Metallic Tubing, and Cable

NEMA KS 1 (2013) Enclosed and Miscellaneous 
Distribution Equipment Switches (600 V 
Maximum)

NEMA PB 1 (2011) Panelboards

NEMA RN 1 (2005; R 2013) Polyvinyl-Chloride (PVC) 
Externally Coated Galvanized Rigid Steel 
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Conduit and Intermediate Metal Conduit

NEMA TC 2 (2013) Standard for Electrical Polyvinyl 
Chloride (PVC) Conduit

NEMA TC 3 (2015) Standard for Polyvinyl Chloride 
(PVC) Fittings for Use With Rigid PVC 
Conduit and Tubing

NEMA VE 1 (2009) Standard for Metal Cable Tray 
Systems

NEMA WD 1 (1999; R 2015) Standard for General Color 
Requirements for Wiring Devices

NEMA WD 6 (2016) Wiring Devices Dimensions 
Specifications

NATIONAL FIRE PROTECTION ASSOCIATION (NFPA)

NFPA 70 2020  National Electrical Code

UNDERWRITERS LABORATORIES (UL)

UL 1 (2005; Reprint Jul 2012) Standard for 
Flexible Metal Conduit

UL 1242 (2006; Reprint Mar 2014) Standard for 
Electrical Intermediate Metal Conduit -- 
Steel

UL 489 (2013; Reprint Mar 2014) Molded-Case 
Circuit Breakers, Molded-Case Switches, 
and Circuit-Breaker Enclosures

UL 506 (2008; Reprint Oct 2013) Specialty 
Transformers

UL 6 (2007; Reprint Nov 2014) Electrical Rigid 
Metal Conduit-Steel

UL 797 (2007; Reprint Dec 2012) Electrical 
Metallic Tubing -- Steel

UL 870 (2008; Reprint Feb 2013) Standard for 
Wireways, Auxiliary Gutters, and 
Associated Fittings

1.2   DEFINITIONS

a.  Unless otherwise specified or indicated, electrical and electronics 
terms used in these specifications, and on the drawings, are as 
defined in IEEE Stds Dictionary .

b.  The technical sections referred to herein are those specification 
sections that describe products, installation procedures, and 
equipment operations and that refer to this section for detailed 
description of submittal types.
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1.3   SUBMITTALS

Government approval is required for submittals with a "G" designation; 
submittals not having a "G" designation are for information only.  When 
used, a designation following the "G" designation identifies the office 
that will review the submittal for the Government.  Submittals with an "S" 
are for inclusion in the Sustainability Notebook, in conformance to 
Section 01 33 29  SUSTAINABILITY REPORTING.  Submit the following in 
accordance with Section 01 33 00  SUBMITTAL PROCEDURES:

SD-01 Preconstruction Submittals

Material, Equipment, and Fixture Lists

SD-03 Product Data

Conduits and Raceways ; G

Wire and Cable ; G

Splices and Connectors ; G

Switches ; G

Receptacles ; G

Outlet Boxes, Pull Boxes and Junction Boxes ; G

Circuit Breakers ; G

Panelboards ; G

Lamps and Lighting Fixtures ; G

Dry-Type Distribution Transformers ; G

SD-06 Test Reports

Continuity Test ; G

Phase-Rotation Tests ; G

Insulation Resistance Test ; G

SD-08 Manufacturer's Instructions

Manufacturer's Instructions

PART 2   PRODUCTS

2.1   EQUIPMENT

Provide the standard cataloged materials and equipment of manufacturers 
regularly engaged in the manufacture of the products.  For material, 
equipment, and fixture lists  submittals, show manufacturer's style or 
catalog numbers, specification and drawing reference numbers, warranty 
information, and fabrication site.
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2.1.1   Conduits and Raceways

2.1.1.1   Rigid Steel Conduit

Provide hot dipped galvanized rigid steel conduit complying with UL 6 .  
Except where installed underground, or in corrosive areas, provide 
polyvinylchloride (PVC), or painted with bitumastic coated rigid steel 
conduit in accordance with NEMA RN 1.

Use threaded fittings for rigid steel conduit.

Use solid gaskets.  Ensure conduit fittings with blank covers have 
gaskets, except in clean, dry areas or at the lowest point of a conduit 
run where drainage is required.

Provide covers with captive screws and are accessible after the work has 
been completed.

2.1.1.2   Electrical Metallic Tubing (EMT)

Ensure EMT is in accordance with UL 797  and is zinc coated steel.  Provide 
zinc-coated couplings and connectors that are raintight, gland compression 
type with insulation throat.  Crimp, spring, or setscrew type fittings are 
not acceptable.

2.1.1.3   Flexible Metallic Conduit

Ensure flexible metallic conduit is galvanized steel and complies with UL 1 .

Ensure fittings for flexible metallic conduit are specifically designed 
for such conduit.

Provide liquidtight flexible metallic conduit with a protective jacket of 
PVC extruded over a flexible interlocked galvanized steel core to protect 
wiring against moisture, oil, chemicals, and corrosive fumes.

Ensure fittings for liquidtight flexible metallic conduit are specifically 
designed for such conduit.

2.1.1.4   Intermediate Metal Conduit

Ensure intermediate metal conduit is galvanized steel and complies with 
UL 1242 .

2.1.1.5   Rigid Nonmetallic Conduit

Ensure rigid nonmetallic conduit complies with NEMA TC 2 and NEMA TC 3 
with a wall thickness not less than Schedule 40.

2.1.1.6   Wireways and Auxiliary Gutters

Ensure wireways and auxiliary gutters are a minimum  4 by 4-inch  trade size 
conforming to UL 870 .

2.1.1.7   Surface Raceways and Assemblies

Ensure surface metal raceways and multi-outlet assemblies conform to 
NFPA 70 , and have receptacles conforming to NEMA WD 1, Type 5-20R.
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2.1.2   Cable Trays

Provide ladder type cable trays conforming to NEMA VE 1.

2.1.3   Wire and Cable

Use copper 600-volt type THWN for conductors installed in conduit.  Ensure 
all conductors  AWG No. 8  and larger, are stranded.  All conductors smaller 
than  AWG No. 8  are stranded .

Ensure flexible cable is Type SO and contains a grounding conductor with 
green insulation.

Ensure conductors installed in plenums are marked plenum rated.

2.1.4   Switches

2.1.4.1   Safety Switches

Ensure safety switches comply with NEMA KS 1, and are the heavy-duty type 
with enclosure, voltage, current rating, number of poles, and fusing as 
indicated on the drawings.  Ensure switch construction is such that, when 
the switch handle in the "ON" position, the cover or door cannot be 
opened.  Cover release device is coinproof and so constructed that an 
external tool is used to open the cover.  Make provisions to lock the 
handle in the "OFF" position.  Ensure the switch is not capable of being 
locked in the "ON" position.

Provide switches of the quick-make, quick-break type and terminal lugs for 
use with copper conductors.

Ensure safety color coding for identification of safety switches conforms 
to ANSI Z535.1 .

2.1.4.2   Toggle Switches

Ensure toggle switches comply with EIA 480 , control incandescent, mercury, 
and fluorescent lighting fixtures and are the heavy duty, general purpose, 
noninterchangeable flush-type.

Provide commercial grade toggle switches, single -pole, three -way 
two-position devices rated 20 amperes at 277 volts, 60 hertz alternating 
current (ac) only.

Ensure all toggle switches are products of the same manufacturer.

2.1.5   Receptacles

Provide commercial grade, NEMA 5-20R receptacles , 20A, 125 VAC, 2-pole, 
3-wire duplex conforming to NEMA WD 6.

2.1.6   Outlet Boxes, Pull Boxes and Junction Boxes

Ensure outlet boxes for use with conduit systems are in accordance with 
NEMA FB 1  and ANSI/NEMA OS 1  and are not less than  1-1/2 inches  deep.  
Furnish all pull and junction boxes with screw-fastened covers.
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2.1.7   Panelboards

Provide circuit breaker type lighting and appliance branch circuit 
panelboards in accordance with NEMA PB 1.  Bolt circuit breakers to the 
bus.  Plug-in circuit breakers are not acceptable.  Provide copper buses 
of the rating indicated on the drawings, with main lugs or main circuit 
breaker.  Provide all panelboards for use on grounded ac systems with a 
full-capacity isolated neutral bus and a separate grounding bus bonded to 
the panelboard enclosure.  Ensure panelboard enclosures are NEMA 250, Type 
1, in accordance with NEMA PB 1.  Provide enclosure fronts with latchable 
hinged doors.

2.1.8   Circuit Breakers

Ensure circuit breaker interrupting rating is not less than those 
indicated and in no event less than 10,000 amperes root-mean-square (rms) 
symmetrical at 208 volts, respectively.  Provide multipole circuit 
breakers of the common-trip type with a single handle.  Molded case 
circuit breakers are bolt-on type conforming to UL 489 .

2.1.9   Lamps and Lighting Fixtures

Manufacturers and catalog numbers shown on the drawings are indicative of 
the general type desired and are not intended to restrict the selection to 
fixtures of any particular manufacturer.  Fixtures with the same salient 
features and equivalent light distribution and brightness characteristics, 
of equal finish and quality, are acceptable.  Provide lamps of the proper 
type and wattage for each fixture.

2.1.10   Manufacturer's Nameplate

Ensure each item of equipment has a nameplate bearing the manufacturer's 
name, address, model number, and serial number securely affixed in a 
conspicuous place; the nameplate of the distributing agent is not 
acceptable.

2.1.11   Warning Signs

Provide warning signs for the enclosures of electrical equipment including 
substations, pad-mounted transformers, pad-mounted switches, generators, 
and switchgear having a nominal rating exceeding 600 volts.

a.  Enclosure integrity to conform with IEEE C57.12.28 , such as for 
pad-mounted transformers.  Provide self-adhesive warning signs on the 
outside of the high voltage compartment door(s).  Provide decal signs 
with nominal dimensions of  7 by 10 inches .  Print the legend "DANGER 
HIGH VOLTAGE" in two lines of nominal  2 inch  high letters.  Show the 
word "DANGER" in white letters on a red background and the words "HIGH 
VOLTAGE" in black letters on a white background. 2.1.12   Dry-Type 

Distribution Transformers

Ensure that general purpose dry-type transformers with windings 600 volts 
or less are two-winding, 60 hertz, and self-cooled in accordance with 
UL 506 .  Ensure windings have a minimum of two 2-1/2-percent taps above 
and below nominal voltage.
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PART 3   EXECUTION

3.1   PREPARATION

Submit manufacturer's instructions  including special provisions required 
to install equipment components and system packages.  Special provisions 
include impedances, hazards and safety precautions.

Clean and paint conduit, supports, fittings, cabinets, pull boxes, and 
racks as specified in Section 09 90 00  PAINTS AND COATINGS.

Protect metallic materials against corrosion.  Provide equipment 
enclosures with the standard finish by the manufacturer when used for most 
indoor installations.  For harsh indoor environments (any area subjected 
to chemical and abrasive action), and all outdoor installations, refer to 
Section 09 96 00  HIGH-PERFORMANCE COATINGS.  Do not use aluminum when in 
contact with earth or concrete and, where connected to dissimilar metal, 
protect by using approved fittings and treatment.  Except where other 
equivalent protective treatment is specifically approved in writing, 
provide hot-dip galvanized ferrous metals for items such as, anchors, 
bolts, braces, boxes, bodies, clamps, fittings, guards, nuts, pins, rods, 
shims, thimbles, washers, and miscellaneous items not made of 
corrosion-resistant steel.

3.2   INSTALLATION

3.2.1   Conduits, Raceways and Fittings

Ensure that conduit runs between outlet and outlet, between fitting and 
fitting, or between outlet and fitting does not contain more than the 
equivalent of three 90-degree bends, including those bends located 
immediately at the outlet or fitting.

Do not install crushed or deformed conduit.  Avoid trapped conduit runs 
where possible.  Take care to prevent the lodgment of foreign material in 
the conduit, boxes, fittings, and equipment during the course of 
construction.  Clear any clogged conduit of obstructions or replace 
conduit.

Conduit and raceway runs concealed in or behind walls, above ceilings, or 
exposed on walls and ceilings  5 feet  or more above finished floors and not 
subject to mechanical damage may be electrical metallic tubing (EMT).

3.2.1.1   Rigid Steel Conduit

Make field-made bends and offsets with approved Hickey bending tool or 
conduit bending machine.  Use long radius conduit for elbows larger than  
2-1/2 inches .

Provide a flush coupling for all conduit stubbed-up through concrete 
floors for connections to free-standing equipment with the exception of 
motor-control centers, cubicles, and other such items of equipment, when 
the floor slab is of sufficient thickness.  Otherwise, provide a floor box 
set flush with the finished floor.  For conduits installed for future use, 
terminate with a coupling and plug; set flush with the floor.

3.2.1.2   Electrical Metallic Tubing (EMT)

Ground EMT in accordance with NFPA 70 , using pressure grounding connectors 
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especially designed for EMT.

3.2.1.3   Flexible Metallic Conduit

Use flexible metallic conduit to connect recessed fixtures from outlet 
boxes in ceilings, transformers, and other approved assemblies.

Use bonding wires in flexible conduit as specified in NFPA 70 , for all 
circuits.  Flexible conduit is not considered a ground conductor.

Make electrical connections to vibration-isolated equipment with flexible 
metallic conduit.

Use liquidtight flexible metallic conduit in wet and oily locations and to 
complete the connection to motor-driven equipment.

3.2.1.4   Intermediate Conduit

Make all field-made bends and offsets with approved Hickey bending tool or 
conduit bending machine.  Use intermediate metal conduit only for indoor 
installations.

3.2.1.5   Rigid Nonmetallic Conduit

Ensure rigid PVC conduit is direct buried.

Install a green insulated copper grounding conductor in conduit with 
conductors and solidly connect to ground at each end.  Size grounding 
wires in accordance with NFPA 70 .

3.2.1.6   Wireway and Auxiliary Gutter

Bolt together straight sections and fittings to provide a rigid, 
mechanical connection and electrical continuity.  Close dead ends of 
wireways and auxiliary gutters.  Plug all unused conduit openings.

Support wireways for overhead distribution and control circuits at maximum 
5-foot  intervals.

Ensure auxiliary gutters used to supplement wiring spaces for equipment 
not contained in a single enclosure contains no switches, overcurrent 
devices, appliances, or apparatus and is not more than 30 feet  long.

3.2.1.7   Surface Raceways and Assemblies

Mount surface raceways plumb and level, with the base and cover secured.  
Minimum circuit run is three-wire, with one wire designated as ground.

3.2.1.8   Cable Trays

Support cable trays from ceiling hangers, equipment bays, or floor or wall 
supports.  Cable trays may be mounted on equipment racks. Provide support 
when the free end extends beyond 3 feet .  Maximum support spacing is 6 feet .  
Support trays  10-inches  wide or less by one hanger.  Support trays greater 
than  10 inches  wide by two hangers.  Bond cable trays at splices.

3.2.1.9   Splices and Connectors

Make all splices in  AWG No. 8  and smaller with approved insulated 
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electrical type .

Make all splices in  AWG No. 6  and larger with bolted clamp-type connectors.  
Wrap joints with an insulating tape that has an insulation and temperature 
rating equivalent to that of the conductor.

3.2.2   Wiring

Color code feeder and branch circuit conductors as follows:

CONDUCTOR COLOR AC

Phase A BLACK(208V)_BROWN(480V)

Phase B RED(208V)_ORANGE(480V)

Phase C BLUE(208V)_YELLOW(480V)

Neutral  
 WHITE (208V) NATURAL GRAY (480V)

Equipment Grounds Green

Use conductors up to and including  AWG No. 2  that are manufactured with 
colored insulating materials.  For conductors larger than  AWG No. 2 , have 
ends identified with color plastic tape in outlet, pull, or junction boxes.

Splice in accordance with the NFPA 70 .  Provide conductor identification 
within each enclosure where a tap, splice, or termination is made and at 
the equipment terminal of each conductor.  Match terminal and conductor 
identification as indicated.

Where several feeders pass through a common pullbox, tag the feeders to 
clearly indicate the electrical characteristics, circuit number, and panel 
designation.

3.2.3   Safety Switches

Securely fasten switches to the supporting structure or wall, utilizing a 
minimum of four 1/4 inch  bolts.  Do not use sheet metal screws and small 
machine screws for mounting.  Do not mount switches in an inaccessible 
location or where the passageway to the switch may become obstructed.  
Mounting height 5 feet  above floor level, when possible.

3.2.4   Wiring Devices

3.2.4.1   Wall Switches and Receptacles

Install wall switches and receptacles so that when device plates are 
applied, the plates are aligned vertically to within 1/16 inch .

Bond ground terminal of each flush-mounted receptacle to the outlet box 
with an approved green bonding jumper when used with dry wall type 
construction.
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3.2.4.2   Device Plates

Ensure device plates for switches are suitably engraved with a description 
of the loads when not within sight of the loads controlled.

Mark device plates and receptacle cover plates for receptacles other than 
125-volt, single-phase, duplex, convenience outlets.  Show the circuit 
number, voltage, frequency, phasing, and amperage available at the 
receptacle.  Use self-adhesive labels having 1/4 inch  embossed letters.

Similarly mark device plates for convenience outlets indicating the supply 
panel and circuit number.

3.2.5   Boxes and Fittings

Provide pullboxes where necessary in the conduit system to facilitate 
conductor installation.  For conduit runs longer than 100 feet  or with 
more than three right-angle bends, install a pullbox at a convenient 
intermediate location.

Securely mount boxes and enclosures to the building structure using 
supports that are independent of the conduit entering or leaving the boxes.

Select the mounting height of wall-mounted outlet and switch boxes, as 
measured between the bottom of the box and the finished floor, in 
accordance with ICC/ANSI A117.1  and as follows:

LOCATION MOUNTING HEIGHT
(inches)

Receptacles in offices 18

Receptacles in corridors 18

Receptacles in shops and laboratories 48

Receptacles in rest rooms 48

Switches for light control 48

3.2.6   Lamps and Lighting Fixtures

Install new lamps of the proper type and wattage in each fixture.  
Securely fasten fixtures and supports to structural members and install 
parallel and perpendicular to major axes of structures.

3.2.7   Panelboards

Securely mount panelboards so that the top operating handle does not 
exceed 72-inches  above the finished floor.  Do not mount equipment within  
36-inches  of the front of the panel.  Ensure directory card information is 
complete and legible.

3.2.8   Dry-Type Distribution Transformers

Connect dry-type transformers with flexible metallic conduit.
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3.2.9   Field Fabricated Nameplates

Ensure nameplates conform to ASTM D709.  Provide laminated plastic 
nameplates for each equipment enclosure, relay, switch, and device, as 
specified or as indicated on the drawings.  Each nameplate inscription 
identifies the function and, when applicable, the position.  Provide 
nameplates that are melamine plastic,  0.125-inch  thick, white with black 
center core and a matte finish surface  with square corners.  Accurately 
align lettering and engrave into the core.  Minimum size of nameplates is  
1 by 2.5 inches .  Lettering is a minimum of  0.25-inch  high normal block 
style.

3.2.10   Identification Plates and Warnings

Provide identification plates for lighting and power panelboards, motor 
control centers, all line voltage heating and ventilating control panels, 
fire detector and sprinkler alarms, door bells, pilot lights, disconnect 
switches, manual starting switches, and magnetic starters.  Attach 
identification plates to process control devices and pilot lights.

Install identification plates for all line voltage enclosed circuit 
breakers, identifying the equipment served, voltage, phase(s) and power 
source.  For circuits 480 volts and above, install conspicuously located 
warning signs in accordance with OSHA requirements.

3.2.11   Posted Operating Instructions

Print or engrave operating instructions and frame under glass or in 
approved laminated plastic.  Post instructions where directed.  For 
operating instructions exposed to the weather, provide weather-resistant 
materials or weatherproof enclosures.  Ensure operating instructions do 
not fade when exposed to sunlight.  Secure instructions to prevent easy 
removal or peeling.

Ensure each system and principal item of equipment is as specified in the 
technical sections for use by operation and maintenance personnel.  
Include the following information with the operating instructions:

a.  Wiring diagrams, control diagrams, and control sequence for each 
principal system and item of equipment.

b.  Start up, proper adjustment, operating, lubrication, and shutdown 
procedures.

c.  Safety precautions.

d.  The procedure in the event of equipment failure.

e.  Other items of instruction as recommended by the manufacturer.

3.3   FIELD QUALITY CONTROL

After completion of the installation and splicing, and prior to energizing 
the conductors, perform  wire and cable continuity and insulation tests as 
herein specified before the conductors are energized.

Provide all necessary test equipment, labor, and personnel to perform the 
tests, as herein specified.
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Isolate completely all wire and cable from all extraneous electrical 
connections at cable terminations and joints.  Use substation and 
switchboard feeder breakers, disconnects in combination motor starters, 
circuit breakers in panel boards, and other disconnecting devices to 
isolate the circuits under test.

Perform insulation-resistance test  on each field-installed conductor with 
respect to ground and adjacent conductors.  Applied potential is 500 volts 
dc for 300 volt rated cable and 1000 volts dc for 600 volt rated cable.  
Take readings after 1 minute and until the reading is constant for 15 
seconds.  Minimum insulation-resistance values is not less than 25 Megohms 
for 300 volt rated cable and 100 Megohms for 600 volt rated cable.  For 
circuits with conductor sizes  AWG No. 8  and smaller insulation resistance 
testing is not required.

Perform continuity test  to insure correct cable connection end-to-end (i.e 
correct phase conductor, grounded conductor, and grounding conductor 
wiring).  Repair and verify any damages to existing or new electrical 
equipment resulting from mis-wiring.  Receive approval for all repairs 
from the Contracting Officer prior to commencement of the repair.

Conduct phase-rotation tests  on all three-phase circuits using a 
phase-rotation indicating instrument.  Perform phase rotation of 
electrical connections to connected equipment in a clockwise direction, 
facing the source.

Submit test reports in accordance with referenced standards in this 
section.

Final acceptance requires the successful performance of wire and cable 
under test.  Do not energize any conductor until the final test reports 
are reviewed and approved by the Contracting Officer.

        -- End of Section --
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MEDIUM-VOLTAGE CABLES

PART 1   GENERAL

Section 26 00 00.00 20  BASIC ELECTRICAL MATERIALS AND METHODS applies to 
work specified in this section.

1.1   REFERENCES

The publications listed below form a part of this specification to the 
extent referenced.  The publications are referred to within the text by 
the basic designation only.

ASSOCIATION OF EDISON ILLUMINATING COMPANIES (AEIC)

AEIC C8 (2000) Extruded Dielectric Shielded Power 
Cables Rated 5 Through 46 kV

ASTM INTERNATIONAL (ASTM)

ASTM B3 (2013) Standard Specification for Soft or 
Annealed Copper Wire

ASTM D746 (2014) Standard Test Method for 
Brittleness Temperature of Plastics and 
Elastomers by Impact

NATIONAL ELECTRICAL MANUFACTURERS ASSOCIATION (NEMA)

ANSI/NEMA WC 71/ICEA S-96-659 (2014) Standard for Nonshielded Cables 
Rated 2001-5000 Volts for use in the 
Distribution of Electric Energy

NEMA WC 27500 (2015) Standard for Aerospace and 
Industrial Electrical Cable

NEMA WC 70 (2009) Power Cable Rated 2000 V or Less 
for the Distribution of Electrical 
Energy--S95-658

NEMA WC 74/ICEA S-93-639 (2012) 5-46 kV Shielded Power Cable for 
Use in the Transmission and Distribution 
of Electric Energy

NATIONAL FIRE PROTECTION ASSOCIATION (NFPA)

NFPA 70 (2017; ERTA 1-2 2017; TIA 17-1; TIA 17-2; 
TIA 17-3; TIA 17-4; TIA 17-5; TIA 17-6; 
TIA 17-7; TIA 17-8; TIA 17-9; TIA 17-10; 
TIA 17-11; TIA 17-12; TIA 17-13; TIA 
17-14) National Electrical Code
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1.2   DEFINITIONS

Medium-voltage power cables include all cables rated above 600 volts up to 
35,000 volts.

1.3   SUBMITTALS

Government approval is required for submittals with a "G" designation; 
submittals not having a "G" designation are for information only.  When 
used, a designation following the "G" designation identifies the office 
that reviews the submittal for the Government.  Submittals with an "S" are 
for inclusion in the Sustainability eNotebook, in conformance to Section 
01 33 29  SUSTAINABILITY REPORTING.  Submit the following in accordance 
with Section 01 33 00  SUBMITTAL PROCEDURES:

SD-03 Product Data

Multiple-Conductor Shielded Cables ; G

Multiple-Conductor Nonshielded Cables ; G

Single-Conductor Shielded Cables ; G

Single-Conductor Nonshielded Cables ; G

Portable Cables ; G

Nonmetallic Jacket ; G

SD-06 Test Reports

Dielectric-Absorption Tests

Medium-Voltage Tests

Radiographic Tests ; G

SD-07 Certificates

Lead Sheath

Flammability

Minimum Bending Radius

Medium-Voltage Tests

Dielectric Absorption Tests

Cable Splicers

SD-08 Manufacturer's Instructions

Medium-Voltage Power Cables

Pothead Terminations
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1.4   QUALITY CONTROL

Provide a list of installed products to the Contracting Officer before 
performing the specified work.  Show the qualifications of the cable 
splicers .

Ensure that cable splicers  performing splicing have 5 years of experience 
in cable splicing and terminations.  Ensure that once a termination or 
splice has been started by a worker, the same person completes that 
particular splice.  Start and complete each termination and splice in one 
continuous work period.

1.5   DELIVERY, STORAGE, AND HANDLING

Ship cables on reels in a way that protects  the cable from mechanical 
injury.  Hermetically seal and attach each end of each length of cable to 
the reel.

Make the minimum reel drum diameter 14 times the overall diameter of the 
cable.  Ensure that each cable length is installed with a pulling eye 
installed by the manufacturer, for installation in ducts, manholes, and 
utility tunnels.

PART 2   PRODUCTS

2.1   SYSTEM DESCRIPTION

Medium voltage (MV) electric utility power cable shall be 5kV, 15kV, and 
35kV, single conductor cable (1/C), one-third (1/3) concentric neutral, 
MV-90, Aluminum/Copper, tree-retardant  crosslinked polyethylene (TR-XLPE) 
type, 133% insulation.

Medium voltage (MV) electric utility power cable shall be 5kV, 15kV, and 
35kV, single conductor cable (1/C), (1/3) concentric neutral, MV-105, 
Aluminum/Copper, ethylene polyethylene rubber(EPR) type, 133% insulation.

CONDUCTOR SIZES AND TYPES

5kV, TRXLPE, 133%, one-third (1/3) concentric neutral, AL

Conductor Size  (AWG/MCM)   Nominal Overall Diameter (in.)   Nominal Cable 
Weight (lbs./ft)   Ampacity (Amps)   Minimum Bending Radius (in.)
         90oC in Duct   90oC Direct Buried   
2   0.82   0.330   123   179   7
1/0   0.90   0.398   160   229   8
2/0   0.94   0.453   182   258   8
4/0   1.05   0.617   237   323   9
250   1.10   0.707   261   348   10
500   1.39   1.247   381   449   12
750   1.58   1.737   464   505   13
1000   1.83   2.315   522   541   15

Note: Cable data referenced in this table is Prysmian Cable. If use any 
other manufacturer cable, the cable data may be differed.

15kV, TRXLPE, 133%, one-third (1/3) concentric neutral, AL

Conductor Size  (AWG/MCM)   Nominal Overall Diameter (in.)   Nominal Weight 
(lbs./ft)   Ampacity (Amps)   Minimum Bending Radius (in.)
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         90oC in Duct   90oC Direct Buried   
1/0   1.16   0.568   163   225   9
2/0   1.20   0.630   186   255   10
4/0   1.29   0.799   241   320   11
250   1.38   0.932   265   345   12
500   1.71   1.563   385   451   14
750   1.90   2.091   468   507   16
 

1000   2.12   2.687   529   549   17

Note: Cable data referenced in this table is Prysmian Cable. If use any 
other manufacturer cable, the cable data may be differed.

35kV, TRXLPE, 133%, one-third (1/3) concentric neutral, AL

Conductor Size  (AWG/MCM)   Nominal Overall Diameter (in.)   Nominal Weight 
(lbs./ft)   Ampacity (Amps)   Minimum Bending Radius (in.)
         90oC in Duct   90oC Direct Buried   
1/0   1.58   0.945   168   219   13
2/0   1.63   1.019   191   248   14
4/0   1.80   1.297   247   314   15
250   1.85   1.412   271   339   15
500   2.15   2.107   392   452   18
750   2.33   2.687   476   517   19
1000   2.53   3.290   536   560   21

Note: Cable data referenced in this table is Prysmian Cable. If use any 
other manufacturer cable, the cable data may be differed.

5kV, TRXLPE, 133%, one-third (1/3) concentric neutral, CU

Conductor Size  (AWG/MCM)   Nominal Overall Diameter (in.)   Nominal Weight 
(lbs./ft)   Ampacity (Amps)   Minimum Bending Radius (in.)
         90oC in Duct   90oC Direct Buried   
2   0.87   0.496   158   228   7
1/0   0.95   0.685   205   287   8
2/0   0.99   0.811   233   320   8
4/0   1.10   1.179   301   385   9
250   1.15   1.366   330   409   10
500   1.48   2.612   464   494   12
750   1.75   3.829   540   552   15
1000   1.93   4.987   586   607   16

Note: Cable data referenced in this table is Prysmian Cable. If use any 
other manufacturer cable, the cable data may be differed.
 

15kV, TRXLPE, 133%, one-third (1/3) concentric neutral, CU

Conductor Size  (AWG/MCM)   Nominal Overall Diameter (in.)   Nominal Weight 
(lbs./ft)   Ampacity (Amps)   Minimum Bending Radius (in.)
         90oC in Duct   90oC Direct Buried   
2   1.08   0.627   162   224   9
1/0   1.16   0.826   210   284   10
2/0   1.20   0.958   238   317   10
4/0   1.31   1.340   307   385   11
250   1.38   1.555   336   410   12
500   1.75   2.890   471   501   14

SECTION 26 05 13.00 40  Page 6



CAPITAL PROJECT # 1043925 MAY 2022 HAFB 309th SWEG
KRSM200806 100% FINAL SUBMITTAL

750   1.96   4.078   548   559   16
1000   2.17   5.308   596   669   18

Note: Cable data referenced in this table is Prysmian Cable. If use any 
other manufacturer cable, the cable data may be differed.

35kV, TRXLPE, 133%, one-third (1/3) concentric neutral, CU

Conductor Size  (AWG/MCM)   Nominal Overall Diameter (in.)   Nominal Weight 
(lbs./ft)   Ampacity (Amps)   Minimum Bending Radius (in.)
         90oC in Duct   90oC Direct Buried   
1/0   1.58   1.202   216   278   13
2/0   1.63   1.346   245   311   14
4/0   1.80   1.824   314   383   15
250   1.85   2.036   344   409   15
500   2.19   3.446   480   510   18
750   2.40   4.694   561   573   20
1000   2.58   5.925   609   626   21

Note: Cable data referenced in this table is Prysmian Cable. If use any 
other manufacturer cable, the cable data may be differed.
 

5kV, EPR, 133%, tape shielded, AL

Conductor Size  (AWG/MCM)   Nominal Overall Diameter (in.)   Nominal Cable 
Weight (lbs./ft)   Ampacity (Amps)   Minimum Bending Radius (in.)
         105oC in Duct   105oC Direct Buried   
2   0.73   0.308   125   165   9
1/0   0.80   0.376   160   225   10
2/0   0.85   0.422   185   260   11
4/0   0.98   0.572   245   350   13
250   1.03   0.638   270   385   13
500   1.25   0.985   400   605   16
750   1.43   1.315   505   790   18
1000   1.58   1.638   590   950   20

Note: Cable data referenced in this table is Prysmian Cable. If use any 
other manufacturer cable, the cable data may be differed.

15kV, EPR, 133%, tape shielded, AL

Conductor Size  (AWG/MCM)   Nominal Overall Diameter (in.)   Nominal Weight 
(lbs./ft)   Ampacity (Amps)   Minimum Bending Radius (in.)
         105oC in Duct   105oC Direct Buried   
2   0.96   0.484   130   170   12
1/0   1.03   0.566   165   225   13
2/0   1.08   0.620   190   260   13
4/0   1.18   0.761   245   350   15
250   1.23   0.834   270   385   15
500   1.45   1.216   400   600   18
750   1.63   1.574   490   780   20
1000   1.84   2.028   565   940   23

Note: Cable data referenced in this table is Prysmian Cable. If use any 
other manufacturer cable, the cable data may be differed.

35kV, EPR, 133%, tape shielded, AL
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Conductor Size  (AWG/MCM)   Nominal Overall Diameter (in.)   Nominal Weight 
(lbs./ft)   Ampacity (Amps)   Minimum Bending Radius (in.)
         105oC in Duct   105oC Direct Buried   
1/0   1.43   0.987   165   225   18
2/0   1.47   1.054   190   260   18
 

4/0   1.57   1.226   245   345   19
250   1.62   1.315   270   380   20
500   1.90   1.875   400   590   23
750   2.09   2.300   490   765   26
1000   2.24   2.704   565   920   27

Note: Cable data referenced in this table is Prysmian Cable. If use any 
other manufacturer cable, the cable data may be differed.

5kV, EPR, 133%, tape shielded, CU

Conductor Size  (AWG/MCM)   Nominal Overall Diameter (in.)   Nominal Weight 
(lbs./ft)   Ampacity (Amps)   Minimum Bending Radius (in.)
         105oC in Duct   105oC Direct Buried   
2   0.73   0.424   155   215   9
1/0   0.81   0.577   210   290   10
2/0   0.84   0.675   235   330   11
4/0   0.97   0.982   310   445   12
250   1.02   1.126   345   495   13
500   1.24   1.988   505   775   15
750   1.43   2.863   630   1000   18
1000   1.59   3.681   720   1200   20

Note: Cable data referenced in this table is Prysmian Cable. If use any 
other manufacturer cable, the cable data may be differed.

15kV, EPR, 133%, tape shielded, CU

Conductor Size  (AWG/MCM)   Nominal Overall Diameter (in.)   Nominal Weight 
(lbs./ft)   Ampacity (Amps)   Minimum Bending Radius (in.)
         105oC in Duct   105oC Direct Buried   
2   0.96   0.590   165   215   12
1/0   1.04   0.762   215   290   13
2/0   1.07   0.863   245   335   13
4/0   1.17   1.161   315   445   15
250   1.22   1.314   345   495   15
500   1.44   2.204   500   765   18
750   1.63   3.110   610   990   20
1000   1.84   4.056   690   1185   23

Note: Cable data referenced in this table is Prysmian Cable. If use any 
other manufacturer cable, the cable data may be differed.
 

35kV, EPR, 133%, tape shielded, CU

Conductor Size  (AWG/MCM)   Nominal Overall Diameter (in.)   Nominal Weight 
(lbs./ft)   Ampacity (Amps)   Minimum Bending Radius (in.)
         105oC in Duct   105oC Direct Buried   
1/0   1.43   1.214   215   290   18
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2/0   1.47   1.279   245   330   19
4/0   1.57   1.669   315   445   19
250   1.62   1.837   345   490   20
500   1.78   2.342   500   755   23
750   2.09   3.906   610   970   26
1000   2.24   4.808   690   1160   27

Note: Cable data referenced in this table is Prysmian Cable. If use any 
other manufacturer cable, the cable data may be differed.

CABLE RATING

MV TRXLPE power cable shall be temperature rated for ninety degrees Celsius 
(90°C)  continuous, one hundred thirty degrees Celsius (130°C) emergency and 
two hundred fifty degrees Celsius (250°C) short circuit operation.

MV EPR power cable shall be temperature rated for one hundred and five 
degrees Celsius (105oC) continuous, one hundred forty degrees Celsius 
(140oC) emergency and two hundred fifty degrees Celsius (250oC) short 
circuit operation.

3   DESIGN PARAMETERS

CONDUCTOR

"   Solid or Class B compressed concentric strand aluminum (Al) alloy 1350 
or soft drawn annealed copper per ASTM.
"   Stranded conductors are water-blocked with strand-seal conductor filling 
compound.

CONDUCTOR SHIELD

Conductor shield shall be extruded thermosetting semiconducting shield which 
is free stripping from the conductor and bonded to the insulation.

INSULATION

Insulation shall be TR-XLPE as defined in ANSI/ICEA S-94-649, exhibiting an 
optimum balance of mechanical and electrical properties, assuring resistance 
to treeing.

Insulation shall be natural high dielectric strength EPR-based insulation, 
combined with other materials and agents that enhance the electrical and 
mechanical characteristics assuring extended cable life

3.3.1   INSULATION SHIELD

Insulation shield shall be extruded thermosetting, semiconducting with 
controlled adhesion to the insulation providing the required balance between 
electrical integrity and ease of stripping.

3.3.2   METALLIC SHIELD

Metallic shield shall be solid bare copper wire helically applied and 
uniformly spaced. Water-blocking agents shall be applied over the insulation 
shield and around the neutral wires to resist longitudinal water penetration.

Metallic shield shall be helically applied non-magnetic copper tape(s) over 
the insulation shield with a nominal overlap of 25 %.
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JACKET

Conductor jacket shall be black insulating, sunlight-resistant, linear 
low-density polyethylene encapsulating the neutral wires with three intruded 
red stripes and NESC lightning bolt symbol.

Conductor jacket shall be black, sunlight resistant, low coefficient of 
fiction, polyvinyl chloride (PVC) jacket tightly applied over the copper 
tape.

2.1.1   Cable Voltage Ratings

Provide medium-voltage power cables including multiple- and 
single-conductor cables rated as follows, phase-to-phase, for grounded and 
ungrounded neutral systems:

 15,000 volts, ungrounded neutral, on 12,470-volt, three-phase, 60-hertz 
distribution systems.

2.2   EQUIPMENT

Ensure that ethylene-propylene rubber and cross-linked 
polyethylene-insulated conductors are lead-free.

2.2.1   Multiple-Conductor Shielded Cables

2.2.1.1   Varnished Cambric and Lead

Provide multiple-conductor, varnished-cambric-insulated, lead-covered, 
shielded cable that conforms to NEMA WC 27500.

Provide cables that have a nonmetallic jacket over the lead sheath  in 
accordance with paragraph NONMETALLIC JACKET.

2.2.1.2   Varnished Cambric with Interlocked Armor

Provide multiple-conductor, varnished-cambric-insulated, 
interlocked-armor-covered, shielded cable that conforms to NEMA WC 27500.

Apply close-fitting, interlocked-armor tape of galvanized steel over the 
jacket.

2.2.1.3    Synthetic Rubber with Interlocked Armor

Provide multiple-conductor, synthetic-rubber-insulated, 
interlocked-armor-covered, shielded cable that conforms to NEMA WC 70, 
ANSI/NEMA WC 71/ICEA S-96-659  and NEMA WC 74/ICEA S-93-639 .

Apply close-fitting, interlocked-armor tape of galvanized steel over the 
jacket.

2.2.1.4   Butyl Rubber with Neoprene Jacket

Apply multiple-conductor, butyl-rubber-insulated, neoprene-jacketed, 
shielded cable that conforms to NEMA WC 70, ANSI/NEMA WC 71/ICEA S-96-659  
and NEMA WC 74/ICEA S-93-639 .
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2.2.1.5   Cross-Linked Polyethylene with PVC Jacket

Provide multiple-conductor, cross-linked polyethylene-insulated, 
polyvinylchloride-jacketed, shielded cable that conforms to NEMA WC 70, 
ANSI/NEMA WC 71/ICEA S-96-659 , NEMA WC 74/ICEA S-93-639  and AEIC C8 .  
Provide taped shielding that consists of  5-mil  thick copper shielding lap 
applied over  12-mil  thick semiconducting tape.  Wrap both helically with 10
 -percent overlap, providing 100-percent coverage.

2.2.1.6   Ethylene Propylene Rubber (EPR) with Jacketed Interlocked Armor

Provide multiple-conductor ethylene propylene rubber insulated interlocked 
armor covered shielded cables that conforms to NEMA WC 70, 
ANSI/NEMA WC 71/ICEA S-96-659 , NEMA WC 74/ICEA S-93-639  and AEIC C8 .

2.2.2   Multiple-Conductor, Nonshielded Cables

2.2.2.1    Synthetic Rubber with Neoprene Jacket

Provide multiple-conductor, synthetic-rubber-insulated, neoprene-jacketed, 
nonshielded cable that conforms to NEMA WC 70, 
ANSI/NEMA WC 71/ICEA S-96-659  and NEMA WC 74/ICEA S-93-639 .

2.2.2.2   Butyl Rubber with Neoprene Jacket

Provide multiple-conductor, synthetic-rubber-insulated, neoprene-jacketed, 
nonshielded cable that conforms to NEMA WC 70, 
ANSI/NEMA WC 71/ICEA S-96-659  and NEMA WC 74/ICEA S-93-639 .

2.2.2.3   Cross-Linked Polyethylene with PVC Jacket

Provide multiple-conductor, polyethylene-insulated, 
polyvinylchloride-jacketed, nonshielded cable that conforms to NEMA WC 70, 
ANSI/NEMA WC 71/ICEA S-96-659 , NEMA WC 74/ICEA S-93-639  and AEIC C8 .

2.2.2.4   Ethylene-Propylene with PVC Jacket

Provide multiple-conductor, ethylene-propylene-insulated, PVC-jacketed, 
nonshielded cable that conforms to NEMA WC 70, 
ANSI/NEMA WC 71/ICEA S-96-659 , NEMA WC 74/ICEA S-93-639  and AEIC C8 .

2.2.3   Single-Conductor Shielded Cables

2.2.3.1   Butyl Rubber with Neoprene Jacket

Provide single-conductor, butyl-rubber-insulated, neoprene-jacketed, 
shielded cable that conforms to NEMA WC 70, ANSI/NEMA WC 71/ICEA S-96-659  
and NEMA WC 74/ICEA S-93-639 .

2.2.3.2   Cross-Linked Polyethylene with PVC Jacket

Provide single-conductor, polyethylene-insulated, PVC-jacketed, shielded 
cable that conforms to NEMA WC 70, ANSI/NEMA WC 71/ICEA S-96-659 , 
NEMA WC 74/ICEA S-93-639  and AEIC C8 .

2.2.3.3   Cross-Linked Polyethylene with Interlocked Armor

Provide single-conductor, polyethylene-insulated, PVC-jacketed, shielded 
cable with interlocked armor that conforms to NEMA WC 70, 
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ANSI/NEMA WC 71/ICEA S-96-659 , NEMA WC 74/ICEA S-93-639  and AEIC C8 .

Apply a close-fitting, interlocked-armor tape of galvanized steel over the 
jacket.

2.2.3.4   Ethylene-Propylene-Rubber-Insulated with PVC Jacket

Provide single-conductor 15 kV rated  cable assemblies that consist of the 
following:  Class B stranded copper conductors, an extruded semiconducting 
shield over the conductors,  220 mils  of ethylene propylene rubber 
insulation, an extruded or other approved semiconducting shield, a  5-mil  
minimum copper tape shield wrapped helically with a minimum 12.5 percent 
overlap and a PVC jacket.

Provide single-conductor, ethylene-propylene-insulated, PVC-jacketed, 
shielded cable that conforms to NEMA WC 70, ANSI/NEMA WC 71/ICEA S-96-659 , 
NEMA WC 74/ICEA S-93-639  and AEIC C8 .

2.2.4   Single-Conductor Nonshielded Cables

2.2.4.1   Butyl Rubber with Neoprene Jacket

Provide single-conductor, butyl-rubber-insulated, neoprene-jacketed, 
nonshielded cable that conforms to NEMA WC 70, 
ANSI/NEMA WC 71/ICEA S-96-659  and NEMA WC 74/ICEA S-93-639 .

2.2.4.2   Cross-Linked Polyethylene

Provide single-conductor, cross-linked polyethylene-insulated, nonshielded 
cable that conforms to NEMA WC 70, ANSI/NEMA WC 71/ICEA S-96-659 ,
NEMA WC 74/ICEA S-93-639  and AEIC C8 .

2.2.4.3   Ethylene-Propylene-Rubber-Insulated with PVC Jacket

Provide single-conductor, ethylene-propylene-rubber-insulated, 
PVC-jacketed, nonshielded cable that conforms to NEMA WC 70, 
ANSI/NEMA WC 71/ICEA S-96-659 , NEMA WC 74/ICEA S-93-639  and AEIC C8 .

2.2.5   Portable Cables

Provide SHD multiple-conductor, butyl-rubber-insulated, neoprene-jacketed, 
shielded portable cable conforming to NEMA WC 70, 
ANSI/NEMA WC 71/ICEA S-96-659  and NEMA WC 74/ICEA S-93-639 .

2.2.6   Cable Supports and Fittings

Provide cable supports, related fittings, and accessories for use in 
corrosive underground locations, such as manholes and utility tunnels, 
with a factory-applied coating of PVC of at least 20 mils  thick.  Provide 
PVC coated items that have a uniform thickness and are free of blisters, 
breaks, and holidays.  Provide PVC compound that conforms to ASTM D746.

2.3   COMPONENTS

2.3.1   Cable Identification

Provide cables that have a tape placed immediately under the lead sheath 
or outer jacket showing the name of the manufacturer, the year in which 
the cable was manufactured, and a unique number for identification 
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purposes.  Closely group information on the tape at  1-foot  intervals to 
permit complete identification.

2.3.2   Nonmetallic Jacket

2.3.2.1   Interlock Armored Cable

Provide a nonmetallic, corrosion-resistant jacket over interlock-armored 
cable that is black polyethylene conforming to NEMA WC 27500 .

2.3.2.2   Lead-Sheathed Cable

Provide a nonmetallic, corrosion-resistant jacket over lead-sheathed cable 
that is PVC at least  0.11 inch  thick.  Provide cover that fits tightly 
against the lead sheath and is coated with a slipper compound.

2.3.2.3   Terminations

Provide potheads with grounding terminals and cast-iron bells that are 
rated as follows:

600A T-body terminations for primary 15kV lines and 200A load-brak elbows 
fro 15kV tap lines.

2.4   MATERIALS

2.4.1   Conductors

Ensure that conductors conform to the applicable requirements of NEMA WC 70, 
ANSI/NEMA WC 71/ICEA S-96-659 , or NEMA WC 74/ICEA S-93-639 .  Ensure that 
conductors are solid copper conforming to ASTM B3 and that they are bare, 
or tin- or lead-alloy-coated, according to the type of insulation used.  "

2.5   TESTS, INSPECTIONS, AND VERIFICATIONS

PART 3   EXECUTION

3.1   INSTALLATION

MV power cable typical are used at Hill base is 5kV/15kV, EPR, 133% 
insulation, MV-105, tape shielded, and AL/CU conductors.  (See section 
tables above for cable rated and sized details).

MV power cable shall be rated for outdoor installation, underground duct 
in conduit and aerial. Cable shall be suited for utility primary, wet or 
dry locations, with messenger, direct buried or underground duct, isolated 
in air or conduit in air.

Install medium-voltage cables in accordance with NFPA 70 .

Install cable in underground duct banks, in conduit above and below grade, 
inside buildings, by open wire method, on insulator hooks; on racks, in 
wall and ceiling-mounted cable trays in utility tunnels and manholes, and 
by direct burial.

Secure cables with heavy-duty cable ties in existing or new trays mounted 
horizontally, where the cable rests on the tray bottom.  Install cable 
ties at a minimum of  10 foot  intervals.

SECTION 26 05 13.00 40  Page 13



CAPITAL PROJECT # 1043925 MAY 2022 HAFB 309th SWEG
KRSM200806 100% FINAL SUBMITTAL

Secure cables with PVC-coated cable clamps, straps, hangers, or other 
approved supporting devices to tunnel walls, ceilings, and in new or 
existing cable trays mounted vertically, where the tray bottom is in a 
vertical plane.

When field cuts or other damage occurs to the PVC coating, apply a liquid 
PVC patch to maintain the integrity of the coating.  After the 
installation is complete, perform an inspection to ensure that the coating 
has no voids, pinholes, or cuts.

Before installing new armored cable, ensure that cable trays are properly 
secured and supported.  Add new permanent or temporary tray support 
devices as required to preclude cable tray failure during cable pulling or 
after cable is installed.

Cable or conductors of a primary distribution system will be rejected by 
the Contracting Officer when installed openly in cable trays or openly 
racked along interior walls; in the same raceway or conduit with ac or dc 
control circuits or ac power circuits operating at less than 600 volts; or 
in a manner allowing cable to support its own weight.

3.1.1   Moisture-Testing Before Pulling

3.1.2   Protection During Splicing Operations

3.1.3   Duct Cleaning

Thoroughly clean ducts before installation of power cables.  Pull a 
standard flexible mandrel through each duct to loosen particles of earth, 
sand, or foreign material in the line.  Use a mandrel that is not less than
 12 inches  long with a diameter  1/2 inch  less than the inside diameter of 
the duct.  Then pull a brush with stiff bristles through each duct to 
remove the loosened particles.  Use a brush with a diameter that is the 
same as or slightly larger than the diameter of the duct.

3.1.4   Pulling Cables in Ducts, Manholes and Utility Tunnels

Pull medium-voltage cables into ducts and utility tunnels with equipment 
designed for this purpose, including a power-driven winch, cable-feeding 
flexible tube guide, cable grips, and lubricants.  Employ a sufficient 
number of trained personnel and equipment to ensure correct installation 
of the cable.

Set up the cable reel at the side of the manhole or tunnel hatch opening 
and above the duct or hatch level, allowing the cable to enter through the 
opening without reverse bending.  Install a flexible tube guide through 
the opening in a manner that prevents the cable from rubbing against the 
edges of structural members.

Ensure that the  pulling force for a cable grip on lead-sheathed cable 
does not exceed  1,500 pounds per square inch  of sheath cross-sectional 
area.  Use a dynamometer in the pulling line to ensure that the pulling 
force is not exceeded.  Ensure that the  pulling force for a 
nonmetallic-sheathed cable does not exceed the smaller of  1,000 pounds  or 
a value computed from the following equation:

TM = 0.008 X N X CM
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Where:  TM = maximum allowable pulling tension in  pounds

N = number of conductors in the cable

CM = cross-sectional area of each conductor in  circular mils

Unreel cable from the top of the reel.  Carefully control payout. Attach 
cable to be pulled through a swivel to the main pulling wire by means of a 
suitable cable grip permitted only on cables less than  200 feet  long and 
less than  2 inches  in diameter.

When pulling small cables and short straight lengths of heavier cables,use 
woven-wire cable grips to grip the cable end.

Attach pulling eyes to the cable conductors to prevent damage to the cable 
structure.

To prevent damage to the cable structure, use pulling eyes and cable grips 
together for nonmetallic sheathed cables.

Provide a minimum bending radius  in accordance with the following:

CABLE TYPE MI NI MUM BENDI NG RADI US MULTI PLI ER TI MES
CABLE DI AMETER

RUBBER- AND PLASTIC-INSULATED CABLE WITH OR 
WITHOUT INTERLOCKED ARMOR

Nonshielded cables 8

Shielded cables with shielding wire 12

Shielded cables with shielding tape 8

PAPER-INSULATED AND LEAD- COVERED CABLES, 
SHIELDED OR NONSHIELDED

Cables without armor 10

Cables with wire armor 12

VARNISHED-CAMBRIC-INSULATED CABLES WITH OR 
WITHOUT LEAD SHEATH, SHIELDED OR NONSHIELDED

Cables without armor 8

Cables with wire armor 12

Liberally coat cables with a suitable cable-pulling lubricant as the cable 
enters the tube guide or duct.  Use grease and oil lubricants only on 
lead-sheathed cables.  Cover nonmetallic sheathed cables with wire-pulling 
compounds that have no deleterious effects on the cable.  Provide rollers, 
sheaves, or tube guides around which the cable is pulled that conform to 
the minimum bending radius of the cable.

Pull cables into ducts at a speed not to exceed  50feet per minute  and not 
in excess of maximum permissible pulling tension specified by the cable 
manufacturer.  Ensure that cable pulling is done without using a vehicle.  
Stop pulling operations immediately if binding or obstruction is indicated 
and do not resume pulling operations until such difficulty is corrected.  
Provide sufficient slack for the cable to move freely when the cable 
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expands or contracts.

Use cable racks to support cables when making cable splices in manholes or 
utility tunnels.  Do not pull cable splices in ducts.  Overlap cable ends 
at the ends of a section to provide sufficient undamaged cable for 
splicing.  Make cables to be spliced in manholes or utility tunnels 
overlap the centerline of the proposed joint by not less than  2 feet .

Immediately seal cables cut in the field to keep out moisture.  Seal 
nonleaded cables with rubber tape wrapped down to  3 inches  from the cable 
end.  Cover-wrap rubber tape with PVC tape.  Seal lead-covered cables with 
wiping metal making a firm bond with the end of the sheath or with a disk 
of lead fitted over the end and wiped to the sheath.

3.1.5   Splices and Terminations

Make splices in manholes or tunnels except where cable terminations are 
specifically indicated.  Expedite splicing and terminating of cables in 
order to minimize exposure and cable deterioration.

Terminate cables in potheads.  Use dry terminations with medium-voltage 
pennants, preformed, and hand-wrapped stress cones for terminating 
cables.  Install potheads with a means for making external connections to 
the cable conductors of single- conductor cables; protecting the cable 
insulation against moisture, oil, or other contaminant; physically 
protecting and supporting cables; and maintaining the insulation of the 
cable.

Field-fabricate pothead terminations from termination kits supplied by and 
in accordance with the pothead manufacturer's recommendations for the 
type, size, and electrical characteristics of the cable.

Ensure that installation includes built-up or prefabricated heat or cold 
shrink stress-relief cones at the terminals of all shielded cables and at 
the terminals of single-conductor lead-covered cables rated 15 kV and 
above, ungrounded.

Field-fabricate cable splices from splicing kits supplied by and in 
accordance with the cable manufacturer's recommendations for the type, 
size, and electrical characteristics of the cable specified.  Locate cable 
splices in manholes midway between the cable racks on the walls of the 
manholes and supported with cable arms at approximately the same elevation 
as the enclosing duct.

If cable splices in the tunnel are not installed in cable trays, install 
the cable splices on cable racks or by other approved methods that 
minimize physical stress on the splice connections.  Support splices at 
approximately the same elevation as the installed cable except where space 
limitations or existing cable length limitations make this method 
impractical or impossible.

Support all universal demountable splices in a manner that minimizes 
physical stress on the splice connections.  Support each cable end 
termination using a pair of saddle supports under the cable end 
termination or cable with a minimum  12 inches  and a maximum  30 inches  
separation between the supports.  Secure the cable end termination and 
cable to the supports in a manner that prevents movement of termination or 
cable at the support.  Install saddle supports on a galvanized steel 
framing channel that is anchored to the wall, securely fastened to the 
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cable tray, or installed by other approved methods.

3.1.6   Multiple-Conductor Potheads

3.1.7   Single-Conductor Potheads

3.2   FIELD QUALITY CONTROL

Subject each installation to dielectric-absorption tests and 
medium-voltage tests after the installation of medium-voltage power cables 
has been completed, including splices, joints, and terminations, and 
before the cable is energized.

Provide test equipment, labor, and technical personnel to perform the 
electrical acceptance tests.

Make arrangements to have tests witnessed and approved by the Contracting 
Officer.

Completely isolate each power-cable installation from extraneous 
electrical connections at cable terminations and joints. Observe safety 
precautions.

First give each power cable a full dielectric absorption test with a 
5000-volt insulation-resistance test set.  Apply the test for enough time 
to fully charge the cable.  Record readings every 15 seconds during the 
first 3 minutes of the test and at 1-minute intervals thereafter.  
Continue the test until three equal readings, 1 minute apart, are obtained.
  Ensure that the minimum reading is 200 megohms at an ambient temperature 
of  68 degrees F .  Correct the readings that were not taken at  68 degrees F  
ambient temperature.

Record test data identifying the cable and location, megohm readings 
versus time, leakage current readings versus time, and cable temperature 
versus time.

Final acceptance depends upon the satisfactory performance of the cable 
under test.  Do not energize cable until recorded test data has been 
approved by the Contracting Officer.  Provide final test reports of the 
dielectric absorption tests  and medium-voltage tests  to the Contracting 
Officer.  Provide reports with a cover letter/sheet clearly marked with 
the system name, date, and the words "Final Test Report - Forward to the 
Systems Engineer/Condition Monitoring Office/Predictive Testing Group for 
inclusion in the Maintenance Database."

Perform radiographic tests  on all potheads at the discretion of the 
Contracting Officer to determine if voids exist in the pothead.  Rework 
unacceptable terminations at no additional expense to the Government.

3.3   CLOSEOUT ACTIVITIES

Provide manufacturer's instructions showing the recommended sequence and 
method of installation for medium-voltage power cables  and pothead 
terminations .

        -- End of Section --
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SECTION 26 05 48.00 10

SEISMIC PROTECTION FOR ELECTRICAL EQUIPMENT

PART 1   GENERAL

1.1   REFERENCES

The publications listed below form a part of this specification to the 
extent referenced.  The publications are referred to within the text by 
the basic designation only.

AMERICAN INSTITUTE OF STEEL CONSTRUCTION (AISC)

AISC 325 (2011) Steel Construction Manual

ASTM INTERNATIONAL (ASTM)

ASTM E580/E580M (2014) Application of Ceiling Suspension 
Systems for Acoustical Tile and Lay-In 
Panels in Areas Requiring Moderate Seismic 
Restraint

U.S. DEPARTMENT OF DEFENSE (DOD)

UFC 3-310-04 (2013) Seismic Design for Buildings

UNDERWRITERS LABORATORIES (UL)

UL 1598 (2008; Reprint Oct 2012) Luminaires

1.2   SYSTEM DESCRIPTION

1.2.1   General Requirements

The requirements for seismic protection measures described in this section 
shall be applied to the electrical equipment and systems listed below.  
Structural requirements shall be in accordance with Section 13 48 00  
SEISMIC PROTECTION FOR MISCELLANEOUS EQUIPMENT.

1.2.2   Electrical Equipment

Electrical equipment shall include the following items to the extent 
required on the drawings or in other sections of these specifications:

Air Handling Units

Pumps with Motors

Light Fixtures

Transformers
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Switchboards (Floor Mounted)

1.2.3   Electrical Systems

The following electrical systems shall be installed as required on the 
drawings and other sections of these specifications and shall be 
seismically protected in accordance with this specification: listed in 
1.2.2.  

1.2.4   Contractor Designed Bracing

Submit copies of the Design Calculations with the Drawings.  Calculations 
shall be approved, certified, stamped and signed by a Registered 
Professional Engineer.  Calculations shall verify the capability of 
structural members to which bracing is attached for carrying the load from 
the brace.  Design the bracing in accordance with UFC 3-310-04  and 
additional data furnished by the Contracting Officer.  Resistance to 
lateral forces induced by earthquakes shall be accomplished without 
consideration of friction resulting from gravity loads.  UFC 3-310-04  uses 
parameters for the building, not for the equipment in the building; 
therefore, corresponding adjustments to the formulas shall be required.  
Loadings determined using UFC 3-310-04  are based on strength design; 
therefore, AISC 325  shall be used for the design.  Develop the bracing for 
the following electrical equipment and systems: listed in 1.2.2.  .

1.2.5   Conduits Requiring No Special Seismic Restraints

Seismic restraints may be omitted from electrical conduit less than  2-1/2 
inches  trade size .  All other interior conduit, shall be seismically 
protected as specified.

1.3   EQUIPMENT REQUIREMENTS

Submit detail drawings along with catalog cuts, templates, and erection 
and installation details, as appropriate, for the items listed.  
Submittals shall be complete in detail, indicating thickness, type, grade, 
class of metal, and dimensions; and shall show construction details, 
reinforcement, anchorage, and installation with relation to the building 
construction.  Submit copies of the design calculations with the detail 
drawings.  Calculations shall be stamped by a registered engineer and 
shall verify the capability of structural members to which bracing is 
attached for carrying the load from the brace.

1.3.1   Rigidly Mounted Equipment

The following specific items of equipment:   to be furnished under this 
contract shall be constructed and assembled to withstand the seismic 
forces specified in UFC 3-310-04 .  Each item of rigid electrical equipment 
shall be entirely located and rigidly attached on one side only of a 
building expansion joint.  Piping, electrical conduit, etc., which cross 
the expansion joint shall be provided with flexible joints that are 
capable of accommodating displacements equal to the full width of the 
joint in both orthogonal directions.

Engine-Generators

SECTION 26 05 48.00 10  Page 4



CAPITAL PROJECT # 1043925 MAY 2022 HAFB 309th SWEG
KRSM200806 100% FINAL SUBMITTAL

Substations
Transformers
Switch Boards and Switch Gears
Motor Control Centers
Free Standing Electric Motors

1.4   SUBMITTALS

Government approval is required for submittals with a "G" designation; 
submittals not having a "G" designation are for  information only.  When 
used, a designation following the "G" designation identifies the office 
that will review the submittal for the Government.Submittals with an "S" 
are for inclusion in the Sustainability Notebook, in conformance to 
Section 01 33 29  SUSTAINABILITY REPORTING.  Submit the following in 
accordance with Section 01 33 00  SUBMITTAL PROCEDURES:

SD-02 Shop Drawings

Lighting Fixtures in Buildings
Equipment Requirements

SD-03 Product Data

Lighting Fixtures in Buildings ; G
Equipment Requirements ; G
Contractor Designed Bracing ; G

PART 2   PRODUCTS

2.1   LIGHTING FIXTURE SUPPORTS

Lighting fixtures and supports shall conform to UL 1598 .

2.2   SWAY BRACING MATERIALS

Sway bracing materials (e.g. rods, plates, rope, angles, etc.) shall be as 
specified in Section 13 48 00  SEISMIC PROTECTION FOR MISCELLANEOUS 
EQUIPMENT.

PART 3   EXECUTION

3.1   SWAY BRACES FOR CONDUIT

Conduit shall be braced as for an equivalent weight pipe in accordance 
with Section 13 48 00.00 10  SEISMIC PROTECTION FOR MECHANICAL EQUIPMENT.

3.2   LIGHTING FIXTURES IN BUILDINGS

Lighting fixtures and supports shall conform to the following:

3.2.1   Pendant Fixtures

Pendant fixtures shall conform to the requirements of UFC 3-310-04 .

3.2.2   Ceiling Attached Fixtures

3.2.2.1   Recessed  LED Fixtures

Recessed LED individual or continuous-row mounted fixtures shall be 
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supported by a seismic-resistant suspended ceiling support system built in 
accordance with ASTM E580/E580M .  Seismic protection for the fixtures 
shall conform to the requirements of UFC 3-310-04 .  Recessed lighting 
fixtures not over  56 pounds  in weight may be supported by and attached 
directly to the ceiling system runners using screws or bolts, number and 
size as required by the seismic design.  Fixture accessories, including 
louvers, diffusers, and lenses shall have lock or screw attachments.

3.2.2.2   Surface-Mounted  LED  Fixtures

Surface-mounted  LED  individual or continuous-row fixtures shall be 
attached to a seismic-resistant ceiling support system built in accordance 
with ASTM E580/E580M .  Seismic protection for the fixtures shall conform 
to the requirements of UFC 3-310-04 .

3.2.3   Assembly Mounted on Outlet Box

A supporting assembly, that is intended to be mounted on an outlet box, 
shall be designed to accommodate mounting features on  4 inch  boxes, 
plaster rings, and fixture studs.

3.2.4   Wall-Mounted Emergency Light Unit

Attachments for wall-mounted emergency light units shall be designed and 
secured for the worst expected seismic disturbance at the site.

3.2.5   Lateral Force

Structural requirements for light fixture bracing shall be in accordance 
with Section 13 48 00  SEISMIC PROTECTION FOR MISCELLANEOUS EQUIPMENT.

        -- End of Section --
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SECTION 26 12 19.10

THREE-PHASE PAD-MOUNTED TRANSFORMERS

PART 1   GENERAL

1.1   REFERENCES

The publications listed below form a part of this specification to the 
extent referenced.  The publications are referred to within the text by 
the basic designation only.

City Light & Power - Electric Service Connection Standard Manual 2016 
Edition R0

ASTM INTERNATIONAL (ASTM)

ASTM D1535 (2014) Specifying Color by the Greystone 
Federal Paint Number 23617  System

INSTITUTE OF ELECTRICAL AND ELECTRONICS ENGINEERS (IEEE)

IEEE 386 (2016) Separable Insulated Connector 
Systems for Power Distribution Systems 
Rated 2.5 kV through 35 kV

IEEE C37.47 (2011) Standard for High Voltage 
Distribution Class Current-Limiting Type 
Fuses and Fuse Disconnecting Switches

IEEE C57.12.00 (2015) General Requirements for 
Liquid-Immersed Distribution, Power, and 
Regulating Transformers

IEEE C57.12.28 (2014) Standard for Pad-Mounted Equipment 
- Enclosure Integrity

IEEE C57.12.34 (2009) Standard for Requirements for 
Pad-Mounted, Compartmental-Type, 
Self-Cooled, Three-Phase Distribution 
Transformers, 5 MVA and Smaller; High 
Voltage, 34.5 kV Nominal System Voltage 
and Below; Low Voltage, 15 kV Nominal 
System Voltage and Below

IEEE C62.11 (2012) Standard for Metal-Oxide Surge 
Arresters for Alternating Current Power 
Circuits (>1kV)

IEEE Stds Dictionary (2009) IEEE Standards Dictionary: Glossary 
of Terms & Definitions

NATIONAL FIRE PROTECTION ASSOCIATION (NFPA)

NFPA 70 (2017; ERTA 1-2 2017; TIA 17-1; TIA 17-2; 
TIA 17-3) National Electrical Code
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U.S. NATIONAL ARCHIVES AND RECORDS ADMINISTRATION (NARA)

10 CFR 431 Energy Efficiency Program for Certain 
Commercial and Industrial Equipment

UNDERWRITERS LABORATORIES (UL)

UL 467 (2013; Reprint Jun 2017) UL Standard for 
Safety Grounding and Bonding Equipment

UL 508                           Industrial Control Equipment

1.2   RELATED REQUIREMENTS

Section 26 08 00  APPARATUS INSPECTION AND TESTING applies to this section, 
with the additions and modifications specified herein.

1.3   DEFINITIONS

Unless otherwise specified or indicated, electrical and electronics terms 
used in these specifications, and on the drawings, are as defined in 
IEEE Stds Dictionary .

1.4   SUBMITTALS

CLP will be the owner/operator of the equipment. Transformer 
specificatoins will be per the UP utility provider and per CLP standards 
that meet or exceed custormer requirements.

1.4.1   Reduced Submittal Requirements

1.5   QUALITY ASSURANCE

1.5.1   Pad-Mounted Transformer Drawings

1.5.2   Regulatory Requirements

In each of the publications referred to herein, consider the advisory 
provisions to be mandatory, as though the word, "shall" or "must" had been 
substituted for "should" wherever it appears.  Interpret references in 
these publications to the "authority having jurisdiction," or words of 
similar meaning, to mean the Contracting Officer.  Provide equipment, 
materials, installation, and workmanship in accordance with NFPA 70  unless 
more stringent requirements are specified or indicated.
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1.5.3   Standard Products

1.5.3.1   Alternative Qualifications

1.5.3.2   Material and Equipment Manufacturing Date

1.6   MAINTENANCE

1.6.1   Additions to Operation and Maintenance Data

PART 2   PRODUCTS
2   DESIGN PARAMETERS

The transformer shall be designed in accordance with this specification.

Ratings:

1.   The primary voltage and the basic impulse level (BIL) shall be rated to 
the "Power Transformer" or higher BIL level. The higher rated insulation is 
intended to add additional protection against voltage transients and 
switching surges.
2.   The secondary voltage and the basic impulse level (BIL) shall be in 
accordance with the secondary voltages listed in the Equipment Data Sheet 
(Attachment 1).

Standards CLP Transformer Primary and Secondary Voltages Rating:
Primary Voltage   BIL (kV)   Secondary Voltage   BIL (kV)
2400 Delta   60   208Y/120   All 45 kV
4160 Delta   60   480Y/277   
12470 Delta   95   240 Delta   
      480 Delta   
      240 Delta with 120 Mid-Tap   
      480 Delta with 240 Mid-Tap   
 

3.   Transformer shall be looped configured using three (3) 2-Position 
ON/OFF switches for switching and sectionalizing.
a.   Source A 15kV isolation.
b.   Source B 15kV isolation.
c.   Transformer load 15kV isolation.
4.   Transformer shall meet design requirements for base elevation operating 
requirements.
5.   Transformer shall be new and meets DOE 2016 Standards.
6.   Transformer shall include properly sized primary arresters.
7.   The transformer shall be furnished with full capacity high-voltage 
taps. The tap changer shall be clearly labeled to reflect that the 
transformer must be de-energized before operating the tap changer as 
required in Section 4.3 of IEEE Std C57.12.34™-2009 standard.  The unit 
shall have one of the following tap configuration:
a.   5-position tap: 1 normal tap, 2 raise taps (2.5% each), 2 lower taps 
(2.5% each)
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8.   Recommended distances of transformers from buildings shall following 
the following standard.
a.   75kVA or less: 10-ft (or specify FR3 insulating fluid)
b.   76 - 333kVA: 20-ft (or specify FR3 insulating fluid)
c.   Greater than 333kVA: 30-ft ((or specify FR3 insulating fluid)
9.   The transformer, filled with Envirotemp FR3 shall have a 55oC or 65oC 
average winding temperature rise rating. The winding temperature rise shall 
not exceed 55oC or 65oC at base KVA rating.
10.   The transformer, filled with mineral oil shall have a 55oC or 65oC 
average winding temperature rise rating. The winding temperature rise shall 
not exceed 55oC or 65oC at base KVA rating.
11. The transformer, filled with liquid-immersed shall meet or exceed the 
Energy Conservation Program for Distribution Transformers Energy and 
determined by DOE 2016 10 CFR part 431.
12. The percent impedance voltage shall be rated on the voltage connection. 
The tolerance on the impedance shall be +/- 7.5% of nominal value for 
impedance values greater than 2.5% and the tolerance on the impedance shall 
be +/- 10% for impedance value less than or equal to 2.5% and meet the 
tolerances for impedance as specified in section 9.2 of IEEE C57.12.00 2006.

Percent Impedance Voltage:
KVA Rating (Low voltage < 600 V)   Impedance
75   1.10 - 5.75
112.5-300   1.40 - 5.75
500   1.70 - 5.75
750-3750   5.75 nominal

KVA Rating   Low voltage > 600 V (all nominal values)
    150 kV BIL   200 kV BIL   250 kV BIL
1000 - 5000   5.75   7.00   7.50
7500 - 10000   6.50   7.00   7.50
 
Medium Voltage Transformer CLP Requirement
         
      City Light & Power, Inc.   
      6312 S Fiddlers Green Cir.   
      STE 200E   
      Greenwood Village, CO 80111   
         
         
   CLP Site:   Hill AFB   
   Project Name:   SWEG 309th  
   Date:  xx/xx/2022   
   Quantity:   1   
Item #   Spec Items   CLP Specifications   Vendor Confirmation/Exception
   Ratings      
1   Rating (kVA)   300   
2   Primary Voltage   12470 (delta)   
3   Primary BIL   IEEE C57.12.10 (Latest Edition)  (95kV)   
4   Primary kV Class   15kV   
5   Secondary Voltage  208Y/120   
6   Secondary BIL   IEEE C57.12.10 (Latest Edition) (30kV)   
7   Secondary Class (V)   600V   
8   Frequency   60 Hz   
9   Operating Elevation   HAFB Main - 1460-m (4789-ft)   
10   Efficiency   DOE 2016 - 10CRF Part 431 compliant   
11   Insulation / Cooling Class   FR3 (Envirotemp) / KNAN   
12   Overload Capacity   IEEE C57.91 (Latest Edition)   
13   Sound Level   NEMA TR1 and ANSI/IEEE C57.12.90  compliant   
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   Construction      
14   Transformer type   Padmount, Compartmental   
15   Phase   3   
16   Termination Type   Dead front   
17   Impedance   "IEEE C57.12.00 (Latest Edition)
- Design impedance to limit Isc to 20 times FLA
- Within IEEE C57.12.34 (Latest Edition) parameters"   
18   Enclosure   IEEE C57.12.28 (Latest Edition)   
19   Protection (Fuse or VFI)   "Vacuum Fault Interruptor (VFI)
- 3-Phase Trip
- 12kA RMS Symmetrical Interrupting Rating
- Close/Trip/Reset Capable with Hot Stick"   
20   Winding Temperature Rise (55 or 65 'C)   65   
21   High Voltage Taps   5-position taps - 1 normal tap, 2 raise taps (2.5% 
each), 2 lower taps (2.5% each)   
22   Primary Bushings Style   15kV, 200A Loadbreak, bushing wells w/ bushing 
well inserts installed, bushings removable & be supplied with removable 
stud   
23   Primary Bushings Configuration   "IEEE Std C57.12.34-2009: 
- (6) HV bushings in accordance with Fig. 11 dimensions"   
24   Secondary Bushings Construction   Two-piece bushings with studs and 
screw on spades   
25   Secondary Bushings Connection Holes Spacing   1.75" on center   
26   Secondary Bushings Connection Holes   6   
27   Secondary Bushings Arrangement   "IEEE Std C57.12.34-2009: 
- Staggered and arrangement for vertical take-off in accordance with Fig. 
8A"   
28   Elbow Type Primary Arrester (kV rating)   15kV    
29   Cabinet bolt   Penta-Head   
30   Color   "Light Tan
- Federal Paint # (Federal Std 595C): 23530
- IEEE C57.12.31 coasting system requirements"   
31   Tank Construction   "- 4-lifting lugs welded to the tank
- Hinge pins and associated barrels constructed of corrosion-resistant 
material (ANSI Type 304 or equivalent)
- Transformer base suitable for rolling or skidding in the direction of 
either tank base centerline
- Designed to withstand, without permanent deformation, with operating 
pressures per IEEE Std C57.12-25
- Recessed pentahead bolt (IEEE C57.12.28) shall secure all access doors
- 304L stainless steel tank base and sill
- Rest of tank constructed of heavy gauge grain steel with undercoat and 
welded seams
- Tank tops doomed to augment water drainage and limit possible corrosion"   
32   Switching/Sectionalizing   (3) 2-Position On/Off Switches   
33   Primary Conductor Material (CU/AL)   AL or CU (Meet efficiency 
standards)   
34   Secondary Conductor Material (CU/AL)   AL or CU (Meet efficiency 
standards)   
35   Transformer Dimensional Requirements   "Width: None
Depth: None
Height: None"   
   Accessories      
36   Liquid Level Gauge   Y   
37   Liquid Temperature Gauge   Y   
38   Pressure Relief Device   Y   
39   1" Drain Valve with Sampler in LV Compartment   Y   
40   1" Fill valve   Y   
41   Schrader Valve   Y   
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42   Two-hole ground pads   Y   
43   Ground Connectors/Lugs #8 solid - 2/0 stranded   Y   
44   Nitrogen Blanket   Y   
45   Data with Proposal   "- Core Losses
- Winding Losses
- % Z
- Manufacture Fuse Data, Type, Size (if fuse protected)
- Dimensional Drawings"   
         
  

2.1   PRODUCT COORDINATION

Products and materials not considered to be pad-mounted transformers and 
related accessories are specified in Section 26 20 00  INTERIOR 
DISTRIBUTION SYSTEM, and Section 33 71 02  UNDERGROUND ELECTRICAL 
DISTRIBUTION.

2.2   THREE-PHASE PAD-MOUNTED TRANSFORMERS

IEEE C57.12.34 , IEEE C57.12.28  and as specified herein.  Submit 
manufacturer's information for each component, device, insulating fluid, 
and accessory provided with the transformer.

2.2.1   Compartments

Provide high- and low-voltage compartments separated by steel isolating 
barriers extending the full height and depth of the compartments. 
Compartment doors:  hinged lift-off type with stop in open position and 
three-point latching.

2.2.1.1   High Voltage, Dead-Front

High-voltage compartment contains:  the incoming line, insulated 
high-voltage load-break connectors, bushing well inserts, six high-voltage 
bushing wells configured for loop feed application, load-break switch 
handle(s), access to oil-immersed bayonet fuses, tap changer handle, 
connector parking stands, protective caps, and ground pad.

a.  Insulated high-voltage load-break connectors:  IEEE 386 , rated 15 kV, 
95 kV BIL.  Current rating:  200 amperes rms continuous.  Short time 
rating:  10,000 amperes rms symmetrical for a time duration of 0.17 
seconds.  Connector shall have a steel reinforced hook-stick eye, 
grounding eye, test point, and arc-quenching contact material.

c.  Bushing well inserts:  IEEE 386 , 200 amperes, 15 kV Class.  Provide a 
bushing well insert for each bushing well unless indicated otherwise.

e.  Load-break switch

Loop feed sectionalizer switches:  Provide three, two-position, 
oil-immersed type switches to permit closed transition loop feed and 
sectionalizing.  Each switch must be rated at 15 kV, 95 kV BIL, with a 
continuous current rating and load-break rating of 200 amperes, and a 
make-and-latch rating of 12,000 rms amperes symmetrical.  Locate the 
switch handles in the high-voltage compartment.  Operation of switches 
must be as follows:
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ARRANGEMENT 
NO.

DESCRIPTION OF SWITCH 
ARRANGEMENT

SWITCH POSITION

LINE A SW. LINE B SW XFMR. SW

OPEN CLOSE OPEN CLOSE OPEN CLOSE

1 Line A connected to 
Line B and both lines 
connected to 
transformer

X X X

2 Transformer connected 
to Line A only

X X X

3 Transformer connected 
to Line Bonly

X X X

4 Transformer open and 
loop closed

X X X

5 Transformer open and 
loop open

X X X

f.  Provide bayonet oil-immersed, expulsion fuses in series with 
oil-immersed, partial-range, current-limiting fuses.  The bayonet fuse 
links sense both high currents and high oil temperature in order to 
provide thermal protection to the transformer.  Coordinate transformer 
protection with expulsion fuse clearing low-current faults and 
current-limiting fuse clearing high-current faults beyond the 
interrupting rating of the expulsion fuse.  Include an oil retention 
valve inside the bayonet assembly housing, which closes when the fuse 
holder is removed, and an external drip shield to minimize oil 
spills.  Display a warning label adjacent to the bayonet fuse(s) 
cautioning against removing or inserting fuses unless the transformer 
has been de-energized and the tank pressure has been released.

Bayonet fuse assembly:  95  kV BIL.

Oil-immersed current-limiting fuses:  IEEE C37.47 ; 50,000 rms amperes 
symmetrical interrupting rating at the system voltage specified.

g.  Surge arresters:  IEEE C62.11 , rated 18 kV, fully shielded, 
dead-front, metal-oxide-varistor, elbow type with resistance-graded 
gap.  Provide three arresters for loop feed circuits.

h.  Parking stands:  Provide a parking stand near each bushing.

2.2.1.2   Low Voltage

Low-voltage compartment contains:  low-voltage bushings with NEMA spade 
terminals, accessories, metering, stainless steel or laser-etched anodized 
aluminum diagrammatic transformer nameplate, and ground pad.

a.  Include the following accessories:  drain valve with sampler device, 
fill plug, pressure relief device, liquid level gage, pressure-vacuum 
gage, and dial type thermometer with maximum temperature indicator.
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2.2.2   Transformer

a.  Less-flammable liquid-insulated, two winding, 60 hertz, 65 degrees C 
rise above a 30 degrees C average ambient, self-cooled type.

b.  Transformer rated 150  kVA.

c.  Transformer voltage ratings:  12.47  V Delta - 480Y/277  V GrdY.

d.  Tap changer:   externally operated, manual type for changing tap 
setting when the transformer is de-energized.  Provide four 2.5 
percent full capacity taps, two above and two below rated primary 
voltage.  Indicate which tap setting is in use, clearly visible when 
the compartment is opened.

e.  Minimum tested percent impedance at 85 degrees C:

CLP follows IEEE Std. C57 12.34

2.50 for units rated 75kVA and below
2.87 for units rated 112.5kVA to 300kVA
4.03 for 500kVA rated units
5.32 for units rated 750kVA and above

f.  Comply with the following audible sound level limits:

kVA DECIBELS
(MAX

75 51

112.5 55

150 55

225 55

300 55

500 56

750 57

1000 58

1500 60

2000 61

2500 62

g.  Include:

(1) Lifting lugs and provisions for jacking under base, with base 
construction suitable for using rollers or skidding in any 
direction.
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(2) An insulated low-voltage neutral bushing with NEMA spade terminal, 
and with removable ground strap.

(3) Provide transformer top with an access handhole.

2.2.2.1   Specified Transformer Efficiencies

Provide transformer efficiency calculations utilizing the actual no-load 
and load loss values obtained during the routine tests performed on the 
actual  transformer(s) prepared for this project.  Reference no-load 
losses (NLL) at 20 degrees C.  Reference load losses (LL) at 55 degrees C 
and at 50 percent of the nameplate load.  The transformer is not 
acceptable if the calculated transformer efficiency is less than the 
efficiency indicated in the "KVA / Efficiency" table below.  The table is 
based on requirements contained within 10 CFR 431 , Subpart K.  Submit 
certification, including supporting calculations, from the manufacturer 
indicating conformance.

kVA EFFICIENCY 
(percent)

15 98.65

30 98.83

45 98.92

75 99.03

112.5 99.11

150 99.16

225 99.23

300 99.27

500 99.35

750 99.40

1000 99.43

1500 99.48

2000 99.51

2500 99.53

above 2500 99.54

2.2.3   Insulating Liquid

a. 
2.2.3.1   Liquid-Filled Transformer Nameplates

Provide nameplate information in accordance with IEEE C57.12.00  and as 
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modified or supplemented by this section.

2.2.4   Corrosion Protection

Paint entire transformer assembly TRUSKY TAN, with paint coating system 
complying with IEEE C57.12.28  regardless of base, cabinet, and tank 
material.  The Munsell color notation is specified in ASTM D1535.

2.3   WARNING SIGNS AND LABELS

2.4   ARC FLASH WARNING LABEL

2.5   GROUNDING AND BONDING

UL 467 .  Provide grounding and bonding as specified in Section 33 71 02  
UNDERGROUND ELECTRICAL DISTRIBUTION.

2.6   CAST-IN-PLACE CONCRETE

Provide concrete associated with electrical work for other than encasement 
of underground ducts rated for  4000 psi  minimum 28-day compressive 
strength unless specified otherwise.  Conform to the requirements of 
Section 03 30 00.00 10  CAST-IN-PLACE CONCRETE.

2.7   SOURCE QUALITY CONTROL

2.7.1   Transformer Test Schedule

2.7.2   Design Tests

2.7.3   Routine and Other Tests

PART 3   EXECUTION
3   CONSTRUCTION
1.   The core and coil shall be vacuum processed to ensure maximum 
penetration of insulating fluid into the coil insulation system. While under 
vacuum, the windings will be energized to heat the coils and drive out 
moisture, and the transformer will be filled with preheated filtered 
degassed insulating fluid. The core shall be manufactured from burr-free, 
grain- oriented silicon steel and shall be precisely stacked to eliminate 
gaps in the corner joints. The coil shall be insulated with B-stage, epoxy 
coated, diamond pattern, insulating paper, which shall be thermally cured 
under pressure to ensure proper bonding of conductor and paper. Coils shall 
be either aluminum or copper.
2.   The dielectric coolant shall be listed less-flammable fluid meeting the 
requirements of National Electrical Code Section 450-23 and the requirements 
of the National Electrical Safety Code (IEEE C2-2012 standard), Section 15. 
Refer to Section 2.8 for specifying mineral oil or FR3 insulating fluid when 
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installation is by combustible structures.
3.   Tank and Cabinet Enclosure
a.   The high-voltage and low-voltage compartments, separated by a metal 
barrier, shall be located side-by-side on one side of the transformer tank. 
When viewed from the front, the low-voltage compartment shall be on the 
right. Each compartment shall have a door that is constructed so as to 
provide access to the high-voltage compartment only after the door to the 
low-voltage compartment has been opened. There shall be one or more 
additional fastening devices that must be removed before the high-voltage 
door can be opened. Where the low-voltage compartment door is of a flat 
panel design, the compartment door shall have three-point latching with a 
handle provided for a locking device. Hinge pins and associated barrels 
shall be constructed of corrosion-resistant material, passivated ANSI Type 
304 or the equivalent.
b.   A recessed, captive, penta-head bolt that meets the dimensions per IEEE 
C57.12.28- 2005 standard shall secure all access doors.
c.   The compartment depth shall be in accordance with IEEE C57.12.34-2015 
standard, unless additional depth is specified.
d.   The tank base must be designed to allow skidding or rolling in any 
direction. Lifting provisions shall consist of four lifting lugs welded to 
the tank.
e.   The tank shall be constructed to withstand 7 psi without permanent 
deformation, and 15 psi without rupture. The tank shall include a 15 psig 
pressure relief valve with a flow rate of minimum 35 SCFM.
f.   The exterior of the unit shall be painted Greystone Federal Paint # 
23617 (Federal Std 595B) in color.  IEEE C57.12.31 coating system 
requirements.
g.   The tank shall be complete with an anodized aluminum laser engraved 
nameplate. This nameplate shall meet Nameplate B per IEEE C57.12.00™-2010 
standard.
4.   High Voltage Bushings and Terminals
a.   15 KV DEADFRONT, CURRENTS BELOW 200 AMPS: The high voltage bushings 
shall be 15/25 kV 200A bushing wells with bushing well inserts installed. 
The bushings shall be externally removable and be supplied with a removable 
stud (Eaton's Cooper Power Systems catalog sections 800-32, 500-12, and 
500-26 or Approved by CLP).
b.   15 KV DEADFRONT, CURRENTS ABOVE 200 AMPS: The high voltage bushing 
shall be a  600A  dead-break  primary  one-piece  bushing  externally  
removable,  3Ø   rated,
 

integral design. An optional 900 A bushing is available upon request 
(Eaton's Cooper Power Systems catalog sections 800-45 and 800-47 or approved 
by CLP).
5.   Bushing Configuration
a.   15 KV LOOP FEED DEADFRONT: The transformer shall be provided with six 
(6) high voltage bushings in accordance Figure 11 dimensions of IEEE 
C57.12.34-2009 standard for loop feed configurations.
6.   Low Voltage Bushings and Terminals
a.   Voltages less than 600 Volts: The transformer shall be provided with 
tin-plated spade- type bushings for vertical takeoff. The spacing of the 
connection holes shall be 1.75 inches on center, per IEEE C57.12.34-2009 
standard Figure 8a.
 

b.   Transformers 300 kVA and below, and 500 kVA with 480Y/277 secondary 
will have two-piece low voltage bushings with studs and screw on spades. 
Transformers 500 kVA with 208Y/120 secondary and all transformers above 500 
kVA will have one-piece bushings.

SECTION 26 12 19.10  Page 13



CAPITAL PROJECT # 1043925 MAY 2022 HAFB 309th SWEG
KRSM200806 100% FINAL SUBMITTAL

CLP Standard Bushing Hole Quantities
KVA Rating   208Y/120V   480Y/277 V and Higher
45-300   6 standard, 8 maximum   6 standard, 8 maximum
500   8 standard, 10 maximum   6 standard, 8 maximum
750-1000   10 standard, 14 maximum   10 standard, 12 maximum
2000-3750   N/A   12 standard, 14 maximum

7.   Required accessories:
a.   Liquid level gauge
b.   Liquid temperature gauge
c.   Pressure relief device
d.   1" drain valve with sampler in LV compartment
e.   1" fill valve
f.   Schrader valve
g.   Two-hole ground pads
h.   Ground connectors/Lug #8 solid - 2/0
i.   Nitrogen blanket
j.   Data with proposal
i.   Core Losses
ii.   Winding Losses
iii.   %Z impedance
iv.   Dimensional Drawings (Before going to manufacturing. Approval not 
required.)
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3.1   INSTALLATION

3.2   GROUNDING

3.2.1   Grounding Electrodes

3.2.2   Pad-Mounted Transformer Grounding

3.2.3   Connections

3.2.4   Grounding and Bonding Equipment

3.3   INSTALLATION OF EQUIPMENT AND ASSEMBLIES

3.4   FIELD APPLIED PAINTING

3.5   FOUNDATION FOR EQUIPMENT AND ASSEMBLIES

3.5.1   Cast-In-Place Concrete

3.5.2   Sealing

3.6   FIELD QUALITY CONTROL

3.6.1   Performance of Acceptance Checks and Tests

3.6.1.1   Pad-Mounted Transformers

a.  

3.6.1.2   Grounding System

a.  
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3.6.1.3   Surge Arresters, Medium- and High-Voltage

3.6.2   Follow-Up Verification

Upon completion of acceptance checks and tests, show by demonstration in 
service that circuits and devices are in good operating condition and 
properly performing the intended function.  As an exception to 
requirements stated elsewhere in the contract, notify the Contracting 
Officer 5 working days in advance of the dates and times of checking and 
testing.

    -- End of Section --
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SECTION 26 20 00

INTERIOR DISTRIBUTION SYSTEM

PART 1   GENERAL

1.1   REFERENCES

The publications listed below form a part of this specification to the 
extent referenced.  The publications are referred to in the text by the 
basic designation only.

ASTM INTERNATIONAL (ASTM)

ASTM B1 (2013) Standard Specification for 
Hard-Drawn Copper Wire

ASTM B8 (2011) Standard Specification for 
Concentric-Lay-Stranded Copper Conductors, 
Hard, Medium-Hard, or Soft

ASTM D709 (2013) Laminated Thermosetting Materials

INSTITUTE OF ELECTRICAL AND ELECTRONICS ENGINEERS (IEEE)

IEEE 100 (2000; Archived) The Authoritative 
Dictionary of IEEE Standards Terms

IEEE 81 (2012) Guide for Measuring Earth 
Resistivity, Ground Impedance, and Earth 
Surface Potentials of a Ground System

IEEE C2 (2012; Errata 1 2012; INT 1-4 2012; Errata 
2 2013; INT 5-7 2013; INT 8-10 2014; INT 
11 2015) National Electrical Safety Code

INTERNATIONAL ELECTRICAL TESTING ASSOCIATION (NETA)

NETA ATS (2013) Standard for Acceptance Testing 
Specifications for Electrical Power 
Equipment and Systems

NATIONAL ELECTRICAL MANUFACTURERS ASSOCIATION (NEMA)

ANSI C80.1 (2005) American National Standard for 
Electrical Rigid Steel Conduit (ERSC)

ANSI C80.3 (2005) American National Standard for 
Electrical Metallic Tubing (EMT)

ANSI C80.5 (2005) American National Standard for 
Electrical Rigid Aluminum Conduit

NEMA 250 (2014) Enclosures for Electrical Equipment 
(1000 Volts Maximum)
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NEMA FU 1 (2012) Low Voltage Cartridge Fuses

NEMA ICS 1 (2000; R 2015) Standard for Industrial 
Control and Systems: General Requirements

NEMA ICS 2 (2000; R 2005; Errata 2008) Standard for 
Controllers, Contactors, and Overload 
Relays Rated 600 V

NEMA ICS 4 (2015) Terminal Blocks

NEMA ICS 6 (1993; R 2011) Enclosures

NEMA KS 1 (2013) Enclosed and Miscellaneous 
Distribution Equipment Switches (600 V 
Maximum)

NEMA MG 1 (2014) Motors and Generators

NEMA MG 10 (2013) Energy Management Guide for 
Selection and Use of Fixed Frequency 
Medium AC Squirrel-Cage Polyphase 
Induction Motors

NEMA MG 11 (1977; R 2012) Energy Management Guide for 
Selection and Use of Single Phase Motors

NEMA RN 1 (2005; R 2013) Polyvinyl-Chloride (PVC) 
Externally Coated Galvanized Rigid Steel 
Conduit and Intermediate Metal Conduit

NEMA ST 20 (1992; R 1997) Standard for Dry-Type 
Transformers for General Applications

NEMA TC 2 (2013) Standard for Electrical Polyvinyl 
Chloride (PVC) Conduit

NEMA TC 3 (2015) Standard for Polyvinyl Chloride 
(PVC) Fittings for Use With Rigid PVC 
Conduit and Tubing

NEMA TP 1 (2002) Guide for Determining Energy 
Efficiency for Distribution Transformers

NEMA VE 1 (2009) Standard for Metal Cable Tray 
Systems

NEMA WD 1 (1999; R 2005; R 2010) Standard for 
General Color Requirements for Wiring 
Devices

NEMA WD 6 (2012) Wiring Devices Dimensions 
Specifications

NEMA Z535.4 (2011) American National Standard for 
Product Safety Signs and Labels
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NATIONAL FIRE PROTECTION ASSOCIATION (NFPA)

NFPA 70 2020  National Electrical Code

NFPA 70E (2015; ERTA 1 2015) Standard for 
Electrical Safety in the Workplace

NFPA 780 (2014) Standard for the Installation of 
Lightning Protection Systems

TELECOMMUNICATIONS INDUSTRY ASSOCIATION (TIA)

TIA-568-C.1 (2009; Add 2 2011; Add 1 2012) Commercial 
Building Telecommunications Cabling 
Standard

TIA-569 (2015d) Commercial Building Standard for 
Telecommunications Pathways and Spaces

TIA-607 (2011b) Generic Telecommunications Bonding 
and Grounding (Earthing) for Customer 
Premises

U.S. NATIONAL ARCHIVES AND RECORDS ADMINISTRATION (NARA)

29 CFR 1910.147 Control of Hazardous Energy (Lock Out/Tag 
Out)

UNDERWRITERS LABORATORIES (UL)

UL 1 (2005; Reprint Jul 2012) Standard for 
Flexible Metal Conduit

UL 1063 (2006; Reprint Jul 2012) Machine-Tool 
Wires and Cables

UL 1242 (2006; Reprint Mar 2014) Standard for 
Electrical Intermediate Metal Conduit -- 
Steel

UL 1449 (2014;Reprint Mar 2015) Surge Protective 
Devices

UL 1660 (2014) Liquid-Tight Flexible Nonmetallic 
Conduit

UL 1699 (2006; Reprint Nov 2013) Arc-Fault 
Circuit-Interrupters

UL 198M (2003; Reprint Feb 2013) Standard for 
Mine-Duty Fuses

UL 20 (2010; Reprint Feb 2012) General-Use Snap 
Switches

UL 360 (2013; Reprint Jan 2015) Liquid-Tight 
Flexible Steel Conduit

UL 4248-1 (2007; Reprint Oct 2013) UL Standard for 
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Safety Fuseholders - Part 1: General 
Requirements

UL 4248-12 (2007; Reprint Dec 2012) UL Standard for 
Safety Fuseholders - Part 12: Class R

UL 44 (2014; Reprint Feb 2015) 
Thermoset-Insulated Wires and Cables

UL 467 (2007) Grounding and Bonding Equipment

UL 486A-486B (2013; Reprint Feb 2014) Wire Connectors

UL 486C (2013; Reprint Feb 2014) Splicing Wire 
Connectors

UL 489 (2013; Reprint Mar 2014) Molded-Case 
Circuit Breakers, Molded-Case Switches, 
and Circuit-Breaker Enclosures

UL 498 (2012; Reprint Oct 2014) Attachment Plugs 
and Receptacles

UL 5 (2011) Surface Metal Raceways and Fittings

UL 50 (2007; Reprint Apr 2012) Enclosures for 
Electrical Equipment, Non-environmental 
Considerations

UL 506 (2008; Reprint Oct 2013) Specialty 
Transformers

UL 508 (1999; Reprint Oct 2013) Industrial 
Control Equipment

UL 510 (2005; Reprint Jul 2013) Polyvinyl 
Chloride, Polyethylene and Rubber 
Insulating Tape

UL 514A (2013) Metallic Outlet Boxes

UL 514B (2012; Reprint Nov 2014) Conduit, Tubing 
and Cable Fittings

UL 514C (2014; Reprint Dec 2014) Nonmetallic 
Outlet Boxes, Flush-Device Boxes, and 
Covers

UL 5A (2015) Nonmetallic Surface Raceways and 
Fittings

UL 6 (2007; Reprint Nov 2014) Electrical Rigid 
Metal Conduit-Steel

UL 651 (2011; Reprint May 2014) Standard for 
Schedule 40 and 80 Rigid PVC Conduit and 
Fittings

UL 67 (2009; Reprint Apr 2015) Standard for 
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Panelboards

UL 6A (2008; Reprint Nov 2014) Electrical Rigid 
Metal Conduit - Aluminum, Red Brass, and 
Stainless Steel

UL 797 (2007; Reprint Dec 2012) Electrical 
Metallic Tubing -- Steel

UL 83 (2014) Thermoplastic-Insulated Wires and 
Cables

UL 869A (2006) Reference Standard for Service 
Equipment

UL 870 (2008; Reprint Feb 2013) Standard for 
Wireways, Auxiliary Gutters, and 
Associated Fittings

UL 943 (2006; Reprint Jun 2012) Ground-Fault 
Circuit-Interrupters

UL 984 (1996; Reprint Sep 2005) Hermetic 
Refrigerant Motor-Compressors

1.2   DEFINITIONS

Unless otherwise specified or indicated, electrical and electronics terms 
used in these specifications, and on the drawings, are as defined in 
IEEE 100 .

1.3   SUBMITTALS

Government approval is required for submittals with a "G" designation; 
submittals not having a "G" designation are for information only.  When 
used, a designation following the "G" designation identifies the office 
that will review the submittal for the Government.  Submittals with an "S" 
are for inclusion in the Sustainability Notebook, in conformance to 
Section 01 33 29  SUSTAINABILITY REPORTING.  Submit the following in 
accordance with Section 01 33 00 .

SD-02 Shop Drawings

Panelboards ; G

Transformers ; G

Cable trays ; G

Include wiring diagrams and installation details of equipment 
indicating proposed location, layout and arrangement, control 
panels, accessories, piping, ductwork, and other items that must 
be shown to ensure a coordinated installation.  Identify circuit 
terminals on wiring diagrams and indicate the internal wiring for 
each item of equipment and the interconnection between each item 
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of equipment.  Indicate on the drawings adequate clearance for 
operation, maintenance, and replacement of operating equipment 
devices.

Wireways ; G

Marking strips  drawings; G

SD-03 Product Data

Receptacles ; G

Circuit breakers ; G

Switches ; G

Transformers ; G

Enclosed circuit breakers ; G

Motor controllers ; G
Combination motor controllers ; G
Manual motor starters ; G

Metering ; G

CATV outlets ; G

Telecommunications Grounding Busbar ; G

Surge protective devices ; G

Include performance and characteristic curves.

SD-06 Test Reports

600-volt wiring test ; G

Grounding system test ; G

Transformer tests ; G

Ground-fault receptacle test ; G

SD-07 Certificates

Fuses ; G

SD-09 Manufacturer's Field Reports

Transformer factory tests

SD-10 Operation and Maintenance Data

Electrical Systems , Data Package 5; G

Metering , Data Package 5; G

Submit operation and maintenance data in accordance with Section 

SECTION 26 20 00  Page 10



CAPITAL PROJECT # 1043925 MAY 2022 HAFB 309th SWEG
KRSM200806 100% FINAL SUBMITTAL

01 78 23 , OPERATION AND MAINTENANCE DATA and as specified herein.

1.4   QUALITY ASSURANCE

1.4.1   Fuses

Submit coordination data as specified in paragraph, FUSES of this section.

1.4.2   Regulatory Requirements

In each of the publications referred to herein, consider the advisory 
provisions to be mandatory, as though the word, "shall" or "must" had been 
substituted for "should" wherever it appears.  Interpret references in 
these publications to the "authority having jurisdiction," or words of 
similar meaning, to mean the Contracting Officer.  Provide equipment, 
materials, installation, and workmanship in accordance with the mandatory 
and advisory provisions of NFPA 70  unless more stringent requirements are 
specified or indicated.

1.4.3   Standard Products

Provide materials and equipment that are products of manufacturers 
regularly engaged in the production of such products which are of equal 
material, design and workmanship and:

a.  Have been in satisfactory commercial or industrial use for 2 years 
prior to bid opening including applications of equipment and materials 
under similar circumstances and of similar size.  

b.  Have been on sale on the commercial market through advertisements, 
manufacturers' catalogs, or brochures during the 2-year period.

c.  Where two or more items of the same class of equipment are required, 
provide products of a single manufacturer; however, the component 
parts of the item need not be the products of the same manufacturer 
unless stated in this section.

1.4.3.1   Alternative Qualifications

Products having less than a 2-year field service record will be acceptable 
if a certified record of satisfactory field operation for not less than 
6000 hours, exclusive of the manufacturers' factory or laboratory tests, 
is furnished.

1.4.3.2   Material and Equipment Manufacturing Date

Products manufactured more than 3 years prior to date of delivery to site 
are not acceptable.

1.5   MAINTENANCE

1.5.1   Electrical Systems

Submit operation and maintenance manuals for electrical systems that 
provide basic data relating to the design, operation, and maintenance of 
the electrical distribution system for the building.  Include the 
following:

a.  Single line diagram of the "as-built" building electrical system.
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b.  Schematic diagram of electrical control system (other than HVAC, 
covered elsewhere).

c.  Manufacturers' operating and maintenance manuals on active electrical 
equipment.

1.6   WARRANTY

Provide equipment items  supported by service organizations that are 
reasonably convenient to the equipment installation in order to render 
satisfactory service to the equipment on a regular and emergency basis 
during the warranty period of the contract.

1.7   SEISMIC REQUIREMENTS

Provide seismic details conforming to Section 26 05 48.00 10 , SEISMIC 
PROTECTION FOR ELECTRICAL EQUIPMENT.

PART 2   PRODUCTS

2.1   MATERIALS AND EQUIPMENT

As a minimum, meet requirements of UL, where UL standards are established 
for those items, and requirements of NFPA 70  for all materials, equipment, 
and devices.

2.2   CONDUIT AND FITTINGS

Conform to the following:

2.2.1   Rigid Metallic Conduit

2.2.1.1   Rigid, Threaded Zinc-Coated Steel Conduit

ANSI C80.1 , UL 6 .

2.2.1.2   Rigid Aluminum Conduit

ANSI C80.5 , UL 6A .

2.2.2   Rigid Nonmetallic Conduit

PVC Type EPC-40 in accordance with NEMA TC 2, UL 651 .

2.2.3   Intermediate Metal Conduit (IMC)

UL 1242 , zinc-coated steel only.

2.2.4   Electrical, Zinc-Coated Steel Metallic Tubing (EMT)

UL 797 , ANSI C80.3 .

2.2.5   Plastic-Coated Rigid Steel and IMC Conduit

NEMA RN 1, Type 40(  40 mils  thick).
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2.2.6   Flexible Metal Conduit

UL 1 .

2.2.6.1   Liquid-Tight Flexible Metal Conduit, Steel

UL 360 .

2.2.7   Fittings for Metal Conduit, EMT, and Flexible Metal Conduit

UL 514B .  Ferrous fittings:  cadmium- or zinc-coated in accordance with 
UL 514B .

2.2.7.1   Fittings for Rigid Metal Conduit and IMC

Threaded-type.  Split couplings unacceptable.

2.2.7.2   Fittings for EMT

Die Cast  or Steelcompression type.

2.2.8   Fittings for Rigid Nonmetallic Conduit

NEMA TC 3 for PVC, and UL 514B .

2.2.9   Liquid-Tight Flexible Nonmetallic Conduit

UL 1660 .

2.3   SURFACE RACEWAY

2.3.1   Surface Metal Raceway

UL 5 , two-piece painted steel, totally enclosed, snap-cover type.

2.3.2   Surface Nonmetallic Raceway

UL 5A , nonmetallic totally enclosed, snap-cover type.

2.4   CABLE TRAYS

NEMA VE 1.  Provide the following:

a.  Cable trays:  form a wireway system, with a nominal depth as indicated.  

b.  Cable trays:  constructed of steel that has been zinc-coated after 
fabrication.  

c.  Cable trays:  include splice and end plates, dropouts, and 
miscellaneous hardware.  

d.  Edges, fittings, and hardware: finished free from burrs and sharp 
edges.  

e.  Fittings:  ensure not less than load-carrying ability of straight tray 
sections and have manufacturer's minimum standard radius.

 Radius of bends:  3' or as indicated.
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2.4.1   Basket-Type Cable Trays

Provide size as indicated with maximum wire mesh spacing of  2 by 4 inch .

2.4.2   Trough-Type Cable Trays

Provide size as indicated.

2.4.3   Ladder-Type Cable Trays

Provide size as indicated with maximum rung spacing of  12 inches .

2.4.4   Channel-Type Cable Trays

Provide  size as indicated.  Provide trays with one-piece construction 
having slots spaced not more than  4 1/2 inches  on centers.

2.4.5   Solid Bottom-Type Cable Trays

Provide size as indicated.  Do not provide solid covers.

2.5   OUTLET BOXES AND COVERS

UL 514A , cadmium- or zinc-coated, if ferrous metal.  UL 514C , if 
nonmetallic.

2.5.1   Floor Outlet Boxes

Provide the following:  

a.  Boxes:  nonadjustable and concrete tight.  

b.  Each outlet:  consisting of cast-metal body with threaded openings, or 
sheet-steel body with knockouts for conduits, adjustable  ring, and 
cover plate with  1 1/4 inch  threaded plug.

c.  Telecommunications outlets:  consisting of flush, aluminum or 
stainless steel housing with a receptacle as specified and  1 inch  
bushed side opening.  

d.  Receptacle outlets:  consisting of flush aluminum or stainless steel 
housing with duplex-type receptacle as specified herein.  

e.  Provide gaskets where necessary to ensure watertight installation.

2.5.2   Outlet Boxes for Telecommunications System

Provide the following:

a.  Standard type  4 11/16 inches square by 2 1/8 inches deep .

b.  Outlet boxes for wall-mounted telecommunications outlets:   4 by 2 1/8 
by 2 1/8 inches  deep.

c.  Depth of boxes:  large enough to allow manufacturers' recommended 
conductor bend radii.
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2.6   CABINETS, JUNCTION BOXES, AND PULL BOXES

Volume greater than  100 cubic inches , UL 50 , hot-dip, zinc-coated, if 
sheet steel.

2.7   WIRES AND CABLES

Provide wires and cables in accordance applicable requirements of NFPA 70  
and UL for type of insulation, jacket, and conductor specified or 
indicated.  Do not use wires and cables manufactured more than 12 months 
prior to date of delivery to site.

2.7.1   Conductors

Provide the following:

a.  Conductor sizes and capacities shown are based on copper, unless 
indicated otherwise.

b.  Conductors No. 8 AWG and larger diameter:  stranded.

c.  Conductors No. 10 AWG and smaller diameter:  solid.

d.  Conductors for remote control, alarm, and signal circuits, classes 1, 
2, and 3:  stranded unless specifically indicated otherwise.

e.  All conductors:  copper. 2.7.1.1   Minimum Conductor Sizes

Provide minimum conductor size in accordance with the following:

a.  Branch circuits:  No. 12 AWG. 

b.  Class 1 remote-control and signal circuits:  No. 14 AWG.

c.  Class 2 low-energy, remote-control and signal circuits:  No. 16 AWG. 

d.  Class 3 low-energy, remote-control, alarm and signal circuits:  No. 22 
AWG.

2.7.2   Color Coding

Provide color coding for service, feeder, branch, control, and signaling 
circuit conductors.  

2.7.2.1   Ground and Neutral Conductors

Provide color coding of ground and neutral conductors as follows:

a.  Grounding conductors:  Green.

b.  Neutral conductors:  White.

c.  Exception, where neutrals of more than one system are installed in 
same raceway or box, other neutrals color coding:  white with a 
different colored (not green) stripe for each.

2.7.2.2   Ungrounded Conductors

Provide color coding of ungrounded conductors in different voltage systems 
as follows:
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a.  208/120 volt, three-phase

(1)  Phase A - black

(2)  Phase B - red

(3)  Phase C - blue

b.  480/277 volt, three-phase

(1)  Phase A - brown

(2)  Phase B - orange

(3)  Phase C - yellow

c.  120/240 volt, single phase:  Black and red

2.7.3   Insulation

Unless specified or indicated otherwise or required by NFPA 70 , provide 
power and lighting wires rated for 600-volts, Type THWN/THHN conforming to 
UL 83 , except that grounding wire may be type TW conforming to UL 83 ; 
remote-control and signal circuits:  Type TW or TF, conforming to UL 83 .  
Where lighting fixtures require 90-degree Centigrade (C) conductors, 
provide only conductors with 90-degree C insulation or better.

2.7.4   Bonding Conductors

ASTM B1, solid bare copper wire for sizes No. 8 AWG and smaller diameter; 
ASTM B8, Class B, stranded bare copper wire for sizes No. 6 AWG and larger 
diameter.

2.7.4.1   Telecommunications Bonding Backbone (TBB)

Provide a copper conductor TBB in accordance with TIA-607  with No. 6 AWG 
minimum size, and sized at 2 kcmil per linear foot of conductor length up 
to a maximum size of 3/0 AWG.

2.7.4.2   Bonding Conductor for Telecommunications

Provide a copper conductor Bonding Conductor for Telecommunications 
between the telecommunications main grounding busbar (TMGB) and the 
electrical service ground in accordance with TIA-607 .  Size the bonding 
conductor for telecommunications the same as the TBB.

2.7.5   Wire and Cable for 400 Hertz (Hz) Circuits

Insulated copper conductors.

2.8   SPLICES AND TERMINATION COMPONENTS

UL 486A-486B  for wire connectors and UL 510  for insulating tapes.  
Connectors for No. 10 AWG and smaller diameter wires:  insulated, 
pressure-type in accordance with UL 486A-486B  or UL 486C  (twist-on 
splicing connector).  Provide solderless terminal lugs on stranded 
conductors.
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2.9   DEVICE PLATES

Provide the following:

a.  UL listed, one-piece device plates for outlets to suit the devices 
installed.

b.  For metal outlet boxes, plates on unfinished walls:  zinc-coated sheet 
steel or cast metal having round or beveled edges.  

c.  For nonmetallic boxes and fittings, other suitable plates may be 
provided.

f.  Screws:  machine-type with countersunk heads in color to match finish 
of plate.

g.  Sectional type device plates are not be permitted.

h.  Plates installed in wet locations:  gasketed and UL listed for "wet 
locations."

2.10   SWITCHES

2.10.1   Toggle Switches

NEMA WD 1,  UL 20 , single pole, totally enclosed with bodies of 
thermoplastic or thermoset plastic and mounting strap with grounding 
screw.  Include the following:

a.  Handles:  ivory thermoplastic.

b.  Wiring terminals:  screw-type, side-wired or of the solderless 
pressure type having suitable conductor-release arrangement.

c.  Contacts:  silver-cadmium and contact arm - one-piece copper alloy.

d.  Switches:  rated quiet-type ac only, 120/277 volts, with current 
rating and number of poles indicated.

2.10.2   Switch with Red Pilot Handle

NEMA WD 1.  Provide the following:

a.  Pilot lights that are integrally constructed as a part of the switch's 
handle.

b.  Pilot light color:  red and illuminate whenever the switch is closed 
or "on".

c.  Pilot lighted switch:  rated 20 amps and 120 volts or 277 volts as 
indicated.

d.  The circuit's neutral conductor to each switch with a pilot light.

2.10.3   Breakers Used as Switches

For 120- and 277-Volt LED fixtures, mark breakers "SWD" in accordance with 
UL 489 .
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2.10.4   Disconnect Switches

NEMA KS 1.  Provide heavy duty-type switches where indicated, where 
switches are rated higher than 240 volts, and for double-throw switches.  
Utilize Class R fuseholders and fuses for fused switches, unless indicated 
otherwise.  Provide horsepower rated for switches serving as the 
motor-disconnect means.  Provide switches in NEMA 1 , enclosure as 
indicated per NEMA ICS 6 .

2.11   FUSES

NEMA FU 1.  Provide complete set of fuses for each fusible switch.  
Coordinate time-current characteristics curves of fuses serving motors or 
connected in series with circuit breakers for proper operation. Submit 
coordination data for approval.  Provide fuses with a voltage rating not 
less than circuit voltage.

2.11.1   Fuseholders

Provide in accordance with UL 4248-1 .

2.11.2   Cartridge Fuses, Current Limiting Type (Class R)

UL 198M , Class RK-5.  Provide only Class R  associated fuseholders in 
accordance with UL 4248-12 .

2.11.3   Cartridge Fuses, High-Interrupting Capacity, Current Limiting Type 
(Classes J, L, and CC)

UL 198M , Class J for zero to 600 amperes, Class L for 601 to 6,000 
amperes, and Class CC for zero to 30 amperes.

2.11.4   Cartridge Fuses, Current Limiting Type (Class T)

UL 198M , Class T for zero to 1,200 amperes, 300 volts; and zero to 800 
amperes, 600 volts.

2.12   RECEPTACLES

Provide the following:

a.  UL 498 , hard use (also designated heavy-duty), grounding-type.

b.  Ratings and configurations:  as indicated.

c.  Bodies:  stainless steel  as per NEMA WD 1.

d.  Face and body:  thermoplastic supported on a metal mounting strap.

e.  Dimensional requirements:  per NEMA WD 6.

f.  Screw-type, side-wired wiring terminals or of the solderless pressure 
type having suitable conductor-release arrangement.

g.  Grounding pole connected to mounting strap.

h.  The receptacle:  containing triple-wipe power contacts and double or 
triple-wipe ground contacts.
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2.12.1   Switched Duplex Receptacles

Provide separate terminals for each ungrounded pole.  Top receptacle:  
switched when installed.

2.12.2   Weatherproof Receptacles

Provide receptacles, UL listed for use in "wet locations".  Include cast 
metal box with gasketed, hinged, lockable and weatherproof while-in-use, 
die-cast metal/aluminum cover plate.  

2.12.3   Ground-Fault Circuit Interrupter Receptacles

UL 943 , duplex type for mounting in standard outlet box.  Provide device 
capable of detecting current leak of 6 milliamperes or greater and 
tripping per requirements of UL 943  for Class A ground-fault circuit 
interrupter devices.  Provide screw-type, side-wired wiring terminals or 
pre-wired (pigtail) leads.

2.12.4   Special Purpose Receptacles

Receptacles serving shown on drawings  are special purpose.  Provide in 
ratings indicated.

2.13   PANELBOARDS

Provide panelboards in accordance with the following:

a.  UL 67  and UL 50  having a short-circuit current rating as indicated.

b.  Panelboards for use as service disconnecting means:  additionally 
conform to UL 869A .  

c.  Panelboards:  circuit breaker-equipped.

d.  Designed such that individual breakers can be removed without 
disturbing adjacent units or without loosening or removing 
supplemental insulation supplied as means of obtaining clearances as 
required by UL.

e.  "Specific breaker placement" is required in panelboards to match the 
breaker placement indicated in the panelboard schedule on the drawings.

f.  Use of "Subfeed Breakers" is not acceptable unless specifically 
indicated otherwise.  

g.  Main breaker:  "separately" mounted "above" branch breakers.   

h.  Where "space only" is indicated, make provisions for future 
installation of breakers.  

i.  Directories:  indicate load served by each circuit in panelboard. 

j.  Directories:  indicate source of service to panelboard (e.g., Panel PA 
served from Panel MDP).

l.  Type directories and mount in holder behind transparent protective 
covering.

SECTION 26 20 00  Page 19



CAPITAL PROJECT # 1043925 MAY 2022 HAFB 309th SWEG
KRSM200806 100% FINAL SUBMITTAL

m.  Panelboards:  listed and labeled for their intended use.

n.  Panelboard nameplates:  provided in accordance with paragraph FIELD 
FABRICATED NAMEPLATES.

2.13.1   Enclosure

Provide panelboard enclosure in accordance with the following:

a.  UL 50 .

b.  Cabinets mounted outdoors or flush-mounted:  hot-dipped galvanized 
after fabrication.  

c.  Cabinets:  painted in accordance with paragraph PAINTING.

d.  Outdoor cabinets:  NEMA 3R raintight with.

e.  Front edges of cabinets:  form-flanged or fitted with structural 
shapes welded or riveted to the sheet steel, for supporting the 
panelboard front.

f.  All cabinets:  fabricated such that no part of any surface on the 
finished cabinet deviates from a true plane by more than  1/8 inch .

g.  Holes:  provided in the back of indoor surface-mounted cabinets, with 
outside spacers and inside stiffeners, for mounting the cabinets with a
 1/2 inch  clear space between the back of the cabinet and the wall 
surface.

h.  Flush doors:  mounted on hinges that expose only the hinge roll to 
view when the door is closed.

i.  Each door:  fitted with a combined catch and lock, except that doors 
over  24 inches  long provided with a three-point latch having a knob 
with a T-handle, and a cylinder lock.

j.  Keys:  two provided with each lock, with all locks keyed alike.

k.  Finished-head cap screws:  provided for mounting the panelboard fronts 
on the cabinets.

2.13.2   Panelboard Buses

Support bus bars on bases independent of circuit breakers.  Design main 
buses and back pans so that breakers may be changed without machining, 
drilling, or tapping.  Provide isolated neutral bus in each panel for 
connection of circuit neutral conductors.  Provide separate ground bus 
identified as equipment grounding bus per UL 67  for connecting grounding 
conductors; bond to steel cabinet. 2.13.3   Circuit Breakers

UL 489 , thermal magnetic-type having a minimum short-circuit current 
rating equal to the short-circuit current rating of the panelboard in 
which the circuit breaker will be mounted.  Breaker terminals:  UL listed 
as suitable for type of conductor provided.Where indicated on the 
drawings, provide circuit breakers with shunt trip devices.  Series rated 
circuit breakers and plug-in circuit breakers are unacceptable.
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2.13.3.1   Multipole Breakers

Provide common trip-type with single operating handle.  Design breaker 
such that overload in one pole automatically causes all poles to open.  
Maintain phase sequence throughout each panel so that any three adjacent 
breaker poles are connected to Phases A, B, and C, respectively.

2.13.3.2   Circuit Breaker With Ground-Fault Circuit Interrupter

UL 943  and NFPA 70 .  Provide with "push-to-test" button, visible 
indication of tripped condition, and ability to detect and trip on current 
imbalance of 6 milliamperes or greater per requirements of UL 943  for 
Class A ground-fault circuit interrupter.

2.13.3.3   Circuit Breakers for HVAC Equipment

Provide circuit breakers for HVAC equipment having motors (group or 
individual) marked for use with HACR type and UL listed as HACR type.

2.13.3.4   Arc-Fault Circuit Interrupters

UL 489 , UL 1699  and NFPA 70 .  Molded case circuit breakers:  rated as 
indicated.  Provide with "push-to-test" button.

2.13.4   400 Hz Panelboard and Breakers

Provide panelboards and breakers for use on 400 Hz systems rated and 
labeled "400 Hz."

2.14   ENCLOSED CIRCUIT BREAKERS

UL 489 .  Individual molded case circuit breakers with voltage and 
continuous current ratings, number of poles, overload trip setting, and 
short circuit current interrupting rating as indicated.  Enclosure type as 
indicated.

2.15   TRANSFORMERS

Provide transformers in accordance with the following:

a.  NEMA ST 20 , general purpose, dry-type, self-cooled, sealed.  

b.  Provide transformers in NEMA 1 enclosure.  

c.  Transformer insulation system: 

(1) 220 degrees C insulation system for transformers 15 kVA and 
greater, with temperature rise not exceeding 115 degrees C under 
full-rated load in maximum ambient of 40 degrees C.

(2) 180 degrees C insulation for transformers rated 10 kVA and less, 
with temperature rise not exceeding 115 degrees C under full-rated 
load in maximum ambient of 40 degrees C.

2.15.1   Specified Transformer Efficiency

Transformers, indicated and specified with:  480V primary, 80 degrees C or 
115 degrees C temperature rise, kVA ratings of 37.5 to 100 for single 
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phase or 30 to 500 for three phase, energy efficient type.  Minimum 
efficiency, based on factory test results:  not be less than NEMA Class 1 
efficiency as defined by NEMA TP 1 .

2.16   MOTORS

Provide motors in accordance with the following:

a.  NEMA MG 1 FIRE PUMPS.

b.  Hermetic-type sealed motor compressors:  Also comply with UL 984 .

c.  Provide the size in terms of  HP , or kVA, or full-load current, or a 
combination of these characteristics, and other characteristics, of 
each motor as indicated or specified.  

d.  Determine specific motor characteristics to ensure provision of 
correctly sized starters and overload heaters.

e.  Rate motors for operation on 208-volt, 3-phase circuits with a 
terminal voltage rating of 200 volts, and those for operation on 
480-volt, 3-phase circuits with a  terminal voltage rating of 460 
volts.  

f.  Use motors designed to operate at full capacity with voltage variation 
of plus or minus 10 percent of motor voltage rating.  

g.  Unless otherwise indicated, use continuous duty type motors if rated  1 
HP and above.

h.  Where fuse protection is specifically recommended by the equipment 
manufacturer, provide fused switches in lieu of non-fused switches 
indicated.

2.16.1   High Efficiency Single-Phase Motors

Single-phase fractional-horsepower alternating-current motors:  high 
efficiency types corresponding to the applications listed in NEMA MG 11.  
In exception, for motor-driven equipment with a minimum seasonal or 
overall efficiency rating, such as a SEER rating, provide equipment with 
motor to meet the overall system rating indicated.

2.16.2   Premium Efficiency Polyphase Motors

Select polyphase motors based on high efficiency characteristics relative 
to typical characteristics and applications as listed in NEMA MG 10.  In 
addition, continuous rated, polyphase squirrel-cage medium induction 
motors must meet the requirements for premium efficiency electric motors 
in accordance with NEMA MG 1, including the NEMA full load efficiency 
ratings.  In exception, for motor-driven equipment with a minimum seasonal 
or overall efficiency rating, such as a SEER rating, provide equipment 
with motor to meet the overall system rating indicated.

2.16.3   Motor Sizes

Provide size for duty to be performed, not exceeding the full-load 
nameplate current rating when driven equipment is operated at specified 
capacity under most severe conditions likely to be encountered.  When 
motor size provided differs from size indicated or specified, make 
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adjustments to wiring, disconnect devices, and branch circuit protection 
to accommodate equipment actually provided.  Provide controllers for 
motors rated 1-hp and above with electronic phase-voltage monitors 
designed to protect motors from phase-loss, undervoltage, and 
overvoltage.  Provide protection for motors from immediate restart by a 
time adjustable restart relay.

2.16.4   Wiring and Conduit

Provide internal wiring for components of packaged equipment as an 
integral part of the equipment.  Provide power wiring and conduit for 
field-installed equipment as specified herein.  Power wiring and conduit:  
conform to the requirements specified herein.  Control wiring:  provided 
under, and conform to, the requirements of the section specifying the 
associated equipment.

2.17   MOTOR CONTROLLERS

Provide motor controllers in accordance with the following:

a.  UL 508 , NEMA ICS 1 , and NEMA ICS 2 ,.

b.  Provide controllers with thermal overload protection in each phase, 
and one spare normally open auxiliary contact, and one spare normally 
closed auxiliary contact.

c.  Provide controllers for motors rated 1-hp and above with electronic 
phase-voltage monitors designed to protect motors from phase-loss, 
undervoltage, and overvoltage.

d.  Provide protection for motors from immediate restart by a time 
adjustable restart relay.

e.  When used with pressure, float, or similar automatic-type or 
maintained-contact switch, provide a hand/off/automatic selector 
switch with the controller.

f.  Connections to selector switch:  wired such that only normal automatic 
regulatory control devices are bypassed when switch is in "hand" 
position.

g.  Safety control devices, such as low and high pressure cutouts, high 
temperature cutouts, and motor overload protective devices:  connected 
in motor control circuit in "hand" and "automatic" positions.

h.  Control circuit connections to hand/off/automatic selector switch or 
to more than one automatic regulatory control device:  made in 
accordance with indicated or manufacturer's approved wiring diagram.

j.  Provide a disconnecting means, capable of being locked in the open 
position, for the motor that is located in sight from the motor 
location and the driven machinery location.  As an alternative, 
provide a motor controller disconnect, capable of being locked in the 
open position, to serve as the disconnecting means for the motor if it 
is in sight from the motor location and the driven machinery location.

l.  Overload protective devices:  provide adequate protection to motor 
windings; be thermal inverse-time-limit type; and include manual 
reset-type pushbutton on outside of motor controller case. 
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m.  Cover of combination motor controller and manual switch or circuit 
breaker:  interlocked with operating handle of switch or circuit 
breaker so that cover cannot be opened unless handle of switch or 
circuit breaker is in "off" position.

2.17.1   Control Wiring

Provide control wiring in accordance with the following:

a.  All control wire:  stranded tinned copper switchboard wire with 
600-volt flame-retardant insulation Type SIS meeting UL 44 , or Type 
MTW meeting UL 1063 , and passing the VW-1 flame tests included in 
those standards.

b.  Hinge wire:  Class K stranding.  

c.  Current transformer secondary leads:  not smaller than No. 10 AWG.

d.  Control wire minimum size:  No. 14 AWG.

e.  Power wiring for 480-volt circuits and below:  the same type as 
control wiring with No. 12 AWG minimum size.

f.  Provide wiring and terminal arrangement on the terminal blocks to 
permit the individual conductors of each external cable to be 
terminated on adjacent terminal points.

2.17.2   Control Circuit Terminal Blocks

Provide control circuit terminal blocks in accordance with the following:

a.  NEMA ICS 4 .

b.  Control circuit terminal blocks for control wiring:  molded or 
fabricated type with barriers, rated not less than 600 volts.

c.  Provide terminals with removable binding, fillister or washer head 
screw type, or of the stud type with contact and locking nuts.

d.  Terminals:  not less than No. 10 in size with sufficient length and 
space for connecting at least two indented terminals for 10 AWG 
conductors to each terminal.

e.  Terminal arrangement:  subject to the approval of the Contracting 
Officer with not less than four (4) spare terminals or 10 percent, 
whichever is greater, provided on each block or group of blocks.

f.  Modular, pull apart, terminal blocks are acceptable provided they are 
of the channel or rail-mounted type.

g.  Submit data showing that any proposed alternate will accommodate the 
specified number of wires, are of adequate current-carrying capacity, 
and are constructed to assure positive contact between 
current-carrying parts.

2.17.2.1   Types of Terminal Blocks

a.  Short-Circuiting Type:  Short-circuiting type terminal blocks:  
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furnished for all current transformer secondary leads with provision 
for shorting together all leads from each current transformer without 
first opening any circuit.  Terminal blocks:  comply with the 
requirements of paragraph CONTROL CIRCUIT TERMINAL BLOCKS above.

b.  Load Type:  Load terminal blocks rated not less than 600 volts and of 
adequate capacity:  provided for the conductors for NEMA Size 3 and 
smaller motor controllers and for other power circuits, except those 
for feeder tap units.  Provide terminals of either the stud type with 
contact nuts and locking nuts or of the removable screw type, having 
length and space for at least two indented terminals of the size 
required on the conductors to be terminated.  For conductors rated 
more than 50 amperes, provide screws with hexagonal heads.  Conducting 
parts between connected terminals must have adequate contact surface 
and cross-section to operate without overheating.  Provide eEach 
connected terminal with the circuit designation or wire number placed 
on or near the terminal in permanent contrasting color.

2.17.3   Control Circuits

Control circuits:  maximum voltage of 120 volts derived from control 
transformer in same enclosure.  Transformers:  conform to UL 506 , as 
applicable.  Transformers, other than transformers in bridge circuits:  
provide primaries wound for voltage available and secondaries wound for 
correct control circuit voltage.  Size transformers so that 80 percent of 
rated capacity equals connected load.  Provide disconnect switch on 
primary side..  Provide one fused secondary lead with the other lead 
grounded.    Provide for automatic switchover and alarm upon failure of 
primary control circuit.

2.17.4   Enclosures for Motor Controllers

NEMA ICS 6 .

2.17.5   Multiple-Speed Motor Controllers and Reversible Motor Controllers

Across-the-line-type, electrically and mechanically interlocked.  
Multiple-speed controllers:  include compelling relays and 
multiple-button, station-type with pilot lights for each speed.

2.17.6   Pushbutton Stations

Provide with "start/stop" momentary contacts having one normally open and 
one normally closed set of contacts, and red lights to indicate when motor 
is running.  Stations:  heavy duty, oil-tight design.

2.17.7   Pilot and Indicating Lights

Provide LED cluster lamps.
2.18   MANUAL MOTOR STARTERS (MOTOR RATED SWITCHES)

Three pole designed for surface mounting with overload protection and 
pilot lights.

2.18.1   Pilot Lights

Provide yoke-mounted, seven element LED cluster light module.  Color: red.
Provide yoke-mounted, candelabra-base sockets rated 125 volts and fitted 
with glass or plastic jewels.  Provide clear, 6 watt lamp in each pilot 
switch.  Jewels for use with switches controlling motors:  green; jewels 
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for other purposes: amber.

2.19   LOCKOUT REQUIREMENTS

Provide disconnecting means capable of being locked out for machines and 
other equipment to prevent unexpected startup or release of stored energy 
in accordance with 29 CFR 1910.147 .  Comply with requirements of Division 
23, "Mechanical"  for mechanical isolation of machines and other equipment.

2.20   TELECOMMUNICATIONS SYSTEM

Provide system of telecommunications wire-supporting structures (pathway), 
including: outlet boxes, conduits with pull wires cable trays, and other 
accessories for telecommunications outlets and pathway in accordance with 
TIA-569  and as specified herein.  Additional telecommunications 
requirements are specified in Section 27 10 00 , BUILDING 
TELECOMMUNICATIONS CABLING SYSTEM.

2.21   GROUNDING AND BONDING EQUIPMENT

2.21.1   Ground Rods

UL 467 .  Ground rods:   copper-clad steel, with minimum diameter of  3/4 
inch  and minimum length  10 feet .  Sectional ground rods are permitted.

2.21.2   Telecommunications Grounding Busbar

Provide corrosion-resistant grounding busbar suitable for indoor 
installation in accordance with TIA-607 .  Busbars:  plated for reduced 
contact resistance.  If not plated, clean the busbar prior to fastening 
the conductors to the busbar and apply an anti-oxidant to the contact area 
to control corrosion and reduce contact resistance.  Provide a 
telecommunications main grounding busbar (TMGB) in the telecommunications 
entrance facility and a (TGB) in all other telecommunications rooms and 
equipment rooms.  The telecommunications main grounding busbar (TMGB) and 
the telecommunications grounding busbar (TGB):  sized in accordance with 
the immediate application requirements and with consideration of future 
growth.  Provide telecommunications grounding busbars with the following:

a.  Predrilled copper busbar provided with holes for use with standard 
sized lugs,

b.  Minimum dimensions of  0.25 in  thick by  4 in  wide for the TMGB and 2 in
 wide for TGBs with length as indicated;

c.  Listed by a nationally recognized testing laboratory.

2.22   MANUFACTURER'S NAMEPLATE

Provide on each item of equipment a nameplate bearing the manufacturer's 
name, address, model number, and serial number securely affixed in a 
conspicuous place; the nameplate of the distributing agent will not be 
acceptable.

2.23   FIELD FABRICATED NAMEPLATES

Provide field fabricated nameplates in accordance with the following:

a.  ASTM D709.
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b.  Provide laminated plastic nameplates for each equipment enclosure, 
relay, switch, and device; as specified or as indicated on the 
drawings.

c.  Each nameplate inscription:  identify the function and, when 
applicable, the position.

d.  Nameplates:  melamine plastic,  0.125 inch  thick, white with black 
center core.

e.  Provide red laminated plastic label with white center core where 
indicated.

f.  Surface:  matte finish.  Corners:  square.  Accurately align lettering 
and engrave into the core.

g.  Minimum size of nameplates:   one by 2.5 inches .

h.  Lettering size and style:  a minimum of  0.25 inch  high normal block 
style.

2.24   WARNING SIGNS

Provide warning signs for flash protection in accordance with NFPA 70E and 
NEMA Z535.4  for switchboards, panelboards, industrial control panels, and 
motor control centers that are in other than dwelling occupancies and are 
likely to require examination, adjustment, servicing, or maintenance while 
energized.  Provide field installed signs to warn qualified persons of 
potential electric arc flash hazards when warning signs are not provided 
by the manufacturer.  Provide marking that is clearly visible to qualified 
persons before examination, adjustment, servicing, or maintenance of the 
equipment.

2.25   FIRESTOPPING MATERIALS

Provide firestopping around electrical penetrations in accordance with 
Section 07 84 00 , FIRESTOPPING .

2.26   WIREWAYS

UL 870 .  Material:  steel epoxy painted 16 gauge for heights and depths up 
to  6 by 6 inches , and 14 gauge for heights and depths up to  12 by 12 inches .  
Provide in length indicated with hinged- cover NEMA 1 enclosure per 
NEMA ICS 6 .

2.27   SURGE PROTECTIVE DEVICES

Provide parallel type surge protective devices (SPD) which comply with 
UL 1449  at the service entrance , panelboards .  Provide surge protectors 
in a NEMA 1 enclosure per NEMA ICS 6 .  Use Type 1 or Type 2 SPD and 
connect on the load side of a dedicated circuit breaker.

Provide the following modes of protection:

      FOR SINGLE PHASE AND THREE PHASE WYE CONNECTED SYSTEMS-
            Phase to phase ( L-L )
            Each phase to neutral ( L-N )
            Neutral to ground ( N-G )
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            Phase to ground ( L-G ) SPDs at the service entrance:  provide 
with a minimum surge current rating of 80,000 amperes for L-L mode minimum 
and 40,000 amperes for other modes (L-N, L-G, and N-G) and downstream SPDs 
rated 40,000 amperes for L-L mode minimum and 20,000 amperes for other 
modes (L-N, L-G, and N-G).

Provide SPDs per NFPA 780 for the lightning protection system.

Maximum L-N, L-G, and N-G Voltage Protection Rating:

      700V for 208Y/120V, three phase system
      1,200V for 480Y/277V, three phase system

Maximum L-L Voltage Protection Rating:

      1,200V for 208Y/120V, three phase system
      1, 800V for 480Y/277V, three phase system

      
The minimum MCOV (Maximum Continuous Operating Voltage) rating for L-N and 
L-G modes of operation:  120% of nominal voltage for 240 volts and below; 
115% of nominal voltage above 240 volts to 480 volts.

2.28   FACTORY APPLIED FINISH

Provide factory-applied finish on electrical equipment in accordance with 
the following:            

a.  NEMA 250 corrosion-resistance test and the additional requirements as 
specified herein.

b.  Interior and exterior steel surfaces of equipment enclosures:  
thoroughly cleaned followed by a rust-inhibitive phosphatizing or 
equivalent treatment prior to painting.

c.  Exterior surfaces:  free from holes, seams, dents, weld marks, loose 
scale or other imperfections.

d.  Interior surfaces:  receive not less than one coat of 
corrosion-resisting paint in accordance with the manufacturer's 
standard practice.

e.  Exterior surfaces:  primed, filled where necessary, and given not less 
than two coats baked enamel with semigloss finish.

f.  Equipment located indoors:  ANSI Light Gray,.

g.  Provide manufacturer's coatings for touch-up work and as specified in 
paragraph FIELD APPLIED PAINTING.

2.29   SOURCE QUALITY CONTROL

2.29.1   Transformer Factory Tests

Submittal:  include routine NEMA ST 20  transformer test results on each 
transformer and also provide the results of NEMA "design" and "prototype" 
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tests that were made on transformers electrically and mechanically equal 
to those specified.

2.30   COORDINATED POWER SYSTEM PROTECTION

Prepare analyses as specified in Section 26 28 01.00 10  COORDINATED POWER 
SYSTEM PROTECTION.

PART 3   EXECUTION

3.1   INSTALLATION

Electrical installations, including weatherproof and hazardous locations 
and ducts, plenums and other air-handling spaces:  conform to requirements 
of NFPA 70  and IEEE C2  and to requirements specified herein.

3.1.1   Underground Service

Underground service conductors and associated conduit:  continuous from 
service entrance equipment to outdoor power system connection.

3.1.2   Service Entrance Identification

Service entrance disconnect devices, switches, and enclosures:  labeled 
and identified as such.

3.1.2.1   Labels

Wherever work results in service entrance disconnect devices in more than 
one enclosure, as permitted by NFPA 70 , label each enclosure, new and 
existing, as one of several enclosures containing service entrance 
disconnect devices.  Label, at minimum:  indicate number of service 
disconnect devices housed by enclosure and indicate total number of 
enclosures that contain service disconnect devices.  Provide laminated 
plastic labels conforming to paragraph FIELD FABRICATED NAMEPLATES.  Use 
lettering of at least  0.25 inch  in height, and engrave on black-on-white 
matte finish.  Service entrance disconnect devices in more than one 
enclosure:  provided only as permitted by NFPA 70 .

3.1.3   Wiring Methods

Provide insulated conductors installed in rigid steel conduit, IMC, rigid 
nonmetallic conduit, or EMT, except where specifically indicated or 
specified otherwise or required by NFPA 70  to be installed otherwise.  
Grounding conductor:  separate from electrical system neutral conductor.  
Provide insulated green equipment grounding conductor for circuit(s) 
installed in conduit and raceways.  Minimum conduit size:   1/2 inch  in 
diameter for low voltage lighting and power circuits.  Vertical 
distribution in multiple story buildings:  made with metal conduit in 
fire-rated shafts, with metal conduit extending through shafts for minimum 
distance of  6 inches .  Firestop conduit which penetrates fire-rated walls, 
fire-rated partitions, or fire-rated floors in accordance with Section 
07 84 00 , FIRESTOPPING.

3.1.3.1   Pull Wire

Install pull wires in empty conduits.  Pull wire:  plastic having minimum  
200-pound  force tensile strength.  Leave minimum  36 inches  of slack at 
each end of pull wire.
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3.1.4   Conduit Installation

Unless indicated otherwise, conceal conduit under floor slabs and within 
finished walls, ceilings, and floors.  Keep conduit minimum  6 inches  away 
from parallel runs of flues and steam or hot water pipes.  Install conduit 
parallel with or at right angles to ceilings, walls, and structural 
members where located above accessible ceilings and where conduit will be 
visible after completion of project.

3.1.4.1   Restrictions Applicable to Aluminum Conduit

a.  Do not install underground or encase in concrete or masonry.

b.  Do not use brass or bronze fittings.

c.  Do not use when the enclosed conductors must be shielded from the 
effects of High-altitude Electromagnetic Pulse (HEMP).

3.1.4.2   Restrictions Applicable to EMT

a.  Do not install underground.

b.  Do not encase in concrete, mortar, grout, or other cementitious 
materials.

c.  Do not use in areas subject to severe physical damage including but 
not limited to equipment rooms where moving or replacing equipment 
could physically damage the EMT.

d.  Do not use in hazardous areas.

e.  Do not use outdoors.

f.  Do not use in fire pump rooms.

g.  Do not use when the enclosed conductors must be shielded from the 
effects of High-altitude Electromagnetic Pulse (HEMP).

3.1.4.3   Restrictions Applicable to Nonmetallic Conduit

a.  PVC Schedule 40 and PVC Schedule 80

(1)  Do not use in areas where subject to severe physical damage, 
including but not limited to, mechanical equipment rooms, 
electrical equipment rooms, hospitals, power plants, missile 
magazines, and other such areas.

(2)  Do not use in hazardous (classified) areas.

(3)  Do not use in fire pump rooms.

(4)  Do not use in penetrating fire-rated walls or partitions, or 
fire-rated floors.

(5)  Do not use above grade, except where allowed in this section for 
rising through floor slab or indicated otherwise.

(6)  Do not use when the enclosed conductors must be shielded from the 
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effects of High-altitude Electromagnetic Pulse (HEMP). 3.1.4.4   Restrictions 
Applicable to Flexible Conduit

Use only as specified in paragraph FLEXIBLE CONNECTIONS.  Do not use when 
the enclosed conductors must be shielded from the effects of High-altitude 
Electromagnetic Pulse (HEMP).

3.1.4.5   Underground Conduit

Plastic-coated rigid steel; plastic-coated steel IMC; PVC, Type EPC-40  
Plastic coating:  extend minimum  6 inches  above floor.

3.1.4.6   Conduit Interior to Buildings for 400 Hz Circuits

Aluminum or nonmetallic.  Where 400-Hz circuit runs underground or through 
concrete, provide PVC Schedule 40 conduit.

3.1.4.7   Conduit for Circuits Rated Greater Than 600 Volts

Rigid metal conduit or IMC only.

3.1.4.8   Conduit Installed Under Floor Slabs

Conduit run under floor slab:  located a minimum of  12 inches  below the 
vapor barrier.  Seal around conduits at penetrations thru vapor barrier.

3.1.4.9   Conduit Through Floor Slabs

Where conduits rise through floor slabs, do not allow curved portion of 
bends to be visible above finished slab.

3.1.4.10   Stub-Ups

Provide conduits stubbed up through concrete floor for connection to 
free-standing equipment with adjustable top or coupling threaded inside 
for plugs, set flush with finished floor.  Extend conductors to equipment 
in rigid steel conduit, except that flexible metal conduit may be used  6 
inches  above floor.  Where no equipment connections are made, install 
screwdriver-operated threaded flush plugs in conduit end.

3.1.4.11   Conduit Support

Support conduit by pipe straps, wall brackets, threaded rod conduit 
hangers, or ceiling trapeze. Fasten by wood screws to wood; by toggle 
bolts on hollow masonry units; by concrete inserts or expansion bolts on 
concrete or brick; and by machine screws, welded threaded studs, or 
spring-tension clamps on steel work. Threaded C-clamps may be used on 
rigid steel conduit only.  Do not weld conduits or pipe straps to steel 
structures.  Do not exceed one-fourth proof test load for load applied to 
fasteners.  Provide vibration resistant and shock-resistant fasteners 
attached to concrete ceiling.  Do not cut main reinforcing bars for any 
holes cut to depth of more than  1 1/2 inches  in reinforced concrete beams 
or to depth of more than  3/4 inch  in concrete joints.  Fill unused holes.  
In partitions of light steel construction, use sheet metal screws.  In 
suspended-ceiling construction, run conduit above ceiling.  Do not support 
conduit by ceiling support system.  Conduit and box systems:  supported 
independently of both (a) tie wires supporting ceiling grid system, and 
(b) ceiling grid system into which ceiling panels are placed.  Do not 
share supporting means between electrical raceways and mechanical piping 
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or ducts.  Coordinate installationwith above-ceiling mechanical systems to 
assure maximum accessibility to all systems.  Spring-steel fasteners may 
be used for lighting branch circuit conduit supports in suspended ceilings 
in dry locations. Where conduit crosses building expansion joints, provide 
suitable expansion fitting that maintains conduit electrical continuity by 
bonding jumpers or other means.  For conduits greater than  2 1/2 inches  
inside diameter, provide supports to resist forces of 0.5 times the 
equipment weight in any direction and 1.5 times the equipment weight in 
the downward direction.

3.1.4.12   Directional Changes in Conduit Runs

Make changes in direction of runs with symmetrical bends or cast-metal 
fittings.  Make field-made bends and offsets with hickey or 
conduit-bending machine.  Do not install crushed or deformed conduits.  
Avoid trapped conduits.  Prevent plaster, dirt, or trash from lodging in 
conduits, boxes, fittings, and equipment during construction.  Free 
clogged conduits of obstructions.

3.1.4.13   Locknuts and Bushings

Fasten conduits to sheet metal boxes and cabinets with two locknuts where 
required by NFPA 70 , where insulated bushings are used, and where bushings 
cannot be brought into firm contact with the box; otherwise, use at least 
minimum single locknut and bushing.  Provide locknuts with sharp edges for 
digging into wall of metal enclosures.  Install bushings on ends of 
conduits, and provide insulating type where required by NFPA 70 .

3.1.4.14   Flexible Connections

Provide flexible steel conduit between  3 and 6 feet  in length for recessed 
and semirecessed lighting fixtures.  Install flexible conduit to allow 20 
percent slack.  Minimum flexible steel conduit size:   1/2 inch  diameter.  
Provide liquidtight flexible conduit in wet and damp locations for 
equipment subject to vibration, noise transmission, movement or motors.  
Provide separate ground conductor across flexible connections.

3.1.4.15   Telecommunications and Signal System Pathway

Install telecommunications pathway in accordance with TIA-569 .

a.  Horizontal Pathway:  Telecommunications pathways from the work area to 
the telecommunications room:  installed and cabling length 
requirements in accordance with TIA-568-C.1 .  Size conduits, and cable 
trays in accordance with TIA-569  andas indicated.

b.  Backbone Pathway:  Telecommunication pathways from the 
telecommunications entrance facility to telecommunications rooms, and, 
telecommunications equipment rooms (backbone cabling):  installed in 
accordance with TIA-569 .  Size conduits, and cable trays for 
telecommunications risers in accordance with TIA-569  as indicated.

3.1.5   Cable Tray Installation

Install and ground in accordance with NFPA 70 .  In addition, install and 
ground telecommunications cable tray in accordance with TIA-569 , and 
TIA-607 .  Install cable trays parallel with or at right angles to 
ceilings, walls, and structural members.  Support in accordance with 
manufacturer recommendations but at not more than  6 foot  intervals.  
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Adjacent cable tray sections:  bonded together by connector plates of an 
identical type as the cable tray sections.  For grounding of cable tray 
system provide No. 2 AWG bare copper wire throughout cable tray system, 
and bond to each section, except use No. 1/0 aluminum wire if cable tray 
is aluminum.  Terminate cable trays  10 inches  from both sides of smoke and 
fire partitions.  Install conductors run through smoke and fire partitions 
in  4 inch  rigid steel conduits with grounding bushings, extending  12 inches
 beyond each side of partitions.  Seal conduit on both ends to maintain 
smoke and fire ratings of partitions.  Firestop penetrations in accordance 
with Section 07 84 00 , FIRESTOPPING.  Provide supports to resist forces of 
0.5 times the equipment weight in any direction and 1.5 times the 
equipment weight in the downward direction. 3.1.6   Boxes, Outlets, and 

Supports

Provide boxes in wiring and raceway systems wherever required for pulling 
of wires, making connections, and mounting of devices or fixtures.  Boxes 
for metallic raceways:  cast-metal, hub-type when located in wet 
locations, when surface mounted on outside of exterior surfaces, and when 
specifically indicated.  Boxes in other locations:  sheet steel, and 
nonmetallic boxes may be used with nonmetallic conduit system.  Provide 
each box with volume required by NFPA 70  for number of conductors enclosed 
in box.  Boxes for mounting lighting fixtures:  minimum  4 inches  square, 
or octagonal, except that smaller boxes may be installed as required by 
fixture configurations, as approved.  Boxes for use in masonry-block or 
tile walls:  square-cornered, tile-type, or standard boxes having 
square-cornered, tile-type covers.  Provide gaskets for cast-metal boxes 
installed in wet locations and boxes installed flush with outside of 
exterior surfaces.  Provide separate boxes for flush or recessed fixtures 
when required by fixture terminal operating temperature; provide readily 
removable fixturesfor access to boxes unless ceiling access panels are 
provided.  Support boxes and pendants for surface-mounted fixtures on 
suspended ceilings independently of ceiling supports.  Fasten boxes and 
supports with wood screws on wood, with bolts and expansion shields on 
concrete or brick, with toggle bolts on hollow masonry units, and with 
machine screws or welded studs on steel.  In open overhead spaces, cast 
boxes threaded to raceways need not be separately supported except where 
used for fixture support; support sheet metal boxes directly from building 
structure or by bar hangers.  Where bar hangers are used, attach bar to 
raceways on opposite sides of box, and support raceway with approved-type 
fastener maximum  24 inches  from box.  When penetrating reinforced concrete 
members, avoid cutting reinforcing steel.

3.1.6.1   Boxes

Boxes for use with raceway systems:  minimum  1 1/2 inches  deep, except 
where shallower boxes required by structural conditions are approved.  
Boxes for other than lighting fixture outlets:  minimum  4 inches  square, 
except that  4 by 2 inch  boxes may be used where only one raceway enters 
outlet.  Telecommunications outlets:  a minimum of  4 11/16 inches square 
by 2 1/8 inches deep .  Mount outlet boxes flush in finished walls.

3.1.6.2   Pull Boxes

Construct of at least minimum size required by NFPA 70  of code-gauge 
aluminum or galvanized sheet steel, except where cast-metal boxes are 
required in locations specified herein.  Provide boxes with screw-fastened 
covers.  Where several feeders pass through common pull box, tag feeders 
to indicate clearly electrical characteristics, circuit number, and panel 
designation.
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3.1.6.3   Extension Rings

Extension rings are not permitted for new construction.  Use only on 
existing boxes in concealed conduit systems where wall is furred out for 
new finish. 3.1.7   Mounting Heights

Mount panelboards, enclosed circuit breakers, and disconnecting switches 
so height of operating handle at its highest position is maximum  78 inches  
above floor.  Mount lighting switches  48 inches  above finished floor.  
Mount receptacles and telecommunications outlets  18 inches  above finished 
floor, unless otherwise indicated.

3.1.8   Conductor Identification

Provide conductor identification within each enclosure where tap, splice, 
or termination is made.  For conductors No. 6 AWG and smaller diameter, 
provide color coding by factory-applied, color-impregnated insulation.  
For conductors No. 4 AWG and larger diameter, provide color coding by 
plastic-coated, self-sticking markers; colored nylon cable ties and 
plates; or heat shrink-type sleeves.  Identify control circuit 
terminations in accordance withSection 23 09 53.00 20  SPACE TEMPERATURE 
CONTROL SYSTEMS.Section 23 09 00  INSTRUMENTATION AND CONTROL FOR HVAC.  
Provide telecommunications system conductor identification as specified in 
Section 27 10 00  BUILDING TELECOMMUNICATIONS CABLING SYSTEMS.

3.1.8.1   Marking Strips

Provide marking strips in accordance with the following:

a.  Provide white or other light-colored plastic marking strips, fastened 
by screws to each terminal block, for wire designations.

b.  Use permanent ink for the wire numbers

c.  Provide reversible marking strips to permit marking both sides, or 
provide two marking strips with each block.

d.  Size marking strips to accommodate the two sets of wire numbers.

e.  Assign a device designation in accordance with NEMA ICS 1  to each 
device to which a connection is made.  Mark each device terminal to 
which a connection is made with a distinct terminal marking 
corresponding to the wire designation used on the Contractor's 
schematic and connection diagrams.

f.  The wire (terminal point) designations used on the Contractor's wiring 
diagrams and printed on terminal block marking strips may be according 
to the Contractor's standard practice; however, provide additional 
wire and cable designations for identification of remote (external) 
circuits for the Government's wire designations.

g.  Prints of the marking strips  drawings submitted for approval will be 
so marked and returned to the Contractor for addition of the 
designations to the terminal strips and tracings, along with any 
rearrangement of points required.
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3.1.9   Splices

Make splices in accessible locations.  Make splices in conductors No. 10 
AWG and smaller diameter with insulated, pressure-type connector.  Make 
splices in conductors No. 8 AWG and larger diameter with solderless 
connector, and cover with insulation material equivalent to conductor 
insulation.

3.1.10   Covers and Device Plates

Install with edges in continuous contact with finished wall surfaces 
without use of mats or similar devices.  Plaster fillings are not 
permitted.  Install plates with alignment tolerance of  1/16 inch .  Use of 
sectional-type device plates are not permitted.  Provide gasket for plates 
installed in wet locations.

3.1.11   Electrical Penetrations

Seal openings around electrical penetrations through fire resistance-rated 
walls, partitions, floors, or ceilings in accordance with Section 07 84 00  
FIRESTOPPING.

3.1.12   Grounding and Bonding

Provide in accordance with NFPA 70  and NFPA 780 .  Ground exposed, 
non-current-carrying metallic parts of electrical equipment, access 
flooring support system, metallic raceway systems, grounding conductor in 
metallic and nonmetallic raceways, telecommunications system grounds, and 
neutral conductor of wiring systems.Make ground connection to driven 
ground rods on exterior of building.Interconnect all grounding media in or 
on the structure to provide a common ground potential.  This includes 
lightning protection, electrical service, telecommunications system 
grounds, as well as underground metallic piping systems.  Make 
interconnection to the gas line on the customer's side of the meter.  Use 
main size lightning conductors for interconnecting these grounding systems 
to the lightning protection system.  In addition to the requirements 
specified herein, provide telecommunications grounding in accordance with 
TIA-607 .  Where ground fault protection is employed, ensure that 
connection of ground and neutral does not interfere with correct operation 
of fault protection.

3.1.12.1   Ground Rods

Provide cone pointed ground rods.  Measure the resistance to ground using 
the fall-of-potential method described in IEEE 81 .  Do not exceed 25 ohms 
under normally dry conditions for the maximum resistance of a driven 
ground.  If this resistance cannot be obtained with a single rod, 
additional rods, spaced on center, not less than twice the distance of the 
length of the rod,.  If the resultant resistance exceeds 25 ohms measured 
not less than 48 hours after rainfall, notify the Contracting Officer who 
will decide on the number of ground rods to add.

 3.1.12.2   Grounding Connections

Make grounding connections which are buried or otherwise normally 
inaccessible, by exothermic weld or compression connector.

a.  Make exothermic welds strictly in accordance with the weld 
manufacturer's written recommendations.  Welds which are "puffed up" 

SECTION 26 20 00  Page 35



CAPITAL PROJECT # 1043925 MAY 2022 HAFB 309th SWEG
KRSM200806 100% FINAL SUBMITTAL

or which show convex surfaces indicating improper cleaning are not 
acceptable.  Mechanical connectors are not required at exothermic 
welds.

b.  Make compression connections using a hydraulic compression tool to 
provide the correct circumferential pressure.  Provide tools and dies 
as recommended by the manufacturer.  Use an embossing die code or 
other standard method to provide visible indication that a connector 
has been adequately compressed on the ground wire.

3.1.12.3   Ground Bus

Provide a copper ground bus in the electrical equipment rooms as 
indicated. Noncurrent-carrying metal parts of electrical equipment:  
effectively grounded by bonding to the ground bus.  Bond the ground bus to 
both the entrance ground, and to a ground rod or rods as specified above 
having the upper ends terminating approximately  4 inches  above the floor.  
Make connections and splices of the brazed, welded, bolted, or 
pressure-connector type, except use pressure connectors or bolted 
connections for connections to removable equipment.

3.1.12.4   Resistance

Maximum resistance-to-ground of grounding system:  do not exceed 5 ohms 
under dry conditions.  Where resistance obtained exceeds 5 ohms, contact 
Contracting Officer for further instructions.

3.1.12.5   Telecommunications System

Provide telecommunications grounding in accordance with the following:

a.  Telecommunications Grounding Busbars:  Provide a telecommunications 
main grounding busbar (TMGB) in the telecommunications entrance 
facility.  Install the TMGB as close to the electrical service 
entrance grounding connection as practicable.  Install 
telecommunications grounding busbars to maintain clearances as 
required by NFPA 70  and insulated from its support.  A minimum of  2 
inches  separation from the wall is recommended to allow access to the 
rear of the busbar and adjust the mounting height to accommodate 
overhead or underfloor cable routing.

b.  Telecommunications Bonding Conductors:  Provide main 
telecommunications service equipment ground consisting of separate 
bonding conductor for telecommunications, between the TMGB and readily 
accessible grounding connection of the electrical service.  Grounding 
and bonding conductors should not be placed in ferrous metallic 
conduit.  If it is necessary to place grounding and bonding conductors 
in ferrous metallic conduit that exceeds 3 feet  in length, bond the 
conductors to each end of the conduit using a grounding bushing or a 
No. 6 AWG conductor, minimum.

c.  Telecommunications Grounding Connections:  Telecommunications 
grounding connections to the TMGB or TGB:  utilize listed compression 
two-hole lugs, exothermic welding, suitable and equivalent one hole 
non-twisting lugs, or other irreversible compression type 
connections.  Bond all metallic pathways, cabinets, and racks for 
telecommunications cabling and interconnecting hardware located within 
the same room or space as the TMGB or TGB to the TMGB or TGB 
respectively.  In a metal frame (structural steel) building, where the 
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steel framework is readily accessible within the room; bond each TMGB 
and TGB to the vertical steel metal frame using a minimum No. 6 AWG 
conductor.  Where the metal frame is external to the room and readily 
accessible, bond the metal frame to the TGB or TMGB with a minimum No. 
6 AWG conductor.  When practicable because of shorter distances and, 
where horizontal steel members are permanently electrically bonded to 
vertical column members, the TGB may be bonded to these horizontal 
members in lieu of the vertical column members.  All connectors used 
for bonding to the metal frame of a building must be listed for the 
intended purpose.

3.1.13   Equipment Connections

Provide power wiring for the connection of motors and control equipment 
under this section of the specification.  Except as otherwise specifically 
noted or specified, automatic control wiring, control devices, and 
protective devices within the control circuitry are not included in this 
section of the specifications and are provided under the section 
specifying the associated equipment.

3.1.14   Elevator

 Provide circuit to line terminals of elevator controller, and disconnect 
switch on line side of controller, outlet for control power, outlet 
receptacle and work light at midheight of elevator shaft, and work light 
and outlet receptacle in elevator pit.

3.1.15   Repair of Existing Work

Perform repair of existing work, demolition, and modification of existing 
electrical distribution systems as follows:

3.1.15.1   Workmanship

Lay out work in advance.  Exercise care where cutting, channeling, 
chasing, or drilling of floors, walls, partitions, ceilings, or other 
surfaces is necessary for proper installation, support, or anchorage of 
conduit, raceways, or other electrical work.  Repair damage to buildings, 
piping, and equipment using skilled craftsmen of trades involved.

3.1.15.2   Existing Concealed Wiring to be Removed

Disconnect existing concealed wiring to be removed from its source.  
Remove conductors; cut conduit flush with floor, underside of floor, and 
through walls; and seal openings.

3.1.15.3   Removal of Existing Electrical Distribution System

Removal of existing electrical distribution system equipment includes 
equipment's associated wiring, including conductors, cables, exposed 
conduit, surface metal raceways, boxes, and fittings, back to equipment's 
power source as indicated.

3.1.16   Surge Protective Devices

Connect the surge protective devices in parallel to the power source, 
keeping the conductors as short and straight as practically possible.  
Maximum allowed lead length is  3 feet .
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3.2   FIELD FABRICATED NAMEPLATE MOUNTING

Provide number, location, and letter designation of nameplates as 
indicated.  Fasten nameplates to the device with a minimum of two 
sheet-metal screws or two rivets.

3.3   WARNING SIGN MOUNTING

Provide the number of signs required to be readable from each accessible 
side.  Space the signs in accordance with NFPA 70E.

3.4   FIELD APPLIED PAINTING

Paint electrical equipment as required to match finish of adjacent 
surfaces or to meet the indicated or specified safety criteria.  

3.5   FIELD QUALITY CONTROL

Furnish test equipment and personnel and submit written copies of test 
results.  Give Contracting Officer 5 working days notice prior to each test.

3.5.1   Devices Subject to Manual Operation

Operate each device subject to manual operation at least five times, 
demonstrating satisfactory operation each time.

3.5.2   600-Volt Wiring Test

Test wiring rated 600 volt and less to verify that no short circuits or 
accidental grounds exist.  Perform insulation resistance tests on wiring 
No. 6 AWG and larger diameter using instrument which applies voltage of 
approximately 500 volts to provide direct reading of resistance.  Minimum 
resistance:  250,000 ohms.

3.5.3   Transformer Tests

Perform the standard, not optional, tests in accordance with the 
Inspection and Test Procedures for transformers, dry type, air-cooled, 600 
volt and below; as specified in NETA ATS.  Measure primary and secondary 
voltages for proper tap settings.  Tests need not be performed by a 
recognized independent testing firm or independent electrical consulting 
firm.

3.5.4   Ground-Fault Receptacle Test

Test ground-fault receptacles with a "load" (such as a plug in light) to 
verify that the "line" and "load" leads are not reversed.

3.5.5   Grounding System Test

Test grounding system to ensure continuity, and that resistance to ground 
is not excessive.  Test each ground rod for resistance to ground before 
making connections to rod; tie grounding system together and test for 
resistance to ground.  Make resistance measurements in dry weather, not 
earlier than 48 hours after rainfall.  Submit written results of each test 
to Contracting Officer, and indicate location of rods as well as 
resistance and soil conditions at time measurements were made.

        -- End of Section --
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SECTION 26 24 13

SWITCHBOARDS

PART 1   GENERAL

1.1   REFERENCES

The publications listed below form a part of this specification to the 
extent referenced.  The publications are referred to in the text by the 
basic designation only.

ASTM INTERNATIONAL (ASTM)

ASTM A780/A780M (2009; R 2015) Standard Practice for 
Repair of Damaged and Uncoated Areas of 
Hot-Dip Galvanized Coatings

ASTM D1535 (2014) Specifying Color by the Munsell 
System

ASTM D709 (2013) Laminated Thermosetting Materials

INSTITUTE OF ELECTRICAL AND ELECTRONICS ENGINEERS (IEEE)

IEEE 100 (2000; Archived) The Authoritative 
Dictionary of IEEE Standards Terms

IEEE 81 (2012) Guide for Measuring Earth 
Resistivity, Ground Impedance, and Earth 
Surface Potentials of a Ground System

IEEE C2 (2012; Errata 2012; INT 1-4 2012; INT 5-7 
2013; INT 8-10 2014; INT 11 2015) National 
Electrical Safety Code

INTERNATIONAL ELECTRICAL TESTING ASSOCIATION (NETA)

NETA ATS (2013) Standard for Acceptance Testing 
Specifications for Electrical Power 
Equipment and Systems

NATIONAL ELECTRICAL MANUFACTURERS ASSOCIATION (NEMA)

ANSI C12.1 (2008) Electric Meters Code for 
Electricity Metering

ANSI/NEMA PB 2.1 (2013) General Instructions for Proper 
Handling, Installation, Operation and 
Maintenance of Deadfront Distribution 
Switchboards Rated 600 V or Less

NEMA ICS 6 (1993; R 2011) Enclosures

NEMA PB 2 (2011) Deadfront Distribution Switchboards
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NATIONAL FIRE PROTECTION ASSOCIATION (NFPA)

NFPA 70 (2014; AMD 1 2013; Errata 1 2013; AMD 2 
2013; Errata 2 2013; AMD 3 2014; Errata 
3-4 2014; AMD 4-6 2014) National 
Electrical Code

UNDERWRITERS LABORATORIES (UL)

UL 467 (2007) Grounding and Bonding Equipment

UL 891 (2005; Reprint Oct 2012) Switchboards

1.2   RELATED REQUIREMENTS

Section 26 08 00  APPARATUS INSPECTION AND TESTING applies to this section, 
with the additions and modifications specified herein.

1.3   DEFINITIONS

Unless otherwise specified or indicated, electrical and electronics terms 
used in these specifications, and on the drawings, are as defined in 
IEEE 100 .

1.4   SUBMITTALS

Government approval is required for submittals with a "G" designation; 
submittals not having a "G" designation are for information only.  When 
used, a designation following the "G" designation identifies the office 
that will review the submittal for the Government.  Submittals with an "S" 
are for inclusion in the Sustainability Notebook, in conformance to 
Section 01 33 29 , SUSTAINABITY REPORTING.  Submit the following in 
accordance with Section 01 33 00  SUBMITTAL PROCEDURES:

SD-02 Shop Drawings

Switchboard Drawings ; G

SD-03 Product Data

Switchboard ; G

SD-06 Test Reports

Switchboard Design Tests ; G

Switchboard Production Tests ; G

Acceptance Checks and Tests ; G

SD-07 Certificates

Cybersecurity Equipment Certification ; G

Submit certification indicating conformance with the paragraph 
CYBERSECURITY EQUIPMENT CERTIFICATION.

Cybersecurity Installation Certification ; G
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Submit certification indicating conformance with the paragraph 
CYBERSECURITY INSTALLATION CERTIFICATION.

SD-10 Operation and Maintenance Data

Switchboard Operation and Maintenance , Data Package 5; G

SD-11 Closeout Submittals

Assembled Operation and Maintenance Manuals ; G

Equipment Test Schedule ; G

Required Settings ; G

1.5   QUALITY ASSURANCE

1.5.1   Product Data

Include manufacturer's information on each submittal for each component, 
device and accessory provided with the switchboard including:

a.  Circuit breaker type, interrupting rating, and trip devices, including 
available settings.

b.  Manufacturer's instruction manuals and published time-current curves 
(in electronic format) of the main secondary breaker and largest 
secondary feeder device.

1.5.2   Switchboard Drawings

Include wiring diagrams and installation details of equipment indicating 
proposed location, layout and arrangement, control panels, accessories, 
piping, ductwork, and other items that must be shown to ensure a 
coordinated installation.  Identify circuit terminals on wiring diagrams 
and indicate the internal wiring for each item of equipment and the 
interconnection between each item of equipment.  Indicate on the drawings 
adequate clearance for operation, maintenance, and replacement of 
operating equipment devices.  Include the nameplate data, size, and 
capacity on submittal.  Also include applicable federal, military, 
industry, and technical society publication references on submittals.  
Include the following:

a.  One-line diagram including breakers.

b.  Outline drawings including front elevation, section views, footprint, 
and overall dimensions.

c.  Bus configuration including dimensions and ampere ratings of bus bars.

d.  Markings and NEMA nameplate data.

e.  Circuit breaker type, interrupting rating, and trip devices, including 
available settings.

f.  Wiring diagrams and elementary diagrams with terminals identified, and 
indicating prewired interconnections between items of equipment and 
the interconnection between the items.
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g.  Manufacturer's instruction manuals and published time-current curves 
(in electronic format) of the main secondary breaker and largest 
secondary feeder device.  Use this information (designer of record) to 
provide breaker settings that ensures protection and coordination are 
achieved.  

1.5.3   Regulatory Requirements

In each of the publications referred to herein, consider the advisory 
provisions to be mandatory, as though the word, "shall" or "must" had been 
substituted for "should" wherever it appears.  Interpret references in 
these publications to the "authority having jurisdiction," or words of 
similar meaning, to mean the Contracting Officer.  Provide equipment, 
materials, installation, and workmanship in accordance with the mandatory 
and advisory provisions of NFPA 70  unless more stringent requirements are 
specified or indicated.

1.5.4   Standard Products

Provide materials and equipment that are products of manufacturers 
regularly engaged in the production of such products which are of equal 
material, design and workmanship, and:

a.  Have been in satisfactory commercial or industrial use for 2 years 
prior to bid opening including applications of equipment and materials 
under similar circumstances and of similar size.

b.  Have been on sale on the commercial market through advertisements, 
manufacturers' catalogs, or brochures during the 2-year period.

c.  Where two or more items of the same class of equipment are required, 
provide products of a single manufacturer; however, the component 
parts of the item need not be the products of the same manufacturer 
unless stated in this section.

1.5.4.1   Alternative Qualifications

Products having less than a 2-year field service record will be acceptable 
if a certified record of satisfactory field operation for not less than 
6000 hours, exclusive of the manufacturers' factory or laboratory tests, 
is furnished.

1.5.4.2   Material and Equipment Manufacturing Date

Products manufactured more than 1 year prior to date of delivery to site 
are not acceptable.

1.6   MAINTENANCE

1.6.1   Switchboard Operation and Maintenance  Data

Submit Operation and Maintenance Manuals in accordance with Section 
01 78 23  OPERATION AND MAINTENANCE DATA.

1.6.2   Assembled Operation and Maintenance Manuals

Assemble and securely bind manuals in durable, hard covered, water 
resistant binders.  Assemble and index the manuals in the following order 
with a table of contents:
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a.  Manufacturer's O&M information required by the paragraph SD-10, 
OPERATION AND MAINTENANCE DATA.

b.  Catalog data required by the paragraph SD-03, PRODUCT DATA.

c.  Drawings required by the paragraph SD-02, SHOP DRAWINGS.

d.  Prices for spare parts and supply list.

f.  Design test reports.

g.  Production test reports.

1.7   WARRANTY

Provide equipment items that are supported by service organizations 
reasonably convenient to the equipment installation in order to render 
satisfactory service to the equipment on a regular and emergency basis 
during the warranty period of the contract.

PART 2   PRODUCTS

2.1   PRODUCT COORDINATION

Products and materials not considered to be switchboards and related 
accessories are specified in Section 33 71 02  UNDERGROUND ELECTRICAL 
DISTRIBUTION, and Section 26 20 00  INTERIOR DISTRIBUTION SYSTEM.

2.2   SWITCHBOARD

NEMA PB 2 and UL 891 .

2.2.1   Ratings

Provide equipment with the following ratings:

a.  Voltage rating:  480Y/277 volts AC, three-phase, 4-wire.

b.  Continuous current rating of the main bus:  _____ 600  amperes. 

c.  Short-circuit current rating:  65,000 rms symmetrical amperes.

d.  UL listed and labeled as service entrance equipment.

2.2.2   Construction

Provide the following:

a.  Switchboard:  consisting of one or more vertical sections bolted 
together to form a rigid assembly and front and rear aligned.

b.  All circuit breakers:  front accessible.

e.  Where indicated, "space for future" or "space" means to include a 
vertical bus provided behind a blank front cover.  Where indicated, 
"provision for future" means full hardware provided to mount a breaker 
suitable for the location.
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f.  Completely factory engineered and assembled, including protective 
devices and equipment indicated with necessary interconnections, 
instrumentation, and control wiring.

2.2.2.1   Enclosure

Provide the following:

a.  Enclosure:  NEMA ICS 6  Type 1.

b.  Enclosure:  bolted together with removable bolt-on side and hinged 
rear covers.

e.  Base:  includes any part of enclosure that is within  3 inches  of 
concrete pad.

g.  Paint color:  ASTM D1535 light gray No. 61 or No. 49 over rust 
inhibitor.

2.2.2.2   Bus Bars

Provide the following:

a.  Bus bars:  copper with silver-plated contact surfaces.

(1) Phase bus bars:  uninsulated.

(2) Neutral bus:  rated 100 percent of the main bus continuous current 
rating as indicated.

b.  Make bus connections and joints with hardened steel bolts.

c.  Main-bus (through bus):  rated at the full ampacity of the main 
throughout the switchboard.

d.  Minimum  one-quarter by 2 inch  copper ground bus secured to each 
vertical section along the entire length of the switchboard.

2.2.2.3   Main Section

Provide the main section consisting ofa combination section with 
molded-case circuit breakers for the main and branch devices as indicated.

2.2.3   Protective Device

Provide main and branch protective devices as indicated.

2.2.4   Electronic Trip Units

Equip main anddistribution breakers with a solid-state tripping system 
consisting of three current sensors and a microprocessor-based trip unit 
that provides true rms sensing adjustable time-current circuit 
protection.  Include the following:   

a.  Current sensors ampere rating:   as indicated.

b.  Trip unit ampere rating:   as indicated.

c.  Ground fault protection:   as indicated.
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(2) Main breakers:  include short delay pick-up and time settings and, 
instantaneous settings and ground fault settings. (3) Distribution 
breakers:  include short delay pick-up and time settings, 
instantaneous settings. 2.2.5   Terminal Boards

Provide with engraved plastic terminal strips and screw type terminals for 
external wiring between components and for internal wiring between 
removable assemblies.  Provide short-circuiting type terminal boards 
associated with current transformer.  Terminate conductors for current 
transformers with ring-tongue lugs.  Provide terminal board identification 
that is identical in similar units.  Provide color coded external wiring 
that is color coded consistently for similar terminal boards.

2.2.6   Wire Marking

Mark control and metering conductors at each end.  Provide factory 
installed, white, plastic tubing, heat stamped with black block type 
letters on factory-installed wiring.  On field-installed wiring, provide 
white, preprinted, polyvinyl chloride (PVC) sleeves, heat stamped with 
black block type letters.  Provide a single letter or number on each 
sleeve, elliptically shaped to securely grip the wire, and keyed in such a 
manner to ensure alignment with adjacent sleeves.  Provide specific wire 
markings using the appropriate combination of individual sleeves.  
Indicate on each wire marker the device or equipment, including specific 
terminal number to which the remote end of the wire is attached.

2.3   MANUFACTURER'S NAMEPLATE

Provide a nameplate on each item of equipment bearing the manufacturer's 
name, address, model number, and serial number securely affixed in a 
conspicuous place; the nameplate of the distributing agent is not 
acceptable.  This nameplate and method of attachment may be the 
manufacturer's standard if it contains the required information.

2.4   FIELD FABRICATED NAMEPLATES

ASTM D709.  Provide laminated plastic nameplates for each switchboard, 
equipment enclosure, relay, switch, and device; as specified in this 
section or as indicated on the drawings.  Identify on each nameplate 
inscription the function and, when applicable, the position.  Provide 
nameplates of melamine plastic,  0.125 inch  thick, white with black center 
core.  Provide red laminated plastic label with white center core where 
indicated.  Provide matte finish surface.  Provide square corners.  
Accurately align lettering and engrave into the core.  Provide nameplates 
with minimum size of  one by 2.5 inches .  Provide lttering that is a 
minimum of  0.25 inch  high normal block style.

2.5   SOURCE QUALITY CONTROL

2.5.1   Equipment Test Schedule

The Government reserves the right to witness tests.  Provide equipment 
test schedules for tests to be performed at the manufacturer's test 
facility.  Submit required test schedule and location, and notify the 
Contracting Officer 30 calendar days before scheduled test date.  Notify 
Contracting Officer 15 calendar days in advance of changes to scheduled 
date.
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Provide the following as part of test equipment calibration:

a.  Provide a calibration program which assures that all applicable test 
instruments are maintained within rated accuracy.

b.  Accuracy:  Traceable to the National Institute of Standards and 
Technology.

c.  Instrument calibration frequency schedule:  less than or equal to 12 
months for both test floor instruments and leased specialty equipment.

d.  Dated calibration labels:  visible on all test equipment.

e.  Calibrating standard:  higher accuracy than that of the instrument 
tested.

f.  Keep up-to-date records that indicate dates and test results of 
instruments calibrated or tested.  For instruments calibrated by the 
manufacturer on a routine basis, in lieu of third party calibration, 
include the following:

(1) Maintain up-to-date instrument calibration instructions and 
procedures for each test instrument.

(2) Identify the third party/laboratory calibrated instrument to 
verify that calibrating standard is met.

2.5.2   Switchboard Design Tests

NEMA PB 2 and UL 891 .

2.5.2.1   Design Tests
2.5.3   Switchboard Production Tests

NEMA PB 2 and UL 891 .  Furnish reports which include results of production 
tests performed on the actual equipment for this project.  These tests 
include:

a.  60-hertz dielectric tests.

b.  Mechanical operation tests.

c.  Electrical operation and control wiring tests.

d.  Ground fault sensing equipment test.

2.6   ARC FLASH WARNING LABEL

Provide warning label for switchboards.  Locate this self-adhesive warning 
label on the outside of the enclosure warning of potential electrical arc 
flash hazards and appropriate PPE required.  Provide label format as 
indicated.

2.7   SERVICE ENTRANCE AVAILABLE FAULT CURRENT LABEL

Provide label on exterior of switchboards used as service equipment 
listing the maximum available fault current at that location.  Include on 
the label the date that the fault calculation was performed and the 
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contact information for the organization that completed the calculation.  
Locate this self-adhesive warning label on the outside of the 
switchboard.  Provide label format as indicated.

PART 3   EXECUTION

3.1   INSTALLATION

Conform to IEEE C2 , NFPA 70 , and to the requirements specified herein.  
Provide new equipment and materials unless indicated or specified 
otherwise.

3.2   GROUNDING

NFPA 70  and IEEE C2 , except that grounds and grounding systems with a 
resistance to solid earth ground not exceeding 25 ohms.

3.2.1   Grounding Electrodes

Provide driven ground rods as specified in Section 33 71 02  UNDERGROUND 
ELECTRICAL DISTRIBUTION.  Connect ground conductors to the upper end of 
the ground rods by exothermic weld or compression connector.  Provide 
compression connectors at equipment end of ground conductors.

3.2.2   Equipment Grounding

Provide bare copper cable not smaller than No. 4/0 AWG not less than  24 
inches  below grade connecting to the indicated ground rods.  When work in 
addition to that indicated or specified is directed to obtain the 
specified ground resistance, the provision of the contract covering 
"Changes" applies.

3.2.3   Connections

Make joints in grounding conductors and loops by exothermic weld or 
compression connector.  Install exothermic welds and compression 
connectors as specified in Section 33 71 02  UNDERGROUND ELECTRICAL 
DISTRIBUTION.

3.2.4   Grounding and Bonding Equipment

UL 467 , except as indicated or specified otherwise.

3.3   INSTALLATION OF EQUIPMENT AND ASSEMBLIES

Install and connect equipment furnished under this section as indicated on 
project drawings, the approved shop drawings, and as specified herein.

3.3.1   Switchboard

ANSI/NEMA PB 2.1 .

3.3.2   Meters and Instrument Transformers

ANSI C12.1 .

3.3.3   Field Applied Painting

Where field painting of enclosures is required to correct damage to the 
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manufacturer's factory applied coatings, provide manufacturer's 
recommended coatings and apply in accordance with manufacturer's 
instructions.

3.3.4   Galvanizing Repair

Repair damage to galvanized coatings using ASTM A780/A780M , zinc rich 
paint, for galvanizing damaged by handling, transporting, cutting, 
welding, or bolting.  Do not heat surfaces that repair paint has been 
applied to.

3.3.5   Field Fabricated Nameplate Mounting

Provide number, location, and letter designation of nameplates as 
indicated.  Fasten nameplates to the device with a minimum of two 
sheet-metal screws or two rivets.

3.4   FOUNDATION FOR EQUIPMENT AND ASSEMBLIES

3.4.1   Exterior Location

Mount switchboard on concrete slab as follows:

a.  Unless otherwise indicated, provide the slab with dimensions at least  
8 inches  thick, reinforced with a  6 by 6 inch  No. 6 mesh placed 
uniformly  4 inches  from the top of the slab.

b.  Place slab on a  6 inch  thick, well-compacted gravel base. 

c.  Install slab such that the top of the concrete slab is approximately  4 
inches  above the finished grade.

d.  Provide edges above grade  1/2 inch  chamfer.  

e.  Provide slab of adequate size to project at least  8 inches  beyond the 
equipment.

f.  Provide conduit turnups and cable entrance space required by the 
equipment to be mounted.

g.  Seal voids around conduit openings in slab with water- and 
oil-resistant caulking or sealant.

h.  Cut off and bush conduits  3 inches  above slab surface.

i.  Provide concrete work as specified in Section 03 30 00  CAST-IN-PLACE 
CONCRETE.

3.4.2   Interior Location

Mount switchboard on concrete slab as follows:

a.  Unless otherwise indicated, provide the slab with dimensions at least  
4 inches  thick.

b.  Install slab such that the top of the concrete slab is approximately  4 
inches  above the finished grade.  

c.  Provide edges above grade  1/2 inch  chamfer.
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d.  Provide slab of adequate size to project at least  8 inches  beyond the 
equipment.

e.  Provide conduit turnups and cable entrance space required by the 
equipment to be mounted.

f.  Seal voids around conduit openings in slab with water- and 
oil-resistant caulking or sealant.

g.  Cut off and bush conduits  3 inches  above slab surface.

h.  Provide concrete work as specified in Section 03 30 00  CAST-IN-PLACE 
CONCRETE.

3.5   FIELD QUALITY CONTROL

3.5.1   Performance of Acceptance Checks and Tests

Perform in accordance with the manufacturer's recommendations and include 
the following visual and mechanical inspections and electrical tests, 
performed in accordance with NETA ATS.

3.5.1.1   Switchboard Assemblies

a.  Visual and Mechanical Inspection

(1) Compare equipment nameplate data with specifications and approved 
shop drawings.

(2) Inspect physical, electrical, and mechanical condition.

(3) Verify appropriate anchorage, required area clearances, and 
correct alignment.

(4) Clean switchboard and verify shipping bracing, loose parts, and 
documentation shipped inside cubicles have been removed.

(5) Inspect all doors, panels, and sections for paint, dents, 
scratches, fit, and missing hardware.

(6) Verify that circuit breaker sizes and types correspond to approved 
shop drawings as well as to the circuit breaker’s address for 
microprocessor-communication packages.

(8) Inspect all bolted electrical connections for high resistance 
using low-resistance ohmmeter, verifying  tightness of accessible 
bolted electrical connections by calibrated torque-wrench method, 
or performing thermographic survey.

(9) Confirm correct operation and sequencing of electrical and 
mechanical interlock systems.

(10) Confirm correct application of manufacturer's recommended 
lubricants.

(11) Inspect insulators for evidence of physical damage or 
contaminated surfaces.
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(12) Verify correct barrier installation.

(13) Exercise all active components.

(14) Inspect all mechanical indicating devices for correct operation.

(15) Verify that filters are in place and vents are clear.

(16) Test operation, alignment, and penetration of instrument 
transformer withdrawal disconnects.

(17) Inspect control power transformers.

b. 

3.5.1.2   Circuit Breakers - Low Voltage - Power

a.  Visual and Mechanical Inspection

(1) Compare nameplate data with specifications and approved shop 
drawings.

(2) Inspect physical and mechanical condition.

(3) Inspect anchorage, alignment, and grounding.

(4) Verify that all maintenance devices are available for servicing 
and operating the breaker.

(5) Inspect arc chutes.

(6) Inspect moving and stationary contacts for condition, wear, and 
alignment.

(7) Verify that primary and secondary contact wipe and other 
dimensions vital to satisfactory operation of the breaker are 
correct.

(8) Perform all mechanical operator and contact alignment tests on 
both the breaker and its operating mechanism.

(9) Inspect all bolted electrical connections for high resistance 
using low-resistance ohmmeter, verifying  tightness of accessible 
bolted electrical connections by calibrated torque-wrench method, 
or performing thermographic survey.

(10) Verify cell fit and element alignment.

(11) Verify racking mechanism.

(12) Confirm correct application of manufacturer's recommended 
lubricants.

b.  Electrical Tests

(3) Adjust Breaker(s) for final settings in accordance with Government 
provided settings.
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(4) 

(10)

3.5.1.3   Circuit Breakers

Low Voltage Molded Case with Solid State Trips

a.  Visual and Mechanical Inspection

(1) Compare nameplate data with specifications and approved shop 
drawings.

(2) Inspect circuit breaker for correct mounting.

(3) Operate circuit breaker to ensure smooth operation.

(4) Inspect case for cracks or other defects.

(5) Inspect all bolted electrical connections for high resistance 
using low resistance ohmmeter, verifying tightness of accessible 
bolted connections and/or cable connections by calibrated 
torque-wrench method, or performing thermographic survey.

(6) Inspect mechanism contacts and arc chutes in unsealed units.

b.  Electrical Tests

(1)

(3) Perform Breaker adjustments for final settings in accordance with 
Government provided settings.

(4) 

3.5.1.4   Current Transformers

a.  Visual and Mechanical Inspection

(1) Compare equipment nameplate data with specifications and approved 
shop drawings.

(2) Inspect physical and mechanical condition.

(3) Verify correct connection.

(4) Verify that adequate clearances exist between primary and 
secondary circuit.

(5) Inspect all bolted electrical connections for high resistance 
using low-resistance ohmmeter, verifying tightness of accessible 
bolted electrical connections by calibrated torque-wrench method, 
or performing thermographic survey.

(6) Verify that all required grounding and shorting connections 
provide good contact.
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b.  

3.5.1.5   Metering and Instrumentation

a.  Visual and Mechanical Inspection

(1) Compare equipment nameplate data with specifications and approved 
shop drawings.

(2) Inspect physical and mechanical condition.

(3) Verify tightness of electrical connections.

b.  

3.5.1.6   Grounding System

a.  Visual and Mechanical Inspection

(1) Inspect ground system for compliance with contract plans and 
specifications.

b.  Electrical Tests

(1) IEEE 81 .  Perform ground-impedance measurements utilizing the 
fall-of-potential method.  On systems consisting of interconnected 
ground rods, perform tests after interconnections are complete.  
On systems consisting of a single ground rod perform tests before 
any wire is connected.  Take measurements in normally dry weather, 
not less than 48 hours after rainfall.  Use a portable ground 
resistance tester in accordance with manufacturer's instructions 
to test each ground or group of grounds.  Use an instrument 
equipped with a meter reading directly in ohms or fractions 
thereof to indicate the ground value of the ground rod or 
grounding systems under test.

3.5.2   Follow-Up Verification

Upon completion of acceptance checks, settings, and tests, show by 
demonstration in service that circuits and devices are in good operating 
condition and properly performing the intended function. Trip circuit 
breakers by operation of each protective device.  Test each item to 
perform its function not less than three times.  As an exception to 
requirements stated elsewhere in the contract, provide the Contracting 
Officer 5 working days advance notice of the dates and times for checks, 
settings, and tests.

        -- End of Section --
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SECTION 26 27 13.10 30

ELECTRIC METERS

PART 1   GENERAL

1.1   REFERENCES

The publications listed below form a part of this specification to the 
extent referenced.  The publications are referred to within the text by 
the basic designation only.

INSTITUTE OF ELECTRICAL AND ELECTRONICS ENGINEERS (IEEE)

IEEE 100 (2000; Archived) The Authoritative 
Dictionary of IEEE Standards Terms

IEEE C2 (2017; Errata 1-2 2017; INT 1 2017) 
National Electrical Safety Code

IEEE C37.90.1 (2013) Standard for Surge Withstand 
Capability (SWC) Tests for Relays and 
Relay Systems Associated with Electric 
Power Apparatus

IEEE C57.13 (2016) Requirements for Instrument 
Transformers

INTERNATIONAL ELECTROTECHNICAL COMMISSION (IEC)

IEC 61000-4-5 (2017) Electromagnetic Compatibility (EMC) 
- Part 4-5: Testing and Measurement 
Techniques -  Surge Immunity Test

IEC 62053-22 (2003; ED 1.0) Electricity Metering 
Equipment (a.c.) - Particular Requirements 
- Part 22: Static Meters for Active Energy 
(Classes 0,2 S and 0,5 S)

NATIONAL ELECTRICAL MANUFACTURERS ASSOCIATION (NEMA)

ANSI C12.18 (2006; R 2016) Protocol Specification for 
ANSI Type 2 Optical Port

ANSI C12.20 (2015; E 2018) Electricity Meters - 0.1, 
0.2, and 0.5 Accuracy Classes

ANSI C62.61 (1993) American National Standard for Gas 
Tube Surge Arresters on Wire Line 
Telephone Circuits

NATIONAL FIRE PROTECTION ASSOCIATION (NFPA)

NFPA 70 (2017; ERTA 1-2 2017; TIA 17-1; TIA 17-2; 
TIA 17-3; TIA 17-4; TIA 17-5; TIA 17-6; 
TIA 17-7; TIA 17-8; TIA 17-9; TIA 17-10; 
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TIA 17-11; TIA 17-12; TIA 17-13; TIA 
17-14) National Electrical Code

1.2   DEFINITIONS

Unless otherwise specified or indicated, electrical and electronics terms 
used in this specification and on the drawings shall be as defined in 
IEEE 100 .

1.3   SUBMITTALS

Government approval is required for submittals with a "G" designation; 
submittals not having a "G" designation are for information only.  When 
used, a designation following the "G" designation identifies the office 
that will review the submittal for the Government.  Submittals with an "S" 
are for inclusion in the Sustainability eNotebook, in conformance to 
Section 01 33 29  SUSTAINABILITY REPORTING.  Submit the following in 
accordance with Section 01 33 00  SUBMITTAL PROCEDURES:

a. Maintenance manual shall provide:
   1. Condensed description of how the equipment operates.
   2. Block diagram indicating major assemblies.
   3. Troubleshooting information
   4. Preventive maintenance.
   5. Spare parts information.

b. Provide operation and maintenance manuals required by submittal item 
"SD-10 Operation and Maintenance Data."

SD-02 Shop Drawings

SD-03 Product Data

Power Meters ; G

Current  Transformers; G

Potential Transformer ; G

Communications Module ; G

Protocol Modules ; G

Data Recorder ; G

Modem; G

  Submittals shall include manufacturer's information for each component, 
device, and accessory provided with the meter, protocol module or 
communications module.

SD-06 Test Reports

Acceptance Checks and Tests ; G

SD-10 Operation and Maintenance Data

Power Meters ; G
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Communications Module ; G

Protocol Modules ; G

Data Recorder ; G

Modem; G

SD-11 Closeout Submittals

System Function Verification ; G

1.4   QUALITY ASSURANCE

1.4.1   Installation Drawings

Drawings shall indicate but not be limited to the following:

a. Elementary diagrams and wiring diagrams with terminals identified of 
advanced meter,. 

b. One-line diagram, including meters,. 

1.4.2   Standard Products

Provide materials and equipment that are products of manufacturers 
regularly engaged in the production of such products which are of equal 
material, design and workmanship. Products shall have been in satisfactory 
commercial or industrial use for 2 years prior to bid opening. The 2-year 
period shall include applications of equipment and materials under similar 
circumstances and of similar size. The product shall have been on sale on 
the commercial market through advertisements, manufacturers' catalogs, or 
brochures during the 2-year period. Where two or more items of the same 
class of equipment are required, these items shall be products of a single 
manufacturer; however, the component parts of the item need not be the 
products of the same manufacturer unless stated in this section.

1.4.3   Alternative Qualifications

Products having less than a 2-year field service record will be acceptable 
if a certified record of satisfactory field operation for not less than 
6000 hours, exclusive of the manufacturers' factory or laboratory tests, 
is furnished.

1.4.4   Material and Equipment Manufacturing Data

Products manufactured more than 2 years prior to date of delivery to site 
shall not be used, unless specified otherwise.

1.5   WARRANTY

The equipment items shall be supported by service organizations which are 
reasonably convenient to the equipment installation in order to render 
satisfactory service to the equipment on a regular and emergency basis 
during the warranty period of the contract.

SECTION 26 27 13.10 30  Page 5



CAPITAL PROJECT # 1043925 MAY 2022 HAFB 309th SWEG
KRSM200806 100% FINAL SUBMITTAL

1.6   SYSTEM DESCRIPTION

1.6.1   System Requirements

The metering and reading system, consisting of commercial, off-the-shelf 
meters, protocol modules , communications modules, and communication 
channels, will be used to record the electricity consumption and other 
values as described in the sections that follow and as shown on the 
drawings.

1.6.2   Selection Criteria

Metering components are part of a system that includes the physical meter, 
data recorder  function and communications ( modem) method. Every building 
site identified shall include sufficient metering components to measure 
the electrical parameters identified and to store and communicate the 
values as required in the following sections. Contractor shall verify that 
the metering system installed on any building site is compatible with the 
facility-wide communication and meter-reading protocol system.

PART 2   PRODUCTS

2.1   POWER METERS

2.1.1   Physical and Common Requirements

Meter must be AMRS compliant per the air force approved list of meters.
a. Metering system components shall be installed according to the 
Metering System Schedule shown on the drawings.

d. If existing meter base is usable, the meter base determines meter form 
factor. If a new meter is being installed, use meter and base form 
factor of  9S.

f. Meter shall be a Class 20, transformer rated design.

g. Meter shall be rated for use at temperature from -40  degrees 
Centigrade to +70  degrees Centigrade .

h. Meter shall have NEMA 3R enclosure for surface mounting.

i. Surge withstand shall conform to IEEE C37.90.1 .

j. Meter shall have a standard 4 -year warranty.

k. Meter shall comply with IEC 62053-22  (Part 21: Static Meter for Active 
Energy, classes 0.2S and 0.5S), certified by a qualified third party 
test laboratory.

2.1.2   Voltage Requirements

a. Meter shall be capable of connection to the service voltage phases and 
magnitude being monitored. If the meter is not rated for the service 
voltage, provide suitable potential transformers to send an acceptable 
voltage to the meter.

b. Meter shall be capable of connection to the service voltage indicated 
in the Metering System Schedule:
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c. Meter shall accept independent voltage inputs from each phase. Meter 
shall be auto-ranging over the full range of input voltages.

d. Voltage input shall be optically isolated to 2500 volts DC from signal 
and communications outputs. Components shall meet or exceed 
IEEE C37.90.1  (Surge Withstand Capability).

e. The Contractor shall be responsible for determining the actual voltage 
ratio of each potential transformer . Transformer shall conform to 
IEEE C57.13  and the following requirements.  

    
   1. Type:  Dry type, of two-winding construction.

   2. Weather: Outdoor or Indoor rated for the application.

   3. Frequency:  Nominal 60Hz, 50Hz for those bases that operate on 50Hz.

   4. Accuracy:  Plus or minus 0.3% at 60Hz or 0.3% for those systems 
that operate at 50Hz.

2.1.3   Current  Requirements

a. Meter shall accept independent current inputs from each phase. Current 
transformer shall be installed with a full load rating as shown in the 
schedule.

b. Single ratio current transformer shall have an Accuracy Class of 1.2 
with a maximum error of +/- 1.2% at 5.0 amps.

c. Current transformer shall have:

   1. Insulation Class:  All 600 volt and below current transformers 
shall be rated 10 KV BIL. Current transformers for 2400 and 4160 
volt service shall be rated 25 KV BIL.

   2. Frequency:  Nominal 60Hz, 50Hz for bases that operate on 50Hz.

   3. Burden:  Burden class shall be selected for the load.

   4. Phase Angle Range:  0 to 60 degrees.

d. Meter shall accept current input from standard instrument transformers 
(5A secondary current transformers.)

e. Current inputs shall have a continuous rating in accordance with 
IEEE C57.13 .

f. Multi-ratio current transformer where indicated shall have a top range 
equal to or greater than the actual load. The Contractor shall be 
responsible for determining the actual ratio of each transformer.  
Current transformer shall conform to IEEE C57.13 .

2.1.4   Electrical Measurements

Power meter shall measure and report the following quantities:

a. Kilowatt-hours ("kWh" in Metering Systems Schedule) of consumption. 
Cumulative.
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b. Kilowatts of demand ("kW" in Metering Systems Schedule). Peak average 
over a selectable demand interval between 5 and 60 minutes (typically 
15 minutes).

c. Reactive power ("kVAR" in Metering Systems Schedule). Measured over the 
same interval as the peak kW reading.

d. Power factor ("PF" in Metering Systems Schedule). Measured over the 
same interval as the peak kW reading.

e. Time of use consumption ("TOU" in Metering Systems Schedule). 
Kilowatt-hours recorded separately for each period set by programming 
into the meter. Time periods shall be capable of being changed without 
removal from service. The meter shall internally record and store Time 
of Use data.

   1. Four (4) minimum  TOU Rates (Registers)

   2. Twenty (20) Year Calendar

   3. Two (2) minimum  seasons per year

f. Interval recording ("IR" in Metering Systems Schedule). Kilowatt-hours 
shall be recorded for each 15 minute interval and shall accumulate for 
30 days. Memory for recording the interval readings shall be internal 
to the meter and ANSI C12.19 compliant. Meter shall provide 
time-stamped readings for every measured parameter.

g. Meter readings shall be true RMS.

2.1.5   Meter Accuracy

Power meter shall provide the following accuracies. Accuracies shall be 
measured as percent of reading at standard meter test points.

a. Power meter shall meet ANSI C12.20  for Class 0.2 and IEC 62053-22  
accuracy requirements.

2.1.6   An on the Meter Display, Output and Reading Capabilities

Meter shall include the following output signals.

a. The meter will have a face display plate and shall display every 
electrical parameter indicated to be recorded. Meters shall not be 
required to indicate interval data collected in a data logger with a 
communications output feature. Peak values, instantaneous and 
cumulative values shall be displayed.

2.1.7   Installation Methods

a. Transformer mounted (XFMR)

   1. Meter base shall be located outside on the secondary side of the 
pad-mounted transformer.

b. Stand-mounted adjacent to transformer ("STAND" in Metering Systems 
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Schedule)

   1. Meter base shall be mounted on a structural steel pole 
approximately 4 feet from the transformer pad. See detail on the 
drawings.

c. Building mounted ("BLDG" in Metering Systems Schedule)

   1. Meter base shall be mounted on the side of the existing building 
near the service entrance. See detail on the drawings.

d. Panel mounted. ("PNL" in Metering Systems Schedule)

   1. Meter shall be mounted where directed. See detail on the drawings.

e. Common features.

   1. PTs (if required for proper voltage range) and CTs shall be 
physically connected to the service entrance cables inside the 
service entrance disconnect enclosure.

2.1.8   Disconnecting Switches

a. Disconnecting wiring blocks shall be provided between the current 
transformer and the meter. A shorting mechanism shall be built into 
the wiring block to allow the current transformer wiring to be changed 
without removing power to the transformer. The wiring blocks shall be 
located where they are accessible without the necessity of 
disconnecting power to the transformer. For multi-ratio current 
transformers, provide a shorting block from each tap to the common 
lead.

b. Voltage-monitoring circuits shall be equipped with disconnect switches 
to isolate the meter base or socket from the voltage source.

2.1.9   Meter Programming

a. Power meter shall be programmable by software supplied by the meter 
manufacturer.

b. Software shall have a user-friendly, Windows-compatible interface.

c. Software shall operate on manufacturer's  operating systems.

d. Software shall allow the user to configure the meter, troubleshoot 
meter, query and display meter parameters and configuration data and 
stored values.

e. Meter firmware shall be upgradeable through one of the communications 
ports without removing the unit from service.

2.2   COMMUNICATIONS

2.2.1   Communications Methods

2.2.1.1   Optical Port

The optical port shall communicate with a hand-held reading device 
according to the following requirements.
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a. Communications standards

   1. ANSI C12.18

   2. MV90 protocol

   3. ANSI C12.20

b. Read operations

   1. Current kWh values

   2. Demand (kW) values since last reset

   3. Last reset value

   4. Meter status

c. Write operations

   1. Meter setup

2.2.1.2   Serial Port

Provide serial port for connection to modem module where required in this 
specification.

2.2.1.3   Ethernet

For those meters using the Ethernet, logged information shall be sent 
using open standard Internet Protocols.  

a. On-board Ethernet port support

   1. HTTP

   2. SMTP

      (a) Modbus

b. Distribute stored data by

   1. FTP

2.2.2   Communications Protocols and Methods

Communications protocols and methods shall be native to the meter. Provide 
communications module (s) as required to accomplish the following.

a. Meter shall include an IR port ("IR" in Metering Systems Schedule) for 
communication to external devices such as handheld readers that 
support a minimum speed of 9600 baud.

b. 

2.2.3   Communications Channels Surge Protection

Communications equipment shall be protected against surges induced on its 
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communications channels.  Communication interfaces to all field equipment 
shall be protected to meet the requirements of IEEE C37.90.1  or the 
requirements of IEC 61000-4-5 , test level 4, while the equipment is 
operating.  Fuses shall not be used for surge protection.  Metallic cables 
and conductors which serve as communications channels between buildings 
shall have surge protection installed at equipment rated for the 
application installed at each end, within  3 feet  of the building cable 
entrance.  Surge protectors shall meet the requirements of the applicable 
extension of ANSI C62 (for example, ANSI C62.61 ).

2.3   METER DATA PROTOCOL

Power meters shall have communicating data protocols native or provided in 
supplemental modules to communicate with the communications methods that 
follow.

2.3.1   Open Protocol

Power meter shall support the following open protocols. Contractor shall 
verify that the meter native protocol is consistent with the facility data 
recording and communication and data storage system. Contractor shall 
provide additional converters and modules as required for a complete 
measurement, recording, communicating and data storage system.

a. Meter shall be fully supported by MV-90 software system or existing AMR 
software that is MV-90 compatible.

b. For systems that use proprietary software, an alternative, competitive 
software system must be available.

Systems capable of using more than one brand of commercially available 
meters are expected.  In addition, if proprietary meter reading software 
is used, meters are to be capable of being read by more than one 
manufacturer's software.

2.4   SPARE PARTS

2.4.1   Parts List

Provide spare parts as follows:

a. Power meter - two for each type used.

b. Current transformer - three for each type used.

c. Potential transformer - three for each type used.

d. Communications module - one for each type used.

e. Protocol module - one for each type used.

f. Other electronic and power components - one for each type used.

2.5   METERING SYSTEM SCHEDULE

Metering System Schedule is available at 
http://www.wbdg.org/FFC/NAVGRAPH/graphtoc.pdf  
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PART 3   EXECUTION

3.1   INSTALLATION

Electrical installations shall conform to IEEE C2 , NFPA 70 , and to the 
requirements specified herein. Provide new equipment and materials unless 
indicated or specified otherwise.

3.1.1   Scheduling of Work and Outages

The Contract Clauses shall govern regarding permission for power outages, 
scheduling of work, coordination with Government personnel, and special 
working conditions.

3.2   FIELD QUALITY CONTROL

3.2.1   Performance of Acceptance Checks and Tests

3.2.1.1   Meter Assembly

a. Visual and mechanical inspection

   1. Compare equipment nameplate data with specification and approved 
shop drawings.

   2. Inspect physical and mechanical condition.

   3. Inspect all bolted electrical connections for high resistance using 
low-resistance ohmmeter, verifying tightness of accessible bolted 
electrical connections by calibrated torque-wrench method.

   4. Verify grounding of metering enclosure.

   5. Verify the presence of surge arresters.

   6. Verify that the CT ratio and the PT ratio are properly included in 
the meter multiplier or the programming of the meter.

b. Electrical tests

   2. Verify that correct multiplier has been placed on face or meter 
where applicable.

   3. Prior to system acceptance, the Contractor will demonstrate and 
confirm the meter is properly wired and is displaying correct and 
accurate electrical information.

3.2.1.2   Current Transformers

a. Visual and mechanical inspection

   1. Compare equipment nameplate data with specification and approved 
shop drawings.

   2. Inspect physical and mechanical condition.

   3. Verify correct connection.

   4. Inspect all bolted electrical connections for high resistance using 
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low-resistance ohmmeter, verifying tightness of accessible bolted 
electrical connections by calibrated torque-wrench method .

   5. Verify that required grounding and shorting connections provide 
good contact.

b. Electrical tests

   1. Perform resistance measurements through all bolted connections with 
low-resistance ohmmeter, if applicable.

   2. Perform insulation-resistance test.
   
   3. Perform a polarity test.

   4. Perform a ratio-verification test.

3.2.1.3   Potential Transformers

a. Visual and mechanical inspection

   1. PT's are rigidly mounted.

   2. PT's are correct voltage.

   3. Verify that adequate clearances exist between primary and secondary 
circuit.

b. Electrical tests

   1. Perform a ratio-verification test.

3.2.2   Follow-Up System Function Verification

Upon completion of acceptance checks and tests, the Contractor shall show 
by demonstration in service that circuits and devices are in good 
operating condition and properly performing the intended function. As an 
exception to requirements stated elsewhere in the contract, the 
Contracting Officer shall be given 5 working days' advance notice of the 
dates and times of checking and testing.

3.2.3   Training

The Contractor shall conduct a training course for meter configuration, 
operation, and maintenance of the system as specified. The training shall 
be oriented for all components and systems installed under this contract. 
Training manuals shall be delivered for  trainees with two additional 
copies delivered for archiving at the project site. The Contractor shall 
furnish all audiovisual equipment and all other training materials and 
supplies. A training day is defined as eight hours of classroom 
instruction, including two 15-minute breaks and excluding lunchtime, 
Monday through Friday, during the daytime shift in effect at the training 
facility. For guidance in planning the required instruction, the 
Contractor shall assume that attendees have a high school education or 
equivalent, and are familiar with utility systems. Approval of the planned 
training schedule shall be obtained from the Government at least 30 days 
prior to the training.

a. Training:  The course shall be taught at the project site within thirty 
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days after completion of the installation for a period of one  day(s). 
A maximum of 6 personnel will attend the course. The training shall 
include:

   1. Physical layout of each piece of hardware.

   2. Meter configuration, troubleshooting and diagnostics procedures.

   3. Repair instructions.

   4. Preventive maintenance procedures and schedules.

   5. Testing and calibration procedures.

        -- End of Section --
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SECTION 26 28 01.00 10

COORDINATED POWER SYSTEM PROTECTION

PART 1   GENERAL

1.1   REFERENCES

The publications listed below form a part of this specification to the 
extent referenced.  The publications are referred to within the text by 
the basic designation only.

INSTITUTE OF ELECTRICAL AND ELECTRONICS ENGINEERS (IEEE)

IEEE C2 (2007; Errata 2007; INT 2008) National 
Electrical Safety Code

IEEE C37.13 (1990; R 1995) Standard for Low-Voltage AC 
Power Circuit Breakers Used in Enclosures

IEEE C37.16 (2000) Recommendations for Low-Voltage 
Power Circuit Breakers and AC Power 
Circuit Protectors, - Preferred Ratings, 
Related Requirements, and Application

IEEE C37.46 (2000) For High Voltage Expulsion and 
Current-Limiting Type Power Class Fuses 
and Fuse Disconnecting Switches

IEEE Std 242 (2001; Errata 2003) Recommended Practice 
for Protection and Coordination of 
Industrial and Commercial Power Systems - 
Buff Book

IEEE Std 399 (1997) Recommended Practice for Power 
Systems Analysis - Brown Book

NATIONAL ELECTRICAL MANUFACTURERS ASSOCIATION (NEMA)

NEMA AB 1 (2002) Molded-Case Circuit Breakers, 
Molded Case Switches, and Circuit-Breaker 
Enclosures

NEMA FU 1 (2002; R 2007) Low Voltage Cartridge Fuses

NEMA ICS 1 (2000; R 2005; R 2008) Standard for 
Industrial Control and Systems General 
Requirements

NEMA ICS 2 (2000; Errata 2002; R 2005; Errata 2006) 
Standard for Industrial Control and 
Systems:  Controllers, Contractors, and 
Overload Relays Rated Not More than 2000 
Volts AC or 750 Volts DC: Part 8 - 
Disconnect Devices for Use in Industrial 
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Control Equipment

NEMA ICS 3 (2005) Standard for Industrial Control and 
Systems:  Medium Voltage Controllers Rated 
2001 to 7200 Volts AC

NEMA ICS 6 (1993; R 2006) Standard for Industrial 
Controls and Systems Enclosures

NATIONAL FIRE PROTECTION ASSOCIATION (NFPA)

NFPA 70 (20 17) National Electrical Code - 20 17 
Edition

UNDERWRITERS LABORATORIES (UL)

UL 198M (2003; Rev thru Oct 2007) Mine-Duty Fuses

UL 486E (1994; Rev thru May 2000) Equipment Wiring 
Terminals for Use with Aluminum and/or 
Copper Conductors

UL 489 (2002; Rev thru Mar 2009) Standard for 
Molded-Case Circuit Breakers, Molded-Case 
Switches and Circuit-Breaker Enclosures

UL 508 (1999; Rev thru Sep 2008) Standard for 
Industrial Control Equipment

UL 845 (2005; Rev thru Aug 2006) Standard for 
Motor Control Centers

UL 877 (1993; Rev thru Nov 1999) Circuit Breakers 
and Circuit-Breaker Enclosures for Use in 
Hazardous (Classified) Locations

1.2   SYSTEM DESCRIPTION

The power system covered by this specification consists of:  new main 
transformer fusing, main distribution switchboard breakers, distribution 
panelboard breaker and branch panelboard breakers.  .

1.3   SUBMITTALS

Government approval is required for submittals with a "G" designation; 
submittals not having a "G" designation are for information only.  When 
used, a designation following the "G" designation identifies the office 
that will review the submittal for the Government.  Submit the following 
in accordance with Section 01 33 00  SUBMITTAL PROCEDURES:

SD-03 Product Data

Fault Current Analysis
Protective Device Coordination Study

  The study along with protective device equipment submittals.  No 
time extensions or similar contact modifications will be granted 
for work arising out of the requirements for this study.  Approval 
of protective devices proposed will be based on recommendations of 
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this study.  The Government shall not be held responsible for any 
changes to equipment, device ratings, settings, or additional 
labor for installation of equipment or devices ordered and/or 
procured prior to approval of the study.

Equipment

  Data consisting of manufacturer's time-current characteristic 
curves for individual protective devices, recommended settings of 
adjustable protective devices, and recommended ratings of 
non-adjustable protective devices.

System Coordinator

  Verification of experience and license number, of a registered 
Professional Engineer with at least 3 years of current experience 
in the design of coordinated power system protection.  Experience 
data shall include at least five references for work of a 
magnitude comparable to this contract, including points of 
contact, addresses and telephone numbers.  This engineer must 
perform items required by this section to be performed by a 
registered Professional Engineer.

Protective Relays

  Data including calibration and testing procedures and 
instructions pertaining to the frequency of calibration, 
inspection, adjustment, cleaning, and lubrication.

Installation

  Procedures including diagrams, instructions, and precautions 
required to properly install, adjust, calibrate, and test the 
devices and equipment.

SD-06 Test Reports

Field Testing

  The proposed test plan, prior to field tests, consisting of 
complete field test procedure including tests to be performed, 
test equipment required, and tolerance limits, including complete 
testing and verification of the ground fault protection equipment, 
where used.  Performance test reports in booklet form showing all 
field tests performed to adjust each component and all field tests 
performed to prove compliance with the specified performance 
criteria, upon completion and testing of the installed system.  
Each test report shall indicate the final position of controls.

SD-07 Certificates

Devices and Equipment

  Certificates certifying that all devices or equipment meet the 
requirements of the contract documents.
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1.4   QUALITY ASSURANCE

1.4.1   System Coordinator

System coordination, recommended ratings and settings of protective 
devices, and design analysis shall be accomplished by a registered 
professional electrical power engineer with a minimum of 3 years of 
current experience in the coordination of electrical power systems.

1.4.2   System Installer

Calibration, testing, adjustment, and placing into service of the 
protective devices shall be accomplished by a manufacturer's product field 
service engineer or independent testing company with a minimum of two 
years of current product experience in protective devices.

1.5   DELIVERY, STORAGE, AND HANDLING

Devices and equipment shall be visually inspected when received and prior 
to acceptance from conveyance.  Protect stored items from the environment 
in accordance with the manufacturer's published instructions.  Damaged 
items shall be replaced.

1.6   PROJECT/SITE CONDITIONS

Devices and equipment  furnished under this section shall be suitable for 
the following site conditions.  Seismic details shall conform to UFC 
3-310-04 SEISMIC DESIGN FOR BUILDINGSAND 26 05 48.00 10  SEISMIC PROTECTION 
FOR ELECTRICAL EQUIPMENT.

a.  Altitude:  4 800 FT

b.  Ambient Temperature:  between 0-degrees F and 104-degrees F

c.  Frequency:  60 Hz

d.  Fungus Control:  None

e.  Hazardous Classification:  As indicated on the drawings

f.  Humidity Control:  None

g.  Ventilation:  None

h.  Seismic Parameters:  As required by the equipment that houses the 
overcurrent device

i.  Other:  None

PART 2   PRODUCTS

2.1   STANDARD PRODUCT

Provide protective devices and equipment  which are the standard product of 
a manufacturer regularly engaged in the manufacture of the product and 
that essentially duplicate items that have been in satisfactory utility 
type use for at least two years prior to bid opening.
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2.2   NAMEPLATES

Provide nameplates to identify all protective devices and equipment.  
Nameplate information shall be in accordance with NEMA AB 1.

2.3   CORROSION PROTECTION

Metallic materials shall be protected against corrosion.  Ferrous metal 
hardware shall be zinc or chrome-plated.

2.4   MOTOR CONTROLS AND MOTOR CONTROL CENTERS

Motor controls and motor control centers shall be in accordance with 
NEMA ICS 1 , NEMA ICS 2 , NEMA ICS 3  and NEMA ICS 6 , and UL 508 and UL 845 .

2.4.1   Motor Starters

Provide combination starters with circuit breakers .

2.4.2   Reduced-Voltage Starters

Provide reduced-voltage starters for polyphase motors 1/2  hp  or larger, of 
the single-step autotransformer, reactor, or resistor type having an 
adjustable time interval between application of reduced and full voltages 
to the motors.  Wye-delta reduced voltage starter or part winding 
increment starters having an adjustable time delay between application of 
voltage to first and second winding of motor, may be used in lieu of the 
reduced voltage starters specified above for starting of motor-generator 
sets, centrifugally operated equipment or reciprocating compressors 
provided with automatic unloaders.

2.4.3   Thermal-Overload Protection

Each motor of  1/8 hp  or larger shall be provided with thermal-overload 
protection.  Polyphase motors shall have overload protection in each 
ungrounded conductor.  The overload-protection device shall be provided 
either integral with the motor or controller, or shall be mounted in a 
separate enclosure.  Unless otherwise specified, the protective device 
shall be of the manually reset type.  Single or double pole tumbler 
switches specifically designed for alternating-current operation only may 
be used as manual controllers for single-phase motors having a current 
rating not in excess of 80 percent of the switch rating.

2.4.4   Low-Voltage Motor Overload Relays

2.4.4.1   General

Thermal overload relays shall conform to NEMA ICS 2  and UL 508 .  Overload 
protection shall be provided either integral with the motor or controller, 
and shall be rated in accordance with the requirements of NFPA 70 .  
Standard units shall be used for motor starting times up to 7 second. 

2.4.4.2   Construction

Manual reset type thermal relays shall be bimetallic construction.  
Automatic reset type relays shall be bimetallic construction.  Magnetic 
current relays shall consist of a contact mechanism and a dash pot mounted 
on a common frame.
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2.4.4.3   Ratings

Voltage ratings shall be not less than the applicable circuit voltage.  
Trip current ratings shall be established by selection of the replaceable 
overload device and shall not be adjustable.  Where the controller is 
remotely-located or difficult to reach, an automatic reset, 
non-compensated overload relay shall be provided.  Manual reset overload 
relays shall be provided otherwise, and at all locations where automatic 
starting is provided.  Where the motor is located in a constant ambient 
temperature, and the thermal device is located in an ambient temperature 
that regularly varies by more than  14 degrees F , an ambient 
temperature-compensated overload relay shall be provided.

2.4.5   Automatic Control Devices

2.4.5.1   Direct Control

Automatic control devices (such as thermostats, float or pressure 
switches) which control the starting and stopping of motors directly shall 
be designed for that purpose and have an adequate  horsepower  rating.

2.4.5.2   Pilot-Relay Control

Where the automatic-control device does not have such a rating, a magnetic 
starter shall be used, with the automatic-control device actuating the 
pilot-control circuit.

2.4.5.3   Manual/Automatic Selection

a.  Where combination manual and automatic control is specified and 
the automatic-control device actuates the pilot control circuit of a 
magnetic starter, the magnetic starter shall be provided with a 
three-position selector switch marked MANUAL-OFF-AUTOMATIC.

b.  Connections to the selector switch shall only allow the normal 
automatic regulatory control devices to be bypassed when the switch is 
in the Manual position; all safety control devices, such as low-or 
high-pressure cutouts, high-temperature cutouts, and motor-overload 
protective devices, shall be connected in the motor-control circuit in 
both the Manual and the Automatic positions of the selector switch.  
Control circuit connections to any MANUAL-OFF-AUTOMATIC switch or to 
more than one automatic regulatory control device shall be made in 
accordance with wiring diagram approved by the contracting Officer 
unless such diagram is included on the drawings.  All controls shall 
be 120 volts or less unless otherwise indicated. 2.5   LOW-VOLTAGE FUSES

2.5.1   General

Low-voltage fuses shall conform to NEMA FU 1.  Time delay and nontime 
delay options shall be as specified.  Equipment provided under this 
contract shall be provided with a complete set of properly rated fuses 
when the equipment manufacturer utilizes fuses in the manufacture of the 
equipment, or if current-limiting fuses are required to be installed to 
limit the ampere-interrupting capacity of circuit breakers or equipment to 
less than the maximum available fault current at the location of the 
equipment to be installed.  Fuses shall have a voltage rating of not less 
than the phase-to-phase circuit voltage, and shall have the time-current 
characteristics requires for effective power system coordination.
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2.5.2   Cartridge Fuses; Current-Limiting Type

Cartridge fuses, current-limiting type, Class RK5 shall have tested 
interrupting capacity not less than 100,000 amperes.  Fuse holders shall 
be the type that will reject Class H fuses.

c.  Class R fuses shall conform to UL 198M .

2.5.2.1   Motor and Transformer Circuit Fuses

Motor, motor controller, transformer, and inductive circuit fuses shall be 
Class RK1 or RK5, current-limiting, time-delay with 200,000 amperes 
interrupting capacity.

2.6   MEDIUM-VOLTAGE AND HIGH-VOLTAGE FUSES

2.6.1   General

Medium-voltage and high-voltage fuses shall be distribution fuse cutouts 
or power fuses, E-rated, C-rated, or R-rated current-limiting fuses as 
shown.

2.6.2   Construction

Units shall be suitable for outdoor use.  Fuses shall have integral 
blown-fuse indicators.  All ratings shall be clearly visible.

2.6.3   Ratings

Voltage ratings shall be not less than the applicable circuit voltage.  
Continuous-current ratings shall be as shown.

2.6.3.1   Power Fuses

 Current-limiting power fuses shall have ratings in accordance with 
IEEE C37.46  and as follows:

a.  Nominal voltage.................................... 12,470

b.  Rated maximum voltage.............................. 15,000

c.  Maximum symmetrical interrupting capacity.......... 10,000

d.  Rated continuous current........................... 200A Max

e.  BIL................................................ 95 kV

2.6.3.2   E-Rated, Current-Limiting Power Fuses

E-rated, current-limiting, power fuses shall conform to IEEE C37.46 .

2.6.3.3   C-Rated, Current-Limiting Fuses

C-rated, current-limiting, power fuses shall open in 1000 seconds at 
currents between 170 and 240 percent of the C rating.

2.6.3.4   R-Rated, Current-Limiting Fuses

R-rated, current-limiting, fuses shall be used with medium-voltage motor 
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controllers only.  R-rated fuses shall conform to IEEE C37.46 .

2.7   MOLDED-CASE CIRCUIT BREAKERS

2.7.1   General

Molded-case circuit breakers shall conform to NEMA AB 1 and UL 489 .  
Circuit breakers may be installed in panelboards, switchboards, 
enclosures, motor control centers, or combination motor controllers.  
Circuit breakers and circuit breaker enclosures located in hazardous 
(classified) areas shall conform to UL 877 .

2.7.2   Construction

Molded-case circuit breakers shall be assembled as an integral unit in a 
supporting and enclosing housing of glass reinforced insulating material 
providing high dielectric strength.  Circuit breakers shall be suitable 
for mounting and operating in any position.  Lugs shall be listed for 
copper and aluminum conductors in accordance with UL 486E .  Single-pole 
circuit breakers shall be full module size with not more than one pole per 
module.  Multi-pole circuit breakers shall be of the common-trip type 
having a single operating handle such that an overload or short circuit on 
any one pole will result in all poles opening simultaneously.  Sizes of 
100 amperes or less may consist of single-pole breakers permanently 
factory assembled into a multi-pole unit having an internal, mechanical, 
nontamperable common-trip mechanism and external handle ties.  All circuit 
breakers shall have a quick-make, quick-break overcenter toggle-type 
mechanism, and the handle mechanism shall be trip-free to prevent holding 
the contacts closed against a short-circuit or sustained overload.  All 
circuit breaker handles shall assume a position between "ON" and "OFF" 
when tripped automatically.  All ratings shall be clearly visible.

2.7.3   Ratings

Voltage ratings shall be not less than the applicable circuit voltage.  
The interrupting rating of the circuit breakers shall be at least equal to 
the available short-circuit current at the line terminals of the circuit 
breaker and correspond to the UL listed integrated short-circuit current 
rating specified for the panelboards and switchboards.  Molded-case 
circuit breakers shall have nominal voltage ratings, maximum 
continuous-current ratings, and maximum short-circuit interrupting ratings 
in accordance with NEMA AB 1.  Ratings shall be coordinated with system 
X/R ratio.

2.7.4   Thermal-Magnetic Trip Elements

Thermal magnetic circuit breakers shall be provided as shown.  Automatic 
operation shall be obtained by means of thermal-magnetic tripping devices 
located in each pole providing inverse time delay and instantaneous 
circuit protection.  The instantaneous magnetic trip shall be adjustable 
and accessible from the front of all circuit breakers on frame sizes above 
150 amperes.

2.7.5   Solid-State Trip Elements

Solid-state circuit breakers shall be provided as shown.  All electronics 
shall be self-contained and require no external relaying, power supply, or 
accessories.  Printed circuit cards shall be treated to resist moisture 
absorption, fungus growth, and signal leakage.  All electronics shall be 
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housed in an enclosure which provides protection against arcs, magnetic 
interference, dust, and other contaminants.  Solid-state sensing shall 
measure true RMS current with error less than one percent on systems with 
distortions through the 13th harmonic.  Peak or average actuating devices 
are not acceptable.  Current sensors shall be toroidal construction, 
encased in a plastic housing filled with epoxy to protect against damage 
and moisture and shall be integrally mounted on the breaker.  Where 
indicated on the drawings, circuit breaker frames shall be rated for 100 
percent continuous duty.  Circuit breakers shall have tripping features as 
shown on the drawings and as described below:

a.  Long-time current pick-up, adjustable from 50 percent to 100 
percent of continuous current rating.

b.  Adjustable long-time delay.

c.  Short-time current pick-up, adjustable from 1.5 to 9 times 
long-time current setting.

d.  Adjustable short-time delay.

e.  Short-time I square times t switch.

f.  Instantaneous current pick-up, adjustable from 1.5 to 9 times 
long-time current setting.

g.  Ground-fault pick-up, adjustable from 20 percent to 60 percent of 
sensor rating, but in no case greater than 1200 amperes.  Sensing of 
ground-fault current at the main bonding jumper or ground strap shall 
not be permitted.  

h.  Adjustable ground-fault delay.

i.  

j.  Overload and Short-circuit and Ground-fault trip indicators shall 
be provided.

2.7.6   Current-Limiting Circuit Breakers

Current-limiting circuit breakers shall be provided as shown.  
Current-limiting circuit breakers shall limit the let-through I square 
times t to a value less than the I square times t of one-half cycle of the 
symmetrical short-circuit current waveform.  On fault currents below the 
threshold of limitation, breakers shall provide conventional overload and 
short-circuit protection.  Integrally-fused circuit breakers shall not be 
used.

2.7.7   SWD Circuit Breakers

Circuit breakers rated 15 amperes or 20 amperes and intended to switch 277 
volts or less fluorescent lighting loads shall be marked "SWD."

2.7.8   HACR Circuit Breakers

Circuit breakers 60 amperes or below, 240 volts, 1-pole or 2-pole, 
intended to protect multi-motor and combination-load installations 
involved in heating, air conditioning, and refrigerating equipment shall 
be marked "Listed HACR Type."
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2.8   LOW-VOLTAGE POWER CIRCUIT BREAKERS

2.8.1   Construction

Low-voltage power circuit breakers shall conform to IEEE C37.13  and 
IEEE C37.16  and shall be three-pole, single-throw, stored energy, manually 
operated, with drawout mounting.  Solid-state trip elements which require 
no external power connections shall be provided.  Circuit breakers shall 
have an open/close contact position indicator, charged/discharged stored 
energy indicator, primary disconnect devices, and a mechanical interlock 
to prevent making or breaking contact of the primary disconnects when the 
circuit breaker is closed.  Control voltage shall be as indicated.  The 
circuit breaker enclosure shall be suitable for its intended location.

2.8.2   Ratings

Voltage ratings shall be not less than the applicable circuit voltage. 
Circuit breakers shall be rated for 100 percent continuous duty and shall 
have trip current ratings and frame sizes as shown.  Nominal voltage 
ratings, maximum continuous-current ratings, and maximum short-circuit 
interrupting ratings shall be in accordance with IEEE C37.16 .  Tripping 
features shall be as follows:

a.  Long-time current pick-up, adjustable from 50 percent to 100 
percent of sensor current rating.

b.  Adjustable long-time delay.

c.  Short-time current pick-up, adjustable from 1.5 to 9 times 
long-time current setting.

d.  Adjustable short-time delay.

e.  

f.  Instantaneous current pick-up, adjustable from 1.5 to 9 times 
long-time current setting.

g.  Ground-fault pick-up, adjustable from 20 percent to 60 percent of 
sensor rating, but in no case greater than 1200 amperes.  Sensing of 
ground-fault current at the main bonding jumper or ground strap shall 
not be permitted.  

h.  Adjustable ground-fault delay.

i.  

2.9   COORDINATED POWER SYSTEM PROTECTION

Analyses shall be prepared to demonstrate that the equipment selected and 
system constructed meet the contract requirements for ratings, 
coordination, and protection.  They shall include a load flow analysis, a 
fault current analysis , and a protective device coordination study .  The 
studies shall be performed by a registered professional engineer with 
demonstrated experience in power system coordination in the last 3 years.  
Provide a list of references complete with points of contact, addresses 
and telephone numbers.  The selection of the engineer is subject to the 
approval of the Contracting Officer.
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2.9.1   Scope of Analyses

The fault current analysis, and protective device coordination study shall 
begin at:  the main transformer serving the building and extend down to 
system busses for the building distribution switchboards, distribution 
panelboards and branch panelboards.

2.9.2   Determination of Facts

The time-current characteristics, features, and nameplate data for each 
existing protective device shall be determined and documented.  Utilize 
the fault current availability indicated as a basis for fault current 
studies.

2.9.3   Single Line Diagram

A single line diagram shall be prepared to show the electrical system 
buses, devices, transformation points, and all sources of fault current 
(including generator and motor contributions).  A fault-impedance diagram 
or a computer analysis diagram may be provided.  Each bus, device or 
transformation point shall have a unique identifier.  If a fault-impedance 
diagram is provided, impedance data shall be shown.  Location of switches, 
breakers, and circuit interrupting devices shall be shown on the diagram 
together with available fault data, and the device interrupting rating.

2.9.4   Fault Current Analysis

2.9.4.1   Method

The fault current analysis shall be performed in accordance with methods 
described in IEEE Std 242 , and IEEE Std 399 .

2.9.4.2   Data

Actual data shall be utilized in fault calculations.  Bus characteristics 
and transformer impedance shall be those proposed.  Data shall be 
documented in the report.

2.9.4.3   Fault Current Availability

Balanced three-phase fault, bolted line-to-line fault, and line-to-ground 
fault current values shall be provided at each voltage transformation 
point and at each power distribution bus.  The maximum and minimum values 
of fault available at each location shall be shown in tabular form on the 
diagram or in the report.

2.9.5   Coordination Study

The study shall demonstrate that the maximum possible degree of 
selectivity has been obtained between devices specified, consistent with 
protection of equipment and conductors from damage from overloads and 
fault conditions. The study shall include a description of the 
coordination of the protective devices in this project.  A written 
narrative shall be provided describing:  which devices may operate in the 
event of a fault at each bus; the logic used to arrive at device ratings 
and settings; situations where system coordination is not achievable due 
to device limitations (an analysis of any device curves which overlap); 
coordination between upstream and downstream devices; and relay settings.  
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Recommendations to improve or enhance system reliability, and detail where 
such changes would involve additions or modifications to the contract and 
cost damages (addition or reduction) shall be provided.  Composite 
coordination plots shall be provided on log-log graph paper.

2.9.6   Study report

a.  The report shall include a narrative describing:  the analyses 
performed; the bases and methods used; and the desired method of 
coordinated protection of the power system.

b.  The study shall include descriptive and technical data for 
existing devices and new protective devices proposed.  The data shall 
include manufacturers published data, nameplate data, and definition 
of the fixed or adjustable features of the existing or new protective 
devices.

c.  The report shall document available existing power system data 
including time-current characteristic curves and protective device 
ratings and settings.

d.  The report shall contain fully coordinated composite time-current 
characteristics curves for each bus in the system, as required to 
ensure coordinated power system protection between protective devices 
or equipment.  The report shall include recommended ratings and 
settings of all protective devices in tabulated form.

e.  The report shall provide the calculation performed for the 
analyses, including computer analysis programs utilized.  The name of 
the software package, developer, and version number shall be provided.

PART 3   EXECUTION

3.1   EXAMINATION

After becoming familiar with details of the work, verify dimensions in the 
field, and advise the Contracting Officer of any discrepancy before 
performing any work.

3.2   INSTALLATION

Install protective devices in accordance with the manufacturer's published 
instructions and in accordance with the requirements of NFPA 70  and IEEE C2 .

3.3   FIELD TESTING

3.3.1   General

Perform field testing in the presence of the Contracting Officer.  Notify 
the Contracting Officer 14 days prior to conducting tests.  Furnish all 
materials, labor, and equipment necessary to conduct field tests.  Perform 
all tests and inspections recommended by the manufacturer unless 
specifically waived by the Contracting Officer.  Maintain a written record 
of all tests which includes date, test performed, personnel involved, 
devices tested, serial number and name of test equipment, and test results.

3.3.2   Safety

Provide and use safety devices such as rubber gloves, protective barriers, 
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and danger signs to protect and warn personnel in the test vicinity.  
Replace any devices or equipment which are damaged due to improper test 
procedures or handling.

3.3.3   Molded-Case Circuit Breakers

Circuit breakers shall be visually inspected, operated manually, and 
connections checked for tightness.  Current ratings shall be verified and 
adjustable settings incorporated in accordance with the coordination study.

3.3.4   Power Circuit Breakers

3.3.4.1   General

Visually inspect the circuit breaker and operate the circuit breaker 
manually; adjust and clean primary contacts in accordance with 
manufacturer's published instructions; check tolerances and clearances; 
check for proper lubrication; and ensure that all connections are tight.  
For electrically operated circuit breakers, verify operating voltages on 
closing and tripping coils.  Verify fuse ratings in control circuits; 
electrically operate the breaker, where applicable; and implement settings 
in accordance with the coordination study.

        -- End of Section --
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SECTION 26 51 00

INTERIOR LIGHTING

PART 1   GENERAL

1.1   REFERENCES

The publications listed below form a part of this specification to the 
extent referenced.  The publications are referred to in the text by the 
basic designation only.

AMERICAN SOCIETY OF HEATING, REFRIGERATING AND AIR-CONDITIONING 
ENGINEERS (ASHRAE)

ASHRAE 189.1 (2011) Standard for the Design of 
High-Performance Green Buildings Except 
Low-Rise Residential Buildings

ASHRAE 90.1 - IP (2010) Energy Standard for Buildings 
Except Low-Rise Residential Buildings

ASTM INTERNATIONAL (ASTM)

ASTM A1008/A1008M (2016) Standard Specification for Steel, 
Sheet, Cold-Rolled, Carbon, Structural, 
High-Strength Low-Alloy and High-Strength 
Low-Alloy with Improved Formability, 
Solution Hardened, and Bake Hardened

ASTM A580/A580M (2016) Standard Specification for 
Stainless Steel Wire

ASTM A641/A641M (2009a; R 2014) Standard Specification for 
Zinc-Coated (Galvanized) Carbon Steel Wire

ASTM A653/A653M (2015; E 2016) Standard Specification for 
Steel Sheet, Zinc-Coated (Galvanized) or 
Zinc-Iron Alloy-Coated (Galvannealed) by 
the Hot-Dip Process

ASTM B164 (2003; R 2014) Standard Specification for 
Nickel-Copper Alloy Rod, Bar, and Wire

ASTM B633 (2015) Standard Specification for 
Electrodeposited Coatings of Zinc on Iron 
and Steel

ASTM D4674 REV A (2002; R 2010) Standard Practice for 
Accelerated Testing for Color Stability of 
Plastics Exposed to Indoor Office 
Environments
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CALIFORNIA ENERGY COMMISSION (CEC)

CEC Title 24 (2008; Effective Jan 2010) California's 
Energy Efficiency Standards for 
Residential and Nonresidential Buildings

ILLUMINATING ENGINEERING SOCIETY  (IES)

IES HB-10 (2011; Errata 2015) IES Lighting Handbook

IES LM-79 (2008) Electrical and Photometric 
Measurements of Solid-State Lighting 
Products

IES LM-80 (2015) Measuring Lumen Maintenance of LED 
Light Sources

IES RP-16 (2010; Addendum A 2008; Addenda B 2009; 
Addendum C 2016) Nomenclature and 
Definitions for Illuminating Engineering

IES TM-21 (2011; Addendum B 2015) Projecting Long 
Term Lumen Maintenance of LED Light Sources

INSTITUTE OF ELECTRICAL AND ELECTRONICS ENGINEERS (IEEE)

IEEE 100 (2000; Archived) The Authoritative 
Dictionary of IEEE Standards Terms

IEEE C2 (2017) National Electrical Safety Code

IEEE C62.41 (1991; R 1995) Recommended Practice on 
Surge Voltages in Low-Voltage AC Power 
Circuits

NATIONAL ELECTRICAL MANUFACTURERS ASSOCIATION (NEMA)

NEMA 250 (2014) Enclosures for Electrical Equipment 
(1000 Volts Maximum)

NEMA ANSLG C78.377 (2015) American National Standard for 
Electric Lamps— Specifications for the 
Chromaticity of Solid State Lighting 
Products

NEMA C82.77 (2002) Harmonic Emission Limits - Related 
Power Quality Requirements for Lighting 
Equipment

NEMA SSL 1 (2010) Electronic Drivers for Led Devices, 
Arrays, or Systems

NEMA SSL 3 (2011) High-Power White LED Binning for 
General Illumination

NEMA SSL 7A (2015) Phase-Cut Dimming for Solid State 
Lighting: Basic Compatibility

NEMA WD 1 (1999; R 2015) Standard for General Color 
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Requirements for Wiring Devices

NATIONAL FIRE PROTECTION ASSOCIATION (NFPA)

NFPA 101 (2015; ERTA 2015) Life Safety Code

NFPA 70 (2017) National Electrical Code

U.S. DEPARTMENT OF DEFENSE (DOD)

DOD 8500.01 (2014) Cybersecurity

DOD 8510.01 (2014; Change 1-2016) Risk Management 
Framework (RMF) for DoD Information 
Technology (IT)

UNDERWRITERS LABORATORIES (UL)

UL 1472 (2015)  UL Standard for Safety Solid-State 
Dimming Controls

UL 1598 (2008; Reprint Oct 2012) Luminaires

UL 20 (2010; Reprint Feb 2012) General-Use Snap 
Switches

UL 2043 (2013) Fire Test for Heat and Visible 
Smoke Release for Discrete Products and 
Their Accessories Installed in 
Air-Handling Spaces

UL 508 (1999; Reprint Oct 2013) Industrial 
Control Equipment

UL 844 (2012; Reprint Mar 2016) UL Standard for 
Safety Luminaires for Use in Hazardous 
(Classified) Locations

UL 8750 (2009; Reprint May 2014) UL Standard for 
Safety Light Emitting Diode (LED) 
Equipment for Use in Lighting Products

UL 916 (2007; Reprint Aug 2014) Standard for 
Energy Management Equipment

UL 924 (2016) UL Standard for Safety Emergency 
Lighting and Power Equipment

UL 94 (2013; Reprint Mar 2016) UL Standard for 
Safety Tests for Flammability of Plastic 
Materials for Parts in Devices and 
Appliances

1.2   RELATED REQUIREMENTS

Materials not considered to be luminaires or luminaire accessories are 
specified in Section 26 20 00  INTERIOR DISTRIBUTION SYSTEM.  Luminaires 
and accessories mounted on exterior surfaces of buildings are specified in 
Section 26 56 00  EXTERIOR LIGHTING.
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1.3   DEFINITIONS

a.  Unless otherwise specified or indicated, electrical and electronics 
terms used in these specifications, and on the drawings, must be as 
defined in IEEE 100  and IES RP-16 .

c.  For LED luminaire light sources, "Useful Life" is the operating hours 
before reaching 70 percent of the initial rated lumen output (L70) 
with no catastrophic failures under normal operating conditions.  This 
is also know as 70 percent "Rated Lumen Maintenance Life" as defined 
in IES LM-80 .

e.  For LED luminaires, "Luminaire Efficacy" (LE) is the appropriate 
measure of energy efficiency, measured in lumens/watt.  This is 
gathered from LM-79 data for the luminaire, in which absolute 
photometry is used to measure the lumen output of the luminaire as one 
entity, not the source separately and then the source and housing 
together.

f.  Total harmonic distortion (THD) is the root mean square (RMS) of all 
the harmonic components divided by the total fundamental current.

1.4   SUBMITTALS

Government approval is required for submittals with a "G" designation; 
submittals not having a "G" designation are for information only.  When 
used, a designation following the "G" designation identifies the office 
that will review the submittal for the Government.  Submittals with an "S" 
are for inclusion in the Sustainability Notebook, in conformance with 
Section 01 33 29  SUSTAINABILITY REPORTING.  Data, drawings, and reports 
must employ the terminology, classifications and methods prescribed by the 
IES HB-10  as applicable, for the lighting system specified.  Submit the 
following in accordance with Section 01 33 00  SUBMITTAL PROCEDURES:

SD-02 Shop Drawings

Luminaire Drawings ; G

Occupancy/Vacancy Sensor Coverage Layout ; G

SD-03 Product Data

Luminaires ; G

Light Sources ; G

Drivers, Ballasts and Generators ; G

LED Luminaire Warranty ; G

Luminaire Design Data ; G

Vacancy Sensors ; G

Dimming Controllers (Dimmers) ; G

Lighting Contactor ; G
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Timeswitch ; G

Power Hook Luminaire Hangers ; G

Exit Signs ; G

Emergency Lighting Unit (EBU) ; G

LED Emergency Drivers ; G

Occupancy Sensors ; G

Ambient Light Level Sensor ; G

Lighting Control Panel ; G

SD-06 Test Reports

LED Luminaire - IES LM-79  Test Report ; G

LED Light Source - IES LM-80  Test Report ; G

LED Light Source - IES TM-21  Test Report ; G

Occupancy/Vacancy Sensor Verification Tests ; G

Energy Efficiency ; G

SD-07 Certificates

Luminaire Useful Life Certificate ; G

LED Driver and Dimming Switch Compatibility Certificate ; G

1.5   QUALITY CONTROL

1.5.1   Luminaire Drawings

Include dimensions, accessories, and installation and construction 
details.  Photometric data, including zonal lumen data, average and 
minimum ratio, aiming diagram, and computerized candlepower distribution 
data must accompany shop drawings.

1.5.2   Occupancy/Vacancy Sensor Coverage Layout

Provide floor plans showing coverage layouts of all devices using 
manufacturer's product information.

1.5.3   LED Driver and Dimming Switch Compatibility Certificate

Submit certification from the luminaire, driver, or dimmer switch 
manufacturer that ensures compatibility and operability between devices.

1.5.4   Luminaire Design Data

a.  Provide safety certification and file number for the luminaire family 
that must be listed, labeled, or identified per the NFPA 70  (NEC).  
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Applicable testing bodies are determined by the US Occupational Safety 
Health Administration (OSHA) as Nationally Recognized Testing 
Laboratories (NRTL) and include: CSA (Canadian Standards Association), 
ETL (Edison Testing Laboratory), and UL (Underwriters Laboratories).

b.  Provide long term lumen maintenance projections for each LED luminaire 
in accordance with IES TM-21 .  Data used for projections must be 
obtained from testing in accordance with IES LM-80 .

1.5.5   LED Luminaire - IES LM-79 Test Report

Submit test report on manufacturer's standard production model luminaire.  
Include all applicable and required data as outlined under "14.0 Test 
Report" in IES LM-79 .

1.5.6   LED Light Source - IES LM-80 Test Report

Submit report on manufacturer's standard production LED light source 
(package, array, or module).  Include all applicable and required data as 
outlined under "8.0 Test Report" in IES LM-80 .

1.5.7   LED Light Source - IES TM-21 Test Report

Submit test report on manufacturer's standard production LED light source 
(package, array or module).  Include all applicable and required data, as 
well as required interpolation information as outlined under "7.0 Report" 
in IES TM-21 .

1.5.8   Occupancy/Vacancy Sensor Verification Tests

Submit test report outlining post-installation coverage and operation of 
sensors.

1.5.9   Test Laboratories

Test laboratories for the IES LM-79  and IES LM-80  test reports must be one 
of the following:

a.  National Voluntary Laboratory Accreditation Program (NVLAP) accredited 
for solid-state lighting testing as part of the Energy-Efficient 
Lighting Products laboratory accreditation program for both LM-79 and 
LM-80 testing.

b.  One of the qualified labs listed on the Department of Energy - LED 
Lighting Facts Approved Testing Laboratories List at  for LM-79 
testing.

c.  One of the EPA-Recognized Laboratories listed at  for LM-80 testing.

1.5.10   Regulatory Requirements

In each of the publications referred to herein, consider the advisory 
provisions to be mandatory, as though the word "must" had been substituted 
for "should" wherever it appears.  Interpret references in these 
publications to the "authority having jurisdiction," or words of similar 
meaning, to mean the Contracting Officer.  Equipment, materials, 
installation, and workmanship must be in accordance with the mandatory and 
advisory provisions of NFPA 70 , unless more stringent requirements are 
specified or indicated.
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1.5.11   Standard Products

Provide materials and equipment that are products of manufacturers 
regularly engaged in the production of such products which are of equal 
material, design and workmanship.  Products must have been in satisfactory 
commercial or industrial use for two years prior to bid opening.  The 
two-year period must include applications of equipment and materials under 
similar circumstances and of similar size.  The product must have been on 
sale on the commercial market through advertisements, manufacturers' 
catalogs, or brochures during the two-year period.  Where two or more 
items of the same class of equipment are required, these items must be 
products of a single manufacturer; however, the component parts of the 
item need not be the products of the same manufacturer unless stated in 
this section.

1.5.11.1   Alternative Qualifications

Products having less than a 2-year field service record will be acceptable 
if a certified record of satisfactory field operation for not less than 
6000 hours, exclusive of the manufacturers' factory or laboratory tests, 
is furnished.

1.5.11.2   Material and Equipment Manufacturing Date

Products manufactured more than six months prior to date of delivery to 
site must not be used, unless specified otherwise.

1.5.11.3   Energy Efficiency

Submit data indicating lumens per watt efficacy and color rendering index 
of light source.

1.6   WARRANTY

Support all equipment items by service organizations which are reasonably 
convenient to the equipment installation in order to render satisfactory 
service to the equipment on a regular and emergency basis during the 
warranty period of the contract.

1.6.1   LED Luminaire Warranty

a.  Provide a written 5 year on-site replacement warranty for material, 
fixture finish, and workmanship.  On-site replacement includes 
transportation, removal, and installation of new products.

(1) Include finish warranty to include failure and substantial 
deterioration such as blistering, cracking, peeling, chalking, or 
fading.

(2) Material warranty must include:

(a) All drivers.

(b) Replacement when more than 10 percent of LED sources in any 
lightbar or subassembly(s) are defective or non-starting.

b.  Warranty period must begin on date of beneficial occupancy.  Provide 
the Contracting Officer with signed warranty certificates prior to 
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final payment.

1.6.1.1   Provide Luminaire Useful Life Certificate

Submit certification from the manufacturer indicating the expected useful 
life of the luminaires provided.  The useful life must be directly 
correlated from the IES LM-80  test data using procedures outlined in 
IES TM-21 .  Thermal properties of the specific luminaire and local ambient 
operating temperature and conditions must be taken into consideration.

PART 2   PRODUCTS

2.1   PRODUCT COORDINATION

Products and materials not considered to be luminaires, luminaire 
controls, or associated equipment are specified in Section 26 20 00  
INTERIOR DISTRIBUTION SYSTEM.  Luminaires, luminaire controls, and 
associated equipment for exterior applications are specified in Section 
26 56 00  EXTERIOR LIGHTING.

2.2   LUMINAIRES

UL 1598 , NEMA C82.77 , and UL 8750 .  Provide luminaires as indicated in 
luminaire schedule and NL plates or details on project plans.  Provide 
luminaires complete with light sources of quantity, type, and wattage 
indicated.  Provide all luminaires of the same type by the same 
manufacturer.  Luminaires must be specifically designed for use with the 
driver, ballast or generator and light source provided.

2.2.1   LED Luminaires

Provide luminaires complete with power supplies (drivers) and light 
sources.  Provide design information including lumen output and design 
life in luminaire schedule on project plans for LED luminaires.  LED 
luminaires must meet the minimum requirements in the following table:

LUMINAIRE TYPE MINIMUM LUMINAIRE
EFFICACY (LE)

MINIMUM COLOR RENDERING INDEX
(CRI)

LED TROFFER -
1 x 4
2 x 2
2 x 4

90 LPW 80

LED Downlight 50 LPW 90

LED Track or Accent 40 LPW 80

LED Low Bay/High Bay 80 LPW 70

LED Linear Ambient 80 LPW 80

LED luminaires must also meet the following minimum requirements:

a.  Luminaires must have a minimum 5 year manufacturer's warranty.

b.  Luminaires must have a minimum L70 lumen maintenance value of 50,000 
hours as calculated by IES TM-21 , with data obtained per IES LM-80  
requirements.

c.  Luminaire drive current value must be identical to that provided by 
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test data for luminaire in question.

d.  Luminaires must be tested to IES LM-79  and IES LM-80  standards, with 
the results provided as required in the Submittals paragraph of this 
specification.

e.  Luminaires must be listed with the DesignLights Consortium 'Qualified 
Products List' when falling into category of "General Application" 
luminaires, i.e. Interior Directional, Display Case, Troffer, Linear 
Ambient, or Low/High Bay.  Requirements are shown in the Designlights 
Consortium "Technical Requirements Table" at 
https://data.energystar.gov/dataset/EPA-Recognized-Laboratories-For-Lighting-Products/jgwf-7qrr

f.  Provide Department of Energy 'Lighting Facts' label for each luminaire.

2.2.2   Luminaires for Hazardous Locations

In addition to requirements stated herein, provide LED, luminaires for 
hazardous locations which conform to UL 844  or which have Factory Mutual 
certification for the class and division indicated.

2.3   DRIVERS, BALLASTS and GENERATORS

2.3.1   LED Drivers

NEMA SSL 1, UL 8750 .   LED drivers must be electronic, UL Class 1, 
constant-current type and comply with the following requirements:

a.  Output power (watts)and luminous flux (lumens) as shown in luminaire 
schedule for each luminaire type to meet minimum luminaire efficacy 
(LE) value provided.

b.  Power Factor (PF) greater than or equal to 0.9 over the full dimming 
range when provided.

c.  Current draw Total Harmonic Distortion (THD) of less than 20 percent.

d.  Class A sound rating.

e.  Operable at input voltage of 120-277 volts at 60 hertz.

f.  Minimum 5 year manufacturer's warranty.

g.  RoHS compliant.

h.  Integral thermal protection that reduces or eliminates the output 
power if case temperature exceeds a value detrimental to the driver.

i.  UL listed for dry or damp locations typical of interior installations.

j.  Non-dimmable, step-dimmable to 50 percent output, or fully-dimmable 
using 0-10V control as indicated in luminaire schedule.

2.4   LIGHT SOURCES

NEMA ANSLG C78.377 , NEMA SSL 3.  Provide type and wattage as indicated in 
luminaire schedule on project plans.
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2.4.1   LED Light Sources

a.  Correlated Color Temperature (CCT) of 35004000 degrees K.

b.  Minimum Color Rendering Index (CRI) R9 value of 80.

c.  High power, white light output utilizing phosphor conversion (PC) 
process or mixed system of colored LEDs, typically red, green and blue 
(RGB).

d.  RoHS compliant.

e.  Provide light source color consistancy by utilizing a binning 
tolerance within a 4 step McAdam ellipse.

2.5   LIGHTING CONTROLS

ASHRAE 90.1 - IP  ASHRAE 189.1 .  Provide network certification for all 
networked lighting control systems and devices per requirements of 
DOD 8500.01  and DOD 8510.01 .

2.5.1   Toggle Switches

Provide line-voltage toggle switches as specified in Section 26 20 00  
INTERIOR DISTRIBUTION SYSTEM.

2.5.2   Dimming Controllers (Dimmers)

UL 1472 , UL 20 , IEEE C62.41 , NEMA SSL 7A.  120/277 V0-10 V dimmers must 
provide flicker-free, continuously variable light output throughout the 
dimming range.  Provide radio frequency interference suppression integral 
to device.  Provide dimmers utilizing pulse width modulation (PWM).  
Provide device with a vertical slider, paddle, rotary button, or toggle 
(with adjacent vertical slider) type control, with finish to match 
switches and outlets in same area.  Provide back box in wall with 
sufficient depth to accomodate body of switch and wiring.  Devices must be 
capable of operating at their full rated capacity regardless of being 
single or ganged-mounted, and be compatible with three-way and four-way 
switching scenarios.  Dimmers must be capable of controlling 0-10 volt LED 
drivers.  Ensure compatibility of dimmer with separate power packs when 
utilized for lighting control.  Dimmers and the ballasts or drivers they 
control, must be provided from the same manufacturer, or tested and 
certified as compatible for use together.  Provide NEMA SSL 7A-compiant 
devices.

2.5.3   Sensors for Lighting Control

IEEE C62.41 , NEMA WD 1, UL 94 , UL 916 , UL 508 , ASTM D4674 REV A .

2.5.3.1   Occupancy Sensors

Provide occupancy sensors with coverage patterns as indicated on project 
plans.  Provide no less quantity of sensors as shown on plans, but add 
additional sensors when required to fulfill coverage requirement for the 
specific model sensor provided.  Sensor must be provided with an adaptive 
learning function that automaticaly sets sensor in optimum calibration in 
a set period of time after installation and a non-volatile memory that 
saves settings after a power outage.  Provide sensors designed for 
ceiling, wall or wall-box installation as indicated.  Operating voltage 
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must be 120277 volts.  Provide housing of high-impact, injection-molded 
thermoplastic with a multi-segmented lens for PIR technology sensors.  
Sensor operation requires movement to activate luminaires controlled, and 
turns luminaires off after a set time of inactivity.

2.5.3.1.1   Passive Infrared (PIR) Sensors

Provide ceiling or wall-mounted PIR sensors meeting the following 
requirements:

a.  Temperature compensated, dual element sensor and a multi-element 
fresnel lens (Poly IR4 material).

b.  Technology to optimize automatic time delay to fit occupant usage 
patterns.

c.  No minimum load requirement for line voltage sensors and be capable of 
switching from zero to 800 W at 120 VAC, 50/60 Hz and from zero to 
1200 W at 277 VAC, 50/60 Hz. Control voltage sensors must not exceed a 
maximum load requirement of 20 mA at 24VDC.

d.  Time delay of five to 30 minutes in increments of five minutes with a 
walk through and test mode set by DIP switch.

e.  LED indicator that remains active during occupancy.

f.  Built-in light level sensor that is operational from  8 to 180 
foot-candles .

g.  Coverage pattern tested to NEMA WD 7 standards.

h.  Standard five year warranty and be UL listed

i.  No leakage current to load when in the off mode.

2.5.3.1.2   Ultrasonic Sensors 2.5.3.1.3   Dual Technology Sensors

2.5.3.1.4   High/Low-Bay Sensors

Provide occupancy sensors specifically designed for high/low-bay mounting 
application using passive infrared (PIR) technology, with the following 
characteristics:

a.  Input voltage of 120/277 volts, at 50/60 hertz.

b.  High-impact, injection-molded thermoplastic housing with 
interchangable lenses for 360 degree open area coverage or narrow 
rectangular, warehouse aisle coverage.

c.  Utilize zero-crossing circuitry to prevent damage from high inrush 
current and to promote long life operation.

d.  Be designed to mount directly to or adjacent to high or low-bay 
luminaires.

e.  UL listed, CEC Title 24  and ASHRAE 90.1 - IP  compliant.
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2.5.3.1.5   Power Packs for Sensors

UL 2043 , CEC Title 24 , ASHRAE 90.1 - IP .  Power packs used to provide 
power to one or more lighting control sensors must meet the following 
requirements:

a.  Input voltage - 120-277 VAC; output voltage - 24 VDC at 225 mA.

b.  Plenum-rated, high-impact thermoplastic enclosure.

c.  Utilizes zero-crossing circuitry to prevent damage from inrush current.

d.  Maximum load rating of 16 amps for electronic lighting loads.

e.  RoHS compliant.

2.5.3.2   Vacancy Sensors

Provide vacancy sensors as indicated above under paragraph OCCUPANCY 
SENSORS, but with requirement of a manual operation to activate luminaires 
controlled.  Provide automatic operation to turn luminaires off after a 
set period of inactivity.

2.5.4   Lighting Control Panel

Provide an electronic, programmable lighting control panel, capable of 
providing lighting control with input from internal programming, digital 
switches, time clocks, and other low-voltage control devices.

Enclose panel hardware in a surface-mounted, NEMA 1, painted, steel 
enclosure, with hinged, lockable access door and ventilation openings.  
Internal low-voltage compartment must be separated from line-voltage 
compartment of enclosure with only low-voltage compartment accessible upon 
opening of door.

Input voltage - 120/277 V, 60 Hz, with internal 24 VDC power supply.

Provide 8 single-pole latching relays rated at 20 amps, 277 volts.  
Provide provision for relays to close upon power failure that meets UL 924 .

Relay control module must operate at 24 VDC and be rated to control a 
minimum of 8 relays.

2.5.5   Local Area Lighting Controller

CEC Title 24  and ASHRAE 90.1 - IP  compliant.  Provide controller designed 
for single area or room with the following requirements:

a.  277 volt input, designed for LED lighting loads.

b.  2 zone, with 12 relays rated 20 ampseach.

c.  Provide daylight harvesting capabilty with full-range dimming control.

d.  Inputs for occupancy sensor, photocell, and low-voltage wall switch.

e.  Provide capability for receptacle load control.
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2.6   EXIT AND EMERGENCY LIGHTING EQUIPMENT

UL 924 , NFPA 101 , and NFPA 70  compliant.

2.6.1   Exit Signs

Provide exit signs consuming a maximum of five watts total.

2.6.1.1   LED Self-Powered Exit Signs

Provide in UV-stable, thermo-plastic housing with UL damp label, 
configured for ceilingwall mounting.    Provide  6 inch  high,  3/4 inch  
stroke redgreen lettering on face of sign.  Provide chevrons on either 
side of lettering to indicate direction.  Provide single face.  Equip with 
automatic power failure device, test switch, and pilot light, and fully 
automatic high/low trickle charger in a self-contained power pack.  
Battery must be sealed, maintenance free nickel-cadmium type, and must 
operate unattended for a period of not less than five years.  Emergency 
run time must be a minimum of 1 1/2 hours.  LEDs must have a minimum rated 
life of 10 years.  Provide self-diagnostic circuitry integral to emergency 
LED driver.

2.6.1.2   LED Remote-Powered Exit Signs

Provide as indicated above for self-powered type, but without battery and 
charger.  Exit sign must contain provision for 120/277 VAC or 6-48 VDC 
input from remote source.

2.6.2   Emergency Lighting Unit (EBU)

Provide in UV-stable, thermo-plastic housing with UL damp label as 
indicated.  Emergency lighting units must be rated for 12 volts, except 
units having no remote-mounted lamps and having no more than two 
unit-mounted light sources may be rated six volts.  Equip units with 
brown-out sensitive circuit to activate battery when input voltage falls 
to 75 percent of normal.  Equip with two LED, MR-16 type light sources, 
automatic power failure device, test switch, and pilot light, and fully 
automatic high/low trickle charger in a self-contained power pack.  
Battery must be sealed, maintenance free nickel-cadmium type, and must 
operate unattended for a period of not less than five years.  Emergency 
run time must be a minimum of 1 1/2 hours.  LEDs must have a minimum rated 
life of 10 years.  Provide self-diagnostic circuitry integral to emergency 
LED driver.

2.6.3   LED Emergency Drivers

Provide LED emergency driver with automatic power failure detection, test 
switch and LED indicator (or combination switch/indicator) located on 
luminaire exterior, and fully-automatic solid-state charger, battery and 
inverter integral to a self-contained housing.  Provide self-diagnostic 
function integral to emergency driver.Integral nickel-cadmiumlead-calcium 
battery is required to supply a minimum of 90 minutes of emergency power 
at 7 watts, 10-50 VDCcompatible with LED forward voltage requirements, 
constant output.  Driver must be RoHS compliant, rated for installation in 
plenum-rated spaces and damp locations, and be warranted for a minimum of 
five years.
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2.6.4   Central Emergency Lighting System

Provide integrally-housed emergency system rated at 100  VA/watts, 120277 
volts (input and output), for a minimum period of 90 minutes.  Output 
frequency must be a pure sine wave at 60 hertz, with maximum 5 percent 
total harmonic distortion.  Provide system with minimum short circuit 
rating required for protection against available fault current.

2.6.4.1   System Operation

During normal power operation, system charges batteries as needed and 
allows normal power to pass through to load.  Upon loss of normal power, 
system automatically transfers to emergency mode without interruption of 
connected loads.  Internal batteries provide a minimum of 90 minutes of 
emergency power at this time.  Upon normal power being restored, system 
switches back to normal power mode and fully charges batteries within 
UL-approved time period.

2.6.4.2   Battery Charger

Solid state, monitored, three step float charging type, keeping batteries 
in a fully charged state.  Provide circuitry to prevent deep discharge of 
batteries in prolonged power outage conditions.

2.6.4.3   Batteries

Provide sealed, lead calcium type, designed to operated unattended without 
maintenance, for a minimum of 10 years.

2.6.4.4   Enclosure

Provide system in NEMA 1 painted steel enclosure with exterior-mounted 
"push-to-test" button and LED indicator.

2.6.4.5   Accessories

Provide  single pole, 20 ampere output circuit breakers.  

2.7   LUMINAIRE SUPPORT HARDWARE

2.7.1   Wire

ASTM A641/A641M ;  Galvanized, soft tempered steel, minimum  0.11 inches  in 
diameter, or galvanized, braided steel, minimum  0.08 inches  in diameter.

2.7.2   Wire for Humid Spaces

ASTM A580/A580M ;  Composition 302 or 304, annealed stainless steel, minimum
 0.11 inches  in diameter.

ASTM B164;  UNS NO4400, annealed nickel-copper alloy, minimum  0.11 inches  
in diameter.

2.7.3   Threaded Rods

Threaded steel rods,  3/16 inch  diameter, zinc or cadmium coated.
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2.7.4   Straps

Galvanized steel,  one by 3/16 inch , conforming to ASTM A653/A653M , with a 
light commercial zinc coating or ASTM A1008/A1008M  with an 
electrodeposited zinc coating conforming to ASTM B633, Type RS.

2.8   POWER HOOK LUMINAIRE HANGERS

UL 1598 Provide an assembly consisting of through-wired power hook housing, 
interlocking plug and receptacle, power cord, and luminaire support loop.  
Power hook housing must be cast aluminum having two  3/4 inch  threaded 
hubs.  Support hook must have safety screw.  Fixture support loop must be 
cast aluminum with provisions for accepting  3/4 inch  threaded stems.  
Power cord must include  16 inches  of 3 conductor No. 16 Type SO cord.  
Assembly must be rated 120 volts or 277 volts, 15 amperes.

2.9   EQUIPMENT IDENTIFICATION

2.9.1   Manufacturer's Namplate

Each item of equipment must have a nameplate bearing the manufacturer's 
name, address, model number, and serial number securely affixed in a 
conspicuous place; the nameplate of the distributing agent will not be 
acceptable.

2.9.2   Labels

Provide labeled luminaires in accordance with UL 1598  requirements.  All 
luminaires must be clearly marked for operation of specific light sources 
and ballasts, generators or drivers.  Note the following light source 
characteristics in the format "Use Only _____":

a.  e.  Correlated color temperature (CCT) and color rendering index (CRI) for 
all luminaires.

All markings related to light source type must be clear and located to be 
readily visible to service personnel, but unseen from normal viewing 
angles when light sources are in place.  Ballasts, generators or drivers 
must have clear markings indicating multi-level outputs and indicate 
proper terminals for the various outputs.

2.10   FACTORY APPLIED FINISH

Provide all luminaires and lighting equipment with factory-applied 
painting system that as a minimum, meets requirements of NEMA 250 
corrosion-resistance test.

2.11   RECESS- AND FLUSH-MOUNTED LUMINAIRES

Provide access to lamp and ballast from bottom of luminaire.  Provide trim 
and lensesfor the exposed surface of flush-mounted luminaires as indicated 
on project drawings and specifications.

2.12   SUSPENDED LUMINAIRES

Provide hangers capable of supporting twice the combined weight of 
luminaires supported by hangers.  Provide with swivel hangers to ensure a 
plumb installation.  Provide cadmium-plated steel with a swivel-ball 
tapped for the conduit size indicated.  Hangers must allow fixtures to 
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swing within an angle of  45 degrees .  Brace pendants  4 feet  or longer to 
limit swinging.  Single-unit suspended luminaires must  have twin-stem 
hangers.  Multiple-unit or continuous row luminaires must have a tubing or 
stem for wiring at one point and a tubing or rod suspension provided for 
each unit length of chassis, including one at each end.  Provide rodsRods 
in minimum  0.18 inch  diameter.

PART 3   EXECUTION

3.1   INSTALLATION

Electrical installations must conform to IEEE C2 , NFPA 70 , and to the 
requirements specified herein.  Install luminaires and lighting controls 
to meet the requirements of ASHRAE 90.1 - IP  and ASHRAE 189.1 .  To 
encourage consistancy and uniformity, install luminaires of the same 
manufacture and model number when residing in the same facility or 
building.

3.1.1   Light Sources

When light sources are not provided as an integral part of the luminaire, 
deliver light sources of the type, wattage, lumen output, color 
temperature, color rendering index, and voltage rating indicated to the 
project site and install just prior to project completion, if not already 
installed in the luminaires from the factory.

3.1.2   Luminaires

Set luminaires plumb, square, and level with ceiling and walls, in 
alignment with adjacent luminaires and secure in accordance with 
manufacturers' directions and approved drawings.  Installation must meet 
requirements of NFPA 70 .  Mounting heights specified or indicated must be 
to the bottom of the luminaire for ceiling-mounted luminaires and to 
center of luminaire for wall-mounted luminaires.  Obtain approval of the 
exact mounting height on the job before commencing installation and, where 
applicable, after coordinating with the type, style, and pattern of the 
ceiling being installed.  Recessed and semi-recessed luminaires must be 
independently supported from the building structure by a minimum of four 
wires, straps or rods per luminaire and located near each corner of the 
luminiare.  Ceiling grid clips are not allowed as an alternative to 
independently supported luminaires.  Round luminaires or luminaires 
smaller in size than the ceiling grid must be independently supported from 
the building structure by a minimum of four wires, straps or rods per 
luminaire, spaced approximately equidistant around.  Do not support 
luminaires by acoustical tile ceiling panels.  Where luminaires of sizes 
less than the ceiling grid are indicated to be centered in the acoustical 
panel, support each independently and provide at least two  3/4 inch  metal 
channels spanning, and secured to, the ceiling tees for centering and 
aligning the luminiare.  Provide wires, straps, or rods for luminaire 
support in this section.  Luminaires installed in suspended ceilings must 
also comply with the requirements of Section 09 51 00  ACOUSTICAL CEILINGS.

3.1.3   Suspended Luminaires

Provide suspended luminaires with  45 degree  swivel hangers so that they 
hang plumb and level.  Locate so that there are no obstructions within the  
45 degree  range in all directions.  The stem, canopy and luminaire must be 
capable of  45 degree  swing.  Pendants, rods, or chains  4 feet  or longer 
excluding luminaire must be braced to prevent swaying using three cables at

SECTION 26 51 00  Page 18



CAPITAL PROJECT # 1043925 MAY 2022 HAFB 309th SWEG
KRSM200806 100% FINAL SUBMITTAL

 120 degree  separation.  Suspended luminaires in continuous rows must have 
internal wireway systems for end to end wiring and must be properly 
aligned to provide a straight and continuous row without bends, gaps, 
light leaks or filler pieces.  Utilize aligning splines on extruded 
aluminum luminaires to assure minimal hairline joints.  Support steel 
luminaires to prevent "oil-canning" effects.  Luminaire finishes must be 
free of scratches, nicks, dents, and warps, and must match the color and 
gloss specified.  Match supporting pendants with supported luminaire.  
Aircraft cable must be stainless steel.  Canopies must be finished to 
match the ceiling and must be low profile unless otherwise shown.  Maximum 
distance between suspension points must be  10 feet  or as recommended by 
the manufacturer, whichever is less.

3.1.4   Ballasts, Generators and Power Supplies

Typically, provide ballasts, generators, and power supplies (drivers) 
integral to luminaire as constructed by the manufacturer.

3.1.5   Exit Signs and Emergency Lighting Units

Wire exit signs and emergency lighting units ahead of the local switch, to 
the normal lighting circuit located in the same room or area.

3.1.6   Photocell Switch Aiming

Aim switch according to manufacturer's recommendations.

3.1.7   Occupancy/Vacancy Sensors

Provide testing od sensor coverage in all spaces where sensors are 
placed.  This should be done only after all furnishings (carpet, 
furniture, workstations, etc.) have been installed.  Provide quantity of 
sensor units indicated as a minimum.  Provide additional units to give 
full coverage over controlled area.  Full coverage must provide hand and 
arm motion detection for office and administration type areas and walking 
motion for industrial areas, warehouses, storage rooms and hallways.  
Locate the sensor(s) as indicated and in accordance with the 
manufacturer's recommendations to maximize energy savings and to avoid 
nuisance activation and deactivation due to sudden temperature or airflow 
changes and usage.

3.1.8   Daylight or Ambient Light Level Sensor

Locate sensor as indicated and in accordance with the manufacturer's 
recommendations.  Adjust sensor for  30 footcandles or for the indicated 
light level measured at the work plane for that particular area.

3.2   FIELD APPLIED PAINTING

Paint lighting equipment as required to match finish of adjacent surfaces 
or to meet the indicated or specified safety criteria.  Provide painting 
as specified in Section 09 90 00  PAINTS AND COATINGS.

        -- End of Section --
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SECTION 26 56 00

EXTERIOR LIGHTING

PART 1   GENERAL

1.1   REFERENCES

The publications listed below form a part of this specification to the 
extent referenced.  The publications are referred to in the text by the 
basic designation only.

ASTM INTERNATIONAL (ASTM)

ASTM B117 (2016) Standard Practice for Operating 
Salt Spray (Fog) Apparatus

ILLUMINATING ENGINEERING SOCIETY  (IES)

IES HB-10 (2011; Errata 2015) IES Lighting Handbook

IES LM-79 (2008) Electrical and Photometric 
Measurements of Solid-State Lighting 
Products

IES LM-80 (2015) Measuring Lumen Maintenance of LED 
Light Sources

IES RP-16 (2010; Addendum A 2008; Addenda B 2009; 
Addendum C 2016) Nomenclature and 
Definitions for Illuminating Engineering

IES RP-8 (2014) Roadway Lighting

IES TM-15 (2011) Luminaire Classification System for 
Outdoor Luminaires

IES TM-21 (2011; Addendum B 2015) Projecting Long 
Term Lumen Maintenance of LED Light Sources

INSTITUTE OF ELECTRICAL AND ELECTRONICS ENGINEERS (IEEE)

IEEE 100 (2000; Archived) The Authoritative 
Dictionary of IEEE Standards Terms

IEEE C2 (2012; Errata 1 2012; INT 1-4 2012; Errata 
2 2013; INT 5-7 2013; INT 8-10 2014; INT 
11 2015; INT 12 2016) National Electrical 
Safety Code

IEEE C62.41.2 (2002) Recommended Practice on 
Characterization of Surges in Low-Voltage 
(1000 V and Less) AC Power Circuits
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NATIONAL ELECTRICAL MANUFACTURERS ASSOCIATION (NEMA)

NEMA 250 (2014) Enclosures for Electrical Equipment 
(1000 Volts Maximum)

NEMA ANSLG C78.377 (2015) American National Standard for 
Electric Lamps— Specifications for the 
Chromaticity of Solid State Lighting 
Products

NEMA C136.31 (2010) American National for Roadway and 
Area Lighting Equipment - Luminaire 
Vibration

NEMA C82.77 (2002) Harmonic Emission Limits - Related 
Power Quality Requirements for Lighting 
Equipment

NEMA IEC 60529 (2004) Degrees of Protection Provided by 
Enclosures (IP Code)

NEMA WD 7 (2011) Occupancy Motion Sensors Standard

NATIONAL FIRE PROTECTION ASSOCIATION (NFPA)

NFPA 70 2017  National Electrical Code

U.S. NATIONAL ARCHIVES AND RECORDS ADMINISTRATION (NARA)

47 CFR 15 Radio Frequency Devices

UNDERWRITERS LABORATORIES (UL)

UL 1310 (2011; Reprint Dec 2014) UL Standard for 
Safety Class 2 Power Units

UL 1598 (2008; Reprint Oct 2012) Luminaires

UL 773 (1995; Reprint Jul 2015) Standard for 
Plug-In, Locking Type Photocontrols for 
Use with Area Lighting

UL 773A (2016) Standard for Nonindustrial 
Photoelectric Switches for Lighting Control

UL 8750 (2009; Reprint May 2014) UL Standard for 
Safety Light Emitting Diode (LED) 
Equipment for Use in Lighting Products

1.2   RELATED REQUIREMENTS

Materials not considered to be luminaires or lighting equipment are 
specified in Section(s) 33 71 02  UNDERGROUND ELECTRICAL DISTRIBUTION .  
Luminaires and accessories installed in interior of buildings are 
specified in Section 26 51 00  INTERIOR LIGHTING .

1.3   DEFINITIONS

a.  Unless otherwise specified or indicated, electrical and electronics 
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terms used in these specifications, and on the drawings shall be as 
defined in IEEE 100  and IES RP-16 .

c.  For LED luminaire light sources, "Useful Life" is the operating hours 
before reaching 70 percent of the initial rated lumen output (L70) 
with no catastrophic failures under normal operating conditions.  This 
is also known as 70 percent "Rated Lumen Maintenance Life" as defined 
in IES LM-80 .

1.4   SUBMITTALS

Government approval is required for submittals with a "G" designation; 
submittals not having a "G" designation are for information only.  When 
used, a designation following the "G" designation identifies the office 
that will review the submittal for the Government.  Submittals with an "S" 
are for inclusion in the Sustainability Notebook, in conformance to 
Section 01 33 29  SUSTAINABILITY REPORTING.  Submit the following in 
accordance with Section 01 33 00  SUBMITTAL PROCEDURES:

SD-01 Preconstruction Submittals

Photometric Plan ; G

LED Luminaire Warranty ; G

SD-02 Shop Drawings

Luminaire drawings ; G

SD-03 Product Data

 LED Luminaires ; G

Luminaire Light Sources ; G

Luminaire Power Supply Units (Drivers) ; G

Motion Sensor ; G

Photocell ; G

SD-05 Design Data

Design Data for luminaires ; G
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SD-06 Test Reports

LED Luminaire - IES LM-79  Test Report ; G

LED Light Source - IES LM-80  Test Report ; G

Operating test

Submit operating test results as stated in paragraph entitled 
"Field Quality Control."

SD-07 Certificates

Luminaire Useful Life Certificate ; G

Submit certification from the manufacturer indicating the expected 
useful life of the luminaires provided.  The useful life shall be 
directly correlated from the IES LM-80  test data using procedures 
outlined in IES TM-21 .  Thermal properties of the specific 
luminaire and local ambient operating temperature and conditions 
shall be taken into consideration.

SD-08 Manufacturer's Instructions

SD-10 Operation and Maintenance Data

Electronic LED Driver Warranty

Operational Service

Submit documentation that includes contact information, summary of 
procedures, and the limitations and conditions applicable to the 
project.  Indicate manufacturer's commitment to reclaim materials 
for recycling and/or reuse.

1.5   QUALITY ASSURANCE

1.5.1   Drawing Requirements

1.5.1.1   Luminaire Drawings

Include dimensions, accessories, and installation and construction 
details.  Photometric data, including zonal lumen data, average and 
minimum ratio,  and candlepower distribution data shall accompany shop 
drawings.

1.5.2   Photometric Plan

For LED luminaires, include computer-generated photometric analysis of the 
"designed to" values for the "end of useful life" of the luminaire 
installation using a light loss factor of 0.7.  For LED and all other 
types of luminaires, the submittal shall include the following:

Horizontal illuminance measurements at finished grade, taken at a maximum 
of every  10 feet .

Vertical illuminance measurements at  5 feet  above finished grade.
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Minimum and maximum  footcandle  levels.

Average maintained  footcandle  level.

Maximum to minimum ratio for horizontal illuminance only.

1.5.3   Design Data for Luminaires

a.  Provide distribution data according to IES classification type as 
defined in IES HB-10 .

b.  Shielding as defined by IES RP-8  or B.U.G. rating for the installed 
position as defined by IES TM-15 .

c.  Provide safety certification and file number for the luminaire 
family.  Include listing, labeling and identification per NFPA 70  
(NEC).  Applicable testing bodies are determined by the US 
Occupational Safety Health Administration (OSHA) as Nationally 
Recognized Testing Laboratories (NRTL) and include: CSA (Canadian 
Standards Association), ETL (Edison Testing Laboratory), and UL 
(Underwriters Laboratories).

d.  Provide long term lumen maintenance projections for each LED luminaire 
in accordance with IES TM-21 .  Data used for projections shall be 
obtained from testing in accordance with IES LM-80 .

e.  

1.5.4   LED Luminaire -  IES LM-79  Test Report

Submit test report on manufacturer's standard production model luminaire.  
Submittal shall include all photometric and electrical measurements, as 
well as all other pertinent data outlined under "14.0 Test Report" in 
IES LM-79 .

1.5.5   LED Light Source - IES LM-80  Test Report

Submit report on manufacturer's standard production LED package, array, or 
module.  Submittal shall include:

a.  Testing agency, report number, date, type of equipment, and LED light 
source being tested.

b.  All data required by IES LM-80 .

1.5.5.1   Test Laboratories

Test laboratories for the IES LM-79  and IES LM-80  test reports shall be 
one of the following:

a.  National Voluntary Laboratory Accreditation Program (NVLAP) accredited 
for solid-state lighting testing as part of the Energy-Efficient 
Lighting Products laboratory accreditation program.

b.  One of the qualified labs listed on the Department of Energy - Energy 
Efficiency & Renewable Energy, Solid-State Lighting web site.

c.  A manufacturer's in-house lab that meets the following criteria:
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1.  Manufacturer has been regularly engaged in the design and 
production of high intensity discharge roadway and area luminaires 
and the manufacturer's lab has been successfully certifying these 
fixtures for a minimum of 15 years.

2.  Annual equipment calibration including photometer calibration in 
accordance with National Institute of Standards and Technology.

1.5.6   Regulatory Requirements

In each of the publications referred to herein, consider the advisory 
provisions to be mandatory, as though the word, "shall" had been 
substituted for "should" wherever it appears.  Interpret references in 
these publications to the "authority having jurisdiction," or words of 
similar meaning, to mean the Contracting Officer.  Equipment, materials, 
installation, and workmanship shall be in accordance with the mandatory 
and advisory provisions of NFPA 70  unless more stringent requirements are 
specified or indicated.

1.5.7   Standard Products

Provide materials and equipment that are products of manufacturers 
regularly engaged in the production of such products which are of equal 
material, design and workmanship.  Products shall have been in 
satisfactory commercial or industrial use for 2 years prior to bid 
opening.  The 2-year period shall include applications of equipment and 
materials under similar circumstances and of similar size.  The product 
shall have been on sale on the commercial market through advertisements, 
manufacturers' catalogs, or brochures during the 2-year period.  Where two 
or more items of the same class of equipment are required, these items 
shall be products of a single manufacturer; however, the component parts 
of the item need not be the products of the same manufacturer unless 
stated in this section.

1.5.7.1   Alternative Qualifications

Products having less than a 2-year field service record will be acceptable 
if the manufacturer has been regularly engaged in the design and 
production of high intensity discharge roadway and area luminaires for a 
minimum of 15 years.  Products shall have been in satisfactory commercial 
or industrial use for 15 years prior to bid opening.  The product shall 
have been on sale on the commercial market through advertisements, 
manufacturers' catalogs, or brochures during the 15-year period.

1.5.7.2   Material and Equipment Manufacturing Date

Products manufactured more than 1 year prior to date of delivery to site 
shall not be used, unless specified otherwise.

1.6   DELIVERY, STORAGE, AND HANDLING OF POLES

1.7   WARRANTY

The equipment items shall be supported by service organizations which are 
reasonably convenient to the equipment installation in order to render 
satisfactory service to the equipment on a regular and emergency basis 
during the warranty period of the contract.
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1.7.1   LED Luminaire Warranty

Provide Luminaire Useful Life Certificate .

The equipment items shall be supported by service organizations which are 
reasonably convenient to the equipment installation in order to render 
satisfactory service to the equipment on a regular and emergency basis 
during the warranty period of the contract.

a.  Provide a written five year on-site replacement warranty for material, 
fixture finish, and workmanship. On-site replacement includes 
transportation, removal, and installation of new products.

1.  Finish warranty shall include warranty against failure and against 
substantial deterioration such as blistering, cracking, peeling, 
chalking, or fading.

2.  Material warranty shall include:

(a) All power supply units (drivers).

(b) Replacement when more than 10 percent of LED sources in any 
lightbar or subassembly(s) are defective or non-starting.

b.  Warranty period must begin on date of beneficial occupancy.  
Contractor shall provide the Contracting Officer signed warranty 
certificates prior to final payment.

1.8   OPERATIONAL SERVICE

Coordinate with manufacturer for maintenance agreement .  Collect 
information from the manufacturer about maintenance agreement options, and 
submit to Contracting Officer.  Services shall reclaim materials for 
recycling and/or reuse.  Services shall not deposit materials in landfills 
or burn reclaimed materials.  Indicate procedures for compliance with 
regulations governing disposal of mercury.  When such a service is not 
available, local recyclers shall be sought after to reclaim the materials.

PART 2   PRODUCTS

2.1   PRODUCT COORDINATION

Products and materials not considered to be luminaires, equipment or 
accessories are specified in Section 33 71 02  UNDERGROUND ELECTRICAL 
DISTRIBUTION, Luminaires and associated equipment and accessories for 
interior applications are specified in Section 26 51 00  INTERIOR LIGHTING.

2.2     LED LUMINAIRES

UL 1598 , NEMA C82.77  and UL 8750 .  Provide luminaires as indicated in 
luminaire schedule and XL plates or details on project plans.  Provide 
luminaires complete with light sources of quantity, type, and wattage 
indicated.  All luminaires of the same type shall be provided by the same 
manufacturer.

2.2.1   General Requirements

a.  LED luminaire housings shall be die cast or extruded aluminum.
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b.  LED luminaires shall be rated for operation within an ambient 
temperature range of  minus 22 degrees F  to  104 degrees F .

c.  Luminaires shall be UL listed for wet locations per UL 1598 .  Optical 
compartment for LED luminaires shall be sealed and rated a minimum of 
IP65 per NEMA IEC 60529 .

e.  Luminaires shall have IES distribution and NEMA field angle 
classifications as indicated in luminaire schedule on project plans 
per IES HB-10 .

f.  Housing finish shall be baked-on enamel, anodized, or baked-on powder 
coat paint.  Finish shall be capable of surviving ASTM B117 salt fog 
environment testing for 2500 hours minimum without blistering or 
peeling.

g.  Luminaires shall not exceed the following IES TM-15  Backlight, Uplight 
and Glare (B.U.G.) ratings:

1.  Maximum Backlight (B) rating shall be determined by lighting zone  
in which luminaire is placed.

2.  Maximum Uplight (U) rating shall be U0.

3.  Maximum Glare (G) rating shall be determined by lighting zone in 
which luminaire is placed.

h.  Luminaires shall be fully assembled and electrically tested prior to 
shipment from factory.

i.  The finish color shall be as indicated in the luminaire schedule or 
detail on the project plans.

k.  Luminaire lenses shall be constructed of clear tempered glass or 
UV-resistant acrylic. m.  Incorporate modular electrical connections, 
and construct luminaires to allow replacement of all or any part of 
the optics, heat sinks, power supply units, ballasts, surge 
suppressors and other electrical components using only a simple tool, 
such as a manual or cordless electric screwdriver.

n.  Luminaires shall have a nameplate bearing the manufacturer's name, 
address, model number, date of manufacture, and serial number securely 
affixed in a conspicuous place.  The nameplate of the distributing 
agent will not be acceptable.

p.  Luminaire must pass 3G vibration testing in accordance with 
NEMA C136.31 .

q.  All factory electrical connections shall be made using crimp, locking, 
or latching style connectors.  Twist-style wire nuts are not 
acceptable.
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2.2.2   Luminaire Light Sources

2.2.2.1   LED Light Sources

a.  Correlated Color Temperature (CCT) shall be in accordance with 
NEMA ANSLG C78.377 :

Nominal CCT: 4000 degrees K: 3985 plus or minus 275 degrees K

b.  Color Rendering Index (CRI) shall be:

Greater than or equal to 70 for 4000 degrees K light sources.

c.  Color Consistency:

Manufacturer shall utilize a maximum 4-step MacAdam ellipse binning 
tolerance for color consistency of LEDs used in luminaires.

2.2.3   Luminaire Ballasts, Generators and Power Supply Units (Drivers)

2.2.3.1   LED Power Supply Units (Drivers)

UL 1310 .  LED Power Supply Units (Drivers) shall meet the following 
requirements:

a.  Minimum efficiency shall be 85 percent.

b.  Drive current to each individual LED shall not exceed 600 mA, plus or 
minus 10 percent.

c.  Shall be rated to operate between ambient temperatures of  minus 22 
degrees F  and  104 degrees F .

d.  Shall be designed to operate on the voltage system to which they are 
connected, typically ranging from 120 V to 480 V nominal.

e.  Operating frequency shall be: 50 or 60 Hz.

f.  Power Factor (PF) shall be greater than or equal to 0.90.

g.  Total Harmonic Distortion (THD) current shall be less than or equal to 
20 percent.

h.  Shall meet requirements of 47 CFR 15 , Class B.

i.  Shall be RoHS-compliant.

j.  Shall be mounted integral to luminaire. Remote mounting of power 
supply is not allowed.

k.  Power supplies in luminaires mounted under a covered structure, such 
as a canopy, or where otherwise appropriate shall be UL listed with a 
sound rating of A.

m.  Shall be equipped with over-temperature protection circuit that turns 
light source off until normal operating temperature is achieved.
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2.2.4   LED Luminaire Surge Protection

Provide surge protection integral to luminaire to meet C Low waveforms as 
defined by IEEE C62.41.2 , Scenario 1, Location Category C.

2.3   EXTERIOR LUMINAIRE CONTROLS

Controls shall comply with Section 9 of.  Provide a control system 
interface within each luminaire that is compatible with the energy 
management or control system used by the utility department in charge of 
the project area for control of site lighting.

2.3.1   Photocell

UL 773  or UL 773A .  Photocells shall be hermetically sealed, cadmium 
sulfide light sensor type, rated at 600  watts, 120  volts, 50/60 Hz with 
single-pole, single-throw contacts.  Photocell shall be designed to fail 
to the ON position.  Housing shall be constructed of polycarbonate , rated 
to operate within a temperature range of  minus 40 to 158 degrees F .  
Photocell shall turn on at  1-3 footcandles  and turn off at  3 to 15 
footcandles .  A time delay shall prevent accidental switching from 
transient light sources.

2.3.2   Motion Sensor

NEMA WD 7, UL 773A .  Provide passive infrared type sensors with 270 degree 
coverage, time delay that can be adjusted from 15 seconds to 15 minutes, 
and "fail to ON position" default state.  Sensors shall be located to 
achieve coverage of areas as indicated on project plans.  Coverage 
patterns shall be derated as recommended by manufacturer based on mounting 
height of sensor and any obstructions such as trees.  Do not use gross 
rated coverage in manufacturer's product literature.  Sensors installed 
integral to the luminaire must be provided by the luminaire manufacturer.  
Sensors shall have an integral light level sensor that does not allow 
luminaires to operate during daylight hours and shall be designed to 
operate on a voltage of 120/277 VAC.  Provide sensors to operate in 
conjunction with bi-level controllers that lower LED luminaires to a 50 
percent output.  Sensor shall be mounted directly to luminaire.

2.4   POLE FOUNDATIONS

2.5   EQUIPMENT IDENTIFICATION

2.5.1   Manufacturer's Nameplate

Each item of equipment shall have a nameplate bearing the manufacturer's 
name, address, model number, and serial number securely affixed in a 
conspicuous place; the nameplate of the distributing agent will not be 
acceptable.

2.5.2   Labels

Provide labeled luminaires in accordance with UL 1598  requirements.  
Luminaires shall be clearly marked for operation of specific light sources 
and ballasts according to proper light source type.  The following light 
source characteristics shall be noted in the format "Use Only _____":
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e.  Correlated color temperature (CCT) and color rendering index (CRI) for 
all luminaires.

Markings related to lamp type shall be clear and located to be readily 
visible to service personnel, but unseen from normal viewing angles when 
lamps are in place.

2.6   FACTORY APPLIED FINISH

Electrical equipment shall have factory-applied painting systems which 
shall, as a minimum, meet the requirements of NEMA 250 
corrosion-resistance test.

PART 3   EXECUTION

3.1   INSTALLATION

Electrical installations shall conform to IEEE C2 , NFPA 70 , and to the 
requirements specified herein.

3.1.1   Aluminum Poles

Provide pole foundations with galvanized steel anchor bolts, threaded at 
the top end and bent  90 degrees  at the bottom end.  Provide ornamental 
covers to match pole and galvanized nuts and washers for anchor bolts.  
Concrete for anchor bases, polyvinyl chloride (PVC) conduit ells, and 
ground rods shall be as specified in Section 33 71 02  UNDERGROUND 
ELECTRICAL DISTRIBUTION.  Thoroughly compact backfill with compacting 
arranged to prevent pressure between conductor, jacket, or sheath and the 
end of conduit ell.  Adjust poles as necessary to provide a permanent 
vertical position with the bracket arm in proper position for luminaire 
location.

] 3.1.2   Pole Setting

Depth shall be as indicated.  

3.1.3   Photocell Switch Aiming

Aim switch according to manufacturer's recommendations.  Mount switch on 
or beside each luminaire when switch is provided in cast weatherproof 
aluminum housing with swivel arm.

3.1.4   GROUNDING

Ground noncurrent-carrying parts of equipment including luminaires, 
mounting arms, brackets, and metallic enclosures as specified in Section 
33 71 02  UNDERGROUND ELECTRICAL DISTRIBUTION.  Where copper grounding 
conductor is connected to a metal other than copper, provide specially 
treated or lined connectors suitable for this purpose.

3.1.5   FIELD APPLIED PAINTING

Paint electrical equipment as required to match finish of adjacent 
surfaces or to meet the indicated or specified safety criteria.  Painting 
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shall be as specified in Section 09 90 00  PAINTS AND COATINGS.

3.2   FIELD QUALITY CONTROL

Upon completion of installation, verify that equipment is properly 
installed, connected, and adjusted.  Conduct an operating test  after 100 
hours of burn-in time to show that the equipment operates in accordance 
with the requirements of this section.

        -- End of Section --
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SECTION 27 10 00

BUILDING TELECOMMUNICATIONS CABLING SYSTEM

PART 1   GENERAL

1.1   REFERENCES

The publications listed below form a part of this specification to the 
extent referenced.  The publications are referred to within the text by 
the basic designation only.

ASTM INTERNATIONAL (ASTM)

ASTM D709 (2013) Laminated Thermosetting Materials

ELECTRONIC COMPONENTS INDUSTRY ASSOCIATION (ECIA)

ECIA EIA/ECA 310-E (2005) Cabinets, Racks, Panels, and 
Associated Equipment

INSTITUTE OF ELECTRICAL AND ELECTRONICS ENGINEERS (IEEE)

IEEE 100 (2000; Archived) The Authoritative 
Dictionary of IEEE Standards Terms

INSULATED CABLE ENGINEERS ASSOCIATION (ICEA)

ICEA S-83-596 (2011) Indoor Optical Fiber Cables

ICEA S-90-661 (2012) Category 3, 5, & 5e Individually 
Unshielded Twisted Pair Indoor Cables for 
Use in General Purpose and LAN 
Communications Wiring Systems Technical 
Requirements

NATIONAL ELECTRICAL CONTRACTORS ASSOCIATION (NECA)

NECA/BICSI 568 (2006) Standard for Installing Building 
Telecommunications Cabling

NATIONAL ELECTRICAL MANUFACTURERS ASSOCIATION (NEMA)

ANSI/NEMA WC 66 (2013) Performance Standard for Category 6 
and Category 7 100 Ohm Shielded and 
Unshielded Twisted Pairs

NATIONAL FIRE PROTECTION ASSOCIATION (NFPA)

NFPA 70 2017  National Electrical Code

TELECOMMUNICATIONS INDUSTRY ASSOCIATION (TIA)

TIA-1152 (2009) Requirements for Field Test 
Instruments and Measurements for Balanced 
Twisted-Pair Cabling
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TIA-455-21 (1988a; R 2012) FOTP-21 - Mating 
Durability of Fiber Optic Interconnecting 
Devices

TIA-526-14 (2015c) OFSTP-14A Optical Power Loss 
Measurements of Installed Multimode Fiber 
Cable Plant

TIA-526-7 (2015a) OFSTP-7 Measurement of Optical 
Power Loss of Installed Single-Mode Fiber 
Cable Plant

TIA-568-C.0 (2009; Add 1 2010; Add 2 2012) Generic 
Telecommunications Cabling for Customer 
Premises

TIA-568-C.1 (2009; Add 2 2011; Add 1 2012) Commercial 
Building Telecommunications Cabling 
Standard

TIA-568-C.2 (2009; Errata 2010) Balanced Twisted-Pair 
Telecommunications Cabling and Components 
Standards

TIA-568-C.3 (2008; Add 1 2011) Optical Fiber Cabling 
Components Standard

TIA-569 (2015d) Commercial Building Standard for 
Telecommunications Pathways and Spaces

TIA-606 (2012b; Add 1 2015) Administration 
Standard for the Telecommunications 
Infrastructure

TIA-607 (2011b) Generic Telecommunications Bonding 
and Grounding (Earthing) for Customer 
Premises

TIA/EIA-598 (2014d) Optical Fiber Cable Color Coding

TIA/EIA-604-3 (2004b; R 2014) Fiber Optic Connector 
Intermateability Standard (FOCIS), Type SC 
and SC-APC, FOCIS-3

U.S. FEDERAL COMMUNICATIONS COMMISSION (FCC)

FCC Part 68 Connection of Terminal Equipment to the 
Telephone Network (47 CFR 68)

UNDERWRITERS LABORATORIES (UL)

UL 1286 (2008; Reprint Feb 2015) Office Furnishings

UL 1666 (2007; Reprint Jun 2012) Test for Flame 
Propagation Height of Electrical and 
Optical-Fiber Cables Installed Vertically 
in Shafts
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UL 1863 (2004; Reprint Nov 2012) Communication 
Circuit Accessories

UL 444 (2008; Reprint Apr 2015) Communications 
Cables

UL 467 (2007) Grounding and Bonding Equipment

UL 50 (2007; Reprint Apr 2012) Enclosures for 
Electrical Equipment, Non-environmental 
Considerations

UL 514C (2014; Reprint Dec 2014) Nonmetallic 
Outlet Boxes, Flush-Device Boxes, and 
Covers

UL 969 (1995; Reprint Sep 2014) Standard for 
Marking and Labeling Systems

UFC 3-580-1
Hill AFB Tab K

1.2   RELATED REQUIREMENTS

Section 26 20 00  INTERIOR DISTRIBUTION SYSTEM and Section 33 82 00  
TELECOMMUNICATIONS, OUTSIDE PLANT (OSP), apply to this section with 
additions and modifications specified herein.

1.3   DEFINITIONS

Unless otherwise specified or indicated, electrical and electronics terms 
used in this specification shall be as defined in TIA-568-C.1 , TIA-568-C.2 , 
TIA-568-C.3 , TIA-569 , TIA-606  and IEEE 100  and herein.

1.3.1   Campus Distributor (CD)

A distributor from which the campus backbone cabling emanates. 
(International expression for main cross-connect (MC).)

1.3.2   Building Distributor (BD)

A distributor in which the building backbone cables terminate and at which 
connections to the campus backbone cables may be made.  (International 
expression for intermediate cross-connect (IC).)

1.3.3   Floor Distributor (FD)

A distributor used to connect horizontal cable and cabling subsystems or 
equipment.  (International expression for horizontal cross-connect (HC).)

1.3.4   Telecommunications Room (TR)

An enclosed space for housing telecommunications equipment, cable, 
terminations, and cross-connects.  The room is the recognized 
cross-connect between the backbone cable and the horizontal cabling.

1.3.5   Entrance Facility (EF) (Telecommunications)

An entrance to the building for both private and public network service 
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cables (including wireless) including the entrance point at the building 
wall and continuing to the equipment room.

1.3.6   Equipment Room (ER) (Telecommunications)

An environmentally controlled  centralized space for telecommunications 
equipment that serves the occupants of a building.  Equipment housed 
therein is considered distinct from a telecommunications room because of 
the nature of its complexity.

1.3.7   Open Cable

Cabling that is not run in a raceway as defined by NFPA 70 .  This refers 
to cabling that is "open" to the space in which the cable has been 
installed and is therefore exposed to the environmental conditions 
associated with that space.

1.3.8   Open Office

A floor space division provided by furniture, moveable partitions, or 
other means instead of by building walls.

1.3.9   Pathway

A physical infrastructure utilized for the placement and routing of 
telecommunications cable.

1.4   SYSTEM DESCRIPTION

The building telecommunications cabling and pathway system shall include 
permanently installed backbone and horizontal cabling, horizontal and 
backbone pathways, service entrance facilities, work area pathways, 
telecommunications outlet assemblies, conduit, raceway, and hardware for 
splicing, terminating, and interconnecting cabling necessary to transport 
telephone and data (including LAN) between equipment items in a 
building.   The horizontal system shall be wired in a star topology from 
the telecommunications work area to the floor distributor or campus 
distributor at the center or hub of the star.  The backbone cabling and 
pathway system includes intrabuilding and interbuilding interconnecting 
cabling, pathway, and terminal hardware.  The intrabuilding backbone 
provides connectivity from the floor distributors to the building 
distributors or to the campus distributor and from the building 
distributors to the campus distributor as required.  The backbone system 
shall be wired in a star topology with the campus distributor at the 
center or hub of the star.  The interbuilding backbone system provides 
connectivity between the campus distributors and is specified in Section 
33 82 00  TELECOMMUNICATIONS OUTSIDE PLANT (OSP).  Provide 
telecommunications pathway systems referenced herein as specified in 
Section 26 20 00  INTERIOR DISTRIBUTION SYSTEM.

1.5   SUBMITTALS

Government approval is required for submittals with a "G" designation; 
submittals not having a "G" designation are for information only.  When 
used, a designation following the "G" designation identifies the office 
that will review the submittal for the Government.  Submittals with an "S" 
are for inclusion in the Sustainability Notebook, in conformance to 
Section 01 33 29  SUSTAINABILITY REPORTING.  Submit the following in 
accordance with Section 01 33 00  SUBMITTAL PROCEDURES:
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SD-02 Shop Drawings

Telecommunications drawings ; G

Telecommunications Space Drawings ; G

In addition to Section 01 33 00  SUBMITTAL PROCEDURES, provide shop 
drawings in accordance with paragraph SHOP DRAWINGS.

SD-03 Product Data

Telecommunications cabling  (backbone and horizontal); G

Patch panels ; G

Telecommunications outlet/connector assemblies ; G

Equipment support frame ; G

Submittals shall include the manufacturer's name, trade name, 
place of manufacture, and catalog model or number.  Include 
performance and characteristic curves.  Submittals shall also 
include applicable federal, military, industry, and technical 
society publication references.  Should manufacturer's data 
require supplemental information for clarification, the 
supplemental information shall be submitted as specified in 
paragraph REGULATORY REQUIREMENTS and as required in Section 
01 33 00  SUBMITTAL PROCEDURES.

SD-06 Test Reports

Telecommunications cabling testing ; G

  SD-07 Certificates

Telecommunications Contractor  Qualifications; G

Key Personnel  Qualifications; G

Manufacturer Qualifications ; G

Test plan ; G

SD-09 Manufacturer's Field Reports

Factory reel tests ; G

SD-10 Operation and Maintenance Data

Telecommunications cabling and pathway system  Data Package 5; G

 SD-11 Closeout Submittals

Record Documentation ; G
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1.6   QUALITY ASSURANCE

1.6.1   Shop Drawings

In exception to Section 01 33 00  SUBMITTAL PROCEDURES, submitted plan 
drawings shall be a minimum of  11 by 17 inches  in size using a minimum 
scale of  1/8 inch per foot .  Include wiring diagrams and installation 
details of equipment indicating proposed location, layout and arrangement, 
control panels, accessories, piping, ductwork, and other items that must 
be shown to ensure a coordinated installation.  Wiring diagrams shall 
identify circuit terminals and indicate the internal wiring for each item 
of equipment and the interconnection between each item of equipment.  
Drawings shall indicate adequate clearance for operation, maintenance, and 
replacement of operating equipment devices.  Submittals shall include the 
nameplate data, size, and capacity.  Submittals shall also include 
applicable federal, military, industry, and technical society publication 
references.

1.6.1.1   Telecommunications Drawings

Provide registered communications distribution designer (RCDD) approved, 
drawings in accordance with TIA-606 .  The shop drawings shall be stamped 
and signed by the RCDD certifying compliance with the applicable EIA/TIA 
standards as required.   The identifier for each termination and cable 
shall appear on the drawings.  Drawings shall depict final 
telecommunications installed wiring system infrastructure in accordance 
with TIA-606 .  The drawings should provide details required to prove that 
the distribution system shall properly support connectivity from the EF 
telecommunications and ER telecommunications, CD's, and FD's to the 
telecommunications work area outlets.  The following drawings shall be 
provided as a minimum:

a.  T1 - Layout of complete building per floor - Building Area/Serving 
Zone Boundaries, Backbone Systems, and Horizontal Pathways.  Layout of 
complete building per floor. The drawing indicates location of 
building areas, serving zones, vertical backbone diagrams, 
telecommunications rooms, access points, pathways, grounding system, 
and other systems that need to be viewed from the complete building 
perspective.

b.  T2 - Serving Zones/Building Area Drawings - Drop Locations and Cable 
Identification (ID’S).  Shows a building area or serving zone.  These 
drawings show drop locations, telecommunications rooms, access points 
and detail call outs for common equipment rooms and other congested 
areas.

c.  T4 - Typical Detail Drawings - Faceplate Labeling, Firestopping, 
Americans with Disabilities Act (ADA), Safety, Department of 
Transportation (DOT).  Detailed drawings of symbols and typicals such 
as faceplate labeling, faceplate types, faceplate population 
installation procedures, detail racking, and raceways.

1.6.1.2   Telecommunications Space Drawings

Provide T3 drawings in accordance with TIA-606  that include 
telecommunications rooms plan views, pathway layout (cable tray, racks, 
ladder-racks, etc.), mechanical/electrical layout, and , rack wall 
elevations.  Drawings shall show layout of applicable equipment including 
incoming cable stub or connector blocks, building protector assembly, 
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outgoing cable connector blocks, patch panels and equipment spaces and 
cabinet/racks.  Drawings shall include a complete list of equipment and 
material, equipment rack details, proposed layout and anchorage of 
equipment and appurtenances, and equipment relationship to other parts of 
the work including clearance for maintenance and operation.  Drawings may 
also be an enlargement of a congested area of T1 or T2 drawings.

1.6.2   Telecommunications Qualifications

Work under this section shall be performed by and the equipment shall be 
provided by the approved telecommunications contractor and key personnel.  
Qualifications shall be provided for:  the telecommunications system 
contractor, the telecommunications system installer, and the supervisor 
(if different from the installer).  A minimum of 30 days prior to 
installation, submit documentation of the experience of the 
telecommunications contractor and of the key personnel.

1.6.2.1   Telecommunications Contractor

The telecommunications contractor shall be a firm which is regularly and 
professionally engaged in the business of the applications, installation, 
and testing of the specified telecommunications systems and equipment.  
The telecommunications contractor shall demonstrate experience in 
providing successful telecommunications systems within the past 3 years of 
similar scope and size.  Submit documentation for a minimum of three and a 
maximum of five successful telecommunication system installations for the 
telecommunications contractor.

1.6.2.2   Key Personnel

Provide key personnel who are regularly and professionally engaged in the 
business of the application, installation and testing of the specified 
telecommunications systems and equipment.  There may be one key person or 
more key persons proposed for this solicitation depending upon how many of 
the key roles each has successfully provided.  Each of the key personnel 
shall demonstrate experience in providing successful telecommunications 
systems within the past 3 years.

Supervisors and installers assigned to the installation of this system or 
any of its components shall be Building Industry Consulting Services 
International (BICSI) Registered Cabling Installers, Technician Level.  
Submit documentation of current BICSI certification for each of the key 
personnel.

In lieu of BICSI certification, supervisors and installers assigned to the 
installation of this system or any of its components shall have a minimum 
of 3 years experience in the installation of the specified copper and 
fiber optic cable and components.  They shall have factory or factory 
approved certification from each equipment manufacturer indicating that 
they are qualified to install and test the provided products.  Submit 
documentation for a minimum of three and a maximum of five successful 
telecommunication system installations for each of the key personnel.  
Documentation for each key person shall include at least two successful 
system installations provided that are equivalent in system size and in 
construction complexity to the telecommunications system proposed for this 
solicitation.  Include specific experience in installing and testing 
telecommunications systems and provide the names and locations of at least 
two project installations successfully completed using optical fiber and 
copper telecommunications cabling systems.  All of the existing 
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telecommunications system installations offered by the key persons as 
successful experience shall have been in successful full-time service for 
at least 18 months prior to the issuance date for this solicitation.  
Provide the name and role of the key person, the title, location, and 
completed installation date of the referenced project, the referenced 
project owner point of contact information including name, organization, 
title, and telephone number, and generally, the referenced project 
description including system size and construction complexity.

Indicate that all key persons are currently employed by the 
telecommunications contractor, or have a commitment to the 
telecommunications contractor to work on this project.  All key persons 
shall be employed by the telecommunications contractor at the date of 
issuance of this solicitation, or if not, have a commitment to the 
telecommunications contractor to work on this project by the date that the 
bid was due to the Contracting Officer.

Note that only the key personnel approved by the Contracting Officer in 
the successful proposal shall do work on this solicitation's 
telecommunications system.  Key personnel shall function in the same roles 
in this contract, as they functioned in the offered successful 
experience.  Any substitutions for the telecommunications contractor's key 
personnel requires approval from The Contracting Officer.

1.6.2.3   Minimum Manufacturer Qualifications

Cabling, equipment and hardware manufacturers shall have a minimum of 3 
years experience in the manufacturing, assembly, and factory testing of 
components which comply with TIA-568-C.1 , TIA-568-C.2  and TIA-568-C.3 .

1.6.3   Test Plan

Provide a complete and detailed test plan for the telecommunications 
cabling system including a complete list of test equipment for the 
components and accessories for each cable type specified, 60 days prior to 
the proposed test date.  Include procedures for certification, validation, 
and testing.

1.6.4   Regulatory Requirements

In each of the publications referred to herein, consider the advisory 
provisions to be mandatory, as though the word, "shall" had been 
substituted for "should" wherever it appears.  Interpret references in 
these publications to the "authority having jurisdiction," or words of 
similar meaning, to mean the Contracting Officer.  Equipment, materials, 
installation, and workmanship shall be in accordance with the mandatory 
and advisory provisions of NFPA 70  unless more stringent requirements are 
specified or indicated.

1.6.5   Standard Products

Provide materials and equipment that are products of manufacturers 
regularly engaged in the production of such products which are of equal 
material, design and workmanship.  Products shall have been in 
satisfactory commercial or industrial use for 2 years prior to bid 
opening.  The 2-year period shall include applications of equipment and 
materials under similar circumstances and of similar size.  The product 
shall have been on sale on the commercial market through advertisements, 
manufacturers' catalogs, or brochures during the 2-year period.  Where two 
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or more items of the same class of equipment are required, these items 
shall be products of a single manufacturer; however, the component parts 
of the item need not be the products of the same manufacturer unless 
stated in this section.

1.6.5.1   Alternative Qualifications

Products having less than a 2-year field service record will be acceptable 
if a certified record of satisfactory field operation for not less than 
6000 hours, exclusive of the manufacturers' factory or laboratory tests, 
is furnished.

1.6.5.2   Material and Equipment Manufacturing Date

Products manufactured more than 1 year prior to date of delivery to site 
shall not be used, unless specified otherwise.

1.7   DELIVERY AND STORAGE

Provide protection from weather, moisture, extreme heat and cold, dirt, 
dust, and other contaminants for telecommunications cabling and equipment 
placed in storage.

1.8   ENVIRONMENTAL REQUIREMENTS

Connecting hardware shall be rated for operation under ambient conditions 
of  32 to 140 degrees F  and in the range of 0 to 95 percent relative 
humidity, noncondensing.

1.9   WARRANTY

The equipment items shall be supported by service organizations which are 
reasonably convenient to the equipment installation in order to render 
satisfactory service to the equipment on a regular and emergency basis 
during the warranty period of the contract.

1.10   MAINTENANCE

1.10.1   Operation and Maintenance Manuals

Commercial off the shelf manuals shall be furnished for operation, 
installation, configuration, and maintenance of products provided as a 
part of the telecommunications cabling and pathway system , Data Package 
5.  Submit operations and maintenance data in accordance with Section 
01 78 23  OPERATION AND MAINTENANCE DATA and as specified herein not later 
than 2 months prior to the date of beneficial occupancy.  In addition to 
requirements of Data Package 5, include the requirements of paragraphs 
TELECOMMUNICATIONS DRAWINGS, TELECOMMUNICATIONS SPACE DRAWINGS, and RECORD 
DOCUMENTATION.  Ensure that these drawings and documents depict the 
as-built configuration. 

1.10.2   Record Documentation

Provide T5 drawings including documentation on cables and termination 
hardware in accordance with TIA-606 .  T5 drawings shall include schedules 
to show information for cut-overs and cable plant management, patch panel 
layouts and cover plate assignments, cross-connect information and 
connecting terminal layout as a minimum.  T5 drawings shall be provided in 
hard copy format Provide the following T5 drawing documentation as a 
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minimum:

a.  Cables - A record of installed cable shall be provided in accordance 
with TIA-606 .  The cable records shall include only the required data 
fieldsin accordance with TIA-606 .  Include manufacture date of cable 
with submittal.

b.  Termination Hardware - A record of installed patch panels, 
cross-connect points, distribution frames, terminating block 
arrangements and type, and outlets shall be provided in accordance 
with TIA-606 .  Documentation shall include the required data fields 
only in accordance with TIA-606 .

PART 2   PRODUCTS

2.1   COMPONENTS

Components shall be UL or third party certified.  Where equipment or 
materials are specified to conform to industry and technical society 
reference standards of the organizations, submit proof of such 
compliance.  The label or listing by the specified organization will be 
acceptable evidence of compliance.  In lieu of the label or listing, 
submit a certificate from an independent testing organization, competent 
to perform testing, and approved by the Contracting Officer.  The 
certificate shall state that the item has been tested in accordance with 
the specified organization's test methods and that the item complies with 
the specified organization's reference standard.  Provide a complete 
system of telecommunications cabling and pathway components using star 
topology.  Provide support structures and pathways, complete with outlets, 
cables, connecting hardware and telecommunications cabinets/racks.  
Cabling and interconnecting hardware and components for telecommunications 
systems shall be UL listed or third party independent testing laboratory 
certified, and shall comply with NFPA 70  and conform to the requirements 
specified herein.

2.2   TELECOMMUNICATIONS PATHWAY

Provide telecommunications pathways in accordance with TIA-569  and as 
specified in Section 26 20 00  INTERIOR DISTRIBUTION SYSTEM.  Provide 
system furniture pathways in accordance with UL 1286 .

2.3   TELECOMMUNICATIONS CABLING

Cabling shall be UL listed for the application and shall comply with 
TIA-568-C.0 , TIA-568-C.1 , TIA-568-C.2 , TIA-568-C.3  and NFPA 70 .  Provide a 
labeling system for cabling as required by TIA-606  and UL 969 .  Ship cable 
on reels or  in boxes bearing manufacture date for for unshielded twisted 
pair (UTP) in accordance with ICEA S-90-661  and optical fiber cables in 
accordance with ICEA S-83-596  for all cable used on this project.  Cabling 
manufactured more than 12 months prior to date of installation shall not 
be used.

2.3.1   Backbone Cabling

2.3.1.1   Backbone Copper

Copper backbone cable shall be solid conductor,  24 AWG, 100 ohm, 25-pair, 
Category 3,  UTP, in accordance with ICEA S-90-661 , TIA-568-C.1 , 
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TIA-568-C.2  and UL 444 , formed into 25 pair binder groups covered with a 
gray thermoplastic jacket.  Cable shall be imprinted with manufacturers 
name or identifier, flammability rating, gauge of conductor, transmission 
performance rating (category designation) at regular length marking 
intervals in accordance with ICEA S-90-661  .  Provide plenum (CMP), riser 
(CMR), or  general purpose (CM or CMG)communications rated cabling in 
accordance with NFPA 70 .  Substitution of a higher rated cable shall be 
permitted  in accordance with NFPA 70 .

2.3.1.2   Backbone Optical Fiber

Provide in accordance with ICEA S-83-596 , TIA-568-C.3 , UL 1666  and NFPA 70 .  
Cable shall be imprinted with fiber count, fiber type and aggregate length 
at regular intervals not to exceed  40 inches .

Provide the number of strands indicated, (but not less than 12 strands 
between the main telecommunication room and each of the other 
telecommunication rooms), of single-mode(OS1), tight buffered fiber optic 
cable.

Provide plenum (OFNP), riser (OFNR), or general purpose (OFN or OFNG) 
rated non-conductive, fiber optic cable in accordance with NFPA 70 .  
Substitution of a higher rated cable shall be permitted in accordance with 
NFPA 70 . The cable cordage jacket, fiber, unit, and group color shall be 
in accordance with TIA/EIA-598 .

 Provide plenum (OFNP) riser (OFNR) , or general purpose (OFN or OFNG) 
rated non-conductive, fiber optic cable in accordance with NFPA 70 .    
Substitution of a higher rated cable shall be permitted in accordance with 
NFPA 70 .  The cable cordage jacket, fiber, unit, and group color shall be 
in accordance with TIA/EIA-598 .

2.3.2   Horizontal Cabling

Provide horizontal cable in compliance with NFPA 70  and performance 
characteristics in accordance with TIA-568-C.1 .

2.3.2.1   Horizontal Copper
 

Provide horizontal copper cable, UTP, 100 ohm in accordance with 
TIA-568-C.2 , UL 444 , ANSI/NEMA WC 66 , ICEA S-90-661  .  Provide four each 
individually twisted pair, minimum size 24 AWG conductors, Category 6, 
with a blue thermoplastic jacket.  Cable shall be imprinted with 
manufacturers name or identifier, flammability rating, gauge of conductor, 
transmission performance rating (category designation) and length marking 
at regular intervals in accordance with ICEA S-90-661 .  Provide plenum 
(CMP), riser (CMR), or general purpose (CM or CMG) communications rated 
cabling in accordance with NFPA 70 .  Substitution of a higher rated cable 
shall be permitted in accordance with NFPA 70 . Cables installed in conduit 
within and under slabs shall be UL listed and labeled for wet locations in 
accordance with NFPA 70 .   

2.3.2.2   Horizontal Optical Fiber

Provide optical fiber horizontal cable in accordance with ICEA S-83-596 and 
TIA-568-C.3 .  Cable shall be tight buffered, single-mode, 8/125-um 
diameter, OS1.  Cable shall be imprinted with manufacturer, flammability 
rating and fiber count at regular intervals not to exceed  40 inches .  
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Provide plenum (OFNP), riser (OFNR), or general purpose (OFN or OFNG) 
rated non-conductive, fiber optic cable in accordance with NFPA 70 .  
Substitution of a higher rated cable shall be permitted in accordance with 
NFPA 70 .Cables installed in conduit within and under slabs be UL listed 
and labeled for wet locations in accordance with NFPA 70 .  The cable 
jacket shall be of single jacket construction  with color coding of 
cordage jacket, fiber, unit, and group in accordance with TIA/EIA-598 .

 
2.4   TELECOMMUNICATIONS SPACES
 

Provide connecting hardware and termination equipment in the 
telecommunications entrance facility and telecommunication equipment room 
to facilitate installation as shown on design drawings for terminating and 
cross-connecting permanent cabling.  Provide telecommunications 
interconnecting hardware color coding in accordance with TIA-606 .

2.4.1   Backboards

Provide void-free, interior gradeA-C plywood  3/4 inch  thickas indicated.  
Backboards shall be fire rated by manufacturing process. Fire stamp shall 
be clearly visible.  .  Backboards shall be provided on a minimum of two 
adjacentwalls in the telecommunication spaces.

2.4.2   Equipment Support Frame

Provide in accordance with ECIA EIA/ECA 310-E  and UL 50 .

b.  Racks, floor mounted modular type, 16 gauge steel construction, 
minimum, treated to resist corrosion.  Provide rack with vertical and 
horizontal cable management channels, top and bottom cable troughs, 
grounding lug.  Rack shall be compatible with  19 inches  panel mounting.

2.4.3   Connector Blocks

Provide insulation displacement connector (IDC) Type 110 for Category 6 
systems.  Provide blocks for the number of horizontal and backbone cables 
terminated on the block plus 25 percent spare.

2.4.4   Cable Guides

Provide cable guides specifically manufactured for the purpose of routing 
cables, wires and patch cords horizontally and vertically on  19 inches  
equipment racks.  Cable guides of ring or bracket type devices mounted on 
rack panels for horizontal cable management and individually mounted for 
vertical cable management.  Mount cable guides with screws, and nuts and 
lockwashers.

2.4.5   Patch Panels

Provide ports for the number of horizontal and backbone cables terminated 
on the panel plus 25 percent spare.  Provide pre-connectorized copper 
patch cords for patch panels.  Provide patch cords, as complete 
assemblies, with matching connectors as specified..  Patch cords shall 
meet minimum performance requirements specified in TIA-568-C.1 , TIA-568-C.2
  for cables, cable length and hardware specified.
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2.4.5.1   Modular to 110 Block Patch Panel

2.4.5.2   Fiber Optic Patch Panel

Provide panel for maintenance and cross-connecting of optical fiber 
cables.  Panel shall be constructed of 18 gauge steel minimum and shall be 
rack mounted and compatible with a ECIA EIA/ECA 310-E  19 inches ] equipment 
rack.  Each panel shall provide 12 single-modeadapters as  duplex SC in 
accordance with TIA/EIA-604-3  with zirconia ceramicalignment sleeves.  
Provide dust cover for unused adapters.  The rear of each panel shall have 
a cable management tray a minimum of  8 inches  deep with removable cover, 
incoming cable strain-relief and routing guides.  Panels shall have each 
adapter factory numbered and be equipped with laminated plastic nameplates 
above each adapter.

2.5   TELECOMMUNICATIONS OUTLET/CONNECTOR ASSEMBLIES

2.5.1   Outlet/Connector Copper

Outlet/connectors shall comply with FCC Part 68 , TIA-568-C.1 , and 
TIA-568-C.2 .  UTP outlet/connectors shall be UL 1863  listed, non-keyed, 
8-pin modular, constructed of high impact rated thermoplastic housing and 
shall be third party verified and shall comply with TIA-568-C.2  Category 6 
requirements.  Outlet/connectors provided for UTP cabling shall meet or 
exceed the requirements for the cable provided.  Outlet/connectors shall 
be terminated using a Type 110 IDC PC board connector, color-coded for 
both T568A and T568B wiring.  Each outlet/connector shall be wired T568B.  
UTP outlet/connectors shall comply with TIA-568-C.2  for 200 mating cycles.

2.5.2   Optical Fiber Adapters(Couplers)

Provide optical fiber adapters suitable for duplex SC in Accordance with 
TIA/EIA-604-3  with zirconia ceramic alignment sleeves, as indicated.  
Provide dust cover for adapters.  Optical fiber adapters shall comply with 
TIA-455-21  for 500 mating cycles.

2.5.3   Optical Fiber Connectors 

Provide in accordance with TIA-455-21 .  Optical fiber connectors shall be 
duplex SC in accordance with TIA/EIA-604-3  with zirconia ceramic ferrule, 
epoxyless crimp style compatible with8/125 single-mode fiber.  The 
connectors shall provide a maximum attenuation of 0.3 dB at 1550 nm with 
less than a 0.2 dB change after 500 mating cycles.

2.5.4   Cover Plates

Telecommunications cover plates shall comply with UL 514C , and TIA-568-C.1 , 
TIA-568-C.2 , TIA-568-C.3 ; flush design constructed of high impact 
thermoplastic material to match color of receptacle/switch cover plates 
specified in Section 26 20 00  INTERIOR DISTRIBUTION SYSTEM.  Provide 
labeling in accordance with the paragraph LABELING in this section.

2.6   GROUNDING AND BONDING PRODUCTS
 

Provide in accordance with UL 467 , TIA-607 , and NFPA 70 .  Components shall 
be identified as required by TIA-606 .  Provide ground rods, bonding 
conductors, and grounding busbars  as specified in Section 26 20 00  
INTERIOR DISTRIBUTION SYSTEM.
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2.7   FIRESTOPPING MATERIAL

Provide as specified in Section 07 84 00  FIRESTOPPING.

2.8   MANUFACTURER'S NAMEPLATE

Each item of equipment shall have a nameplate bearing the manufacturer's 
name, address, model number, and serial number securely affixed in a 
conspicuous place; the nameplate of the distributing agent will not be 
acceptable.

2.9   FIELD FABRICATED NAMEPLATES

ASTM D709.  Provide laminated plastic nameplates for each equipment 
enclosure, relay, switch, and device; as specified or as indicated on the 
drawings.  Each nameplate inscription shall identify the function and, 
when applicable, the position.  Nameplates shall be melamine plastic,  
0.125 inches  thick, white with black center core.  Surface shall be matte 
finish.  Corners shall be square.  Accurately align lettering and engrave 
into the core.  Minimum size of nameplates shall be  one by 2.5 inches .  
Lettering shall be a minimum of  0.25 inches  high normal block style.

2.10   TESTS, INSPECTIONS, AND VERIFICATIONS

2.10.1   Factory Reel Tests

Provide documentation of the testing and verification actions taken by 
manufacturer to confirm compliance with TIA-568-C.1 , TIA-568-C.2 , 
TIA-568-C.3 , TIA-526-7  for single mode optical fiber  cables.

PART 3   EXECUTION

3.1   INSTALLATION

Install telecommunications cabling and pathway systems, including the 
horizontal and backbone cable, pathway systems, telecommunications 
outlet/connector assemblies, and associated hardware in accordance with 
NECA/BICSI 568 , TIA-568-C.1 , TIA-568-C.2 , TIA-568-C.3 , TIA-569 , NFPA 70 , 
and UL standards as applicable.  Provide cabling in a star topology 
network.  Pathways and outlet boxes shall be installed as specified in 
Section 26 20 00  INTERIOR DISTRIBUTION SYSTEM.  Install telecommunications 
cabling with copper media in accordance with the following criteria to 
avoid potential electromagnetic interference between power and 
telecommunications equipment.  The interference ceiling shall not exceed 
3.0 volts per meter measured over the usable bandwidth of the 
telecommunications cabling.

3.1.1   Cabling

Install UTP,andoptical fiber telecommunications cabling system as detailed 
in TIA-568-C.1 , TIA-568-C.2 ,  TIA-568-C.3 .  Screw terminals shall not be 
used except where specifically indicated on plans.  Use an approved 
insulation displacement connection (IDC) tool kit for copper cable 
terminations.  Do not exceed manufacturers' cable pull tensions for copper 
and optical fiber cables.  Provide a device to monitor cable pull 
tensions.  Do not exceed  25 pounds  pull tension for four pair copper 
cables.  Do not chafe or damage outer jacket materials.  Use only 
lubricants approved by cable manufacturer.  Do not over cinch cables, or 
crush cables with staples.  For UTP cable, bend radii shall not be less 
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than four times the cable diameter.  Cables shall be terminated; no cable 
shall contain unterminated elements.  Cables shall not be spliced.  Label 
cabling in accordance with paragraph LABELING in this section.

3.1.1.1   Backbone Cable

a.  Copper Backbone Cable.  Install intrabuilding backbone copper cable, 
in indicated pathways,  between the campus distributor, located in the 
telecommunications entrance facility or room, the building 
distributors and the floor distributors located in telecommunications 
rooms and telecommunications equipment rooms as indicated on drawings.

b.  Optical fiber Backbone Cable.  Install intrabuilding backbone optical 
fiber in indicated pathways.  Do not exceed manufacturer's recommended 
bending radii and pull tension.  Prepare cable for pulling by cutting 
outer jacket  10 inches  leaving strength members exposed for 
approximately  10 inches .  Twist strength members together and attach 
to pulling eye.  Vertical cable support intervals shall be in 
accordance with manufacturer's recommendations.

3.1.1.2   Horizontal Cabling

Install horizontal cabling as indicated on drawings  Do not untwist 
Category 6 UTP cables more than  one half inch  from the point of 
termination to maintain cable geometry.  Provide slack cable in the form 
of a figure eight (not a service loop) on each end of the cable,  10 feet  
in the telecommunications room, and  12 inches  in the work area outlet..

3.1.2   Pathway Installations

Provide in accordance with TIA-569  and NFPA 70 .  Provide building pathway 
as specified in Section 26 20 00  INTERIOR DISTRIBUTION SYSTEM.

3.1.3   Cable Tray Installation

Install cable tray as specified in Section 26 20 00  INTERIOR DISTRIBUTION 
SYSTEM.  Only OFNP type cable shall be installed in a plenum.

3.1.4   Work Area Outlets

3.1.4.1   Terminations

Terminate UTP cable in accordance with TIA-568-C.1 , TIA-568-C.2  and wiring 
configuration as specified.  Terminate fiber optic cables in accordance 
with TIA-568-C.3

3.1.4.2   Cover Plates

As a minimum, each outlet/connector shall be labeled as to its function 
and a unique number to identify cable link in accordance with the 
paragraph LABELING in this section.

3.1.4.3   Cables

Unshielded twisted pair and fiber optic cables shall have a minimum of  12 
inches  of slack cable loosely coiled into the telecommunications outlet 
boxes.  Minimum manufacturer's bend radius for each type of cable shall 
not be exceeded.
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3.1.4.4   Pull Cords

Pull cords shall be installed in conduit serving telecommunications 
outlets that do not have cable installed.

3.1.5   Telecommunications Space Termination

Install termination hardware required for Category 6 and optical fiber 
system.  An insulation displacement tool shall be used for terminating 
copper cable to insulation displacement connectors.

3.1.5.1   Connector Blocks

Connector blocks shall be rack mounted in orderly rows and columns.  
Adequate vertical and horizontal wire routing areas shall be provided 
between groups of blocks.  Install in accordance with industry standard 
wire routing guides in accordance with TIA-569 .

3.1.5.2   Patch Panels

Patch panels shall be mounted racks with sufficient ports to accommodate 
the installed cable plant plus 25 percent spares.

a.  Copper Patch Panel.  Copper cable entering a patch panel shall be 
secured to the panel as recommended by the manufacturer to prevent 
movement of the cable.

b.  Fiber Optic Patch Panel.  Fiber optic cable loop shall be provided as 
recommended by the manufacturer.  The outer jacket of each cable 
entering a patch panel shall be secured to the panel to prevent 
movement of the fibers within the panel, using clamps or brackets 
specifically manufactured for that purpose.

3.1.5.3   Equipment Support Frames

Install in accordance with TIA-569 :

b.  Racks, floor mounted modular type.  Permanently anchor rack to the 
floor in accordance with manufacturer's recommendations.

3.1.6   Electrical Penetrations

Seal openings around electrical penetrations through fire resistance-rated 
wall, partitions, floors, or ceilings as specified in Section 07 84 00  
FIRESTOPPING.

3.1.7   Grounding and Bonding

Provide in accordance with TIA-607 , NFPA 70  and as specified in Section 
26 20 00  INTERIOR DISTRIBUTION SYSTEM.

3.2   LABELING

3.2.1   Labels

Provide labeling in accordance with TIA-606 .  Handwritten labeling is 
unacceptable.  Stenciled lettering for voice and data circuits shall be 
provided using thermal ink transfer process .
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3.2.2   Cable

Cables shall be labeled using color labels on both ends with identifiers 
in accordance with TIA-606 .

3.2.3   Termination Hardware

Workstation outlets and patch panel connections shall be labeled using 
color coded labels with identifiers in accordance with TIA-606 .

3.3   FIELD APPLIED PAINTING

Paint electrical equipment as required to match finish of adjacent 
surfaces or to meet the indicated or specified safety criteria.  Painting 
shall be as specified in Section 09 90 00  PAINTS AND COATINGS.

3.3.1   Painting Backboards

If backboards are required to be painted, then the manufactured fire 
retardant backboard must be painted with fire retardant paint, so as not 
to increase flame spread and smoke density and must be appropriately 
labeled.  Label and fire rating stamp must be unpainted.

3.4   FIELD FABRICATED NAMEPLATE MOUNTING

Provide number, location, and letter designation of nameplates as 
indicated.  Fasten nameplates to the device with a minimum of two 
sheet-metal screws or two rivets.

3.5   TESTING

3.5.1   Telecommunications Cabling Testing

Perform telecommunications cabling inspection, verification, and 
performance tests in accordance with TIA-568-C.1 , TIA-568-C.2 , TIA-568-C.3 .
  Test equipment shall conform to TIA-1152 .  Perform optical fiber field 
inspection tests via attenuation measurements on factory reels and provide 
results along with manufacturer certification for factory reel tests.  
Remove failed cable reels from project site upon attenuation test failure.

3.5.1.1   Inspection

Visually inspect UTP and optical fiber jacket materials for UL or third 
party certification markings.  Inspect cabling terminations in 
telecommunications rooms and at workstations to confirm color code for 
T568A or T568B pin assignments, and inspect cabling connections to confirm 
compliance with TIA-568-C.1 , TIA-568-C.2 ,  TIA-568-C.3 , .  Visually 
confirm  Category 6, marking of outlets, cover plates, outlet/connectors, 
and patch panels.

3.5.1.2   Verification Tests

UTP backbone copper cabling shall be tested for DC loop resistance, 
shorts, opens, intermittent faults, and polarity between conductors, and 
between conductors and shield, if cable has overall shield.  Test 
operation of shorting bars in connection blocks.  Test cables after 
termination but prior to being cross-connected.
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For multimode optical fiber, perform optical fiber end-to-end attenuation 
tests in accordance with TIA-568-C.3  and TIA-526-14  using Method B, OTDR 
for multimode optical fiber.  For single-mode optical fiber, perform 
optical fiber end-to-end attenuation tests in accordance with TIA-568-C.3  
and TIA-526-7  using Method B, OTDR for single-mode optical fiber.  Perform 
verification acceptance tests.

3.5.1.3   Performance Tests

Perform testing for each outlet and MUTOA as follows:

 a.  Perform Category 6 link tests in accordance with TIA-568-C.1  and 
TIA-568-C.2 .  Tests shall include wire map, length, insertion loss, 
NEXT, PSNEXT, ELFEXT, PSELFEXT, return loss, propagation delay, and 
delay skew.

.  Optical fiber Links.  Perform optical fiber end-to-end link tests in 
accordance with TIA-568-C.3 .

3.5.1.4   Final Verification Tests

Perform verification tests for UTP and optical fiber systems after the 
complete telecommunications cabling and workstation outlet/connectors are 
installed.

    -- End of Section --
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SECTION 28 05 26.00 40

GROUNDING AND BONDING FOR ELECTRONIC SAFETY AND SECURITY

PART 1   GENERAL

1.1   REFERENCES

The publications listed below form a part of this specification to the 
extent referenced.  The publications are referred to within the text by 
the basic designation only.

AMERICAN WELDING SOCIETY (AWS)

AWS A5.8/A5.8M (2011; Amendment 2012) Specification for 
Filler Metals for Brazing and Braze Welding

ASTM INTERNATIONAL (ASTM)

ASTM B3 (2013) Standard Specification for Soft or 
Annealed Copper Wire

INSTITUTE OF ELECTRICAL AND ELECTRONICS ENGINEERS (IEEE)

IEEE 81 (2012) Guide for Measuring Earth 
Resistivity, Ground Impedance, and Earth 
Surface Potentials of a Ground System

NATIONAL FIRE PROTECTION ASSOCIATION (NFPA)

NFPA 70 (2017; ERTA 1-2 2017; TIA 17-1; TIA 17-2; 
TIA 17-3; TIA 17-4; TIA 17-5; TIA 17-6; 
TIA 17-7; TIA 17-8; TIA 17-9; TIA 17-10; 
TIA 17-11; TIA 17-12; TIA 17-13; TIA 
17-14) National Electrical Code

U.S. DEPARTMENT OF DEFENSE (DOD)

MIL-STD-889 (2016; Rev C) Dissimilar Metals

UNDERWRITERS LABORATORIES (UL)

UL 467 (2013; Reprint Jun 2017) UL Standard for 
Safety Grounding and Bonding Equipment

1.2   SUBMITTALS

Government approval is required for submittals with a "G" designation; 
submittals not having a "G" designation are for information only.  When 
used, a designation following the "G" designation identifies the office 
that will review the submittal for the Government.  Submittals with an "S" 
are for inclusion in the Sustainability eNotebook, in conformance to 
Section 01 33 29  SUSTAINABILITY REPORTING.  Submit the following in 
accordance with Section 01 33 00  SUBMITTAL PROCEDURES:

SD-03 Product Data
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Grounding Systems ; G

Ground Rods ; G

Ground Wires ; G

Connectors and Fasteners ; G

Bonding Materials ; G

SD-06 Test Reports

Bond Resistance Test ; G

Ground Resistance Tests ; G

Ground Isolation Test ; G

Continuity Isolation Test ; G

SD-08 Manufacturer's Instructions

Grounding Systems

SD-11 Closeout Submittals

Record Drawings

PART 2   PRODUCTS

Submit material, equipment, and fixture lists for grounding systems, 
including manufacturer's style or catalog numbers, specification and 
drawing reference numbers, warranty information, and fabrication site 
information.

2.1   EQUIPMENT

Submit equipment and performance data for the following items including 
life, test, system functional flows, safety features, and mechanical 
automated details.

2.1.1   Ground Rods

Ensure ground rods conform to the requirements of NFPA 70  .

2.1.2   Ground Wires

Ensure ground wires are in accordance with Section 26 05 00.00 40  COMMON 
WORK RESULTS FOR ELECTRICAL.

Ground and bond wires for substations, main panels and distribution 
points, and ground rod connections are annealed bare copper conforming to 
ASTM B3, stranded, with 98 percent conductivity.  Wire size is in 
accordance with the grounding requirements of NFPA 70 .

Use soft drawn copper for ground wires installed in conduit for equipment 
receptacles for non-current carrying hardware, in accordance with ASTM B3, 
stranded, with green insulation.  Note wire size.
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2.1.3   Connectors and Fasteners

Ensure grounding and bonding fasteners and connectors conform to the 
requirements of UL 467 , and Section 26 05 00.00 40  COMMON WORK RESULTS FOR 
ELECTRICAL.

Use copper grounding and bonding fasteners.

Use copper bonding straps and jumpers with a cross-sectional area of not 
less than  No. 6 AWG .  Bonding straps and jumpers for shock-mounted devices 
with pivot joints are made of flexible stranded wire.

PART 3   EXECUTION

3.1   INSTALLATION

Submit manufacturer's instructions for the grounding systems  including 
special provisions required to install equipment components and system 
packages.  Within special notices, detail impedances, hazards and safety 
precautions.

3.1.1   Bonding and Grounding

Meet bonding and grounding requirements in conforming to NFPA 70 .

3.1.2   Grounding Electrodes

Grounding electrodes include ground rods installed expressly for grounding 
systems.

Minimum ground rod section are  10 feet .  Thread sections together and 
exothermically fusion weld.

Install ground rods so that the top of the rod is not less than  ___ 12 
inches  below finished grade.

3.1.3   Ground Grids

Ground grids consist of a series of ground rods installed with 
interconnecting grounding conductors between ground rods.  Space ground 
rods as shown on drawings.

Do not bury ground grid less than  18 inches  below the finish grade.  
Provide grounding conductors not less than  No. 4/0 AWG  that are 
exothermically fusion welded together at crossover points and to ground 
rods.

3.1.4   Building Grounds

Ground the steel framework of the building with a driven ground rod at the 
base of every corner column and intermediate exterior columns at distances 
not greater than  60 feet  apart.  Electrically connect grounding conductor 
to each ground rod and to each steel column and extend around the 
perimeter of the building.  Ensure grounding-conductor loop around the 
perimeter of the building is not less than  No. 4/0 AWG .  Ensure tap 
connections from the ground loop to the building steel are not less than  
No. 4/0 AWG .
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Bury the building ground no less than  18 inches  below grade and  2 feet  
from the building foundation.  The interconnecting grounding conductor 
between ground grid and building grounds cannot be less than  No. 4/0 AWG .

3.1.5   Equipment Grounding

Ensure metallic raceway systems have electrical continuity with 
equipment.  Individually and directly connect equipment to the building 
ground, independent of the raceway system.

Individually and directly connect enclosures for panelboards to the 
building ground.  Install a grounding conductor sized not less than  No. 2 
AWG.  Connect conductor from the building ground to a copper ground-bus 
terminal strip located in each panelboard.

Ground polarized receptacles, lighting fixtures, and equipment enclosures 
with an identified (green color) insulated conductor, not smaller than  No. 
12 AWG.  Connect conductor to the branch circuit ground-bus terminal 
strip.  Isolate ground-bus terminal strip in each panelboard enclosure and 
independent of the system neutral terminal strip.

Individually and directly connect indoor substations, transformers, 
switchboard frames, switchgear assemblies, motors, motor control centers, 
air compressors, air handlers, refrigerated air dryers, generators, frames 
and tracks of cranes, and owner equipment  to the building ground.  Ensure 
the current-carrying capacity of the grounding conductor is the same as 
the current-carrying capacity of the power conductors for circuits 
utilizing power lines size  No. 2 AWG  and smaller.  For circuits with power 
wiring larger than  No. 2 AWG , ensure the grounding conductor is in 
accordance with NFPA 70 , except that the grounding conductor is not 
smaller than  No. 2 AWG .

Bond together and connect to the ground grid or ground connection rods, 
noncurrent carrying metallic parts of electrical equipment; including 
metallic cable sheaths, conduit, raceways, and electrical structural 
members.

Install secure ground systems for power and instrumentation.  
Independently connect each system to the building counterpoise as shown.

Secure ground systems consist of unspliced ground wires in individual 
welded or epoxied conduit runs from the secure area to the building 
counterpoise.  Welding and epoxying conforms to Section 26 05 00.00 40  
COMMON WORK RESULTS FOR ELECTRICAL.

3.1.6   Grounding Connections

Bond ground connections in accordance with paragraph BONDING MATERIALS AND 
METHODS.

Weld ground connections that are buried or in inaccessible locations.

In accessible locations, bolt connections together.  Use cast-copper-alloy 
clamp lug connections for steel building columns in accessible locations 
that are exothermically fusion-welded to the structure.

Clean, grease, and remove foreign matter from ground connection surfaces.  
Do not penetrate clad material in the cleaning process.  Make connection 
between like metals where possible.  Where dissimilar metals are welded, 
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brazed, or clamped, follow the weld kit manufacturer's instructions.  
Ensure connections between dissimilar metals do not produce galvanic 
action in accordance with MIL-STD-889 .

3.1.7   Bonding Materials  And Methods

Accomplish bonding of metal surfaces by welding .

3.1.7.1   Brazing

Ensure brazing solder conforms to AWS A5.8/A5.8M  .

3.1.7.2   Welding

Weld using the exothermic process.  Within the welding procedure, include 
the proper mold and powder charge and conform to the manufacturer's 
recommendations.

Use welding processes of the exothermic fusion type that makes a 
connection without corroding or loosening.  Ensure process joins all 
strands and does not cause the parts to be damaged or weakened.  Completed 
connection or joint is equal or larger in size than the conductors joined 
and has the same current-carrying capacity as the largest conductor.  
Paint the buried ground connections with a bitumastic paint.

3.1.7.3   Clamping

In external locations, use clamping only where a disconnect type of 
connection is required.  Connection device may utilize threaded fasteners.  
Construct device such that positive contact pressure is maintained at all 
times.  Use machine bolts with tooth-type lockwashers.

3.1.7.4   Structural Joining Methods

Consider joints made with high-strength structural bolts, and clean 
unpainted faying surfaces sufficiently bonded.  Install a jumper across 
the joint in the form of a  No. 4 AWG  bare copper wire  at each end to the 
surfaces involved, spanning the connection wire jumpers used across joints 
employing miscellaneous machine bolts.

3.1.7.5   Cleaning of Bonding Surfaces

Thoroughly clean surfaces that comprise the bond before joining.  Apply an 
appropriate abrasive with gentle and uniform pressure to ensure a smooth 
and uniform surface.  Do not remove excessive metal from the surface.  
Clean clad metals in such a manner that the cladding material is not 
penetrated by the cleaning process.  Then clean bare metal with an 
appropriate solvent to remove any grease, oil, dirt, corrosion 
preventives, and other contaminants.  Bond to the cleaned area within one 
hour after cleaning.  Seal joint and refinish the exposed surfaces within 
two hours of exposure to prevent oxidation.  When additional time is 
required, apply a corrosion preventive compound until the area can be 
refinished.

3.1.7.6   Bonding Straps and Jumpers

Install jumpers such that the vibration by the shock-mounted device does 
not change its electrical characteristics.
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 Weld bonds for outdoor locations unless a disconnect type of connection 
is required.  When a disconnect is required, use clamping with bolts.  
Insert a tooth-type lockwasher between the strap and metallic member for 
each bolt.

Bond straps directly to the basic structure and do not penetrate any 
adjacent parts.  Install straps in an area that is accessible for 
maintenance.

Use single straps for the bonds and install such that they do not restrict 
movement of structural members.  Do not connect two or more straps in 
series.

Install straps such that they do not weaken structural members to which 
they are attached.

3.1.7.7   Equipment and Enclosure Bonding

Bond each metallic enclosure and all electrical equipment to ground.  Make 
at least one copper connection from the system ground point to one or more 
enclosures in the area such that all enclosures and equipment provide a 
low-impedance path to ground when properly bonded together.

3.1.7.8   Bonding of Conduit and Raceway Systems

Bond all metal conduit, fittings, junction boxes, outlet boxes, armored 
and metal sheathed cable, and other raceways.  Ensure adequate electrical 
contact at the joints and terminations.

For rigid metal conduit and terminations, ensure threaded connections are 
wrench-tight with no exposed threads.  Ream all ends of the conduit to 
remove burrs and rough edges.  Bond conduits entering boxes and enclosures 
to the box with locknuts and grounding-type bushings.  Locknuts that gouge 
into the metal box when tightened are not acceptable.

Conduit systems that are interrupted by PVC dielectric links are bonded 
separately on either side of the link.  Do not jumper the dielectric link.

Install flexible metal conduit with an integral grounding conductor.

3.1.7.9   Cable Tray Bonding

Bond cable tray sections together.  Cable tray sections in tandem assembly 
are considered as having electrical continuity when these sections are 
bonded with the appropriate bolts.  Install bond straps across expansion 
joints.  Bond cable trays to the building ground system.

3.1.7.10   Protection of Finished Bonds

Protect finished bonds by painting to match the original finish after the 
bond is made.

3.2   FIELD QUALITY CONTROL

3.2.1   Field Tests

Submit test reports for the following tests on grounding systems.  Within 
the report include certified record of ground-resistance tests on each 
driven ground rod, ground rod assembly, and other grounding electrodes.  
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Include within the record the number of rods driven and their depth at 
each location to meet the required resistance-to-ground measurements 
specified.  Include a statement describing the condition of the soil at 
the time of measurement.

Perform the following tests in the presence of the Contracting Officer.

3.2.1.1   Bond Resistance Test

Resistance of any bond connection cannot exceed 0.5 milliohm.  Rework 
bonds that exceed this resistance at no additional cost to the Government.

3.2.1.2   Ground Resistance Tests

Test grounding systems for ground resistance.  Total resistance from any 
point on the ground network to the building counterpoise cannot exceed 50 
milliohms.

Make ground resistance and counterpoise tests during dry weather, and no 
sooner than 48 hours after rainfall.  Conduct tests using the ratio method 
that measures the ratio of the resistance to earth of an auxiliary test 
electrode to the series resistance of the electrode under test and a 
second auxiliary electrode.  Perform measurements in accordance with 
IEEE 81 .

Use self-contained indicating instruments, including a direct-current 
generator, synchronized current and potential reversers, crossed-current 
and potential coils, direct-reading ohmmeter, series resistors, and 
range-selector switch.  Calibrate direct-reading ohmmeter for ranges of 0 
to 20 ohms and 0 to 200 ohms.

Place auxiliary grounding electrodes in accordance with instrument 
manufacturer's recommendations but not less than 50 -feet  apart, in 
accordance with IEEE 81 .

3.2.1.3   Ground Isolation Test

Test ground systems for isolation from other ground systems.

3.2.1.4   Continuity Isolation Test

Perform continuity test on all power receptacles to ensure that the ground 
terminals are properly grounded to the facility ground system.

3.3   CLOSEOUT ACTIVITIES

Submit record drawings  indicating the location of ground rods, mats, 
grids, building ground bus, supplementary grounding electrodes, steel 
building columns, and other metal structures connected to the grounding 
system.

Identify the location of each ground rod and ground-rod assembly and other 
grounding electrodes by letter in alphabetical order and keyed to the 
record of ground-resistance tests.

        -- End of Section --

SECTION 28 05 26.00 40  Page 9



CAPITAL PROJECT # 1043925 MAY 2022 HAFB 309th SWEG
KRSM200806 100% FINAL SUBMITTAL

THIS PAGE INTENTIONALLY LEFT BLANK

SECTION 28 05 26.00 40  Page 10



CAPITAL PROJECT # 1043925 MAY 2022 HAFB 309th SWEG
KRSM200806 100% FINAL SUBMITTAL

SECTION TABLE OF CONTENTS

DIVISION 28 - ELECTRONIC SAFETY AND SECURITY

SECTION 28 10 05

ELECTRONIC SECURITY SYSTEMS (ESS)

PART 1   GENERAL

  1.1   REFERENCES
  1.2   SUBMITTALS
  1.3   QUALITY ASSURANCE
    1.3.1   Regulatory Requirements
    1.3.2   Standard Products
      1.3.2.1   Alternative Qualifications
      1.3.2.2   Material and Equipment Manufacturing Date
      1.3.2.3   Product Safety
    1.3.3   Shop Drawings
      1.3.3.1   ESS Components
      1.3.3.2   Overall System Schematic
    1.3.4   Evidence of Experience and Qualifications
      1.3.4.1   Contractor Qualifications
      1.3.4.2   Instructor Qualifications
  1.4   Environmental Conditions
    1.4.1   Interior Conditions
      1.4.1.1   Temperature
      1.4.1.2   Pressure
      1.4.1.3   Relative Humidity
      1.4.1.4   Fungus
      1.4.1.5   Acoustical Noise
    1.4.2   Exterior Conditions
      1.4.2.1   Temperature
      1.4.2.2   Pressure
      1.4.2.3   Solar Radiation
      1.4.2.4   Rain
      1.4.2.5   Humidity
      1.4.2.6   Wind
      1.4.2.7   Acoustical Noise
  1.5   SYSTEM CALCULATIONS AND ANALYSIS
    1.5.1   Backup Battery Capacity Calculations
    1.5.2   CCTV Storage Calculations
  1.6   ESS SOFTWARE, DATA PACKAGE 4
  1.7   AS-BUILT DRAWINGS

PART 2   PRODUCTS

  2.1   SYSTEM DESCRIPTION
  2.2   PERFORMANCE REQUIREMENTS
    2.2.1   Growth Capability
    2.2.2   Hazardous Locations
    2.2.3   Network Certification
    2.2.4   Maintainability
    2.2.5   Availablity

SECTION 28 10 05  Page 1



CAPITAL PROJECT # 1043925 MAY 2022 HAFB 309th SWEG
KRSM200806 100% FINAL SUBMITTAL

    2.2.6   Fail-Safe Capability
    2.2.7   Line Supervision
    2.2.8   Power Loss Detection
    2.2.9   Controls and Designations
    2.2.10   Special Test Equipment
    2.2.11   Electromagnetic Interference (EMI)
    2.2.12   Electromagnetic Radiation (EMR)
    2.2.13   Interchangeability
  2.3   INTRUSION DETECTION SYSTEM (IDS)
    2.3.1   IDS Components
    2.3.2   Detection Sensitivity
    2.3.3   Detection Alarm and Reporting Capacity
    2.3.4   False Alarm Rate
    2.3.5   Nuisance Alarm Rate
    2.3.6   Premise Control Unit (PCU)
      2.3.6.1   PCU Capabilities
      2.3.6.2   Overcurrent Protection and Indication
      2.3.6.3   Manual and Self-Test
    2.3.7   Detection Sensors
      2.3.7.1   Interior Sensors
        2.3.7.1.1   High Security Balanced Magnetic Switch (BMS)
          2.3.7.1.1.1   Level 1 Switch
          2.3.7.1.1.2   Level 2 Switch
        2.3.7.1.2   Glass Break Detection
          2.3.7.1.2.1   Window-Mounted Glass Break Shock Sensor
          2.3.7.1.2.2   Ceiling Or Wall-Mounted Dual Technology Glass 

Break Sensor
          2.3.7.1.2.3   Ceiling or Wall-Mounted Recessed Glass Break Sensor
        2.3.7.1.3   Vibration Vault Sensor
        2.3.7.1.4   Fiber Optic Mesh Sensors
        2.3.7.1.5   Utility Inlet Opening Protection
        2.3.7.1.6   Passive Infrared Sensors
        2.3.7.1.7   Microwave Sensors
        2.3.7.1.8   Dual Technology Sensors
        2.3.7.1.9   Photoelectric Sensors
      2.3.7.2   Exterior Sensors
        2.3.7.2.1   Fence Mounted Sensors
          2.3.7.2.1.1   Fiber Optic Sensor
          2.3.7.2.1.2   Strain-Sensitive
          2.3.7.2.1.3   Gas Units
        2.3.7.2.2   Electrostatic Field Sensors
        2.3.7.2.3   Taut-Wire Sensors
        2.3.7.2.4   Dual Technology Sensors
        2.3.7.2.5   Bistatic Microwave Sensor
        2.3.7.2.6   Monostatic Microwave Sensor
        2.3.7.2.7   Passive Infrared Sensor (Exterior)
        2.3.7.2.8   Buried Ported Cable
        2.3.7.2.9   Active Infrared Sensor (Exterior)
        2.3.7.2.10   Video Motion Sensor (Exterior)
        2.3.7.2.11   Radar
      2.3.7.3   Duress Alarms (Hold Up Switch)
        2.3.7.3.1   Hardwire Duress Alarms
        2.3.7.3.2   Wireless Duress Alarms
      2.3.7.4   Tamper Switches
        2.3.7.4.1   Tamper Switch Performance Requirements
  2.4   ACCESS CONTROL SYSTEM (ACS)
    2.4.1   ACS Programming
      2.4.1.1   Time Schedules
      2.4.1.2   Special Days

SECTION 28 10 05  Page 2



CAPITAL PROJECT # 1043925 MAY 2022 HAFB 309th SWEG
KRSM200806 100% FINAL SUBMITTAL

      2.4.1.3   ACU Daylight Savings Time Adjustment
      2.4.1.4   Scheduled Events
      2.4.1.5   Maximum User Capability
      2.4.1.6   Access Groups
      2.4.1.7   Active and Expire Dates
      2.4.1.8   Maximum Use Settings
      2.4.1.9   Door Outputs
      2.4.1.10   User List or Who's In (Muster Reports)
      2.4.1.11   Crisis Mode
      2.4.1.12   Door Groups
      2.4.1.13   Door Interlocking
      2.4.1.14   PIN Required
      2.4.1.15   Remote Door Control
      2.4.1.16   Key Control
      2.4.1.17   Reader Disable
      2.4.1.18   Disable Event Messages
      2.4.1.19   Input and Output Groups
      2.4.1.20   Delays
      2.4.1.21   Output Configuration
      2.4.1.22   Remote Output Control
      2.4.1.23   Remote Reset Command
      2.4.1.24   Time Zone
      2.4.1.25   User-Selected LED Behavior
      2.4.1.26   Traced Cards
    2.4.2   Error and Throughput Rates
    2.4.3   Access Control System Central Processing
    2.4.4   Access Control Unit(ACU)
    2.4.5   Access Control Devices
      2.4.5.1   Card Readers
        2.4.5.1.1   Contact Card Readers
        2.4.5.1.2   Contactless Card Readers
        2.4.5.1.3   Card Reader Display
        2.4.5.1.4   Card Reader Response Time
        2.4.5.1.5   Card Reader Power
        2.4.5.1.6   Card Reader Mounting Method
      2.4.5.2   Keypads
        2.4.5.2.1   Keypad Display
        2.4.5.2.2   Keypad Response Time
        2.4.5.2.3   Keypad Power
        2.4.5.2.4   Keypad Mounting Method
        2.4.5.2.5   Keypad Duress Codes
      2.4.5.3   Card Readers with Integral Keypad
      2.4.5.4   Access Control Cards
        2.4.5.4.1   Credential Card Modification
        2.4.5.4.2   Card Size and Dimensional Stability
        2.4.5.4.3   Card Materials and Physical Characteristics
        2.4.5.4.4   Card Construction
        2.4.5.4.5   Card Durability and Maintainability
        2.4.5.4.6   Warranty
      2.4.5.5   Portal Control Devices
        2.4.5.5.1   Push-Button Switches
        2.4.5.5.2   Panic Bar
          2.4.5.5.2.1   Emergency Egress With Alarm
          2.4.5.5.2.2   Normal Egress
          2.4.5.5.2.3   Delay Egress With Alarm
        2.4.5.5.3   Electric Door Strikes and Bolts
          2.4.5.5.3.1   Solenoid
          2.4.5.5.3.2   Tamper Resistance
          2.4.5.5.3.3   Size and Weight

SECTION 28 10 05  Page 3



CAPITAL PROJECT # 1043925 MAY 2022 HAFB 309th SWEG
KRSM200806 100% FINAL SUBMITTAL

          2.4.5.5.3.4   Mounting Method
          2.4.5.5.3.5   Astragals
        2.4.5.5.4   Electrified Mortise Lock
          2.4.5.5.4.1   Solenoid
          2.4.5.5.4.2   Hinge
          2.4.5.5.4.3   Size and Weight
          2.4.5.5.4.4   Mounting Method
        2.4.5.5.5   Electromagnetic Lock
          2.4.5.5.5.1   Armature
          2.4.5.5.5.2   Tamper Resistance
          2.4.5.5.5.3   Mounting Method
        2.4.5.5.6   Entry Booth
          2.4.5.5.6.1   Local Alarm Annunciation
          2.4.5.5.6.2   Terminal and Facility Interface Device Support
          2.4.5.5.6.3   Response Times
          2.4.5.5.6.4   Autonomous Local Control
          2.4.5.5.6.5   Entry Booth Local Processor Subsystem Capacities
          2.4.5.5.6.6   Diagnostics
          2.4.5.5.6.7   Memory Type and Size
          2.4.5.5.6.8   Tamper Protection
          2.4.5.5.6.9   Entry Booth Configuration
          2.4.5.5.6.10   Entry Booth Operation
          2.4.5.5.6.11   Display Type
          2.4.5.5.6.12   Lighting
          2.4.5.5.6.13   Heating and Ventilation Equipment
          2.4.5.5.6.14   Entry Booth Wall and Frame Construction
          2.4.5.5.6.15   Entry Booth Doors
          2.4.5.5.6.16   Entry Booth Floor Construction
          2.4.5.5.6.17   Electrical Requirements
          2.4.5.5.6.18   CCTV Camera
          2.4.5.5.6.19   Weight Check Monitor
          2.4.5.5.6.20   Double Occupancy Sensor
          2.4.5.5.6.21   Intercom
          2.4.5.5.6.22   Voice Prompts
    2.4.6   Elevator Control
      2.4.6.1   Control Elevator Operation with Entry Control Terminal 

Devices
      2.4.6.2   Floor Tracking
  2.5   CLOSED-CIRCUIT TELEVISION (CCTV) SYSTEM
    2.5.1   Cameras
      2.5.1.1   CCTV Camera
        2.5.1.1.1   Sensitivity
        2.5.1.1.2   Signal-To-Noise Ratio
        2.5.1.1.3   Resolution
        2.5.1.1.4   Synchronization
        2.5.1.1.5   Low Light Level
      2.5.1.2   Camera Lenses
      2.5.1.3   Camera Housing and Mounts
        2.5.1.3.1   Environmentally Sealed Camera Housing
        2.5.1.3.2   Indoor Camera Housing
        2.5.1.3.3   Interior Mount
        2.5.1.3.4   Low Profile Ceiling Mount
        2.5.1.3.5   Interior Dome Housing
        2.5.1.3.6   Exterior Dome Housing
        2.5.1.3.7   Exterior Wall Mount
        2.5.1.3.8   Pan-Tilt Mount
        2.5.1.3.9   Explosion Proof Housing
    2.5.2   Thermal Imaging System
    2.5.3   Video Analytics (VA)

SECTION 28 10 05  Page 4



CAPITAL PROJECT # 1043925 MAY 2022 HAFB 309th SWEG
KRSM200806 100% FINAL SUBMITTAL

      2.5.3.1   Software
        2.5.3.1.1   Basic Motion Detection
        2.5.3.1.2   Advanced VA
          2.5.3.1.2.1   Intruder Identification
          2.5.3.1.2.2   Environmental Compensation
          2.5.3.1.2.3   Counting
          2.5.3.1.2.4   Directional Identification
          2.5.3.1.2.5   Item Recognition
          2.5.3.1.2.6   Subject Tracking
          2.5.3.1.2.7   Multiple Subject Tracking
      2.5.3.2   Embedded VA
        2.5.3.2.1   Intelligent Video Analysis
        2.5.3.2.2   Motion Tracking with PTZ Cameras
    2.5.4   Color Video Monitors
      2.5.4.1   Mounting and Identification
      2.5.4.2   Video and Signal Input
    2.5.5   Ancillary Equipment
      2.5.5.1   Video Date and Time Generator
      2.5.5.2   Camera Identifiers
      2.5.5.3   Video Recording
        2.5.5.3.1   Digital Video Recorder (DVR)
        2.5.5.3.2   Hybrid Video Recorder (HVR)
        2.5.5.3.3   Network Video Recorder (NVR)
        2.5.5.3.4   Video Recording Performance
      2.5.5.4   Camera Control
    2.5.6   Camera Mounting Structures
  2.6   SECURITY COMMAND CENTER (SCC)
    2.6.1   ESS Software
      2.6.1.1   Alarm Call up
      2.6.1.2   Programming
        2.6.1.2.1   Daylight Savings Time Adjustment
        2.6.1.2.2   Operator Privileges
        2.6.1.2.3   Alarm Priorities
        2.6.1.2.4   Reports
        2.6.1.2.5   User Interface
        2.6.1.2.6   Messages
        2.6.1.2.7   Graphics
        2.6.1.2.8   Device Status
        2.6.1.2.9   Diagnostics
        2.6.1.2.10   Mandatory Data Fields
        2.6.1.2.11   User Defined Data Fields
        2.6.1.2.12   Archive Database
        2.6.1.2.13   Programmable Database Backup
        2.6.1.2.14   Programmable Database Purging
        2.6.1.2.15   Database Importing
        2.6.1.2.16   Data Exporting
        2.6.1.2.17   Event Log Output
        2.6.1.2.18   Data Audit Trail
    2.6.2   ESS Monitor Display Software
    2.6.3   Graphical Map Software
    2.6.4   Printers
      2.6.4.1   Report Printer
      2.6.4.2   Alarm Printer
    2.6.5   Control and Display Integration
    2.6.6   Enrollment Center Equipment
      2.6.6.1   Enrollment Center Accessories
      2.6.6.2   Enrollment Center I.D. Production
      2.6.6.3   Enrollment Center Software
  2.7   COMMUNICATIONS

SECTION 28 10 05  Page 5



CAPITAL PROJECT # 1043925 MAY 2022 HAFB 309th SWEG
KRSM200806 100% FINAL SUBMITTAL

    2.7.1   Link Supervision
      2.7.1.1   Hardwire Direct Current Line Supervision
      2.7.1.2   Hardwire Alternating Current Supervision
      2.7.1.3   Hardwire Digital Supervision
    2.7.2   Hardwire
      2.7.2.1   Electrical Conductor Lines
      2.7.2.2   Communication Link
    2.7.3   Radio Frequency Link
    2.7.4   Data Encryption
    2.7.5   Network Switch
      2.7.5.1   Inside Plant
      2.7.5.2   Outside Plant
    2.7.6   Video and ESS Transmission
    2.7.7   Wire and Cable
    2.7.8   Digital Data Interconnection Wiring
    2.7.9   Aboveground Sensor Wiring
    2.7.10   Direct Burial Sensor Wiring
    2.7.11   Local Area Network (LAN) Cabling
    2.7.12   Cable Construction
  2.8   SECURITY LIGHTING INTERFACE
  2.9   SURVEILLANCE AND DETECTION EQUIPMENT
    2.9.1   Article Surveillance and X-Ray
      2.9.1.1   Size and Weight
      2.9.1.2   Local Audible Alarms
      2.9.1.3   Maximum Package Size
      2.9.1.4   X-Ray Tube
      2.9.1.5   Electrical
      2.9.1.6   Safety
      2.9.1.7   Display
      2.9.1.8   Conveyor
      2.9.1.9   Material Identification and Resolution
    2.9.2   Metal Detector
      2.9.2.1   Size and Weight
      2.9.2.2   Local Alarms
      2.9.2.3   Material Identification and Sensitivity
      2.9.2.4   Traffic Counter
      2.9.2.5   Electrical
  2.10   BACKUP POWER
  2.11   SURGE SUPPRESSION DEVICES
  2.12   COMPONENT ENCLOSURE
    2.12.1   Interior Sensor
    2.12.2   Exterior Sensor
    2.12.3   Interior Enclosures
    2.12.4   Exposed-to-Weather Enclosures
    2.12.5   Corrosion-Resistant Enclosures
    2.12.6   Hazardous Environment Equipment
    2.12.7   Metal Thickness
    2.12.8   Doors and Covers
    2.12.9   Ventilation
    2.12.10   Mounting
    2.12.11   Labels
    2.12.12   Test Points
  2.13   EQUIPMENT RACK
    2.13.1   Labels
  2.14   LOCKS AND KEY LOCK
    2.14.1   Lock
    2.14.2   Key-Lock Operated Switches
    2.14.3   Construction Locks
  2.15   FIELD FABRICATED NAMEPLATES

SECTION 28 10 05  Page 6



CAPITAL PROJECT # 1043925 MAY 2022 HAFB 309th SWEG
KRSM200806 100% FINAL SUBMITTAL

    2.15.1   Manufacturer's Nameplate
  2.16   FACTORY APPLIED FINISH

PART 3   EXECUTION

  3.1   INSTALLATION
    3.1.1   Existing Equipment
    3.1.2   Software Installation
    3.1.3   Enclosure Penetrations
    3.1.4   Cable and Wire Runs
    3.1.5   Soldering
    3.1.6   Galvanizing
    3.1.7   Conduits
    3.1.8   Underground Cable Installation
    3.1.9   Exterior Fences
    3.1.10   Camera Housings, Mounts, and Poles
    3.1.11   Field Applied Painting
  3.2   ADJUSTMENT, ALIGNMENT, SYNCHRONIZATION, AND CLEANING
  3.3   SYSTEM STARTUP
  3.4   SUPPLEMENTAL CONTRACTOR QUALITY CONTROL
  3.5   ESS SYSTEM TESTING
  3.6   ESS TRAINING
    3.6.1   ESS Training Outline
    3.6.2   Typical Training Day
    3.6.3   ESS Administrator Training
    3.6.4   ESS Operator Training
    3.6.5   Maintenance Personnel Training
    3.6.6   Follow-up Training
  3.7   NAMEPLATE MOUNTING

-- End of Section Table of Contents --

SECTION 28 10 05  Page 7



CAPITAL PROJECT # 1043925 MAY 2022 HAFB 309th SWEG
KRSM200806 100% FINAL SUBMITTAL

THIS PAGE INTENTIONALLY LEFT BLANK

SECTION 28 10 05  Page 8



CAPITAL PROJECT # 1043925 MAY 2022 HAFB 309th SWEG
KRSM200806 100% FINAL SUBMITTAL

SECTION 28 10 05

ELECTRONIC SECURITY SYSTEMS (ESS)

PART 1   GENERAL

1.1   REFERENCES

The publications listed below form a part of this specification to the 
extent referenced.  The publications are referred to within the text by 
the basic designation only.

AMERICAN NATIONAL STANDARDS INSTITUTE (ANSI)

ASC/X9 X9.52 (1998) Triple Data Encryption Algorithm 
Modes of Operation

ASTM INTERNATIONAL (ASTM)

ASTM A123/A123M (2017) Standard Specification for Zinc 
(Hot-Dip Galvanized) Coatings on Iron and 
Steel Products

ASTM B32 (2008; R 2014) Standard Specification for 
Solder Metal

ASTM D709 (2017) Standard Specification for 
Laminated Thermosetting Materials

ASTM E84 (2018) Standard Test Method for Surface 
Burning Characteristics of Building 
Materials

BUILDERS HARDWARE MANUFACTURERS ASSOCIATION (BHMA)

ANSI/BHMA A156.23 (2010) Electromagnetic Locks

ELECTRONIC COMPONENTS INDUSTRY ASSOCIATION (ECIA)

ECIA EIA/ECA 310-E (2005) Cabinets, Racks, Panels, and 
Associated Equipment

INSTITUTE OF ELECTRICAL AND ELECTRONICS ENGINEERS (IEEE)

IEEE 802.3 (2015; CORR 2017; AMD 1 2017) Ethernet

IEEE C2 (2017; Errata 1-2 2017; INT 1 2017) 
National Electrical Safety Code

INTELLIGENCE COMMUNITY STANDARD (ICS)

ICS 705-1 (2010) Physical and Technical Security 
Standard for Sensitive Compartmented 
Information Facilities
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INTERNATIONAL ORGANIZATION FOR STANDARDIZATION (ISO)

ANSI ISO/IEC 7816 (R 2009) Identification Cards - Integrated 
Circuit Cards

NATIONAL ELECTRICAL MANUFACTURERS ASSOCIATION (NEMA)

NEMA 250 (2014) Enclosures for Electrical Equipment 
(1000 Volts Maximum)

NEMA ICS 1 (2000; R 2015) Standard for Industrial 
Control and Systems: General Requirements

NEMA ICS 2 (2000; R 2005; Errata 2008) Industrial 
Control and Systems Controllers, 
Contactors, and Overload Relays Rated 600 V

NEMA ICS 6 (1993; R 2016) Industrial Control and 
Systems:  Enclosures

NATIONAL FIRE PROTECTION ASSOCIATION (NFPA)

NFPA 70 (2017; ERTA 1-2 2017; TIA 17-1; TIA 17-2; 
TIA 17-3; TIA 17-4; TIA 17-5; TIA 17-6; 
TIA 17-7; TIA 17-8; TIA 17-9; TIA 17-10; 
TIA 17-11; TIA 17-12; TIA 17-13; TIA 
17-14) National Electrical Code

NATIONAL INSTITUTE OF STANDARDS AND TECHNOLOGY (NIST)

NIST FIPS 140-2 (2001) Security Requirements for 
Cryptographic Modules

NIST FIPS 197 (2001) Advance Encryption Standard

NIST FIPS 201-2 (2013) Personal Identity Verification 
(PIV) of Federal Employees and Contractors

OPEN NETWORK VIDEO INTERFACE FORUM (ONVIF)

ONVIF (2017) Core Specification Version 17.06

TELECOMMUNICATIONS INDUSTRY ASSOCIATION (TIA)

TIA-222 (2005G; Add 1 2007; Add 2 2009; Add 3 
2014; Add 4 2014; R 2014; R 2016) 
Structural Standards for Steel Antenna 
Towers and Antenna Supporting Structures

TIA-568-C.2 (2009; Errata 2010; Add 2 2014; Add 1 
2016) Balanced Twisted-Pair 
Telecommunications Cabling and Components 
Standards

TIA-606 (2017c) Administration Standard for the 
Telecommunications Infrastructure
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U.S. DEPARTMENT OF DEFENSE (DOD)

DODI 8500.01 (2014) Cybersecurity

U.S. NATIONAL ARCHIVES AND RECORDS ADMINISTRATION (NARA)

21 CFR 1020 Performance Standards for Ionizing 
Radiation Emitting Products

47 CFR 15 Radio Frequency Devices

UNDERWRITERS LABORATORIES (UL)

UL 1037 (2016; Reprint Sep 2017) UL Standard for 
Safety Antitheft Alarms and Devices

UL 1076 (1995; Reprint Mar 2015) Proprietary 
Burglar Alarm Units and Systems

UL 1610 (2016) UL Standard for Safety 
Central-Station Burglar-Alarm Units

UL 294 (2018) Access Control System Units

UL 437 (2013; Reprint Oct 2017) UL Standard for 
Safety Key Locks

UL 50 (2015) UL Standard for Safety Enclosures 
for Electrical Equipment, 
Non-Environmental Considerations

UL 634 (2007; Reprint Mar 2015) Connectors and 
Switches for Use with Burglar-Alarm Systems

UL 636 (2018) Holdup Alarm Units and Systems

UL 639 (2007; Reprint May 2012) Standard for 
Intrusion Detection Units

UL 681 (2014) Installation and Classification of 
Burglar and Holdup Alarm Systems

UL 796 (2016) UL Standard for Safety 
Printed-Wiring Boards

UL 969 (2017) UL Standard for Safety Marking and 
Labeling Systems

UL 972 (2006; Reprint Dec 2015) Standard for 
Burglary Resisting Glazing Material Type

1.2   SUBMITTALS

Government approval is required for submittals with a "G" designation; 
submittals not having a "G" designation are for information only.  When 
used, a designation following the "G" designation identifies the office 
that will review the submittal for the Government.  Submittals with an "S" 
are for inclusion in the Sustainability eNotebook, in conformance to 
Section 01 33 29  SUSTAINABILITY REPORTING.  Submit the following in 
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accordance with Section 01 33 00  SUBMITTAL PROCEDURES:

SD-02 Shop Drawings

ESS Components ; G

Overall System Schematic ; G

SD-03 Product Data

Premise Control Unit ; G

Detection Sensors ; G

Access Control Unit ; G

Access Control Devices ; G

Cameras ; G

Camera Lenses ; G

Camera Housing and Mounts ; G

Thermal Imaging System ; G

Video Recording ; G

Printers ; G

Communications Interface Devices ; G

Radio Frequency Link ; G

Network Switch ; G

Video and ESS Transmission ; G

Infant Protection Alarm System ( IPAS); G

Uninterruptible Power Supply (UPS) ; G

Batteries ; G

Component Enclosure ; G

Equipment Rack ; G

SD-05 Design Data

Backup Battery Capacity Calculations ; G

Access Control Throughput Rates ; G

CCTV Storage Calculations

SD-07 Certificates

Contractor Qualifications ; G
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Instructor Qualifications ; G

Data Encryption ; G

SD-10 Operation and Maintenance Data

Training Plan ; G

Training Content ; G

ESS Components  and ESS Software: Data Package 4; G

ESS Software  and ESS Components: Data Package 4; G

  Submit data package in accordance with Section 01 78 23  
OPERATION AND MAINTENANCE DATA

SD-11 Closeout Submittals

As-Built Drawings ; G

1.3   QUALITY ASSURANCE

1.3.1   Regulatory Requirements

The advisory provisions in each of the publications referred to in this 
specification are mandatory.  Interpret these publications as though the 
word "must" has been substituted for "should" wherever it appears.  
Interpret references in these publications to the "authority having 
jurisdiction," or words of similar meaning, to mean the Contracting 
Officer.

Equipment, materials, installation, and workmanship must be in accordance 
with the mandatory and advisory provisions of NFPA 70  unless more 
stringent requirements are specified or indicated.

1.3.2   Standard Products

Provide materials and equipment that are products of manufacturers 
regularly engaged in the production of such products which are of equal 
material, design and workmanship and:

a.  Have been in satisfactory commercial or industrial use for 2 years 
prior to bid opening, and have been utilized in applications of 
equipment and materials under similar circumstances and of similar 
size.

b.  Have been available on the commercial market through advertisements, 
manufacturers' catalogs, or brochures during the 2-year period.

c.  Where two or more items of the same class of equipment are required, 
provide products of a single manufacturer.

d.  Provide commercial off-the-shelf (COTS) products in which the 
manufacturer allows a network of qualified distributors to sell, 
install, integrate, maintain, and repair the hardware and software 
products that make up the system.
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1.3.2.1   Alternative Qualifications

Products having less than a 2 year field service record will be acceptable 
if a certified record of satisfactory field operation for not less than
6000 hours, exclusive of the manufacturers' factory or laboratory tests, 
is furnished.

1.3.2.2   Material and Equipment Manufacturing Date

Products manufactured more than one year prior to date of delivery to the 
site are not acceptable.

1.3.2.3   Product Safety

System components are to conform to applicable rules and requirements of 
NFPA 70 .  Equip system components with instruction stickers including 
warnings and cautions describing physical safety, and special or important 
procedures to be followed in operating and servicing system equipment.

1.3.3   Shop Drawings

1.3.3.1   ESS Components

Submit the ESS Components, Data Package 4 with the ESS Software submittal 
package in accordance with Section 01 78 23  OPERATION AND MAINTENANCE 
DATA.Submit drawings that clearly and completely indicate each ESS 
component  function that includes:

a.  Termination device points

b.  Interconnections required for system operation  
 

c.  Interconnections between modules and devices

d.  Proposed wireway or conduit systems to be used including:

(1) Locations

(2) Sizes

(3) Types   

e.  Drawings showing:  

(1) Device locations and spacing  

(2) Mounting and positioning details

(3) Riser Diagrams with cable sizes and types

(4) Bill of Materials (Device make, model and quantities)

(5) Alarm and access control zones

(6) CCTV and sensor coverage areas

  (7) Spare capacity
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1.3.3.2   Overall System Schematic

Indicate the relationship of integrated components on one-line diagram and 
show:

a.  Power source  

b.  System controls  

c.  Impedance matches  

d.  Interconnecting wire data including: 

(1) Number

(2) Size

(3) Identification  

(4) Maximum lengths

1.3.4   Evidence of Experience and Qualifications

1.3.4.1   Contractor Qualifications

Submit experience and certified qualifications data prior to 
installation.  Show that specific installers who will perform the work 
have a minimum of 2 years of experience successfully installing ESS of the 
same type and similar design as specified.  Include the names, locations, 
and points of contact of at least two installations of similar type and 
design as specified in this document where the installer has installed 
such systems.  Indicate the type of each system installed.  Certify that 
each system has performed satisfactorily in the manner intended for a 
period of at least 12 months.

1.3.4.2   Instructor Qualifications

Submit the instructor's experience and certified qualifications data prior 
to installation.  Show that the instructor has received a minimum of 24 
hours of ESS training from a technical organization such as the National 
Burglar and Fire Alarm Association, and 2 years experience in installing 
the specified ESS type.

1.4   Environmental Conditions

1.4.1   Interior Conditions

Equipment installed in environmentally protected interior areas must meet 
performance requirements specified for the following ambient conditions:

1.4.1.1   Temperature

32 to 120 degrees F.  Components installed in unheated security protected 
areas must meet performance requirements for temperatures as low as  0 
degrees F

1.4.1.2   Pressure

Sea level to  15,000 feet  above sea level
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1.4.1.3   Relative Humidity

5 to 95 percent

1.4.1.4   Fungus

Components must be constructed of nonfungus nutrient materials or be 
treated to inhibit fungus growth

1.4.1.5   Acoustical Noise

Components must be suitable for use in high noise areas above 100 dB, 
without adversely affecting their performance

1.4.2   Exterior Conditions

Components in enclosures must meet performance requirements when exposed 
to the following ambient conditions:

1.4.2.1   Temperature

Minus 25 to 140 degrees F

1.4.2.2   Pressure

Sea level to  15,000 feet  above sea level

1.4.2.3   Solar Radiation

Six hours of solar radiation per day at dry bulb temperature of  120 
degrees F  including 4 hours of solar radiation at  104 watts per square foot

1.4.2.4   Rain

2 inches per hour and  5 inches  per hour cyclic with wind plus one period of
 12 inches  per hour

1.4.2.5   Humidity

5 to 95 percent

1.4.2.6   Wind

Continual velocity up to  50 mph  with gusts to  66 mph , except that fence 
sensors must detect intrusions up to  35 mph

1.4.2.7   Acoustical Noise

Components must be suitable for use in high noise areas above 110 dB 
without adversely affecting their performance. Examples areas include 
flight lines, runup pads, and generator sites.

1.5   SYSTEM CALCULATIONS AND ANALYSIS

1.5.1   Backup Battery Capacity Calculations

Submit calculations showing that backup battery capacity exceeds sensor 
operation, communications supervision, and alarm annunciation power 
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requirements for proposed equipment plus 25 percent spare capcity.

1.5.2   CCTV Storage Calculations

Submit calculations showing the required storage capacity for each video 
storage device.

1.6   ESS SOFTWARE, DATA PACKAGE 4

Submit the ESS software, Data Package 4 with the ESS Components submittal 
package in accordance with Section 01 78 23  OPERATION AND MAINTENANCE 
DATA.  Describe the functions of all software in the software manual and 
include:

a.  All information necessary to enable proper loading, testing, and 
operation

b.  Terms and functions definitions

c.  Use of system and application software

d.  Procedures for system initialization, start-up and shutdown

e.  Alarm reports

f.  Reports generation

g.  Database format and data entry requirements

h.  Directory of all files

i.  All communication protocol descriptions, including data formats, 
command characters, and a sample of each type of data transfer

j.  Interface definition

k.  List of software keys

1.7   AS-BUILT DRAWINGS

Maintain a separate set of drawings, elementary diagrams, and wiring 
diagrams of the system to be used for as-built drawings.  Keep this set 
accurately and neatly up-to-date with all changes and additions.  This set 
is not to be used for installation purposes.

Finish the final drawings submitted with the endurance test report in 
accordance with Section 01 78 00  CLOSEOUT SUBMITTALS for as-built 
requirements.

PART 2   PRODUCTS

2.1   SYSTEM DESCRIPTION

Provide a complete and integrated electronic security system (ESS) that 
the meet requirements of Vindicator .  ESS must be compatible with the 
Installation's central monitoring system and monitored .    Access Control 
System to be Government Furnished Government Installed (GFGI). ESS 
consisting of the following subsystems and features:
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a.  

b.  Access Control System (ACS)

c.  

Include materials not normally furnished by the manufacturer with the ESS 
equipment as specified in:

a.  Section 33 71 02  UNDERGROUND ELECTRICAL DISTRIBUTION

 c.  Section 26 20 00  INTERIOR DISTRIBUTION SYSTEM 2.2   PERFORMANCE 
REQUIREMENTS

Integrate the installed and operating subsystems into the overall ESS 
system to detect intrusion, control access, provide CCTV surveillance, 
provide visual verification, and  perform as an entity, as specified 
below.  Provide electronic equipment that complies with 47 CFR 15  and are 
suitable for the environment where they will be installed.

2.2.1   Growth Capability

Provide capability for modular ESS expansion of inputs, outputs, card 
readers, and remote control stations with minimal equipment modification. 
Software must be able to handle design requirements plus 25 percent spare 
capacity.  Growth capability is not to be limited by the provided products.

2.2.2   Hazardous Locations

When located in areas where fire or explosion hazards exist, provide 
system components rated and installed according to Chapter 5 of NFPA 70 .

2.2.3   Network Certification

Certify all Platform Information Technology (PIT) in accordance with 
DODI 8500.01  and the individual service implementation policy.

2.2.4   Maintainability

Provide components that can be maintained using commercially available 
tools and equipment.  Arrange and assemble components to be readily 
accessible to maintenance personnel without compromising system defeat 
resistance and with no degradation in tamper protection, structural 
integrity, EMI or RFI attenuation, or line supervision after maintenance 
when it is performed in accordance with manufacturer's instructions.

2.2.5   Availablity

Provide components rated for continuous operation.  Provide solid-state 
electronic components mounted on printed circuit boards, conforming to 
UL 796 .  Provide boards that are plug-in, quick-disconnect type.  Do not 
impede maintenance with densely packed circuitry.  Provide 
power-dissipating components with safety margins of not less than 25 
percent with respect to dissipation ratings, maximum voltages, and 
current-carrying capacity.  Provide solid-state type or hemetically sealed 
electromechanical type light duty relays and similar switching devices.
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2.2.6   Fail-Safe Capability

Provide fail-safe capability in critical elements of the ESS including, 
but not be limited to, the capability to monitor communication link 
integrity and to provide self-test.  Provide fault annunciation when 
diminished functional capabilities are detected.  Annunciate fail-safe 
alarms to clearly distinguish from other types of alarms.

2.2.7   Line Supervision

Provide the same geographic resolution for fault isolation at the systems 
level as provided for intrusion detection.  Provide either a static or 
dynanmic system with active mode for line supervision of communication links 
of the ESS.

a.  The static system must represent "no-alarm" always by the same signal, 
which is different than the originally transmitted signal.

b.  The dynamic system must represent "no-alarm" with a signal which 
continually changes with time.

2.2.8   Power Loss Detection

Detect AC and DC power loss and generate an alarm when a critical 
component of the system experiences temporary or permanent loss of power.  
Annunciate the alarm in the Secured Area to clearly identify the component 
experiencing power loss.

2.2.9   Controls and Designations

Provide controls and designations as specified in NEMA ICS 1 .

2.2.10   Special Test Equipment

Provide all special test equipment, special hardware, software, tools, and 
programming or initialization equipment needed to start or maintain any 
part of the system and its components.  Special test equipment is defined 
as any test equipment not normally used in an electronics maintenance 
facility.

2.2.11   Electromagnetic Interference (EMI)

Configure and provide ESS components employing electromagnetic radiation 
constructed to provide minimal vulnerability to electronic countermeasures.

2.2.12   Electromagnetic Radiation (EMR)

Provide only ESS communication components which are Federal Communications 
Commission (FCC) licensed and approved.  Provide system components which 
are electromagnetically compatible.

2.2.13   Interchangeability

Use off-the-shelf components which are physically, electrically, and 
functionally interchangeable with equivalent components as complete 
items.  Equivalent, replacement components must not require new or other 
component modification.  Do not use custom designed or one-of-a-kind 
items.  Interchangeable components or modules must not require trial and 
error matching in order to meet integrated system requirements, system 
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accuracy, or restore complete system functionality.

2.3   INTRUSION DETECTION SYSTEM (IDS)

The IDS primary function is to detect intrusion into secured areas.  
Utilize a single database for all IDS programming data that seamlessly 
integrates with the ESS under a single operating environment.  The IDS 
events must be viewable as separate or as a combined list of all ESS 
events.  Control the IDS alarm monitoring through software control from 
the ESS.  

a.  Provide both supervised and non-supervised alarm point monitoring.  

b.  Secure or access alarm points both manually and automatically by time 
of day, day of week or by operator command.

2.3.1   IDS Components

Provide components:

a.  Premise Control Units (PCU)

b.  Detection Sensors

c.  Tamper Switches

2.3.2   Detection Sensitivity

The sensitivity of the IDS must allow for the following:

a.  Locating intrusions within  300  feet  zones along a line or perimeter 

b.  Locating intrusions at individually protected assets or at an 
individual portal

c.  Locating intrusions within the coverage on a single volumetric sensor

d.  Locating failures or tampering at individual sensors

2.3.3   Detection Alarm and Reporting Capacity

Collect, communicate, and display up to 256 sensor zone alarms .

Identify individual sensors in alarm if the sensor zone is a multiple 
alarm source combination.  Annunciate a single alarm within 2 seconds 
maximum, after sensor transducer or other detection device activation .

2.3.4   False Alarm Rate

The false alarm rate for each interior IDS zone must not exceed one false 
alarm per 30-day period.  The false alarm rate for each exterior IDS zone 
must not exceed one false alarm per 24-hour period.

2.3.5   Nuisance Alarm Rate

The nuisance alarm rate for each interior IDS zone must not exceed three 
nuisance alarms per 30-day period.  The nuisance alarm rate for each 
exterior IDS zone must not exceed three nuisance alarms per 24-hour period.
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2.3.6   Premise Control Unit  (PCU)

Install the PCU command processor in a tamper resistant enclosure that is 
specified in paragraph "Component Enclosure".  Package the following with 
the PCU:

a.  Power transformer

b.  Battery(s)

c.  Network connection cable

d.  Keypad(s)

e.  Keypad connection cable(s)

f.  Additional components as required for full functionality
 
2.3.6.1   PCU Capabilities

Provide the PCU at a minimum but not limited to, the following 
capabilities;

a.  Expansion to a total of at least 10,000 user codes with 99 user 
profile definitions.

b.  Support 16 keypads with alphanumeric display.  Each keypad must be 
capable of securing and accessing any system area based on a pass code 
or access control card and or key FOB authorization.  Provide keypad 
alphanumeric display with complete prompt messages during all stages 
of operation and system programming and display all relevant operating 
and test data.

c.  Four 4 shift schedules per area.

d.  A total of at least 100 programmable output relay schedules.

e.  64 individual reporting areas.

f.  Data line supervision .

g.  Two-man access code or credentials.

h.  Support programming to require the same or different access code 
entered within a programmed delay time of 1 to 15 minutes after 
disarming before activating a silent ambush alarm.

i.  Support area programming that disables schedule and time-of-day 
changes while system is armed so that area can only be disarmed during 
scheduled times.

j.  Provide a minimum of a 4,000 event log buffer per PCU.  Record and 
hold alarm activity information in the log buffer until the ESS is 
connected and receives the information.  Provide a 
software-configurable warning log buffer filling notification for 
PCU(s) configured with network switch capabilities.

k.  Support a Network Interface Card (NIC) plug-in module with built in 
network router capable of 128 Bit AES Rijndael Encryption process 
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certified by NIST (National Institute of Standards and Technology).

2.3.6.2   Overcurrent Protection and Indication

When overcurrent more than it is rated for is detected by the PCU, 
communication bus(es) and keypad(s) are to be shut down and an overcurrent 
notification LED lit to indicate the situation.

2.3.6.3   Manual and Self-Test

All testing from any alphanumeric keypad include testing for: standby 
battery, alarm bell or siren, and communication to the Security Command 
Center (SCC).  Include provisions for an automatic, daily, weekly, 30 day, 
or up to 60 day communication link test from the PCU installation site to 
the SCC.  Include a provision for displaying the internal system power and 
wiring conditions. 

Include the following for internal monitoring points:

a.  The bell circuit

b.  AC power

c.  Battery voltage level

d.  Charging voltage

e.  Panel box tamper

f.  Phone trouble line 1

g.  Phone trouble line 2

h.  Transmit trouble

i.  Network trouble

A battery test must be automatically performed to test the integrity of 
the standby battery by disconnecting the standby battery from the charging 
circuit and placing a load on the battery.  Perform this test at an 
interval no greater than 180 days.

2.3.7   Detection Sensors

a.  Sensors are to detect facility perimeter or protected zone 
penetrations by unauthorized personnel or intruders and transmit an 
alarm signal to the alarm annunciation system upon change detection.  
Accomplish this with a probability of detection (PD) of 0.9 with a 95 
percent confidence level and conforming to UL 639  where applicable.   

b.  Required sensor power is 12 VDC unless otherwise specified.

c.  An interior IDS zone is a room or space within a building that can be 
secured and accessed independently from all other zones.

d.  Provide line supervision for all sensors with an end-of-line resistor 
at the sensor or within a tampered junction box with conduit from the 
junction box to the sensor.
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d.  Provide sensors and components rated for operation in the installed 
environment.  The sensors must transmit an alarm signal to the alarm 
annunication system upon change detection.  Provide all sensors with a 
tamper switch and elements housed in a tamper-alarmed enclosure in 
accordance of paragraph "Component Enclosure".

2.3.7.1   Interior Sensors

2.3.7.1.1   High Security Balanced Magnetic Switch (BMS)

Mount the BMS inside the secure location and on the opening side of the 
door.  BMS sensors do not have the capability to incorporate an 
end-of-line (EOL) resistor.

2.3.7.1.1.1   Level 1 Switch

UL 634 . Level 1 High Security

2.3.7.1.1.2   Level 2 Switch

UL 634 . Level 2 High Security

2.3.7.1.2   Glass Break Detection

UL 639 .

2.3.7.1.2.1   Window-Mounted Glass Break Shock Sensor

Provide sensors with an LED for adjusting sensitivity.

Provide sensor with an exterior label to protect tape from direct 
sunlight.  Seismic vibrations or other ambient stimuli are not to initiate 
an alarm.  

2.3.7.1.2.2   Ceiling Or Wall-Mounted Dual Technology Glass Break Sensor

Provide a sensor that eliminates occupant-generated false alarms by 
combining a passive infrared motion detector (PIR) with glass break 
sensing.  The combination will extend coverage to occupied areas, allowing 
the sensors to be armed while people are present.

2.3.7.1.2.3   Ceiling or Wall-Mounted Recessed Glass Break Sensor

Provide a sensor employing pattern recognition technology that listens for 
the actual pattern of breaking glass.  The sensor is to be able to detect 
the difference from breaking glass and normal room sounds by listening 
across the glass break frequency spectrum.  Provide a range of  25 feet  to 
cover the area to be protected.

2.3.7.1.3   Vibration Vault Sensor

Provide a sensor that senses short duration, large amplitude signals like 
those produced in attacks from explosions, hammering or chiseling and also 
detect long duration, small amplitude signals like those produced in 
attacks from torches, thermic lances, drills, grinders, or cutting discs.

Provide sensor equipped with a manual and an automatic test alarm output 
with test indicator not visible or audible during normal operations.  The 
test indicator is to annunciate when the sensor detects an intruder when 
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active.  The alarm indication may be located within the sensor or as a 
separate device.

2.3.7.1.4   Fiber Optic Mesh Sensors

Fiber optic mesh sensors are to be comprised of a web of optical fiber 
cables which are deployed within:

a.  Building walls

b.  Partitions

c.  Flexible structures

d.  Water-side installations

e.  Mobile facilities

f.  Mobile container shells

2.3.7.1.5   Utility Inlet Opening Protection

Provide protection by a sensor of the breakwire type consisting of up to 
26 AWG hard-drawn copper wire with a tensile strength of  4 pounds  maximum 
interlaced throughout the opening such that no opening between wires is 
larger than  4 inches  on center.

 Tamper protect terminated sensors so that any attempts to cut the wire or 
enlarge openings between wires cause an alarm.

2.3.7.1.6   Passive Infrared Sensors

UL 639 .

2.3.7.1.7   Microwave Sensors

UL 639 .

2.3.7.1.8   Dual Technology Sensors

UL 639 .  Provide sensor combining passive infrared (PIR) and microwave 
sensors configured and manufactured specifically to be mounted in a single 
tamper alarmed enclosure.  The sensor must provide "AND" logic for alarm 
indication .  Provide sensors that have a local means of indicating 
detection for use during installation and calibration with a means of 
disabling the indication.

The sensor is to have an LED walk test indicator which is not visible 
during normal operations. When visible, the walk test indicator will light 
when the sensor detects an intruder.  Provide a sensor equipped with a 
manual control, located within the sensor's housing, to enable and disable 
the test indicator or with the test indicator located within the sensor 
housing so that it can only be seen when the housing is open or removed.

2.3.7.1.9   Photoelectric Sensors

UL 639 .  The sensor is to detect opaque bodies and not allow an intruder 
to disable detection by shining another light source into the receiver.
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Provide sensor with a local means of indicating detection for use during 
installation and calibration with a means of disabling the indication.

2.3.7.2   Exterior Sensors

2.3.7.2.1   Fence Mounted Sensors

Sensors are fiber optic or strain-sensitive cable sensors as indicated 
which initiate an alarm when an intruder attempts to scale, cut through, 
lift the fabric of, or lean climbing devices on to the entire length of a 
standard chain link fence or physical barrier.  Provide sensors that are 
either tamper alarmed or self-protecting.  House exterior components in 
rugged, corrosion-resistant enclosures, as specified in paragraph 
COMPONENT ENCLOSURES.

Provide fence cable support hardware that is weather-resistant.

2.3.7.2.1.1   Fiber Optic Sensor

The sensor consists of an ultraviolet resistant fiber optic transducer 
cable with a microprocessor based dual zone signal processor that is 
capable of monitoring different styles of metal fabric fencing including 
chain-link, expanded-metal or welded-mesh fence.  The sensor detects 
intruders by utilizing signals generated by the minute flexing of the 
fiber optic transducer cable, caused by attempting to cut, climb, or raise 
the fence fabric.

The signal processor analyzes the signals from the fiber optic transducer 
cable and detects minute vibrations in the fabric of the fence.  The 
signal processor supports single zones with each zone supporting a maximum  
1640 feet  of sensing cable.  The processor utilizes adaptive algorithms, 
ambient signal compensation and selectable common-mode rejection, to 
discriminate between actual, false and nuisance alarms, without lowering 
the probability of detection.  The processor identifies, by type, a cut 
intrusion and a climb intrusion.  Provide sensors with independent 
adjustments and thresholds for each type of intrusion and have the 
capability to completely mask climb or cut alarms.  Alarms caused by power 
failure, low input voltage, cable fault (cable cut or high loss due to 
physical stress), or internal electronic fault are to be identified as 
supervisory alarms.  Equip the sensor with a test indicator if it is an 
integral sensor signal processor function.

2.3.7.2.1.2   Strain-Sensitive

a.  Provide a complete fenceline protection with no dead zones where an 
intruder can penetrate the fence.  Through sensor electronics the 
fenceline protection must be divided into zones.  Sensing unit of 
sensor must achieve specified performance with transducer cable either 
by attachment directly to the fence fabric by plastic cable every  12 
to 18 inches  or by installation inside RGS conduit mounted on the 
fence.  Provide sensing units with equal adjustable sensitivity 
throughout the entire length.

b.  Use only conventional waterproof coaxial cable connectors for 
connections of the sensing unit to permit installation in extreme EMI 
environments with no loss of detection capability.  Entire sensor 
system must be capable of detecting tampering within each system 
portion by sensor zone.   
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c.  Provide capability for alarm threshold sensitivity adjustment to 
permit compensation by zone for winds up to  35 mph  while maintaining 
the same level of detection performance as under ambient conditions.

d.  Sensor zone control unit must provide an analog audio output for 
interface to an external audio amplifier to permit remote audio 
assessment regardless of sensor alarm status.  Sensor zone control 
unit alarm output interface is to be a separately supervised relay 
contact normally open or normally closed, with an adjustable intrusion 
alarm pulse width of 0.5 second adjustable and a continuous (until 
corrected) tamper alarm.

2.3.7.2.1.3   Gas Units

Provide gate units in accordance with specific fence sensor manufacturer's 
recommendations to ensure continuous fence sensor zone protection for the 
entire protected perimeter.  Provide a gate unit for each fence portal.

Provide separately zoned BMS gate sensors when gate units are not provided 
by the fence sensor manufacturer.  BMS sensors perform as specified in 
paragraph HIGH SECURITY BALANCED MAGNETIC SWITCH (BMS).

2.3.7.2.2   Electrostatic Field Sensors

a.  Initiate an alarm when an intruder attempts to approach or scale a 
fence or physical barrier.  Electrostatic field sensors generate an 
electric field around one or more horizontal wires and sense the 
induced signal in parallel sensing wires to detect human presence.  
Provide sensors that monitor the induced signal for changes that 
result from the presence of a conductive body or a body with a high 
dielectric constant.

b.  Use mounting and support hardware as provided by the equipment 
manufacturer.

c.  Provide spring tension-mounted wire on end-of-line terminators to 
detect cutting, shorting, or breaking of the wires.  Select sensor 
configuration such that an intruder cannot crawl under the bottom 
wire, through the wires, or over the top wire without being detected 
and be divided into sensor zones.

d.  Sensors must be capable of following irregular contours and barrier 
bends without degrading sensitivity below the specified detection 
level.  Adjacent zones must provide continuous coverage to avoid a 
dead zone and be configured to prevent crosstalk interference.   

e.  Provide filtering on signal processing circuitry to distinguish 
nuisance alarms.  Sensor configuration is to incorporate balanced, 
opposed field construction to eliminate far field noise.

f.  House exterior components in rugged corrosion-resistant enclosures, 
protected from environmental degradation and provided with tamper 
switches.  Use underground cables to interface between exterior 
units.  Use stainless steel or galvanized exterior support hardware.  
Use stainless steel sensor and field wires.   

g.  Follow manufacturer's specifications for wire spacing of various 
configurations.
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h.  Provide adjustable sensor sensitivity which is inaccessible to 
operating personnel.

2.3.7.2.3   Taut-Wire Sensors

a.  Incorporate perimeter intrusion detection sensors into a barbless wire 
security fence.  Detect intrusion of cutting of any single wire or the 
deflecting, as by climbing, of any wire by more than  3.1 inches .  A 
sensor zone includes one or more  200 feet  maximum sections of  7 foot  
high parallel fence with each sector consisting of 13 horizontal 
tensioned wires attached to the taut-wire fence posts, and three 
strands as outriggers, plus an "antiladder" trip wire supported by 
rods extending from the outriggers for a total vertical height of 
approximately  8 feet .

b.  Mount displacement switches for each horizontal wire within a prewired 
channel fastened to the fence post at the midpoint of each section.  
Outrigger barbed wire and tripwire may share the same switch.  Mount 
each taut-wire fence post to the normal security fence (chain link) 
fabric posts or other barrier via standoffs to position the taut-wire 
approximately  6 inches  from the fence fabric or other barrier.  

c.  Mount freestanding taut-wire fence posts in concrete to support the 
taut-wire fence system.  Pretension and clamp each barbless wire 
strand to the lever arm of the displacement switch, such that the 
lever is in the neutral (off) position; therefore, the forces applied 
by the barbless wires are balanced equal in opposite directions.  
Pretension tripwires in a like manner.  Line tripwires to the top 
switch in the sensor switch channel by a special subassembly that 
includes a rod which transfers tripwire movement as a lever to the end 
of the actuating sensor switch's lever arm.

d.  Initiate an alarm upon abnormal switch lever displacement.  This would 
result from cutting or deflecting its attached wire, as by climbing on 
or through fence strands.  Provide sensor with a damping mechanism 
which reduces alarm threshold due to slowly changing phenomena 
including ground shifting, daily and seasonal temperature variations, 
and winds up to  35 mph .   

e.  Sensor switch must provide electrical contact closure as the means for 
initiating an alarm, whenever the wire clamped to the vertical center 
bolt is pulled laterally in any direction by an amount not over  0.75 
inch .

f.  Housing for switch assembly must be covered by a neoprene cap to 
retain the center bolt (lever arm).  This bolt translates attached 
horizontal wire movement into the contact closure.  The bolt functions 
as the fulcrum for the lever when the neoprene cap is firmly seated on 
the cup-shaped polycarbonate housing.

g.  Provide threaded upper exposed end of the lever to accommodate 
clamping to the horizontal wire.  The lower end of the lever, which is 
fashioned to serve as the movable electrical contact, must be held 
suspended in a small cup-shaped contact that floats in a plastic putty 
material.  The plastic putty is to retain a degree of elasticity under 
varying temperature conditions and provide the sensor switch with a 
self-adjusting property.  This provides the switch with a built-in 
compensating mechanism that ignores small, very slow changes in lever 
alignment (which may result from environmental changes including 
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extreme temperature variations and ground creepage due to weather 
conditions) and to react to fast changes only, as caused by manual 
deflection or cutting of the wires.

h.  Provide metal slider strips having slots through which the barbed 
wires pass with rivets that prevent the wires from leaving the slots.  
The slider strip must translate horizontal displacement forces normal 
to the barbed wire to the sensor.  Install one slider strip pair, 
upper and lower, on every fence post except where sensor posts or 
anchor strips are installed.  Provide maximum separation between 
slider elements along the fence of  10 feet .

i.  Attach barbless wires to installed fence anchor posts, located 
equidistant on both sides of sensor posts and at ends of sensor zone 
run.  Install fastening plates on an anchor strip.  Weld strip or 
otherwise attach the strip to anchor post and ends of tensed barbed 
wires wrapped around the fastening plates.  Fastening plates are to 
break off when climbed upon or on the attached barbless wires creating 
an alarm and making it impossible to defeat the system by climbing at 
the anchor post.

j.  Use barbless wire suitable for installation under a preload of 
approximately  88 pounds  tension and be flexible enough for convenient 
manipulation during tensioning.  The minimum acceptable double-strand 
barbed wire gage is 15-1/2.

k.  Sensor zone control unit must monitor up to 10 zones.

l.  Provide sensor with relay outputs to interface alarm outputs with the 
overall ESS.  Input power is 120 VAC.

2.3.7.2.4   Dual Technology Sensors

a.  Provide dual technology sensor that combines Microwave and Dual PIR 
into one single all-weather detector.  Use the sensor in extreme 
outdoor conditions to provide the maximum amount of coverage in a 
horizontal plane.

b.  The sensor must come mounted in an industrial-grade housing as 
specified in paragraph COMPONENT ENCLOSURE.  Provide pan-tilt swivel 
bracket with swivel within 100 degrees of range and tilt within 10 
degrees.  The swivel bracket is to allow for calibration into 1 degree 
segments for adjustment to any environment.

c.  The sensor must provide either wide angle or long range detection by 
change of optical mirrors.  Wide angle coverage must detect intrusion 
out to  49 feet  and long range coverage out to  130 feet .  Provide 
sensors that allow adjustment masks for wildlife immunity for animals 
up to  99 pounds .

2.3.7.2.5   Bistatic Microwave Sensor

a.  Provide sensor equipped with circuitry that produces an alarm signal 
when the sensor's receiver is captured by another microwave 
transmitter.  Multiple sensors must be able to operate in adjacent 
zones without interfering with each other.  Provide sensors with 
adjustable sensitivity controls within the sensor that are not 
accessible when the sensor housing is in place.  Provide sensors that 
can be adjusted in order to obtain the designed coverage pattern.
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b.  The bistatic microwave sensor is to consist of a separate transmitter 
and receiver.  The sensor detects changes from a standard intruder's 
movement in the received microwave signal sensor's detection pattern.  
The sensor transmits an alarm signal to the alarm annunciation system 
upon detecting such changes.  The sensor must detect a standard 
intruder moving perpendicular through the sensor's detection pattern 
at a speed of  0.2 to 25 fps .

c.  Equip the sensor with an LED walk test indicator which is not visible 
during normal operations.  When visible, the walk test indicator is to 
light when the sensor detects an intruder.  Provide sensors equipped 
with a manual control, located within the sensor's housing, to enable 
and disable the test indicator or with the test indicator located 
within the sensor housing so that it can only be seen when the housing 
is open or removed.

2.3.7.2.6   Monostatic Microwave Sensor

a.  Multiple sensors must be able to operate in adjacent zones without 
interfering with each other.  Provide sensors with adjustable 
sensitivity controls within the sensor that are not accessible when 
the sensor housing is in place.  The sensor must be adjustable to 
obtain the coverage pattern shown and have range cut off capabilities 
of field selected distance  100 to 400 feet .

b.  The monostatic microwave sensor must consist of an integrated 
transceiver.  The sensor detects changes from a standard intruder in 
the received microwave signal sensor's detection pattern.  The sensor 
must transmit an alarm signal to the alarm annunciation system upon 
detecting such changes.  The sensor must detect a standard intruder 
moving perpendicular through the sensor's detection pattern at a speed 
of  0.2 to 25 fps .

c.  The sensor is to be equipped with an LED walk test indicator which is 
not visible during normal operations.  When visible, the walk test 
indicator is to light when the sensor detects an intruder.  Provide 
sensors equipped with a manual control, located within the sensor's 
housing, to enable and disable the test indicator or with the test 
indicator located within the sensor housing so that it can only be 
seen when the housing is open or removed.

2.3.7.2.7   Passive Infrared Sensor (Exterior)

a.  UL 639 .  The passive infrared sensor must detect movement from a 
standard intruder in the ambient level of infrared emissions within 
the sensors's field of view.    

b.  The sensor is to detect a change in temperature of at least  2 degrees F
 and detect an intruder traveling within the sensor's detection 
pattern at a speed of  0.6 to 50 fps  across 2 adjacent segments of the 
field of view.  The sensor must have a detection range of at least  300 
feet .  Emissions monitored by the sensor must be in the 8 to 14 micron 
range.

c.  Provide sensors that can be adjusted in order to obtain the designed 
coverage pattern.  The sensor is to be equipped with a temperature 
compensation circuit.
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d.  The sensor is to be equipped with an LED walk test indicator which is 
not visible during normal operations.  When visible, the walk test 
indicator is to light when the sensor detects an intruder.  Provide 
sensors equipped with a manual control, located within the sensor's 
housing, to enable and disable the test indicator or with the test 
indicator located within the sensor housing so that it can only be 
seen when the housing is open or removed.

2.3.7.2.8   Buried Ported Cable

The buried ported cable to monitor for changes in the electromagnetic 
field between the leaky coax transmit and receive cables within the 
sensor's detection pattern to detect standard intruder movement.  The 
sensor must transmit an alarm signal to the alarm annunciation system upon 
detecting such changes.  Provide sensors that detect a standard intruder 
moving through the sensor's detection pattern at a speed of  0.2 to 25 fps .

Provide ported coaxial transmission and receive cables rated for direct 
burial.  Provide sensors to obtain the designed coverage pattern with 
adjustable sensitivity to  3 feet  length by controls within the sensor 
signal processor. Controls must not be accessible when the sensor signal 
processor's housing is in place.  Equip the sensor with a test indicator 
if it is an integral sensor signal processor function.

2.3.7.2.9   Active Infrared Sensor (Exterior)

a.  The active infrared sensor detects a light beam interruption that 
links the transmitter and receiver caused by an intruder moving at a 
speed of less than  7.5 fps  through the beam.  The sensor must transmit 
an alarm signal to the alarm annunciation system upon detecting such 
an interruption.   

b.  The sensor must use a pulsed infrared light source.  Multiple sensors 
must be able to operate within the same zone without interfering with 
each other.  Provide sensors to obtain the designed coverage pattern 
with adjustable sensitivity with controls located within the sensor 
signal processor and not accessible when the sensor signal processor's 
housing is in place.

c.  The sensor is to be equipped with an LED walk test indicator which is 
not visible during normal operations.  When visible, the walk test 
indicator is to light when the sensor detects an intruder.  Provide 
sensors equipped with a manual control, located within the sensor's 
housing, to enable and disable the test indicator or with the test 
indicator located within the sensor housing so that it can only be 
seen when the housing is open or removed.

d.  The sensor may incorporate remote test if it is an integral sensor 
function .

2.3.7.2.10   Video Motion Sensor (Exterior)

Provide a video motion sensor to detect changes in the video signal within 
a user defined detection zone as described in paragraph VIDEO ANALYTICS.  
The system must detect changes in the video signal corresponding to a 
standard intruder moving within the defined detection zone and wearing 
clothing with a reflectivity that differs from that of the background 
scene by a factor of 2.  Provide signal processing techniques to eliminate 
non-alarm background motion including light changes, trees blowing, and 
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birds.  Provide sensor with controls and method needed by the operator to 
define and adjust the sensor detection zone within the video picture.

Video motion sensor system must operate using digital cameras .  The 
number of detection zones, the size of the detection zones, and the 
sensitivity of the detection zones are to be user definable.  Provide 
sensors that accommodate multiple video inputs and have the capability of 
modular growth.  The video inputs must accept composite video.  The sensor 
must not require external sync for operation.  Provide one alarm output 
for each video input.  Provide number of video inputs and alarm outputs as 
required for an operable system.  Rack-mount sensor equipment in a 
standard rack as described in paragraph EQUIPMENT RACK with hardware 
includes as required to mount the sensor components.

2.3.7.2.11   Radar

The radar system must provide intruder detection to  2300 feet .  Provide 
monostatic type unit in which the transmitter and receiver are encased 
within a single housing unit (transceiver).  The radar is to be equipped 
with a signal processor that is programmed to recognize reflected energy 
from the normal environmental surroundings, and eliminate those objects 
relative to alarm.  Provide unit with the capability of preprogramming 
specific parameters, size and speed, above which an alarm signal is 
generated.

The system is to provide alarm information to the ESS in order to identify 
specific zones of concern to include range and azimuth information, as a 
minimum.  The information must have the capability of integrating with CCTV
 systems, to "call" the cameras to a particular view for alarm 
verification.  The system is to be able to retrofit with existing CCTV or 
other detection systems.  After radar system installation, post warning 
signs indicating radiation hazard as recommended by the manufacturer.

2.3.7.3   Duress Alarms (Hold Up Switch)

UL 636 .  Duress alarm switches must provide the means for an individual to 
covertly notify the alarm annunciation system that a duress situation 
exists with no visible or audible signal in the secure area. 

2.3.7.3.1   Hardwire Duress Alarms

Alarms must be capable of being secretly activated by the foot or hand of 
an average adult in both standing and seated positions.  Upon activiation 
the alarm signal is to lock-in until manually reset with a key or similar 
device and be readily identifiable by the ESS.

Provide sensors that are easy to operate and configured to minimize the 
possibility of accidental activation.  Hardwire duress alarms must be 
rated for a minimum lifetime of 50,000 operations.  Securely mount sensors 
in rugged, corrosion-resistant housing.

2.3.7.3.2   Wireless Duress Alarms

Wireless duress alarm switches to consist of portable alarm transmitters 
easily worn on the body or clothing.  Alarm activation is to be by 
hand-operated switch protected from accidental activation, yet easily 
activated by hand when worn at the waist on body or clothing which 
transmits a unique identification code to one or more receivers located 
within a protected zone.  The receivers, in-turn, are to transmit an alarm 
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signal to the ESS system.  

Provide switches rated for a minimum lifetime of 50,000 operations and 
have a range of at least  2500 feet .  Wireless switches must be fully 
supervised, where the transmitter automatically transmits (checks in) to 
the receiver on a regular basis to test the system for low battery, 
tamper, and inactive status.

2.3.7.4   Tamper Switches

a.  Corrosion-resistant tamper switches are required for the following IDS 
and CCTV equipment with hinged doors or removable covers that contain 
open circuits:

(1) Enclosures

(2) Cabinets

(3) Housings

(4) Boxes

(5) Raceways

(6) Fittings

(7) Sensors

b.  Tamper switches are to initiate an alarm signal when the door or cover 
is moved as little as  1/4 inch  from the normally closed position.  
Mechanically mount tamper switches to maximize defeat time when 
enclosure covers are opened or removed.  One second is the minimum 
amount of time required to depress or defeat the tamper switch after 
opening or removing the cover.  Enclosure and tamper switch must 
prevent direct line of sight to internal components and prevent switch 
or circuit tampering.  Conceal mounting hardware so switch cannot be 
observed from enclosure exterior.  

c.  Tamper switches on doors which are opened to make normal maintenance 
adjustments to the system and to service power supplies must  have a 
maintenance position.  

2.3.7.4.1   Tamper Switch Performance Requirements

Tamper switches are to be:

a.  Inaccessible until switch is activated.

b.  Under electrical supervision at all times, irrespective of the 
protection mode in which the circuit is operating.

c.  Annunciated to be clearly distinguishable from intrusion detection 
alarms and exempt from being disarmed, shunted, or silenced.

d.  Spring-loaded and held in the closed position by the door, or cover 
protected.

e.  Wired to break the circuit when the door or cover is disturbed.
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f.  Wired so that each sensor and device is annunciated individually at 
the central reporting processor.

2.4   ACCESS CONTROL SYSTEM (ACS)

Provide an access control system based upon a modular distributed 
microprocessor architecture complete with access control cards and ready 
for operation.   

a.  The ACS card credentials are required to be Common Access Cards (CAC), 
and CAC cards are being provided by the Government.    Provide ACS 
that meets the communications requirements of UL 1076  and UL 294  and 
has the capability of controlling up to 16 card readers and keypads 
per card reader controller, 512 alarm inputs, or 512 relay outputs or 
any components combination.

b.  System is to grant or deny access or exit based upon:

(1) Keypad identification data

(2) PIV card identification data

(3) Video

(4) Biometric reader identification data

(5) Smart card identification data

(6) Identification technologies combination

(7) Input through the access control devices compared to data stored 
within the system

(8) Time of day, day of week, and special day and holiday scheduling 
with card validation override.

c.  Decision to grant or deny access or exit is to be based upon 
authorization for such data to be input at a specific location for the 
current time period.  

d.  Provide ACS that supports the configuration and simultaneous 
monitoring of multiple access control devices when TCP/IP 
communication interfaces are used between the ESS and the primary 
Access Control Unit (ACU).  The events of the ACS are to be viewable 
as separate or as a combined list of all ESS events.  Provide overall 
control of the ACS, alarm monitoring, and photo identification through 
software control of the ESS.

e.  Access control, photo imaging, and programming data must reside on a 
single database and instantly accessible to every networked PC 
workstation connected to the ESS.

f.  Provide both supervised and non-supervised alarm point monitoring.

g.  Provide the capability to arm or disarm alarm points both manually and 
automatically by time of day, day of week or by operator command and 
the capability to disarm alarm points based on a valid access event.  

i.  Provide programmable 'delay' setting for all alarm points.  The alarm 
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points are not to report an ENTRY type alarm until the delay setting 
has expired and not report a dwell type alarm condition until the 
alarm has been active for the full delay period.

j.  Provide the capability to place ACU(s) in an off-line mode.  In the 
off-line mode, the ACU(s) must retain a historical summary of all ACU 
activity transactions, up to the maximum capacity of the ACU memory 
buffer.  Provide the ability for manual operator control of system 
output relays with the manual functions to energize, de-energize, 
enable or disable.   

2.4.1   ACS Programming

Provide software capable of, but not limited to, the following programming:

2.4.1.1   Time Schedules

Provide up to 256 user-definable time schedules.  These time schedules are 
to determine the day(s) and times that access will be granted or a 
scheduled event is to occur.  Any and all of the time schedules are to be 
available for defining access privileges and scheduled events.  Provide 
ALWAYS and NEVER schedules that cannot be altered or removed from the 
system.  Each user-defined time schedule must have the option of reacting 
or not reacting to user-defined special days, with the ability to react 
uniquely to each type of special day.

2.4.1.2   Special Days

Provide an unlimited number of user definable special days to be used for 
configuring exceptions to the normal operating rules, typically for 
specifying holiday operating rules.  Allow for each special day to be 
assigned to a user-defined type.

2.4.1.3   ACU Daylight Savings Time Adjustment

Provide a software-configurable, user defined adjustment for Daylight 
Savings Time.  The ACU must not need to be connected to a PC workstation 
in order for the adjustment to occur.

2.4.1.4   Scheduled Events

Any access controlled reader is to be capable of scheduled unlock periods 
to allow for card-free access.  The access controlled reader is to also be 
capable of requiring one valid access event before beginning a scheduled 
unlock period.

Any access control point is to be capable of requiring a valid card as 
well as a PIN code via keypad on a scheduled basis for high security 
areas.  The use of PIN via keypad functions must not reduce the number of 
card readers or alarm points available in the ACU(s).  Any designated 
alarm input must be able to be scheduled Secured and Accessed.  Any relay 
output must be capable of scheduled ON and OFF periods to allow for 
automatic input and output system control.

2.4.1.5   Maximum User Capability

Up to 64,000 individual users may be given access cards or codes and have 
their access controlled and recorded.
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2.4.1.6   Access Groups

Each system user must be assignable to a maximum of 4 of 256 possible 
access groups.  An access group is defined as one or more people who are 
allowed access to the same areas at the same days and time periods.

2.4.1.7   Active and Expire Dates

Any card or user may be configured with activation and expiration dates.  
The card can be assigned to any valid access group and will be activated 
and expired according to the specified dates.

2.4.1.8   Maximum Use Settings

Any card or user may be configured with maximum number of uses for that 
card.  The card can be assigned to any valid access group and will be 
expired according to the specified number of card uses.

2.4.1.9   Door Outputs

Provide each access control reader with one dedicated relay outputs.  Both 
relays are to provide Normally Open and Normally Closed contacts.  Use the 
first relay for electric lock control while the second is software 
configurable to activate for door forced open, door left open too long, 
duress, passback violations, invalid access attempts and valid unlock 
conditions.  Allow for both relays to be separately programmable for 
energize times from 1 second to 10 minutes.  The second relay must allow a 
delay time to be specified, causing its activation to be delayed after an 
activating condition occurs.

2.4.1.10   User List or Who's In (Muster Reports)

Provide the capability to generate dynamic lists of users in certain 
access-controlled areas, based either upon selected users or selected 
areas.  The lists must have the option of automatically refreshing after a 
user-selected interval of time.

2.4.1.11   Crisis Mode

Provide support for a "crisis mode", in which user-selected alarm point 
activations cause changes to user access privileges.  The changes to user 
access privileges must be configurable to restrict normal access to no 
access or limited access.

2.4.1.12   Door Groups

Allow up to 256 door groups to be configured.  Doors belonging to the same 
group are be able to be locked, unlocked, disabled, and enabled on command 
from the ACS.

2.4.1.13   Door Interlocking

Allow a group of doors to be software configured so that if any door in 
the group is unsecure, all other doors are automatically disabled.  This 
feature is also known as a "mantrap" configuration.  The interlocking 
features must not require the ACS to be on-line for proper operation.
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2.4.1.14   PIN Required

Provide support for the required use of a keypad code, in addition to a 
valid credential during user-selected schedules.

2.4.1.15   Remote Door Control

Provide the ESS operator the capability of manually controlling any access 
point by issuing a simple command from the ACS.  Provide the operator the 
ability to lock, unlock, enable, and disable any door or Door Group in 
this manner.  This activity is to cause an entry to be logged displaying 
the door name, number and time that it was performed.

2.4.1.16   Key Control

When interfaced with an approved key-control system, the system is to 
allow users to deny access to certain doors for any users who have keys in 
their possession.

2.4.1.17   Reader Disable

Provide support for disabling readers in reaction to a user-selected 
number of invalid access attempts.  

2.4.1.18   Disable Event Messages

Allow users to disable user-selected event messages (Door Forced Open, 
Door Open Too Long, Door Closed, Request to Exit) for user-selected 
doors.  Allow users to disable certain messages (Door Forced Open, Door 
Open Too Long) according to a user-selected schedule.

2.4.1.19   Input and Output Groups

Allow for up to 256 user-defined (input and output) groups to be defined.  
Each Input device is to be able to be linked to these groups for arming, 
disarming, shunting and unshunting as well as output control.

2.4.1.20   Delays

Each alarm device must allow a delay to be specified which is either an 
entry type or a dwell type.  An entry-type delay is to prevent the input 
from issuing an alarm event until the delay elapses.  If unarmed during 
the delay period, the alarm is to be ignored.  A dwell-type delay requires 
the input to remain in the alarm state for the full delay duration before 
issuing an alarm.

2.4.1.21   Output Configuration

Allow each output relay to be software configurable as:

(1) Follows

(2) Latch

(3) Timeout

(4) Scheduled

(5) Timeout Re-triggerable
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(6) Limit

(7) Counter

Allow for a time schedule to automatically control the activiation and 
de-activation of the Scheduled type with all other types configured to 
activate based on input and output group conditions.  Additionally, a time 
schedule must be specified to configure when the output is to actively 
monitor the input and output groups.

2.4.1.22   Remote Output Control

Provide the operator the capability of manually controlling any output 
point by issuing a simple command from the SCC.  Based upon the output 
type, provide the ESS operator the ability to ENABLE, DISABLE, turn ON and 
turn OFF any output in this manner.  A FOLLOWS type output must not be 
capable of being turned OFF or ON.  Log an entry when this activity is 
performed displaying the output name and time performed.  Manual control 
of outputs are not permissible in ICS 705-1  applications.

2.4.1.23   Remote Reset Command

Provide the capability for any ACU to reset manually or by command issued 
from the ACS with the option of simulating the ACU reset settings, or 
forcing a reset type as specified by the user.  The remote reset command 
is not to cause the ACU to degrade its level of protection to any access 
points defined.

2.4.1.24   Time Zone

Allow the user to select the time zone in which the ACU is located, so 
that event times displayed for that ACU will match the local time where 
the ACU is located.

2.4.1.25   User-Selected LED Behavior

Allow the user to select different behaviors for the LEDs of each access 
controlled reader.

2.4.1.26   Traced Cards

Provide the capability of selecting any number of cardholders for the 
purpose of limiting reports to only traced users displaying all traced 
cardholder events in a user-selected alternate color.

2.4.2   Error and Throughput Rates

Rates must be portal to portal performance averages obtained when 
processing individuals one at a time.  Features are not to reduce 
capability to meet throughput requirements when serial verification 
techniques or multiple attempts are required to satisfy error performance 
requirements.

A Type I error denies access to an authorized enrolled individual.  A Type 
II error grants access to an unauthorized individual.  Subsystem Type I 
and Type II error rates must both be less than 0.1 percent.  At the error 
rates, subsystem access throughput rate must be minimum of 12 individuals 
per minute through one card reader and keypad access control device.
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2.4.3   Access Control System Central Processing

a.  Provide serial management and control of system processing.  Provide a 
microprocessor control device able to monitor and control units and up 
to 32 card reader and keypad access control devices.  Central 
processor must interrogate and receive responses from each ACU within 
100 milliseconds.  Failure to respond to an interrogation is to cause 
an alarm.   

b.  Provide the central processor with a Ethernet interface port to 
communicate with the printer.  Provide an operator interface to 
control system operating functions.  Provide the central processor 
with a facility-tailorable data base for a minimum of 1000 cardholders 
with by-name alphanumeric printout, and for automated IDS monitoring, 
management, and control functions.   

c.  Provide enrollment equipment as required in paragraph ENROLLMENT 
CENTER EQUIPMENT.  

d.  Provide system configuration controls and electronic diagnostic aids 
for subsystem setup and troubleshooting with the central processor.  
Components are not to be accessible to operations personnel and must 
be tamper alarmed.

2.4.4   Access Control Unit (ACU)

UL 294 .  Provide micro-processor based ACU with all access and input and 
output decisions to be made by the individual ACU(s).  Provide modular 
solution which will allow for present security requirements and the 
capability to expand.  Configure all field ACU panels to intercommunicate 
via  or , TCP/IP or .  Equip all field ACU(s) with a tamper contact. 

Designate one ACU as "Primary", responsible for all ACS-to-ACU 
communications.  All other ACU(s) up to a maximum of 256 are to be 
designated as "Secondary" and communicate with the "Primary" via an , or .  
Provide ACU capable of, but not limited to, the following:

a.  Built-in surge suppression circuitry on plug-in modular circuit boards 
with surge suppression, configured as an integral component of the 
system and self-sacrificing in the event of extreme surges or spikes.

b.  Capable of supporting at least 2 ports and be expandable in increments 
of two ports up to a maximum of 16 ports per ACU.

c.  Each port configured by ACS to support any one of the following 
peripheral devices:  

(1) Card reader

(2) Alarm Monitoring Module

(3) Output Relay Module

(4) Elevator Reader

(5) Elevator Output Module

Any device combination can be supported on each ACU, up to a total of 
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16 devices per ACU.

d.  Capability of supporting multiple card reader technologies 
simultaneously, including:  

(1) Keypad

(2) Card and Keypad

(3) PIV compatible

(4) Biometrics

This capability must be an integral part of the ACU and will not 
require special external equipment.

e.  Built-in battery back-up of programmed information sustainable for a 
period of at least 90 days.

f.  Powered by a 12 VDC power source rated at a minimum of 2 amperes with 
a battery back-up for complete system operation in the event of power 
failure.  Provide battery backup for all ACU(s) to sufficiently power 
the ACU for 8 hours continuous service.

g.  Electric strikes, other locking devices and ancillary peripherals on a 
separate power supply with battery back-up for continued operation in 
the event of power failure as specified in paragraph "Backup Power".

h.  A minimum of a 10,300 event log buffer per ACU to record and hold 
access and alarm activity information until the ACS is connected and 
receives the information.  Provide a software-configurable warning log 
buffer filling notification for ACU(s) configured with network switch 
capabilities.

2.4.5   Access Control Devices

UL 294 .  The card, card reader, and panels must meet encryption 
requirements that are specified in paragraph DATA ENCRYPTION.  Devices are 
to be tamper alarmed, tamper and vandal resistant, and solid state, 
containing no electronics which could compromise the access control 
subsystem should the subsystem be attacked.

2.4.5.1   Card Readers

Provide surface, , , or weatherproof mountable card readers as indicated 
for each individual location.  Provide contact type card readers capable 
of reading Keypad type of access control cards.

Keypads must contain an alphanumeric and special symbols keyboard with 
symbols scramble type.  Provide keypad integrated into the card reader.

2.4.5.1.1   Contact Card Readers

Provide contact card readers that can read credential PIV cards whose 
characteristics of size and technology meet those defined by 
ANSI ISO/IEC 7816  and are in compliance with NIST FIPS 201-2 .

Provide readers with "flash" download capability to accommodate card 
format changes and the capability of reading the card data and 
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transmitting the data, or a portion thereof, to the ESS control panel.

2.4.5.1.2   Contactless Card Readers

Provide contactless card readers that can read credential PIV cards whose 
characteristics of size and technology meet those defined by 
ANSI ISO/IEC 7816  in close proximity to the card reader and are in 
compliance with NIST FIPS 201-2 .

Provide readers with "flash" download capability to accommodate card 
format changes and the capability of reading the card data and 
transmitting the data, or a portion thereof, to the ESS control panel.

2.4.5.1.3   Card Reader Display

Provide card readers with an LED or other visual indicator display which 
indicate power ON and OFF and whether user passage requests have been 
accepted or rejected.

2.4.5.1.4   Card Reader Response Time

The card reader is to respond to passage requests by generating a signal 
to the local processor.

2.4.5.1.5   Card Reader Power

Power the card reader from the source as shown on the drawings.  The card 
reader must not dissipate more than 5 Watts.

2.4.5.1.6   Card Reader Mounting Method

Provide card readers suitable for surface, , , or mounting as required.

2.4.5.2   Keypads

Entry control keypads are to use unique alphanumeric and other symbol 
combinations as an identifier.  Keypads must contain an integral 
alphanumeric and special symbols keyboard with symbols arranged in random 
scrambled order.  Communications protocol is to be compatible with the 
local processor.

2.4.5.2.1   Keypad Display

Keypads are to include an LED or other type of visual indicator display 
and provide visual status indications indicating power ON and OFF and 
whether user passage requests have been accepted or rejected.

The maxiumum horizontal and vertical viewing angles are to be limited by 
the keypad display or enclosure.  The maximum horizontal viewing angle 
must be no more than plus and minus 5 degrees off a vertical plane 
perpendicular to the plane of the face of the keypad display.  The maximum 
vertical viewing angle must be no more than plus and minus 15 degrees off 
a horizontal plane perpendicular to the plane of the face of the keypad 
display.

2.4.5.2.2   Keypad Response Time

The keypad is to respond to passage requests by generating a signal to the 
local processor.
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2.4.5.2.3   Keypad Power

Power the keypad from the source as shown on the drawings.  The keypad 
must not dissipate more than 5 Watts.

2.4.5.2.4   Keypad Mounting Method

Provide keypads suitable for surface, , , or weatherproof mounting as 
required.

2.4.5.2.5   Keypad Duress Codes

Provide a means for users to indicate a duress situation by entering a 
special code into the keypad.

2.4.5.3   Card Readers with Integral Keypad

Equip contact and contactless card readers with integral keypads as 
specified in paragraph "Keypads".

2.4.5.4   Access Control Cards

Provide cards with the capability of modification and lamination during 
enrollment process without readability reduction for use as a picture and 
identification badge.  Cards must contain binary coded data arranged in a 
scrambled pattern as a unique identification code stored on or within the 
card and of the type readable by the subsystem card readers.  Include a 
non-duplicated unique facility access control subsystem identification 
code common to access control cards within the card binary data.  

2.4.5.4.1   Credential Card Modification

Provide entry control cards that can be modified by lamination or direct 
print process during the enrollment process for use as a picture and 
identification badge as needed for the site without readability 
reduction.  Credential cards must allow adding at least one slot or hole 
for a clip affixing the credential card to the type badge holder used at 
the site.

2.4.5.4.2   Card Size and Dimensional Stability

Provide credential cards that are  2-1/8 x 3-3/8 inches .  The credential 
card material must be dimensionally stable so that an undamaged card with 
deformations resulting from normal use is readable by the card reader.

2.4.5.4.3   Card Materials and Physical Characteristics

Provide credential cards that are abrasion resistant, non-flammable, and 
present no toxic hazard to humans when used in accordance with 
manufacturer's instructions.  The credential card are to be impervious to 
solar radiation and the effects of ultra-violet light.

2.4.5.4.4   Card Construction

Provide credential cards of core and laminate or monolithic construction.  
Hot stamp into material or direct print onto lettering, logos and other 
markings.  
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2.4.5.4.5   Card Durability and Maintainability

The credential cards must yield a useful lifetime of at least 5 years.  
The credential card must be able to be cleaned by wiping the credential 
card with a sponge or cloth wet with a soap and water solution.

2.4.5.4.6   Warranty

Include a minimum 3-year warranty.

2.4.5.5   Portal Control Devices

Portal control devices must meet the requirements in Section 08 71 00  DOOR 
HARDWARE.

2.4.5.5.1   Push-Button Switches

a.  Provide momentary contact, back lit push buttons and stainless steel 
switch enclosures for each push button.  Provide switch enclosures 
suitable for surface mounting as required and push buttons suitable 
for flush mount in the switch enclosures.  The push button switches 
are to meet the requirements of NEMA 250 for the area in which they 
are to be installed.   

b.  Where multiple pushbuttons are housed within a single switch enclosure 
stack vertically with each push button switch labeled with  1/4 inch  
high text and symbols.  The push button switches are to be connected 
to the local processor associated with the portal to which they are 
applied and operate the appropriate electric strike, electric bolt or 
other facility release device.   

c.  The continuous current of the IDS circuit is to be no more than 50% of 
the continuous current rating of the device supplied.  Provide push 
button switches with double-break silver contacts that will make 720 
VA at 60 amperes and break 720 VA at 10 amperes.

2.4.5.5.2   Panic Bar

Include panic bar emergency exit hardware on emergency exit doors as 
indicated.  Provide an alarm shunt signal from the panic  bar emergency 
exit hardware to the appropriate local processor.  Provide panic bar 
compatible with mortise- mount door hardware and operate by retracting the 
bolt.

2.4.5.5.2.1   Emergency Egress With Alarm

Include a conspicuous warning sign with  1 inch  high, red lettering 
notifying personnel that an alarm will be annunciated if the panic bar is 
operated.

Panic bar hardware operation is to generate an intrusion alarm.  The panic 
bar must depend upon a mechanical connection only and not depend upon 
electric power for operation, except for local alarm annunciation and 
alarm communications.

2.4.5.5.2.2   Normal Egress

Panic bar hardware operation is not to generate an intrusion alarm.  The 
panic bar must depend upon a mechanical connection only when exiting.  
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Provide the exterior, non-secure side of the door with an electrified 
thumb latch or lever to provide access after the credential I.D. 
authentication by the ESS.

Signal Switches:  Strikes/bolts are to include signal switches indicating 
to the system when the bolt is not engaged or the strike mechanism is 
unlocked.  The signal switches are to report a forced entry to the system.

2.4.5.5.2.3   Delay Egress With Alarm

Include a conspicuous warning sign with  1 inch  high, red lettering 
notifying personnel that an alarm will be annunciated if the panic bar is 
operated.

Delay operation 15 seconds after initiation for portal control devices.

2.4.5.5.3   Electric Door Strikes and Bolts

Configure electric door strikes and bolts to remain secure in case of 
power failure using DC power to energize the solenoids.  Incorporate 
end-of-line resistors to facilitate line supervision by the system.  
Install metal-oxide varistors (MOVs) to protect the controller from 
reverse current surges if not incorporated into the electric strike or 
local controller.  Electric strikes must have a minimum forcing strength of
 2300 pounds .

2.4.5.5.3.1   Solenoid

The actuating solenoid for the strikes and bolts furnished must not 
dissipate more than 12 Watts and operate on 12 VDC.  The inrush current 
must not exceed 1 ampere and the holding current must not be greater than 
500 milli-amperes.  The actuating solenoid must move from the fully secure 
to fully open positions in not more than 500 milliseconds.

2.4.5.5.3.2   Tamper Resistance

The electric strike and bolt mechanism is to be encased in hardened guard 
barriers to deter forced entry.

2.4.5.5.3.3   Size and Weight

Electric strikes and bolts are to be compatible with standard door frame 
preparations.

2.4.5.5.3.4   Mounting Method

Provide electric strikes and bolts suitable for use with single and double 
door installations, with mortise- type hardware as indicated, and 
compatible with right or left hand mounting.

2.4.5.5.3.5   Astragals

See Section 08 71 00  DOOR HARDWARE for Astragal lock guards.

2.4.5.5.4   Electrified Mortise Lock

Configure electrified mortise locks to remain secure in case of power 
failure using DC power to energize the solenoids.  Provide solenoids rated 
for continuous duty.  Install metal-oxide varistors (MOVs) to protect the 
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controller from reverse current surges if not incorporated into the 
electric strike or local controller.

2.4.5.5.4.1   Solenoid

The actuating solenoid for the mortise locks furnished must not dissipate 
more than 12 Watts and operate on 12 VDC.  The inrush current must not 
exceed 1 ampere and the holding current must not be greater than 500 
milli-amperes.  The actuating solenoid must move from the fully secure to 
fully open positions in not more than 500 milliseconds.

2.4.5.5.4.2   Hinge

Provide an electric transfer hinge with each mortise lock in order to get 
power and monitoring signals from the lockset to the door frame.

2.4.5.5.4.3   Size and Weight

Electrified mortise locks are to be compatible with standard door 
preparations.

2.4.5.5.4.4   Mounting Method

Provide electrified mortise locks suitable for use with single and double 
door installations.  The lock would be in the active leaf and the fixed 
leaf would be monitored in double door installations.

2.4.5.5.5   Electromagnetic Lock

Electromagnetic locks are to contain no moving parts and depend solely 
upon electromagnetism to secure a portal by generating at least  1200 pounds
 of holding force.  Interface the lock with the local processors without 
external, internal or functional local processor alteration.  Incorporate 
an end-of-line resistor to facilitate line supervision by the system.  
Install MOVs to protect the controller from reverse current surges if not 
incorporated into the electromagnetic lock or local controller.  Provide 
in accordance of ANSI/BHMA A156.23 .

2.4.5.5.5.1   Armature

The electromagnetic lock is to contain internal circuitry to eliminate 
residual magnetism and inductive kickback.  The actuating armature must 
operate on 12 VDC and not dissipate more than 12 Watts.  The holding 
current must be not greater than 500 milli-amperes.  The actuating 
armature must take not more than 300 milli-seconds to change the status of 
the lock from fully secure to fully open or fully open to fully secure.

2.4.5.5.5.2   Tamper Resistance

The electromagnetic lock mechanism is to be encased in hardened guard 
barriers to deter forced entry.

2.4.5.5.5.3   Mounting Method

rovide electromagnetic lock suitable for use with single and double door 
installations with mortise- type hardware as indicated, and compatible 
with right or left hand mounting.
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2.4.5.5.6   Entry Booth

a.  Entry booths are to be constructed as an integral part of the physical 
structure of the boundary for the area or facility to which entry is 
being controlled.  The entry booth is to automatically lock the high 
security side door's electric strike and bolt or other facility 
interface release device and automatically open the low security side 
door's electric strike or other facility interface release device in 
case of power failure.

b.  Connect entry booths to the SCC and include a local processor.  The 
entry booth local processor subsystem are to support paired card 
readers on a single entry booth for anti-pass back functions.

2.4.5.5.6.1   Local Alarm Annunciation

Provide local alarm annunciation for all system equipment located within 
the entry booth itself and its associated portals or zones and terminal 
devices and a means to enable and disable this feature from the SCC under 
operator control.

2.4.5.5.6.2   Terminal and Facility Interface Device Support

The entry booth local processor subsystem is to support the full range of 
system terminal and facility interface devices as specified.

2.4.5.5.6.3   Response Times

The entry booth local processor subsystem must respond to a SCC 
interrogation within 100 milliseconds.  The entry booth local processor is 
to respond to valid passage requests from its associated terminal devices 
by generating a signal to the appropriate electric strike and bolt within 
100 milliseconds after verification.

2.4.5.5.6.4   Autonomous Local Control

In the event of a communication loss, the entry booth local processor 
subsystem must automatically convert to autonomous local control and 
monitoring of its associated card readers, keypads, electric strike and 
bolt and automatically revert to central control upon communication 
restoration.  Transactions occurring during the communications outage are 
to be recorded and retained in local memory and reported to the central 
database files upon communication restoration within 10 seconds.

2.4.5.5.6.5   Entry Booth Local Processor Subsystem Capacities

As a minimum, the entry booth local processor subsystem is to have 
sufficient capacity to control and monitor a combination of 6:

a.  Card readers

b.  Keypads

All entry control identification decisions and controls are to be 
performed by the local processor subsystem.  The entry booth local 
processor subsystem must provide a local transaction history file with 
capacity to store at least 1000 entry control transactions without losing 
any data.
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2.4.5.5.6.6   Diagnostics

Provide built-in diagnostics implemented in software, firmware, or 
hardware.  The booth is to automatically execute a series of built-in 
tests and report equipment malfunctions, configuration errors, and 
inaccuracies to the SCC each time the entry booth local processor 
subsystem is started up or re-booted.  The system must annunciate a 
fail-safe alarm if the local processor fails the built-in diagnostics.  
Provide diagnostic aids within the entry booth local processor subsystem 
to aid in system set-up, maintenance, and troubleshooting.

2.4.5.5.6.7   Memory Type and Size

Data entered is to be stored for a minimum of 1 year in the absence of 
power from external source to the entry booth.

2.4.5.5.6.8   Tamper Protection

The local processor subsystem is to monitor all service entry panels for 
tamper.  Tamper lines must not be accessible except through tamper 
protected entry panels.  Provide entry panels with key locks.  Provide the 
capability to take the booth off-line for service.

2.4.5.5.6.9   Entry Booth Configuration

Provide a closed-in structures suitable for occupancy by 1 person with a 
personnel passage area, equipment storage, a low security entry or exit 
door and a high security entry or exit door.  Configure with paired card 
readers , 1 each, on the high security entry or exit door and low security 
entry or exit door; a key release switch outside the low security door; a 
glass break type emergency release switch.  Both doors to the entry booth 
are to be normally secured.

2.4.5.5.6.10   Entry Booth Operation

a.  Configure to allow passage requests to be initiated from only 1 door 
at a time.  During emergency situations both doors must have the 
capability to able to be opened at the same time.  The person is to be 
allowed entry to the booth by presenting valid credential card to the 
card reader or keypad identification code data to the keypad device.  
An unsuccessful attempt to enter the booth are to generate an entry 
denial alarm.   

b.  Incorporate a personal identity verification device as specified, and 
grant the person egress from the booth after successful personal 
identity verification.  The entry booth is to confine the person and 
generate an entry control alarm if the person fails the personal 
identity verification test.  The local processor is to grant the 
person's passage request if all provided data is valid.  

c.  The person is to be confined if a tamper alarm is generated by any of 
the equipment associated with the subject entry booth while a person 
is inside.  Operating the glass break type emergency release switch is 
to command the entry door electric strike and bolt release to the 
fully open position or with a delay after the egress door has been 
confirmed secured.  The person may exit through the door used for 
entry once inside the entry booth and prior to personal identity 
verification test initiation.
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2.4.5.5.6.11   Display Type

Include an LED or other type of visual indicator display and provide 
visual status indications and person prompts.  The display is to indicate 
power on/off, and whether enrollee passage requests have been accepted or 
rejected.  Provide 3 status lights outside each door indicating entry 
booth status by marking:

a.  Green light indicates READY

b.  Amber light indicates BUSY

c.  Red light indicates INOPERATIVE

2.4.5.5.6.12   Lighting

Provide lights recessed above an acrylic light diffuser in the ceiling of 
the entry booth.  Provide a separate light source within the overhead 
lighting fixture assembly to provide emergency lighting in case of a power 
failure.

2.4.5.5.6.13   Heating and Ventilation Equipment

Include built-in heating and cooling equipment to sustain the specific 
operating temperature range for the electronic equipment installed.

2.4.5.5.6.14   Entry Booth Wall and Frame Construction

Provide a rigid structure with the strength of the walls greater than or 
equal to 12-gauge steel with  1 inch  standing seams.  All glass is to be at 
least  5/16 inch  laminated, annealed glass and meeting UL 972  certification 
requirements.  The entry booth must meet flame spread rating 25 or less, 
fuel contribution of 50 or less, smoke development of 50 or less, in 
accordance with test method ASTM E84.

Provide entry booths constructed to minimize the heating effects of solar 
radiation, by using the manufacturer's standard clear, tinted or bronzed 
glass with over-hanging roofs or other structural means to shade the 
windows.

2.4.5.5.6.15   Entry Booth Doors

Doors must be at least  35 inches wide, by 79 inches high  with glass panels 
at least  31 inches wide, by 74 inches high .  Provide door hinges and 
closers with adjustments for vertical, horizontal, and torque.  Provide an 
inside push bar, and an outside mechanical pull handle.  Aluminum parts 
are to be anodized finish.

2.4.5.5.6.16   Entry Booth Floor Construction

Provide entry booth with a rigid floor covered by a rubber mat or indoor 
or outdoor carpeting.  The rubber mat or carpet must be at least  1/16 inch  
thick and provide a continuous floor covering without seams.

2.4.5.5.6.17   Electrical Requirements

The entry booth, including associated terminal and facility interface and 
other type of devices housed within the entry booth must not dissipate 
more than 1500 Watts.  Provide booth with an integral battery back-up 
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system.  The battery back-up system must power the entry control devices 
and electric strike and bolt for at least 30 minutes.  The doors to the 
booth are to be secured , and the booth must go into an inoperative status 
if AC power is not restored to the booth within 30 minutes.  Upon AC power 
restoration, the booth is to upload all entry transactions from the local 
processor subsystem to the SCC.

2.4.5.5.6.18   CCTV Camera

Design and configure the CCTV camera for continuous operation and  
transmit video information to the local video recorder as specified and 
designed.

2.4.5.5.6.19   Weight Check Monitor

Provide a weight check monitor which continuously monitors the weight of 
the booth plus any occupant.  The weight check monitor is to consist of 
synchronized, matched, electronic load cells located at the base of the 
entry booth and be connected to the local processor subsystem.  The weight 
check monitor must be accurate to within plus or minus  5 pounds .  
Configure the entry booth to compensate for side loading to prevent damage 
to the load cells by the passage of equipment through the booth.  Include 
individual weights for each user in the reference database files as part 
of the enrollment process.  Provide a method to enter a custom, predefined 
tolerance on valid weights of authorized persons.

Automatically update each person's weight profile based upon the last 
three uses of entry control booths.  Generate an entry control alarm for 
any passage attempt for which the person's weight does not agree with 
system reference database file data and confine the person.  The weight 
check monitor is not to increase the portal door threshold height by more 
than  1/4 inch .

2.4.5.5.6.20   Double Occupancy Sensor

Incorporate a sensor connected to the local processor subsystem which 
monitors the entire occupant area to detect attempts at double occupancy.  
A double occupancy sensor activation is to generate a system alarm and 
confine the enrollees.

2.4.5.5.6.21   Intercom

Provide three combination speaker and microphones to provide 2-way 
communications at each speaker and microphone location.  The speakers must 
be at least  4 inches  in diameter.  Locate twoof the speakers and 
microphones at the high and low security entry or exit doors, behind 
louvered panels, to provide communications for people outside the booth.  
The third speaker and microphone is to be located inside the booth behind 
a perforated metal screen above the personal identity verification device 
to provide communications for people inside the booth.  Connect each of 
the speakers and microphones to the operator console at the SCC and to the 
voice prompt system as indicated.

2.4.5.5.6.22   Voice Prompts

Include a voice prompt system using human voice commands to speed up the 
entry control process and improve throughput rate.  This audible prompt 
system is to respond to the next sequential activity requirement as each 
employee accesses the booth.  All commands are to be stored in 
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electrically programmable read only memory chips located in the local 
processor subsystem.  The voice prompts are to only be directed to the 
speaker and microphone nearest the employee.  Use the voice prompts only 
if the employee does not perform the next step in the entry booth entry 
control process within a 5 second time window.  The SCC must be able to 
enable and disable of voice prompts and adjustment of the time window 
under operator control.

2.4.6   Elevator Control

2.4.6.1   Control Elevator Operation with Entry Control Terminal Devices

The elevator's standard control equipment, components, and actuators have 
to serve as the facility interface.  System components and subsystems must 
interface with standard elevator control equipment without elevator 
control equipment modification.  The system is to provide a means to 
define access controlled floors of a facility, deny access to these floors 
by unauthorized individuals, and implement all other system functions as 
specified.

2.4.6.2   Floor Tracking

Deploy the elevator control system in such a manner as to provide "floor 
tracking" reports where the system records the individual's floor 
selection when elevator control is in effect.

2.5   CLOSED-CIRCUIT TELEVISION (CCTV) SYSTEM

Select system components that conform to the Open Network Video Interface 
Forum ( ONVIF) specification.  Provide compatible UL listed CCTV components 
to provide visual assessment of ESS alarms automatically upon alarm or 
upon SCC operator selection.  Otherwise, the subsystem is to continuously 
display the coverage area.  Display alphanumeric camera location ID on all 
monitors.  Provide the number of alarm monitors as required.  The scene 
from each camera must appear clear, crisp, and stable on the respective 
monitor during both daytime and nighttime operation.  Provide component 
equipment that minimizes both preventive and corrective maintenance.  
Provide components from a single manufacturer or justify mixing 
manufacturer components and demonstrate compatibility in submittal 
information.

2.5.1   Cameras

2.5.1.1   CCTV Camera

Provide cameras of digital fixed, pan-tilt-zoom (PTZ), or panoramic type 
as identified on the drawings.

a.  Day-Night Color fixed, PTZ or panoramic cameras are to be used in all 
outdoor environments.  Standard fixed, PTZ, or panoramic cameras are 
to be used for all indoor applications except when backlighting issues 
are observed.  Use Day-Night cameras or standard cameras with 
backlighting compensation for backlighting or high contrast 
applications.

b.  Provide PTZ cameras with a direct drive motor assembly.  Belt driven 
PTZ camera units are not acceptable.  Equip PTZ cameras with a slip 
ring assembly having an optical interface and be rated for continuous 
duty.  PTZ cameras have to be fully integrated units.  The pan-tilt 
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mechanism must be an integral part of the camera.

c.  Provide cameras that operate over a voltage range of 12 VDC VAC at 60 
Hz Power over Ethernet (PoE) IEEE 802.3 .

d.  All cameras must be constructed to provide rigid support for 
electrical and optical systems so that unintentional changes in 
alignment or microphonic effects do not occur during operation, 
movement, or lens adjustments.

e.  Video Frame Rate: 30 frames per second (fps)

f.  Minimum essential requirements for cameras include the following:

2.5.1.1.1   Sensitivity

Minimum Illumination:  0.08 foot-candles  at F1.4 color mode;  0.01 
foot-candles  at F1.4 in the B&W mode.

2.5.1.1.2   Signal-To-Noise Ratio

Show a signal-to-noise ratio of not less than 50 decibels (dB) at 
Automatic Gain Control (AGC) "Off", weight "On".

2.5.1.1.3   Resolution

Provide a minimum of 2.1 megapixel resolution.  The imager must have a 
minimum of 1920 horizontal x 1080 picture in progressive scan format.  
Resolution is to be maintained over the specified input voltage and 
frequency range, and not vary from minimum specification over the 
specified operating temperature range.

2.5.1.1.4   Synchronization 

Provide cameras that have internal and line lock.

2.5.1.1.5   Low Light Level

Provide Day-Night cameras that have a B-W mode that may be automatically 
engaged on low light level and permit the use of an external infrared 
illuminator.  Electronic removal of the color signal is not acceptable.  
The camera must have an infrared cut filter capable of being removed 
automatically upon low light threshold or manually.

2.5.1.2   Camera Lenses

Camera lenses are to be all glass with coated optics.  Provide lens mount 
that is C or CS mount, compatible with the cameras selected .  Provide 
lens with the camera that have a maximum f-stop opening of f/1.2 or the 
maximum available for the focal length specified.  The lens is to have an 
auto-iris mechanism unless otherwise specified.  Lenses having auto iris, 
manual iris, or zoom and focus functions are to be supplied with 
connectors, wiring, receiver and driver units, and controls as needed to 
operate the lens functions.  Provide lenses with sufficient circle of 
illumination to cover the image sensor evenly.  Lenses are not to be used 
on a camera with an image format larger than the lens is configured to 
cover.  Provide lens with focal lengths as indicated or specified in the 
manufacturer's lens selection tables.
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2.5.1.3   Camera Housing and Mounts

The camera and lens are to be enclosed in a tamper resistant housing 
installed on a camera support.  Any ancillary housing mounting hardware 
needed to install the housing at the camera location is to be provided as 
part of the housing.  The camera support must be capable of supporting the 
mounted equipment and withstanding wind and ice loads normally encountered 
at the site.

2.5.1.3.1   Environmentally Sealed Camera Housing

The housing is to provide an environment needed for camera operation and 
be condensation free; dust and water tight; keep the viewing window free 
of fog, snow, and ice, and be fully operational in 100 percent condensing 
humidity.  Provide housing equipped with a sunshield. Both the housing and 
sunshield are to be white.  Purge the housing of atmospheric air and 
pressurized with dry nitrogen, equipped with a fill valve, overpressure 
valve, and include a humidity indicator visible from the exterior.  
Housing must not have a leak rate greater than  2 psi  at sea level within a 
90 day period.

Provide housing equipped with supplementary camera mounting blocks or 
supports needed to position the camera and lens to maintain the proper 
optical centerline.  All electrical and signal connections required for 
camera and lens operation are to be supplied.  Provide a mounting bracket 
as part of the housing which allows weight adjustment to center the weight 
of the assembly.

2.5.1.3.2   Indoor Camera Housing

Provide housing with a tamper resistant enclosure for indoor camera 
operation and with the proper mounting brackets for the specified camera 
and lens.  The housing and appurtenances color are not to conflict with 
the building interior color scheme.

2.5.1.3.3   Interior Mount

Provide camera mount suitable for either wall or ceiling mounting and have 
an adjustable head for mounting the camera.  The wall mount and head must 
be constructed of aluminum or steel with a corrosion-resistant finish.  
Provide adjustable head with 360 degrees of pan and plus or minus 90 
degrees of tilt.

2.5.1.3.4   Low Profile Ceiling Mount

Provide tamperproof ceiling housing which is low profile and suitable for 
use in  2 by 2 foot  ceiling tiles.  The housing must be equipped with a 
camera mounting bracket and allows a 360 degree viewing setup.

2.5.1.3.5   Interior Dome Housing

The dome housing is to be capable of being mounted by pendant, pole, 
ceiling, surface, or corner as shown on the drawings.  The lower dome is 
to be black opaque acrylic and have a light attenuation factor of not more 
than 1 f-stop.  Provide housing with:

a.  Integral pan-tilt complete with wiring

b.  Wiring harnesses
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c. Connectors

i.  Permanent lubrication

j.  Motors that are thermally or impedance protected against overload 
damage.

k.  Any other hardware and equipment as needed to provide a fully 
functional pan-tilt dome.  Provide pan movement of 360 degrees and 
tilt movement of at least plus or minus 90 degrees.  Pan speed must be 
at least 20 degrees per second and tilt speed be at least 10 degrees 
per second.

2.5.1.3.6   Exterior Dome Housing

Provide dome housing capable of being mounted by pendant, pole, ceiling, 
surface, or corner as shown on the drawings and constructed to be dust and 
water tight, and fully operational in 100 percent condensing humidity.  
Purge the housing of atmospheric air and pressurize with dry nitrogen.  
Provide a fill valve and overpressure valve with a pressure indicator 
visible from the exterior.  The housing is to be equipped with 
supplementary camera mounting blocks or supports as needed to position the 
specified camera and lens to maintain the proper optical centerline.

Provide all electrical and signal connections required for camera and lens 
operation.  The housing is to provide the environment needed for camera 
operation.  The lower dome is to be black opaque acrylic with a light 
attenuation factor of not more than 1 f-stop.  Provide housing with:

a.  Integral pan-tilt complete with wiring

b.  Wiring harnesses

c. Connectors

i.  Permanent lubrication

j.  Motors that are thermally or impedance protected against overload 
damage.

k.  Any other hardware and equipment as needed to provide a fully 
functional pan-tilt dome.  Provide pan movement of 360 degrees and 
tilt movement of at least plus or minus 90 degrees.  Pan speed must be 
at least 20 degrees per second and tilt speed be at least 10 degrees 
per second.

2.5.1.3.7   Exterior Wall Mount

Provide exterior camera wall mount that is  16 inches  long, and has an 
adjustable head for mounting the camera.  The wall mount and head must be 
constructed of aluminum, stainless steel, or steel with a 
corrosion-resistant finish.  Provide adjustable head for at least plus and 
minus 90 degrees of pan, and at least plus and minus 45 degrees of tilt.  
If to be used in conjunction with a pan-tilt, provide bracket without the 
adjustable mounting head, and a bolt hole pattern to match the pan-tilt 
base.
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2.5.1.3.8   Pan-Tilt Mount

a.  Provide pan-tilt mount capable of supporting the camera, lens, and 
housing specified that is weatherproof and sized to accommodate the 
camera, lens and housing weight plus maximum wind loading encountered 
at the installation site if the pan-tilt is to be mounted outdoors.  
Provide pan-tilt with:

(1) Heavy duty bearings

(2) Hardened steel gears

(3) Externally adjustable limit stops for pan and tilt

(4) Mechanical, dynamic, or friction brakes

(5) Permanent lubrication

(6) Motors that are thermally or impedance protected against overload 
damage.

b.  Provide pan movement of 360 degrees pan rotation, a minimum tilt 
movement of plus and minus 90 degrees.  Manual pan speed must be a 
minimum of 0 to 80 degrees per second , and a minimum tilt speed of 10 
degrees per second .  A minimum automatic pan speed of 280 degree per 
second and tilt speed of 160 degree per second .

c.  The pan-tilt is to be supplied complete with wiring, wiring harnesses, 
connectors, receiver-driver, pan-tilt control system, pre-position 
cards, or any other hardware and equipment as needed to provide a 
fully functional pan-tilt mount to fulfill the site design 
requirements.

2.5.1.3.9   Explosion Proof Housing

The explosion proof housing must meet the requirements in paragraph 
"Component Enclosure" for hazardous locations.  Configure housing to 
provide a tamper resistant enclosure and supply with the proper mounting 
brackets for the specified camera and lens.

2.5.2   Thermal Imaging System

IP Thermal Cameras

a.  Provide an integrated thermal imaging device in an environmental 
enclosure.

b.  Provide a native digital image from the image sensor to the IP video 
stream.

c.  Provide of an uncooled, sun-safe amorphous silicon micro bolometer, 
long-wavelength infrared (LWIR) camera capable of 640 x 480 and 384 x 
288 resolution formats.

d.  Provide a temporal Noise Equivalent Temperature Difference (NETD) 
below 50mK at f/1.0 capable of multiple display formats including 
white hot, black hot, and rainbow.

e.  Allow for input voltage of 24 VAC, , .
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f.  Provide a built-in heater and defroster and sun shroud in accordance 
of paragraph "Component Enclosure".

g.  Support two simultaneous, configurable video streams.  MJPEG and H.264 
compression formats that are available for primary and secondary 
streams with selectable Unicast and Multicast protocols.  The streams 
are to be configurable in a variety of frame rates, bit rates, and 
group of pictures (GOP) structures.

h.  Use a standard Web browser interface for remote administration and 
camera parameter configurations.

i.  Provide a 100Base-TX network port for live streaming to a standard Web 
browser. 

j.  Provide built-in video analytics.

2.5.3   Video Analytics (VA)

2.5.3.1   Software

Provide capability range from basic activity detection to the search 
through databases to pre-empt serious incidents.  The VA is to provide 
graphic identified movement identification, user-selectable monitored 
areas, compensation for environmental movement, and other features 
specified when provided as a capability of the DVR .  Provide the 
following feaures:

2.5.3.1.1   Basic Motion Detection

a.  Adaptive Motion  

b.  Abandoned Object

c.  Object Removal

d.  Camera Sabotage
 

e.  Directional Motion  

f.  Object Counting

g.  Loitering Detection

h.  Stopped Vehicle

2.5.3.1.2   Advanced VA

2.5.3.1.2.1   Intruder Identification

This refers to identifying unauthorized humans in specified areas within 
the field of view.

2.5.3.1.2.2   Environmental Compensation

Recognizing and ignoring wind-blown debris, animals, background traffic, 
and so on.
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2.5.3.1.2.3   Counting

This refers to recognizing a quantity of a particular object moving or 
activity performed.

2.5.3.1.2.4   Directional Identification

This refers to the ability to ignore objects moving in one direction, 
while alarming for objects moving in unauthorized directions.

2.5.3.1.2.5   Item Recognition

This refers to activation when specific user-selected items are removed 
from, placed in, or passed through the field of view.

2.5.3.1.2.6   Subject Tracking

Highlighting and following a specific person or item as it moves about the 
field of view, or from the field of view of one camera to another.

2.5.3.1.2.7   Multiple Subject Tracking

Highlighting and following multiple persons or items simultaneously as 
they move about the field of view, or from the field of view of one camera 
to another.

2.5.3.2   Embedded VA

2.5.3.2.1   Intelligent Video Analysis

a.  Provide camera capable of processing and analyzing video within the 
camera itself, with no extra hardware required.

b.  The camera is to be capable of detecting and sending alarms for 
abnormal events.

c.  The camera is to be configurable to analyze up to 10 different scenes 
for one or more of the following events:

(1) Line Crossing

(2) Loitering

(3) Idle Object

(4) Removed Object

(5) Conditional Change

(6) Trajectory Tracking

(7) Filters

d.  The camera is to allow users to set up to 10 separate profiles and 
switch profiles based on a day, night, or holiday schedules.

e.  The camera is to support scene tours that automatically reposition the 
camera to each scene for a specified duration.
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f.  The camera is to incorporate an Alarm Rule Engine, enabling abnormal 
events that VA detects to prompt the camera to take one or more 
actions:

 (1) Trigger a relay connected to an alarm siren, strobe, or both.

 (2) Trigger a visual alert to be displayed on the operator's screen.

  (3) Go to a specified scene (preset position).

2.5.3.2.2   Motion Tracking with PTZ Cameras

a.  The camera is to offer Intelligent Tracking to continuously track an 
object using pan, tilt, and zoom actions.

b.  The camera is to provide automatic motion tracking using intelligent 
video analytics.  

c.  Provide camera with the ability to follow an object continually when 
passing behind a privacy mask.  

d.  Provide camera with the ability to restart tracking if a target starts 
moving in the same area where the initial target stopped moving or if 
the camera detects an object moving along the last known trajectory.

e.  The camera is to allow an operator to select an object to track in the 
live image view.

2.5.4   Color Video Monitors

Except as specified, provide video monitors that:

a.  Are rated for continuous operation and incorporate printed circuit 
board modular construction.

b.  Have printed circuit modules that are easily replaceable.

c.  Use solid-state devices for electronic circuits.

d.  Are constructed to provide rigid support for electrical systems so 
that unintentional changes in alignment or microphonic effects will 
not occur during operation or movement.

e.  Incorporate circuit safety margins of not less than 25 percent where 
possible, with respect to power dissipation ratings, voltage ratings, 
and current carrying capacity.

f.  Have a diagonal viewing angle that nominally measures  24 inches  for 
monitors, LED displays.

g.  Provide adequate safeguards to protect personnel from exposure to line 
voltage during operation or adjustment.

h.  Have at least the following essential requirements:

(1) Resolution for LED monitors to be:  17 inch monitors - 1280x1024, 
500 TV lines (maximum);  20.1 inch  monitors - 1600x1200 (maximum)

(2) Geometry:  No point in the active raster is to deviate from its 
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correct position by more than 2 percent of raster height.

2.5.4.1   Mounting and Identification

a.  Mount monitors and other devices to facilitate easy replacement.

b.  The printed circuit board functions and component numbers or markings 
are to be easily read.

c.  Mount monitors in a desk top console.

d.  Protect monitors from circuit overloads by fuse or fuses in the power 
source line.  Mount power source line fuses in finger-operated 
extractor fuse posts.  Fuse holders are to be located in a readily 
accessible position.

2.5.4.2   Video and Signal Input

Monitors are to operate with video input requiring a one HDMI nominal 
composite video signal switchable to either loop-through or internal 
75-ohm terminating impedance.

Signal input connectors must be HDMI type.

2.5.5   Ancillary Equipment

Equipment is to consist of the items specified below:

2.5.5.1   Video Date and Time Generator

The video time and date is to originate from either the camera, video, 
video recorder, or time server.

2.5.5.2   Camera Identifiers

Label video signal from each camera using alphanumeric identifiers.  
Camera alphanumeric identifiers may originate from either the camera or 
the video recorder.

2.5.5.3   Video Recording

2.5.5.3.1   Digital Video Recorder (DVR)

Provide DVR with 8 or 16 video channels.  The DVR will record all cameras 
onto a hard drive and allow remote network viewing via internet browser.  
Hard drive capability must be sized to store all cameras recording 24 hour 
a day, 7 days a week at 3 frames per second per camera for 2 weeks.

2.5.5.3.2   Hybrid Video Recorder (HVR)

Provide HVR with a maximum of 8 or 32 analog video channels and a maximum 
24 or 32 analog and IP cameras. The HVR will record all cameras onto a 
hard drive and allow remote network viewing via internet browser.  Hard 
drive capability must be sized to store all cameras recording 24 hours a 
day, 7 days a week at 3 frames per second per camera for 2 weeks.

2.5.5.3.3   Network Video Recorder (NVR)

a.  Provide NVR with an integral software ESS-CCTV server function.  
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Dedicated CCTV monitors and authorized computers networked to the NVR 
are to be capable of viewing recorded and live video from the 
network.  The NVR is to be able to record and transmit video with up 
to 30 fps at maximum camera resolution.  The NVR is to network with 
and utilize smaller, non-server computers at off-site camera locations 
as local recorders.

b.  Provide NVR with the capability to de-warp live and recorded images.

c.  The storage memory capacity of the NVR (including local recorders) is 
to be sufficient to store a minimum of 30 days of video at 3 fps, 2.1 
megapixel resolution and be expandable for an increased capacity of 5 
and be capable of including Redundant Array of Independent Disc (RAID) 
arrays 0 .   

d.  The NVR must have the capacity to address and process up to 8 or 128 
dual-streaming cameras.  The NVR must record all cameras onto a hard 
drive and allow remote network viewing via internet browser.  Hard 
drive capability must be sized to store all cameras recording 24 hours 
a day 7 days a week at 3 frames per second per camera for 4 weeks.

2.5.5.3.4   Video Recording Performance

 The video recording performance is to be as follows:

a.  The DVR is to use modular hard disk media, with a digital format 
capacity of 250GB per module.

b.  Provide a 4 channel triplex video multiplexer capable of performing 
encoding, recording and multiscreen viewing modes simultaneously.  
Provide 4 channels of live, simultaneous video images in which all  
channels are refreshed at 3 frames per second.

c.  Provide a 10-100Base-T  connection for record review and camera view 
and control that is compatible for a PC workstation equipped with 
latest , Internet Browser Software.

d.  PC workstation Viewing:  Include direct access from the ESS PC 
workstations to each DVR via a Microsoft Internet Explorer Web 
Browser.  All necessary descriptive bookmarks and shortcuts are to be 
prepared on each PC workstation to allow this direct access.  All 
functions are to be accessible through HTML commands from a user's web 
browser interface.  Pictures are to be available for attachment via a 
user-provided SMTP-based email transport system, and included 
capability for 16 users and 3 user access levels (admin, control and 
user).

e.  Include sampling at 720(H) by 480(V) and 320(H) by 240(V) (Pixel 
Memory) with 3 frames per second and 3-D scan conversion to enable 
jitter-free stabilized pictures in a single frame.  Modes include:

(1) Emergency

(2) Event

(3) Schedule

(4) Manual Recording
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f.  Each camera is to support individual Recording Rate and Image Quality 
settings for each mode (Emergency, Event, Schedule and Manual 
Recording).  This array of Camera Recording Rate and Image Quality 
settings by the Recording Modes is to form one of four Program 
Actions.  The Program Action is to be assignable to a Time Table to 
form one of 16 Independent Recording Profiles.  Allow each Recording 
Profile to be manually activated, activated via RS-232C interface, 
automatically activated by Time Table, or activated by separate alarm 
or emergency inputs.

g.  Digital display on the monitor and also recording of the following 
information to included:

(1) Year

(2) Month

(3) Day

(4) Hour

(5) Minute

(6) Second

(7) Alphanumeric camera location ID up to 8 characters.  The DVR is to 
feature video loss detection on all channels.

h.  Pre-event recording:  Buffer at least 20 seconds of pre-event pictures 
simultaneously for all individual camera channels.

i.  Motion-based Recording:  Advanced integrated VMD is to be used to 
detect a specific area, direction and motion duration for each camera 
channel, independently and simultaneously.  Motion Search may be 
executed for a single camera channel for a selected area on the image.

j.  Disk Partitioning:  Provide within the DVR an automated disk 
management and a RTOS (real-time operating system) platform to include 
a minimum of 4.8 TB of digital video storage on a single partition.  

The video recording system is to provide a choice of Physical 
Partitioning as RAID 0 or Disk Mirroring redundant array recording.  
Allow the operator to be able to partition the available recording 
areas in a Virtual Partition by Regular, Event, and Copy Partitions.  
Manually and Scheduled recorded video information is to be assigned to 
a Regular Recording Partition, which may be overwritten.  Event and 
Emergency Recording Data is to be assignable to an Event Partition, 
where image overwriting is be prohibited.  Any copied data is to be 
able to be assigned to the Copy Partition, which may be overwritten or 
saved as required.

k.  Playback:  Permit direct camera selection for recording playback of 
any of 4 video sources at the same time as multiscreen viewing and 
multiplexed camera encoding (triplex multiplexer capability).

l.  Multiplexer Functions:  Include an integral, programmable switcher 
with programmable dwell time and camera order that automatically 
switches multiple camera images to enable sequential spot monitoring 
and simultaneous field recording.  Provide switcher with separate 

SECTION 28 10 05  Page 59



CAPITAL PROJECT # 1043925 MAY 2022 HAFB 309th SWEG
KRSM200806 100% FINAL SUBMITTAL

spot, multiscreen, multiscreen-RGB, and cascaded video monitor 
outputs. The unit must have full screen, 4 multiscreen monitoring 
modes.

 
m.  Outputs  

(1) Provide via BNC female connections 4 looping outputs for all video 
source connections to external monitoring systems including 
multiscreen and spot monitor video outputs.  

(2) Provide via RCA phone jacks four channels of audio connection, 
including audio loop through.

(3) Provide via High Speed (480 Mbps) serial interface one External 
Storage connection.   

(4) Provide via High Speed (480 Mbps) serial interface one External 
Copy connection.  

(5) Provide two independent Video Outputs assignable to Multiscreen .   

(6) Provide one Cascade output for connecting 3 additional digital 
video recorders for centralized control using a single video 
monitor.   

(7) Provide virtual camera number programming capability to support 64 
camera channels on a single system.  

(8) Provide one independent RGB Video output, capable of monitoring 
all DVR functions.

n.  All camera selection buttons are to have Tri-State Indication, 
corresponding to Recording, Viewing and Control functions on actual DVR
 hardware.  PC emulation is not an acceptable alternative.  Furnish 
the following indicators:

(1) Alarm

(2) Alarm Suspend

(3) Operate

(4) HDD1, Hard drive identifier

(5) Timer and Error indicators

(6) Camera Selection

(7) Iris

(8) Preset

(9) Camera Automatic Mode

(10) Pan-Tilt

(11) Set

(12) Jog Dial
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(13) Shuttle Dial

(14) Setup-Esc

(15) Record

(16) Search

(17) Play-Pause

(18) Pan-Tilt Slow

(19) Stop

(20) Pan-Tilt Go to Last

(21) Zoom-Focus

(22) A-B

(23) Repeat

(24) Shift

(25) Alarm Reset Buttons

o.  Networking:  All DVR recording, review, playback, camera control and 
setup are to be available via the internally mounted Network 
Interface.  A 10-100Base-T connection for record review and camera 
view and control will be required on a personal computer equipped with 
Internet Browser Software and an Ethernet 100Base-T connection.  
Permit direct camera selection for recording playback of any of 4 
video sources at the same time as multiscreen viewing and multiplexed 
camera encoding (triplex multiplexer mode).  Support a minimum of 8 
simultaneous clients viewing and 2 simultaneous FTP sessions.

p.  Power:  The video recording equipment must have a power source of 120 
VAC at 60 Hz.

2.5.5.4   Camera Control

Provide access to camera functions and control for all cameras via the 
multiplexer for all camera control, set-up and alarm functions, including 
preset sequence, digital motion detector mask set, and back light 
compensation set-up.  Controllable camera functions are to be accessible 
via front panel controls or the optional system controller.  These 
functions are to include:

(1) Direct access of preset position

  (2) Zoom (near/far)

  (3) Focus (near/far)

  (4) Iris (open/close)

  (5) Pan (left/right)
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2.5.6   Camera Mounting Structures

Provide camera mounting structures designed specifically for CCTV 
cameras.  The structure is to accommodate appropriate wiring pathways for 
power and communication as well as proper grounding and surge protection.  
Design loads for the camera mounting structure must conform to TIA-222  and 
all applicable addendums of the TIA standard.  Allowable pole deflection 
is determined from the point of the camera mount and must not exceed 0.5 
percent of the pole height under adjusted maximum wind load conditions.  
Adjusted maximum wind load conditions for deflection calcualtions must be  
30 miles per hour (mph)  or 35 percent of the basic wind speed as 
determined by TIA-222 , whichever is greater.  Confirm compliance to TIA 
standards by structure manufacturer data or by analysis.  Provide 
additional measures as required to stabilize the camera if placed in an 
environment that is subject to induced vibrations such as heavy winds or 
excessive traffic.

2.6   SECURITY COMMAND CENTER (SCC)

The SCC must integrate all subsystems and communications, and provide 
operator control interface to the ESS system.  The components are as 
follows:

a.  ESS Software

b.  Monitoring Display Software

c.  Graphical Map Software

d.  Printers

e.  Controls and Display Integration

f.  Enrollment Center Equipment

2.6.1   ESS Software

a.  Provide commercial off-the-shelf ESS software that utilizes a single 
database for the subsystem integrations provided under a single 
operating environment.  The system is to archive all events in a 
database stored either on a local hard drive or a networked database 
server.  The software has to support configuration and simultaneous 
monitoring of all subsystems.

b.  Allow the networked PC workstation configurations connected via a 
TCP/IP network.  Administrative tasks including configuration, 
monitoring, schedules, report generation and graphic display are 
provided from any PC workstation on the network.  All system 
programming data must be instantly accessible to every PC Workstation 
connected to the network.  The system is to utilize a non-proprietary 
SQL-based, ODBC-compliant database, managed by Sybase Adaptive Server 
Anywhere, Microsoft SQL Server, or Oracle.

c.  Utilize a preemptive multi-tasking operating system, such as the 
latest Microsoft Windows  Professional environment, that is 
multitasking, with many processes running at the same time without 
interference with each other and with higher priority tasks taking 
precedence over lower priority tasks.
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d.  Provide capabilities to define visual exclusion areas.

2.6.1.1   Alarm Call up

Support responses to alarms entering the system with each alarm capable of 
initiating one or more of the following actions:

a.  Sending alarm commands to a CCTV system interface

b.  Triggering DVR event recording

c.  Activating output devices

d.  Playing PC audio files

e.  Controlling doors

f.  Display graphical maps associated with the alarm device

Provide mode of system operation that requires an operator to acknowledge 
any alarm.  While alarm is still active, the alarm cannot be cleared.

2.6.1.2   Programming

Provide the capability of, but not limited to, the following programming 
and functionality:

2.6.1.2.1   Daylight Savings Time Adjustment

The ACU(s) and PCU(s) must not need to be connected to the ESS in order 
for the adjustment to occur.

2.6.1.2.2   Operator Privileges

Support an unlimited number of system operators, each with a unique login 
and password combination.  Operators are to be assigned privileges based 
on the loops, commands, or programming features that are available to each 
individual operator.

2.6.1.2.3   Alarm Priorities

Provide the ability for each alarm device to be user configured to belong 
to one of 10,000 priority levels which are assigned to an alarm based on 
alarm importance.  These priorities are to define which alarm events to 
display on individually specified ESS workstations.

2.6.1.2.4   Reports

Include integrated reporting capabilities as well as the ability to run 
Crystal Report templates.

2.6.1.2.5   User Interface

The ESS programming is to be menu-driven, with "wizards" to assist with 
software configuration, and include 'Help' information.

2.6.1.2.6   Messages

Permit the use of user-selected colors for event messages.
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2.6.1.2.7   Graphics

Provide the capability to display a floor-plan graphic for card activity 
and alarm events as part of the ESS integration.

2.6.1.2.8   Device Status

Provide the capability to display the dynamic status of a user-selected 
list of devices, including doors, inputs, and outputs.

2.6.1.2.9   Diagnostics

Include diagnostic software tools that interface and query the hardware 
for information and to issue commands.

2.6.1.2.10    Mandatory Data Fields

Require any cardholder data field to be selected by the user as mandatory.

2.6.1.2.11   User Defined Data Fields

Provide 20 unassigned data fields for storing user-defined data that 
support user-defined labels, and are user-configurable as plain text 
fields or drop-down selection lists.

2.6.1.2.12   Archive Database

Include a connection to an archive database which stores purged events and 
deleted programming and which can be accessed for reporting.

2.6.1.2.13   Programmable Database Backup

Include the capability of performing user-scheduled database backups 
without the use of third-party backup software.

2.6.1.2.14   Programmable Database Purging

Include the capability of performing user-scheduled database purging, 
moving selected events to an archive database when the events have aged a 
user-specified number of days.

2.6.1.2.15   Database Importing

Include the capacity to import user data from an ODBC data source (Access, 
Excel, text).

2.6.1.2.16   Data Exporting

Include the capacity to export data from any table in the database to 
either a HTML file in any user-selected order.

2.6.1.2.17   Event Log Output

Include the capacity to send a continuous stream of user-selected types of 
event messages to a text file, serial port, or TCP/IP address.
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2.6.1.2.18   Data Audit Trail

Record changes to programming, recording the date and time stamp of the 
change, the name of the operator making the change, and the nature of the 
change.  This data audit is to be available in history for reporting.

2.6.2   ESS Monitor Display Software

ESS Monitor display software is to provide for text and graphic map 
displays that include zone and device status integrated into the display.  
Different colors are to be used for the various components and real time 
data.  Colors must be uniform on all displays.  Follow the color coding as 
follows.  

a.  FLASHING RED to alert an operator that a zone has gone into an alarm 
or that primary power has failed.

b.  RED to alert an operator that a zone is in alarm and that the alarm 
has been acknowledged.

c.  YELLOW to advise an operator that a zone is in access.

d.  GREEN to indicate that a zone is secure or that power is on.

2.6.3   Graphical Map Software

a.  ESS graphical map software is to show the  visual data of all 
subsystem devices.  Use a  21 inches , LED flat screen display with 
messages displayed in the English language.  Provide graphical maps 
showing a layout of all the protected facilities.  Highlight zones 
corresponding to those monitored by the ESS on the graphical maps.  
Display status of each zone using graphical icons as required within 
each designated zone.  

b.  Provide capability for graphical maps to be linked together using a 
layered tree structure.  For example, a top-level map might be a top 
view of the site and its buildings, the next level the individual 
buildings floor, followed by a map of the area on a floor containing 
the device in alarm.  Allow for 3 layers of maps to be defined for any 
given ESS device.  To speed an incident location, each map level 
contains a clearly visible indicator as to which sub map the operator 
should select next to find the device that is in alarm.

c.  The ESS may also be configured to display a map automatically on a new 
alarm presentation, providing the operator with prompt visual 
indication that an alarm has occurred.

d.  The status of intrusion devices, access control readers, doors, 
auxiliary monitor points, and auxiliary outputs is to be able to be 
requested from any map by simply selecting the icon representing the 
device and its current state will be displayed.  CCTV camera control, 
digital video review, alarm panel transactions and intercom requests 
are to be available for inclusion on the map with the associated 
management module installed.

e.  Allow for SCC operators to change a current setting by pressing the 
right mouse button anywhere on the screen or on a specific system 
device icon. Pressing the right mouse button is to cause the 
appropriate command options list to appear for selection.  
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Confirmation is provided by reflecting the change in status on the 
display after a command is selected.

f.  The display of intrusion or auxiliary door alarms may be automatically 
enabled or disabled by the use of timed commands, either by device or 
by a group of devices.  This may be used, for example, to disable all 
door alarms on internal doors, during normal office hours.

g.  Create maps using standard office tools allowing drawings to be 
imported in Jpeg, Bitmap, Windows metafile, PDF or DXF file formats to 
provide maximum flexibility.

2.6.4   Printers

2.6.4.1   Report Printer

Provide a laser text printer to generate reports that is a USB interface 
dry-type laser process printer.  Provide a printer with the capability of 
holding a minimum of 500 pages.  The unit must print a minimum of 30 pages 
per minute at 600 dpi resolution.

2.6.4.2   Alarm Printer

Provide an alarm printer interconnected to the SCC equipment with a 
minimum print rate of 30 characters per second to produce hard copy of 
system events.  Printer meet requirements per paragraph REPORT PRINTER.

2.6.5   Control and Display Integration

Integrate human engineer SCC controls so the entire SCC can be operated by 
a single or multiple operator(s).  Integrate switching and monitoring 
components of the assessment subsystem with the SCC so that SCC 
operator(s) can effectively monitor, assess alarms and control the ESS. 

2.6.6   Enrollment Center Equipment

Provide enrollment stations to enroll personnel into, and disenroll 
personnel from, the system database.  The enrollment equipment is to only 
be accessible to authorized entry control enrollment personnel.  Provide 
credential cards for all personnel to be enrolled at the site plus an 
extra 25 percent for future use.  The enrollment equipment is to include 
subsystem configuration controls and electronic diagnostic aids for 
subsystem setup and troubleshooting with the SCC.  Provide a printer for 
the enrollment station which meets the requirements of paragraph "Report 
Printer.

2.6.6.1   Enrollment Center Accessories

a.  Provide a steel desk-type console and equipment racks.  The console is 
to be as specified in ECIA EIA/ECA 310-E  and as indicated.

b.  Rack-mount all equipment in the console and equipment racks, except 
for printer.  Color coordinate the console and equipment racks and 
cabinets, obtaining approved by the Contracting Officer.

c.  Provide a locking cabinet approximately  6 feet  high,  3 feet  wide, and  
2 feet  deep with three adjustable shelves, and two storage racks for 
storage of CDs, DVDs, printouts, printer paper, ink/toner, manuals, 
and other documentation.
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2.6.6.2   Enrollment Center I.D. Production

a.  Equip the enrollment center with a high-resolution digital camera 
structurally mounted, or provided with a reliable tripod.  The camera 
model is to be as recommended by the manufacturer of the ESS.  Provide 
commercial off-the-shelf components.   

b.  Design and provide a lighting system sufficient for quality, 
still-video capture.  

c.  Equip the enrollment center with a die-sublimation  printer capable of 
printing directly to the access control or I.D. credential.  Provide 
printer toner kits and other printing supplies to complete the initial 
enrollment by 200 percent.

2.6.6.3   Enrollment Center Software

Provide database management functions for the system, and allow an 
operator to change and modify the data entered in the system as needed.  
The enrollment station is not to have any alarm response or acknowledgment 
functions as a programmable system function.  Multiple, password-protected 
access levels are to be provided at the enrollment station.  Database 
management and modification functions are to require a higher operator 
access level than personnel enrollment functions.  Provide a means for 
disabling the enrollment station when it is unattended to prevent 
unauthorized use.

Provide a method to enter personnel identifying information into the entry 
control database files through enrollment stations to include a credential 
unit in use at the installation.  In the case of personnel identity 
verification subsystems, this data is to include biometric data.  Allow 
entry of this data into the system database files through the use of 
simple menu selections and data fields.  The data field names is to be 
customized to suit user and site needs.  All personnel identity 
verification subsystems selected for use with the system are to fully 
support the enrollment function and be compatible with the entry control 
database files.

2.7   COMMUNICATIONS

a.  Communications are to link together subsystems of the ESS and be in 
accordance with Section 27 10 00  BUILDING TELECOMMUNICATIONS CABLING 
SYSTEM.  Interfaces between subsystems cannot be accomplished by use 
of an electro-mechanical relay assembly.  Communications links must be 
supervised.  Provide common communications interface devices  
throughout the ESS.  Provide dry contact sensor to control unit 
interface that is normally OPEN or normally CLOSED, except as 
specified otherwise.   

b.  Use digital, asynchronous, or multiplexed data control unit for 
central alarm reporting and display processor interface.  Group 
individual data bits into word format and transmit as coded messages.  
Implement interface with network switches which function as a 
communications controller, perform data acquisition and distribution, 
buffering message handling, error checking, and signal regeneration as 
required to maintain communications.

c.  Provide totally automatic status changes communication, commands, 
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field initiated interrupts, and any other communications required for 
proper system operation.  Do not require system communication operator 
initiation or response.  System communication is to return to normal 
after any partial or total network interruption including power loss 
or transient upset.  Automatically annunciate communication failures 
to the operator with communication link identification that has 
experienced a partial or total failure.

2.7.1   Link Supervision

2.7.1.1   Hardwire Direct Current Line Supervision

Provide only for the sensor to control unit links which are within the ESS 
protected area.  Supervise circuits by monitoring changes in the current 
that flows through the detection circuit and a terminating resistor of at 
least 2.2 K ohms.  Supervision circuitry is to initiate an alarm in 
response to opening, closing, shorting, or grounding of conductors by 
employing Class C standard line security.  Class C circuit supervisor 
units are to provide an alarm response in the annunciator in not more than 
one second as a result of the following changes in normal transmission 
line current:

a.  Five percent or more in normal line signal when it consists of direct 
current from 0.5 through 30 milliamperes.

b.  Ten percent or more in normal line signal when it consists of direct 
current from 10 microamperes to 0.5 milliamperes.

c.  Five percent or more of an element or elements of a complex signal 
upon which security integrity of the system is dependent.  This 
tolerance will be applied for frequencies up to 100 Hz.

d.  Fifteen percent or more of an element or elements of a complex signal 
upon which the security integrity of the system is dependent.  This 
tolerance will be applicable for all frequencies above 100 Hz.

2.7.1.2   Hardwire Alternating Current Supervision

Supervision is not to be capable of compromise by use of resistance, 
voltage, or current substitution techniques.  Use this method on circuits 
which employ a tone modulated frequency-shift keying (FSK), 
interrogate-and-reply communications method.  Supervisory circuit are to 
be immune to transmission line noise, crosstalk, and transients.  
Terminate detection circuit by complex impedance.  Maintain line 
supervision by monitoring current amplitude and phase.  Size complex 
impedance so that current leads or lags the driving voltage by  45 plus or 
minus 5 degrees .

Alarm when rms current changes by more than 5 percent, or phase changes by 
more than  5 degrees  for supervision current of 0.5 to 30 milliamperes 
rms.  Alarm when rms current changes by more than 10 percent, or phase 
changes by more than  8 degrees  for lines with supervision currents of 0.01 
to 0.5 milliamperes.  Identified line supervision alarm must be 
communicated within one second of the alarm.

2.7.1.3   Hardwire Digital Supervision

Local processors are to exchange digital data to indicate secure or alarm 
at least every 2 seconds.  Alarm if data is missed for more than one 
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second for passive supervisory circuits.  Coding used for data cannot be 
decipherable by merely viewing data on an oscilloscope.  Supervisory 
circuits are to asynchronously transmit bursts of digital data for 
transponder schemes.  Data pattern is to be random in nature.  Remote 
detectors are to receive data and encode a response based on a proprietary 
coding scheme.

Provide a unique encoding scheme;   Transmit encoded response back to 
supervisory circuit.  Supervisory circuit is to compare the response to an 
anticipated response.  Alarm on failure of the detector to return a data 
burst or return an incorrect response.

2.7.2   Hardwire

2.7.2.1   Electrical Conductor Lines

a.  Use electrical conductor lines for hardwire that rely on current path 
except for electrical wires; neutral conductors of electrical 
distribution systems cannot be used as signal transmitters.   

b.  Conductors outside the protected area are to be  installed in 
electrical metallic tubing (EMT) as specified in Section 26 20 00  
INTERIOR DISTRIBUTION SYSTEM.  Supervision circuitry is not to 
initiate nuisance alarms in response to normal line noise, transients, 
crosstalk, or in response to normal parametric changes in the line 
over a temperature range of minus  30 to 125 degrees F .

c.  Ambient current levels chosen for line supervision must be sufficient 
to detect tampering and be within the normal operating range of 
electrical components.  Report line supervision and tamper alarms 
regardless of mode of operation.   

d.  Provide hardwire links as specified in UL 1076  and Section 26 20 00  
INTERIOR DISTRIBUTION SYSTEM for interior applications with additions 
and modifications specified.  Conductors are to be copper.  Conductors 
for links which also carry AC voltage, are to be No. 12 AWG minimum; 
single conductors for low-voltage DC links are to be No. 14 AWG 
minimum.  Conductors are to be color coded.  Conceal wiring in 
finished areas of new construction and wherever practical in existing 
construction if not otherwise precluded by the Government.

e.  Identify conductors within each enclosure where a tap, splice, or 
termination is made.  Identify conductors by plastic-coated, 
self-sticking, printed markers or by heat-shrink type sleeves.  
Connect sensors, control units, and communication devices so that 
removal will cause a tamper alarm to sound.  Pigtail or "T" tap 
connections are not acceptable.  Each conductor used for identical 
functions is to be distinctively color-coded.  Each circuit 
color-coded wire is to remain uniform throughout circuit.  Tamper 
switches meet requirements of paragraph TAMPER SWITCHES.

2.7.2.2   Communication Link

a.  Provide a dedicated circuit communication link from sensor to control 
unit.  Opening or closing a relay contact will indicate an alarm.  
Convert analog signals to digital values or a relay closure or opening 
within  250 feet  of the sensing point.  Communications from control 
unit to central alarm reporting and display processor are to operate 
in a continuous interrogation and response mode, using 
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time-multiplexed digital communications techniques at a data rate of 
10.24 kilobaud.

b.  Interrogation and response communications between the control unit and 
central processor is to be half-duplex and bidirectional on one dual 
twisted pair cable (one pair for interrogation and one for response), 
which may have one or more parallel branches.  Individual control unit 
lines are to be at least 22 AWG wire.  Connect control wires in 
parallel to the hardwire link.  Communication system is to provide as 
many as 255 control unit connections.

c.  The communication system must maintain specified performance over a 
link length of  7500 feet  when operating without line repeaters or 
other signal regenerating or amplifying devices.  The communications 
system must maintain specified performance over a link length of  
75,000 feet  when operating with signal-regenerating line repeaters.

d.  Control unit to central alarm reporting and display processor 
communications link is to also be capable of operating over a maximum 
of two standard voice grade telephone leased or proprietary lines.  
Link is to be capable of operating half duplex over a Type 3002 data 
transmission pair and be capable of modular expansion.  Telephone 
lines will be provided by the Government.  Coordinate and check out 
system operation.  General characteristics and telephone line service 
are to be as follows:

Connections Two- or four-wire

Impedance at 1000 Hz 600 ohms

Transmitting level 0 to 12 dBm

Transmitting level adjustment 3 dB increments

Type Data

Direction Two-way alternate (half duplex)

Maximum speed 10.24  kilobaud

Maximum loss at 1000 Hz 33 dB

2.7.3   Radio Frequency Link

a.  Provide a full duplex, supervised RF, polling system specifically used 
for alarm data communications with components manufactured by one 
manufacturer operating in the VHF, 134 to 154 MHz band.  System is to 
interface directly with ESS hardwire data link from control unit to 
central alarm reporting and display location and is to translate 
(reduce) the data rate for RF transmission, modulate and demodulate 
the data signal, and transmit and receive ESS data.   

b.  Provide a factory-tested complete RF link which both automatically and 
upon operator command transmits a signal with a unique identification 
from the central alarm monitoring location to the control unit 
locations.  Message receipt at control unit location is to be ignored 
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by all units except the addressee.  Unit with the correct address is 
to decode the interrogation signal and respond to the interrogation 
with the status of the reporting sensors.  Re-interrogate when the 
addressee fails to respond.  Alarm upon failure to respond a second 
time.

c.  Remote units in the RF system are to be individually polled in turn.  
Polling response time and transmission data rate, data error rate, and 
equipment reliability is to ensure that overall ESS alarm annunciation 
time reliability and Pd is not degraded.   

d.  Provide RF transmitters, receivers, or transceivers in sufficient 
quantities to meet specified requirements.  RF link transmissions are 
to be on one or more of the frequencies within the specified band as 
required to meet specified requirements and neither interfere with 
other ESS components nor any facility electronic components.  Provide 
transmitters which are in accordance with applicable requirements of 
47 CFR 15 .

e.  Message types and content are to be identical to those transmitted by 
other portions of the ESS data communications subsystem.  ESS alarms 
sent by RF link are not to fail, and are to be transmitted by the RF 
link due to event occurrence during "off air" periods.  RF link is to 
provide message transmission priority in the following order:

(1) Intrusion alarms

(2) Tamper alarms

(3) Access denial alarms

(4) Other alarms on a first-in, first-out basis including loss of 
communication signal, fail-safe, low battery, and power loss.

f.  Provide omnidirectional, coaxial, half-wave dipole antennas for alarm 
transmitters and transceivers with a driving point impedance to match 
transmission output.  Provide antennas and antenna mounts that are 
corrosion resistant and able to withstand wind velocities of  100 mph  
and physical damage caused by vandalism.  Antennas cannot be mounted 
directly to any facility fence or roofing system.   

g.  Provide antennas from the same manufacturer as the rest of the RF 
link.  Provide coaxial cable in lengths as required.  Cables are to 
use PL-type fittings or connectors, properly protected against 
moisture.  Cables must match transmitter output impedance.

2.7.4   Data Encryption

Incorporate data encryption equipment on data transmission circuits as 
shown on the drawings.  The algorithm used for encryption must be the 
Advanced Encryption Standard (AES) algorithm described in NIST FIPS 197  of 
TDES, ASC/X9 X9.52 , as a minimum.  Data encryption must be in accordance 
with NIST FIPS 140-2 .

2.7.5   Network Switch

The small form-factor pluggable (SFP) is to provide full-duplex 
1000/100/10-Mbps connectivity between switches over multimode fiber (MMF) 
infrastructures.  Provide mounting accessories for a typical cabinet .  
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Rack requirements as specified in paragraph EQUIPMENT RACK.

2.7.5.1   Inside Plant

Provide a network switch for ESS system with 8 SFP Ethernet ports. Allow 
dynamic port base security and rapid spanning tree protocol with VLAN 
assignments for specific users regardless of where the switch is 
connected.  The switch will use AC input voltage nominal of 120 VAC at 60 
Hz.  The switch is to be less than 2 Rack Units (RU) and Layer 3 capable.  
The switch is to have the capability of commanding a self-healing ring 
configuration.  1000Base-LX SFP Fast Ethernet Interface Converter is to be 
a hot swappable device that plugs into a Gigabit fiber SFP uplink port on 
the switch.  The switch is to be a fully managed power over Ethernet (PoE) 
to all ports.  Provide switch capable of using a Layer 3 (routed) port to 
connect to a LAN gateway port for Internet and web base access.  The Mean 
Time Between Failure (MTBF) must be greater than 210,000 hours.

2.7.5.2   Outside Plant

Provide hardened managed Ethernet switch with a minimum of 6 10/100/1000 
switched RJ-45 ports and two 1000 Mb fiber ports designed for 
unconditioned outdoor applications.  The switch is to be sealed, 
conduction cooled, use a rugged case with no fans and no air vent 
openings.  The ambient operating temperature range is  40 to 170 degree F .  
The software includes SNMP, QoS, Telnet, Security, STP, VLAN, BootP / DHCP.

2.7.6   Video and ESS Transmission

Transmission is to be by optical fiber dedicated to the associated 
circuit.  Video and ESS transmission cables must conform to the industry 
standards in .

Install interior cable in Electrical Metallic Tubing (EMT) conduit unless 
indicated otherwise.  Cable is to be rated for the installation method 
intended.  Install exterior cable underground installed in Schedule 40 
Polyvinyl chloride (PVC) conduits.

2.7.7   Wire and Cable

Provide all wire and cable not indicated as Government-furnished 
equipment.  Wiring must meet NFPA 70  standards and as indicated in the 
Wire and Cable Data Sheets Attachment at the end of this section.

2.7.8   Digital Data Interconnection Wiring

Interconnecting cables carrying digital data between equipment located at 
the SCC or at a secondary control and monitoring site is to be optical 
fiber cable.  Interconnecting cables conform to the industry standards in .

2.7.9   Aboveground Sensor Wiring

Sensor wiring is to be 20 AWG minimum, twisted and shielded, 2, 3, 4, or 6 
pairs to match hardware.  Provide multiconductor wire with a PVC outer 
jacket.

2.7.10   Direct Burial Sensor Wiring

Sensor wiring is to be 20 AWG minimum, twisted and shielded, 2, 3, 4, or 6 
pairs to match hardware.
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2.7.11   Local Area Network (LAN) Cabling

Cabling must be in accordance with TIA-568-C.2 , Category 6.

2.7.12   Cable Construction

Provide all cable components that will withstand the environment in which 
the cable is installed for a minimum of 20 years.

2.8   SECURITY LIGHTING INTERFACE

Provide an interface for control of the security lighting system as 
specified in  and as shown on the drawings.

2.9   SURVEILLANCE AND DETECTION EQUIPMENT

2.9.1   Article Surveillance and X-Ray

Provide X-ray package search system suitable for manual detection and 
material density identification.  The article surveillance is to function 
as a sensor or detector subsystem and connect to the local processors and 
alarm monitoring.

The article surveillance and X-ray device are to provide adjustable 
contrast and a surface area threshold setting.  Incorporate a long-term 
image storage system to document subsystem operations.  The article 
surveillance and X-ray device must have a minimum throughput rate of 600 
packages per hour and be rated for continuous operation.  The article 
surveillance and X-ray device must meet the requirements of 21 CFR 1020 , 
Section 1020.40.

2.9.1.1   Size and Weight

The article surveillance and X-ray device is not to exceed  120 inches 
long, by 40 inches wide, by 60 inches high  and not weigh more than  2000 
pounds .

2.9.1.2   Local Audible Alarms

Provide local audible alarm annunciation and automatic threat alert based 
upon an adjustable contrast and a surface area threshold setting.  
Immediately communicate to and annunicate alarms generated by the article 
surveillance and X-ray device at the SCC.

2.9.1.3   Maximum Package Size

Allow inspection of packages and other articles up to  15 inches tall, by 
24 inches wide, and 60 inches long .

2.9.1.4   X-Ray Tube

Output from the X-ray tube is to be able to penetrate steel up to  1/8 inch  
thick.

2.9.1.5   Electrical

The article surveillance and X-ray device is to operate from the power 
source as indicated.
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2.9.1.6   Safety

Include dual lead-lined curtains at the entrance and exit to the conveyer 
system package scanning region.  The radiation exposure to operator for 
each package inspection must be no more than 0.2 milli-roentgens.  The 
article surveillance and X-ray device is not to adversely affect magnetic 
storage media as it is passed through the device.

2.9.1.7   Display

Use a standard 525 line LED monitor to present X-ray data to the article 
surveillance and X-ray device operator.  Configure the article 
surveillance and X-ray device to provide at least 64 gray scale shades or 
at least 64 distinct colors.  The article surveillance and X-ray device is 
to provide:

a.  Image enhancement

b.  Zoom

c.  Pan

d.  Split screen

e.  Freeze-frame capabilities

2.9.1.8   Conveyor

Provide article surveillance and X-ray device with a conveyor system with 
foot switch controls.  The conveyor is to be reversible and suitable for 
intermittent operation with a minimum speed range of  0 to 35 feet per 
minute .

2.9.1.9   Material Identification and Resolution

The article surveillance and X-ray device is to be able to detect and 
identify the full range of ferrous and non-ferrous metals, plastics, and 
other contraband as required.  The device resolution, including its 
display, is to be sufficient to identify a 30 AWG solid copper wire.

2.9.2   Metal Detector

a.  The metal detector is to function as a sensor or detector subsystem 
and connect to the local processors and alarm monitoring.  The metal 
detector is to be rated for continuous operation.  The metal detector 
is to use an active pulsed or continuous wave induction detection 
field.   

b.  The metal detector is to create a field detection pattern with no 
holes or gaps from top to bottom and across the passage area, and 
provide 100 percent Faraday shielding of the sensor coil.  The metal 
detector is to incorporate measures to minimize false alarms from 
external sources.  Provide a synchronization module to allow 
simultaneous multiple metal detection subsystem operation, with no 
sensitivity or function degradation, when separated by  5 feet  or more.

c.  The metal detector is not to adversely affect magnetic storage media.
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d.  When incorporated into an entry booth, the metal detector is to be 
physically compatible with the entry booth configuration and connected 
to the entry booth local processor subsystem .

2.9.2.1   Size and Weight

Freestanding metal detectors are not to exceed  40 inches deep, by 50 
inches wide, by 90 inches high  and weigh  350 pounds  or less.  Metal 
detectors to be used in entry control booths may have dimensions as needed 
to fit inside the entry control booth.

2.9.2.2   Local Alarms

Provide metal detector with local audible and visual alarm annunciation 
that are also immediately communicated to and annunciated at the SCC.

2.9.2.3   Material Identification and Sensitivity

Provide metal detector with a continuously adjustable sensitivity control 
which allows it to be set to detect 100 grams of ferrous or non-ferrous 
metal placed anywhere on or in an individual's body.

2.9.2.4   Traffic Counter

Include a built-in traffic counter with manual reset capability.  The 
traffic counter is to be sensor actuated and automatically increment each 
time a person passes through the metal detector.  The metal detector is 
also to provide visual prompts directing the individual to proceed through 
the metal detector at the proper time or to wait until the metal detector 
is reset and ready for another scan.

2.9.2.5   Electrical

The metal detector must not dissipate more than 250 Watts.  Neither the 
metal detector's sensitivity nor its functional capability is to be 
adversely affected by power line voltage variations of plus or minus 10 
percent or less from nominal values.

2.10   BACKUP POWER

a.  Intrusion alarms are not to be generated as a result of power 
switching; however, Provide a power switching indication and on-line 
source at the alarm monitor.

b.  The system is to automatically switch back to the primary source upon 
primary power restoration.  Detect and report failure of an on-line 
battery as a fault condition.  Power products must be in accordance 
with Section 26 20 00  INTERIOR DISTRIBUTION SYSTEM.

c.  Provide backup power to the primary power by backup batteries in each  
control panel  .

2.11   SURGE SUPPRESSION DEVICES

Comply with requirements in Section 33 82 00  TELECOMMUNICATION OUTSIDE 
PLANT (OSP).
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2.12   COMPONENT ENCLOSURE

Alarm enclosures with a tamper switch(es).  Refer to paragraph "Tamper 
Switch".  Enclosures is to be formed and assembled to be sturdy and 
rigid.  These include:

a.  Consoles

b.  Annunciator housings

c.  Power supply enclosures

d.  Sensor control and terminal cabinets

e.  Control units

f.  Wiring gutters

g.  Other component housings

2.12.1   Interior Sensor

Provide sensors to be used in an interior environment with a housing that 
provides protection against dust, falling dirt, and dripping noncorrosive 
liquids.  Refer to paragraph "Interior Enclosures" for enclosure ratings.

2.12.2   Exterior Sensor

Provide sensors to be used in an exterior environment with a housing that 
provides protection against windblown dust, rain and splashing water, and 
hose directed water.  Sensors are not to be damaged by the ice formation 
on the enclosure.  Refer to pargraph "Exposed-to-Weather Enclosures" and 
"Corrosion-Resistant Enclosures" for enclosure ratings.

2.12.3   Interior Enclosures

Enclosures to house equipment in an interior environment must meet the 
requirements of NEMA 250 Type 1 .

2.12.4   Exposed-to-Weather Enclosures

Enclosures to house equipment in an outdoor environment must meet the 
requirements of NEMA 250 Type 3R .

2.12.5   Corrosion-Resistant Enclosures

Enclosures to house equipment in a corrosive environment must meet the 
requirements of NEMA 250 Type 4X.

2.12.6   Hazardous Environment Equipment

All system electronics to be used in a hazardous environment must be 
housed in a metallic enclosure which meets the requirements of paragraph 
"Hazardous Locations."

2.12.7   Metal Thickness

Thicknesses of metal in cast and sheet metal enclosures of all types must 
be not less than those listed in Tables 8.1, 8.2, and 8.3 of UL 1610  for 
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alarm components, and NEMA ICS 2  and NEMA ICS 6  for other enclosures.  
Sheet steel used in enclosure fabrication is to be at least 16 gage; 
consoles are to be at least 18 gage.

2.12.8   Doors and Covers

a.  Doors and covers are to be flanged.  Provide tight pin hinges or the 
ends of hinge pins are to be tack welded to prevent ready removal 
where doors are mounted on hinges with exposed pins.

b.  Provide doors having a latch edge length of less than  24 inches  with a 
single lock.  Provide the door with a three-point latching device with 
lock where latch edge of a hinged door is  24 inches  or more in length; 
or alternatively with two locks, one located near each end.

c.  The covers of provided junction boxes to facilitate initial system 
installation are to be held in place by tack welding, brazing, or 
one-way screws.

2.12.9   Ventilation

Ventilation openings in enclosures and cabinets must conform to 
requirements of UL 1610 .

2.12.10   Mounting

Sheet metal enclosures are to be rated for wall mounting with top hole 
slotted, unless otherwise indicated.  Mounting holes are to be in 
positions which remain accessible when major operating components are in 
place and door is open, and be inaccessible when door is closed.

2.12.11   Labels

Label boxes containing connections that they contain ESS connections and 
indicate that the box is part of the ESS system.

2.12.12   Test Points

Provide readily visibile and accessibile with minimum disassembly of 
equipment to test points, controls, and other adjustments inside 
enclosures.  Test points and other maintenance controls must be readily 
accessible to operator personnel.

2.13   EQUIPMENT RACK

Provide standard  19 inch  electronic rack cabinets conforming to UL 50  for 
the ESS system at the SCC and remote control and monitoring sites as shown 
on the drawings.  Equipment rack must be in accordance with Section 
27 10 00  BUILDING TELECOMMUNICATIONS CABLING SYSTEM.

2.13.1   Labels

Provide a labeling system for cabling as required by TIA-606  and UL 969 .  
Provide stenciled lettering for voice and data circuits using thermal ink 
transfer process .
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2.14   LOCKS AND KEY LOCK

2.14.1   Lock

Provide locks on system enclosures for maintenance purposes that meet 
UL 437 and are round-key type, with three dual, one mushroom, and three 
plain pin tumblers .  Keys must be stamped "U.S. GOVT. DO NOT DUP.".  Keys 
are only to be withdrawn when in the locked position.  Key all maintenance 
locks alike and furnish only two keys for all of these locks.

2.14.2   Key-Lock Operated Switches

All key-lock-operated switches required to be installed on system 
components are to be UL 437 , with three dual, one mushroom, and three 
plain pin tumblers, .  Keys must be stamped "U.S. GOVT. DO NOT DUP.".  
Key-lock-operated switches are to have two positions, with the key 
removable in either position.  Key all key-lock-operated switches 
differently and furnish only two keys for each key-lock-operated-switch.

2.14.3   Construction Locks

Use a set of temporary locks during installation and construction.  Do not 
include any of the temporary locks in the final set of locks installed and 
delivered to the Government.

2.15   FIELD FABRICATED NAMEPLATES

Nameplates must comply with ASTM D709.  Provide laminated plastic 
nameplates for each equipment enclosure, relay, switch, and device; as 
specified or as indicated on the drawings.  Each nameplate inscription is 
to identify the function and, when applicable, the position.

Nameplates are to be melamine plastic,  0.125 inch  thick, white with black 
center core.  Surface is to be matte finish.  Corners are to be square.  
Accurately align lettering and engrave into the core.  Minimum size of 
nameplates must be  1 by 2.5 inches .  Provide lettering a minimum of  0.25 
inch  high normal block style.  Nameplates are not be required for devices 
smaller than  1 x 3 inches .

2.15.1   Manufacturer's Nameplate

Each item of equipment is to have a nameplate bearing the manufacturer's 
name, address, model number, and serial number securely affixed in a 
conspicuous place; the nameplate of the distributing agent will not be 
acceptable.

2.16   FACTORY APPLIED FINISH

Electrical equipment is to have factory-applied painting systems which 
meetsthe requirements of the NEMA 250 corrosion-resistance test as a 
minimum.

PART 3   EXECUTION

3.1   INSTALLATION

Install the system in accordance with safety and technical standards 
NFPA 70 , UL 681 , UL 1037 , and  UL 1076 .  Configure components within the 
system with appropriate service points to pinpoint system trouble in less 
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than 20 minutes.

Install all system components, including any equipment that is furnished 
by the Government, and appurtenances in accordance with the manufacturer's 
instructions, IEEE C2  and as shown on the drawings, and furnish all 
necessary connectors, terminators, interconnections, services, and 
adjustments required for a complete and operable system.

3.1.1   Existing Equipment

Connect to and utilize existing equipment, control signal transmission 
lines, and devices as shown on the drawings.  Any equipment and signal 
lines that are usable in their original configuration without modification 
may be reused with Government approval.

Make written requests and obtain approval prior to disconnecting any 
signal lines and equipment that creates equipment outage.  Such work can 
proceed only after receiving Government approval of these requests.  If 
any device fails after work has commenced on that device, signal, or 
control line, diagnose the failure and perform any necessary corrections 
to the equipment.  The Government is responsible for maintenance and 
repair of Government equipment.  The Contractor will be held responsible 
for repair costs due to negligence or abuse of Government equipment on 
their part.

3.1.2   Software Installation

Load software as specified and required for an operational system, 
including databases and specified programs.  Provide original and backup 
copies on optic discs of all accepted software, including diagnostics, 
upon successful endurance test completion.

3.1.3   Enclosure Penetrations

Enclosures are to be penetrated from the bottom unless shown otherwise.  
Penetrations of interior enclosures having transitions of conduit from 
interior to exterior, and penetrations of exterior enclosures are to be 
sealed with rubber silicone sealant to preclude the entry of water.  
Terminate conduit risers in a hot-dipped galvanized metal cable terminator 
that is filled with a sealant as recommended by the cable manufacturer, 
and in a manner that does not damage the cable.

3.1.4   Cable and Wire Runs

Perform required cable and wire routings per NFPA 70  Section 26 20 00  
INTERIOR DISTRIBUTION SYSTEM, , and as specified. Terminate conduits 
including flexible metal and armored cable in the sensor or device 
enclosure.  Fit ends of conduit with insulated bushings.  Exposed 
conductors at ends of conduits external to sensors and devices are not 
acceptable.

3.1.5   Soldering

Soldered electrical connections must use composition Sn60, Type AR or S, 
for general purposes; use composition Sn62 or Sn63, Type AR or S, for 
special purposes.  Flux must conform to ASTM B32 when Type S solder is 
used for soldering electrical connections.
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3.1.6   Galvanizing

Ferrous metal is to be hot-dip galvanized in accordance with 
ASTM A123/A123M .  Provide screws, bolts, nuts, and other fastenings and 
supports that are corrosion resistant.

Field welds or brazing on factory galvanized boxes, enclosures, conduits, 
and so on, are to be coated with a cold galvanized paint containing at 
least 95 percent zinc by weight.

3.1.7   Conduits

Install interior conduits in accordance with NFPA 70 , Section 26 20 00  
INTERIOR DISTRIBUTION SYSTEM and ICS 705-1 .  Install exterior conduits in 
accordance with NFPA 70 , Section 33 71 02  UNDERGROUND ELECTRICAL 
DISTRIBUTION and ICS 705-1 .

3.1.8   Underground Cable Installation

Install underground conductors connecting protected structures and objects 
to the central alarm updating and display unit as direct burial or in 
conduit as specified in Section 33 71 02  UNDERGROUND ELECTRICAL 
DISTRIBUTION.  Coaxial cable cannot be spliced.

3.1.9   Exterior Fences

Prepare new fence installation to ensure a rigid fence system for 
fence-mounted detection system installation or a detection system where 
loose fence fabric might prove troublesome.  A rigid fence and fence 
fabric must be provided to minimize nuisance alarms.  Fences are to be 
additionally braced, provided with fabric ground anchors or curbs, 
tensioning devices, top or bottom rails or both, soft-seated gate latches, 
and re-anchored outriggers for barbed wire to ensure a vibration-free 
installation.  Relocate large, fence-supported signs to separate support 
posts to preclude interference with fence detection systems.

3.1.10   Camera Housings, Mounts, and Poles

a.  Provide a foundation for each camera pole as specified and designed.

b.  Provide a ground rod for each camera pole and connect the camera pole 
to the ground rod as shown on the drawings 

3.1.11   Field Applied Painting

Paint electrical equipment as required to match finish of adjacent 
surfaces or to meet the indicated or specified safety criteria.  Painting 
must be as specified in Section 09 90 00  PAINTS AND COATINGS.

3.2   ADJUSTMENT, ALIGNMENT, SYNCHRONIZATION, AND CLEANING

a.  Clean each system component of dust, dirt, grease, or oil incurred 
during and after installation or accrued subsequent to installation 
from other project activities subsequent to installation.   

b.  Prepare for system activation by manufacturer's recommended procedures 
for adjustment, alignment, or synchronization.   

c.  Prepare each component in accordance with appropriate provisions of 
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component installation, operations, and maintenance manuals.   

d.  Remove large vegetation that may sway in the wind and touch fencing.

e.  Adjust sensors so that coverage is  maximized without mutual 
interference.

3.3   SYSTEM STARTUP

Do not apply power to the system until after:

a.  Set up system equipment items and communications in accordance with 
manufacturer's instructions.

b.  Conduct a system visual inspection to ensure that defective equipment 
items have not been installed and that there are no loose connections.

c.  Test and verify system wiring as correctly connected.

d.  Verify system grounding and transient protection systems as properly 
installed.

e.  Verify the correct voltage, phasing, and frequency of the system power 
supplies.

Satisfication of the requirements above does not relieve the contractor of 
responsibility for incorrect installations, defective equipment items, or 
collateral damage as result of Contractor work or equipment.

3.4   SUPPLEMENTAL CONTRACTOR QUALITY CONTROL

Provide the services of technical representatives who are familiar with 
all components and installation procedures of the installed system; and 
are approved by the Contracting Officer.  These representatives are to be 
present on the job site during the preparatory and initial phases of 
quality control to provide technical assistance.  These representatives 
are also to be available on an as needed basis to provide assistance with 
follow-up phases of quality control.  These technical representatives are 
to participate in the system testing and validation and provide 
certification that their respective system portions meet the contractual 
requirements.  

The above requirements supplement the quality control requirements 
specified elsewhere in the contract.

3.5   ESS SYSTEM TESTING 

All ESS Testing requirements are specified in Section 28 08 10  ELECTRICAL 
SECURITY SYSTEM ACCEPTANCE TESTING.

3.6   ESS TRAINING

Conduct training courses for 10 designated personnel in system maintenance 
and operation.  Coordinate training with the Government.  The training is 
to be oriented to the specific system being installed.  Training content  
is to include training manuals and audio-visual materials.  Deliver 
training manuals for each trainee with 2 additional copies delivered for 
archiving at the project site.  The manuals are to include an agenda, 
defined objectives for each lesson, and a detailed subject matter 
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description for each lesson.

Furnish audio-visual equipment and other training materials and supplies.  
Deliver copies of the audio-visual materials to the Government either as a 
part of the printed training manuals or on the same media as that used 
during the training sessions when course portions are presented using 
audio-visual material.

3.6.1   ESS Training Outline

Submit a training plan  for the training phases, including type of training 
to be provided, outline of training manuals, training course agendas, and 
a list of reference material, for Government approval.   

3.6.2   Typical Training Day

A training day is defined as:  

a.  Eight hours of classroom instruction, with  

(1) Two 15-minute breaks

(2) One hour lunch break

b.  Conducted:  

(1) Monday through Friday

(2) During the daytime shift in effect at a Government-provided 
training facility

For guidance in planning the required instruction, assume that attendees 
will have a high school education or equivalent, and are familiar with 
ESS.  Approval of the planned training schedule is to be obtained from the 
Government at least 30 days prior to the training.

3.6.3   ESS Administrator Training

a.  ACS and IDS Administrator Training includes:

(1)  Two eight-hour on-site training sessions 

(2)  Operating system procedures and configuration

(3)  Operator functions

(4)  Database functions and setup

(5)  Card holder input and deletion procedures

(6)  Report generation

(7)  Applications programs (as applicable)

(8) Graphics generation and manipulation

(9)  Items unique to the ACS and IDS interfaces with other systems
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(10) System backup and restore

b.  CCTV System Administrator Training includes:

(1)  One eight-hour session on site

(2)  Training is to include all administrator and operator functions, 
and items unique to the installed CCTV System, and interfaces with 
other systems.

3.6.4   ESS Operator Training

Coordinate the operator training syllabus with the Government prior to 
conducting operator training.

a.  ACS and IDS Operator Training includes:

(1)  Four (one-day) 8 hour on-site training sessions

(2)  System operating procedures

(3)  System configuration orientation

(4)  Alarm acknowledgment

(5)  Alarm response logging

(6)  Graphics functionality

(7)  Items unique to the ACS and IDS interfaces with other systems

b.  CCTV Operator Training includes:

(1)  Two (one-day) 8 hour on-site training sessions

(2)  System operating procedures  

(3)  System configuration 

(4)  Video call-up

(5)  Camera and monitor control
 

(6)  Graphics functionality

(7)  Basic device terminology and troubleshooting

3.6.5   Maintenance Personnel Training

The system maintenance course is to be taught at the project site after 
endurance test completion for a period of five training days.  A maximum 
of five personnel, designated by the Government, will attend the course.  
The training includes:

a.  Physical layout of each piece of hardware.

b.  Troubleshooting and diagnostics procedures.

c.  Component repair and replacement procedures.
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d.  Maintenance procedures and schedules to include system testing after 
repair.

e.  Calibration procedures.  Upon course completion, the students are to 
be proficient in system maintenance.

f.  Review of site-specific drawing package, device location, 
communication, topology, and flow.

3.6.6   Follow-up Training

a.  Provide One hour training session each month for two months after 
initial training.

b.  Follow-up training is to begin one month after initial training.  

c.  Training is to include testing for system competence.

3.7   NAMEPLATE MOUNTING

Provide nameplate number, location, and letter designation as indicated.  
Fasten nameplates to the device with a minimum of two sheet-metal screws 
or rivets.

        -- End of Section --
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SECTION 28 31 76

INTERIOR FIRE ALARM AND MASS NOTIFICATION SYSTEM, ADDRESSABLE

PART 1   GENERAL

1.1   REFERENCES

The publications listed below form a part of this specification to the 
extent referenced.  The publications are referred to within the text by 
the basic designation only.

ACOUSTICAL SOCIETY OF AMERICA (ASA)

ASA S3.2 (2009; R 2014) Method for Measuring the 
Intelligibility of Speech Over 
Communication Systems (ASA 85)

FM GLOBAL (FM)

FM APP GUIDE (updated on-line) Approval Guide 
http://www.approvalguide.com/

INSTITUTE OF ELECTRICAL AND ELECTRONICS ENGINEERS (IEEE)

IEEE C62.41.1 (2002; R 2008) Guide on the Surges 
Environment in Low-Voltage (1000 V and 
Less) AC Power Circuits

IEEE C62.41.2 (2002) Recommended Practice on 
Characterization of Surges in Low-Voltage 
(1000 V and Less) AC Power Circuits

NATIONAL FIRE PROTECTION ASSOCIATION (NFPA)

NFPA 4 (2018) Standard for Integrated Fire 
Protection and Life Safety System Testing

NFPA 70 (2020; ERTA 20-1 2020; ERTA 20-2 2020; TIA 
20-1; TIA 20-2; TIA 20-3; TIA 20-4) 
National Electrical Code

NFPA 72 (2019; TIA 19-1; ERTA 1 2019) National 
Fire Alarm and Signaling Code

NFPA 90A (2021) Standard for the Installation of 
Air Conditioning and Ventilating Systems

NFPA 170 (2018) Standard for Fire Safety and 
Emergency Symbols

U.S. DEPARTMENT OF DEFENSE (DOD)

UFC 3-601-02 (2010) Operations and Maintenance: 
Inspection, Testing, and Maintenance of 
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Fire Protection Systems

UFC 4-010-06 (2016; with Change 1, 2017) Cybersecurity 
of Facility-Related Control Systems

U.S. NATIONAL ARCHIVES AND RECORDS ADMINISTRATION (NARA)

47 CFR 15 Radio Frequency Devices

47 CFR 90 Private Land Mobile Radio Services

UNDERWRITERS LABORATORIES (UL)

UL 268 (2016; Reprint Oct 2019) UL Standard for 
Safety Smoke Detectors for Fire Alarm 
Systems

UL 268A (2008; Reprint Oct 2014) Smoke Detectors 
for Duct Application

UL 464 (2016; Reprint Sep 2017) UL Standard for 
Safety Audible Signaling Devices for Fire 
Alarm and Signaling Systems, Including 
Accessories

UL 497A (2001; Bul. 2019) UL Standard for Safety 
Secondary Protectors for Communications 
Circuits

UL 497B (2004; Reprint Dec 2012) Protectors for 
Data Communication Circuits

UL 521 (1999; Reprint Dec 2017) UL Standard for 
Safety Heat Detectors for Fire Protective 
Signaling Systems

UL 864 (2014; Reprint May 2020) UL Standard for 
Safety Control Units and Accessories for 
Fire Alarm Systems

UL 1283 (2017) UL Standard for Safety 
Electromagnetic Interference Filters

UL 1449 (2014; Reprint Jul 2017) UL Standard for 
Safety Surge Protective Devices

UL 1480 (2016; Reprint Sep 2017) UL Standard for 
Safety Speakers for Fire Alarm and 
Signaling Systems, Including Accessories

UL 1638 (2016; Reprint Sep 2017) UL Standard for 
Safety Visible Signaling Devices for Fire 
Alarm and Signaling Systems, Including 
Accessories

UL 1971 (2002; Reprint Oct 2008) Signaling Devices 
for the Hearing Impaired

UL 2017 (2008; Reprint Dec 2018) UL Standard for 
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Safety General-Purpose Signaling Devices 
and Systems

UL 2034 (2017; Reprint Sep 2018) UL Standard for 
Safety Single and Multiple Station Carbon 
Monoxide Alarms

UL 2075 (2013; Bul. 2019) UL Standard for Safety 
Gas and Vapor Detectors and Sensors

UL 2572 (2016; Bul. 2018) UL Standard for Safety 
Mass Notification Systems

UL Fire Prot Dir (2012) Fire Protection Equipment Directory

1.2   RELATED SECTIONS

Section 25 05 11  Cybersecurity for Facility-Related Control Systems, 
applies to this section, with the additions and modifications specified 
herein.  In addition, refer to the following sections for related work and 
coordination:

Section 21 13 13  WET PIPE SPRINKLER SYSTEM, FIRE PROTECTION
1.3   SUMMARY

1.3.1   Scope

a.  This work includes designing and providing a new, complete, fire alarm 
and mass notification (MNS) system as described herein and on the 
contract drawings  for the 309 SWEG Building .  Include system wiring, 
raceways, pull boxes, terminal cabinets, outlet and mounting boxes, 
control equipment, initiating devices, notification appliances, 
supervising station fire alarm transmitters/mass notification 
transceiver, and other accessories and miscellaneous items required 
for a complete operational system even though each item is not 
specifically mentioned or described.  Provide system complete and 
ready for operation.  Design and installation must comply with UFGS 
25 05 11 , UFC 4-010-06  and AFGM 2019-320-02.

b.  Provide equipment, materials, installation, workmanship, inspection, 
and testing in strict accordance with  NFPA 72 , except as modified 
herein.  The system layout on the drawings show the intent of coverage 
and suggested locations.  Final quantity, system layout, and 
coordination are the responsibility of the Contractor.

f.  The fire alarm and mass notification system must be independent of the 
building security, building management, and energy/utility monitoring 
systems other than for control functions.

1.3.2   Qualified Fire Protection Engineer (QFPE)

Services of the QFPE must include:

a.  Reviewing SD-02, SD-03, and SD-05 submittal packages for completeness 
and compliance with the provisions of this specification.  
Construction (shop) drawings and calculations must be prepared by, or 
prepared under the immediate supervision of, the QFPE.  The QFPE must 
affix their professional engineering stamp with signature to the shop 
drawings, calculations, and material data sheets, indicating approval 
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prior to submitting the shop drawings to the DFPE.

b.  Providing a letter documenting that the SD-02, SD-03, and SD-05 
submittal package has been reviewed and noting any outstanding 
comments.

c.  Performing in-progress construction surveillance prior to installation 
of ceilings (rough-in inspection).

d.  Witnessing pre-Government and final Government functional performance 
testing and performing a final installation review.

e.  Signing applicable certificates under SD-07.

1.4   DEFINITIONS

Wherever mentioned in this specification or on the drawings, the 
equipment, devices, and functions must be defined as follows:

1.4.1   Interface Device

An addressable device that interconnects hard wired systems or devices to 
an analog/addressable system.

1.4.2   Fire Alarm and Mass Notification Control Unit (FMCU)

A master control unit having the features of a fire alarm control unit 
(FACU) and an autonomous control unit (ACU) where these units are 
interconnected to function as a combined fire alarm/mass notification 
system.  The FACU and ACU functions may be contained in a single cabinet 
or in independent, interconnected, and co-located cabinets.

1.4.3   Remote Fire Alarm and Mass Notification Control Unit

A control unit, physically remote from the fire alarm and mass 
notification control unit, that receives inputs from automatic and manual 
fire alarm devices; may supply power to detection devices and interface 
devices; may provide transfer of power to the notification appliances; may 
provide transfer of condition to relays or devices connected to the 
control unit; and reports to and receives signals from the fire alarm and 
mass notification control unit.

1.4.4   Local Operating Console (LOC)

A unit designed to allow emergency responders and/or building occupants to 
operate the MNS including delivery of recorded messages and/or live voice 
announcements, initiate visual, textual visual, and audible appliance 
operation and other relayed functions.

1.4.5   Terminal Cabinet

A steel cabinet with locking, hinge-mounted door where terminal strips are 
securely mounted inside the cabinet.

1.4.6   Control Module and Relay Module

Terms utilized to describe emergency control function interface devices as 
defined by NFPA 72 .
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1.4.7   Designated Fire Protection Engineer (DFPE)

The DoD fire protection engineer that oversees that Area of Responsibility 
for that project.  This is sometimes referred to as the "cognizant" fire 
protection engineer.  Interpret reference to "authority having 
jurisdiction" and/or AHJ in referenced standards to mean the Designated 
Fire Protection Engineer (DFPE).  The DFPE may be responsible for review 
of the contractor submittals having a "G" designation, and for witnessing 
final inspection and testing.

1.4.8   Qualified Fire Protection Engineer (QFPE)

A QFPE is an individual who is a licensed professional engineer (P.E.), 
who has passed the fire protection engineering written examination 
administered by the National Council of Examiners for Engineering and 
Surveying (NCEES) and has relevant fire protection engineering experience.

1.5   SUBMITTALS

Government approval is required for submittals with a "G" or "S" 
classification.  Submittals not having a "G" or "S" classification are for 
information only.  When used, a code following the "G" classification 
identifies the office that will review the submittal for the Government.

Shop drawings (SD-02), product data (SD-03) and calculations (SD-05) must 
be prepared by the fire alarm designer and combined and submitted as one 
complete package.  The QFPE must review the SD-02/SD-03/SD-05 submittal 
package for completeness and compliance with the Contract provisions prior 
to submission to the Government.  The QFPE must provide a Letter of 
Confirmation that they have reviewed the submittal package for compliance 
with the contract provisions.  This letter must include their registered 
professional engineer stamp and signature.  Partial submittals and 
submittals not reviewed by the QFPE will be returned by the Government 
disapproved without review.

Submit the following in accordance with Section 01 33 00  SUBMITTAL 
PROCEDURES:

SD-01 Preconstruction Submittals

Qualified Fire Protection Engineer (QFPE) ; G

Fire alarm system designer ; G

Supervisor ; G

Technician ; G

Installer ; G

Test Technician ; G

Fire Alarm System Site-Specific Software Acknowledgement ; G

SD-02 Shop Drawings

Nameplates ; G

Instructions ; G
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Wiring Diagrams ; G

System Layout ; G

Notification Appliances ; G

Initiating devices ; G

Amplifiers ; G

Battery Power ; G

Voltage Drop Calculations ; G

SD-03 Product Data

Fire Alarm and Mass Notification Control Unit (FMCU) ; G

Local Operating Console (LOC) ; G

Amplifiers ; G

Tone Generators ; G

Digitalized voice generators ; G

LCD Annunciator ; G

Manual Stations ; G

Smoke Detectors ; G

Duct Smoke Detectors ; G

Heat Detectors ; G

Carbon monoxide detector ; G

Addressable Interface Devices ; G

Addressable Control Modules ; G

Isolation Modules ; G

Notification Appliances ; G

Textual Display Sign Control Panel ; G

Textual Display Signs ; G

Batteries ; G

Battery Chargers ; G

Supplemental Notification Appliance Circuit Panels ; G

Auxiliary Power Supply Panels ; G

SECTION 28 31 76  Page 10



CAPITAL PROJECT # 1043925 MAY 2022 HAFB 309th SWEG
KRSM200806 100% FINAL SUBMITTAL

Surge Protective Devices ; G

Alarm Wiring ; G

Terminal Cabinets ; G

Digital Alarm Communicator Transmitter (DACT) ; G

Mass Notification Transceiver ; G

Electromagnetic Door Holders ; G

Environmental Enclosures or Guards ; G

Document Storage Cabinet ; G

SD-05 Design Data

SD-06 Test Reports

Test Procedures ; G

SD-07 Certificates

Verification of Compliant Installation ; G

Request for Government Final Test ; G

SD-10 Operation and Maintenance Data

Operation and Maintenance (O&M) Instructions ; G

Instruction of Government Employees ; G

SD-11 Closeout Submittals

As-Built Drawings

Spare Parts

1.6   SYSTEM OPERATION

Fire alarm system/mass notification system including textual display sign 
control panel(s), components requiring power, except for the FMCU(s) power 
supply, must operate on 24 volts DC unless noted otherwise in this section.

The interior fire alarm and mass notification system must be a complete, 
supervised, noncoded, analog/addressable fire alarm and mass notification 
system conforming to NFPA 72 , UL 864 , and UL 2572 .  Systems meeting UL 2017
 only are not acceptable.  The system must be activated into the alarm 
mode by actuation of an alarm initiating device.  The system must remain 
in the alarm mode until the initiating device is reset and the control 
unit is reset and restored to normal.  The system may be placed in the 
alarm mode by local microphones, LOC, FMCU, or remotely from authorized 
locations/users.
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1.6.1   Alarm Initiating Devices and Notification Appliances (Visual, Voice, 
Textual)

a.  Connect alarm initiating devices to initiating device circuits (IDC) 
Class "B", or to signaling line circuits (SLC) Class "B" and installed 
in accordance with NFPA 72 .

b.  Connect notification appliances to notification appliance circuits 
(NAC) Class "B".

1.6.2   Functions and Operating Features

The system must provide the following functions and operating features:

a.  Power, annunciation, supervision, and control for the system.  
Addressable systems must be microcomputer (microprocessor or 
microcontroller) based with a minimum word size of eight bits with 
sufficient memory to perform as specified.

b.  Visual alarm notification appliances must be synchronized as required 
by NFPA 72 .

c.  Electrical supervision of the primary power (AC) supply, presence of 
the battery, battery voltage, and placement of system modules within 
the control unit.

d.  An audible and visual trouble signal to activate upon a single break 
or open condition, or ground fault.  The trouble signal must also 
operate upon loss of primary power (AC) supply, absence of a battery 
supply, low battery voltage, or removal of alarm or supervisory 
control unit modules.  After the system returns to normal operating 
conditions, the trouble signal must again sound until the trouble is 
acknowledged.  A smoke detector in the process of being verified for 
the actual presence of smoke must not initiate a trouble condition.

e.  A trouble signal silence feature that must silence the audible trouble 
signal, without affecting the visual indicator.

f.  Program capability via switches in a locked portion of the FMCU to 
bypass the automatic notification appliance circuits,  features.  
Operation of this programmed action must indicate on the FMCU display 
as a supervisory or trouble condition.

g.  Alarm functions must override trouble or supervisory functions.  
Supervisory functions must override trouble functions.

h.  The system must be capable of being programmed from the control unit 
keyboard.  Programmed information must be stored in non-volatile 
memory.

i.  The system must be capable of operating, supervising, and/or 
monitoring non-addressable alarm and supervisory devices.

j.  There must be no limit, other than maximum system capacity, as to the 
number of addressable devices that may be in alarm simultaneously.

k.  Where the fire alarm/mass notification system is responsible for 
initiating an action in another emergency control device or system, 
such as the addressable fire alarm relay must be located in the 
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vicinity of the emergency control device.

l.  An alarm signal must automatically initiate the following functions:

(1) Transmission of an alarm signal to the fire department.

(2) Visual indication of the device operated on the FMCU, and on the 
remote annunciator.  Indication on the graphic annunciator must be 
by floor, zone or circuit, and type of device.

(4) Actuation of alarm notification appliances.

(5) Recording of the event electronically in the history log of the 
FMCU.

m.  A supervisory signal must automatically initiate the following 
functions:

(1) Visual indication of the device operated on the FMCU, and on the 
remote annunciator. (3) Transmission of a supervisory signal to the 
fire department.

(4) Operation of a duct smoke detector must shut down the appropriate 
air handler in accordance with NFPA 90A in addition to other 
requirements of this paragraph and as allowed by NFPA 72 .

(5) Recording of the event electronically in the history log of the 
FMCU.

n.  A trouble condition must automatically initiate the following 
functions:

(1) Visual indication of the device operated on the FMCU, and on the 
remote annunciator. (3) Transmission of a trouble signal to the 
fire department.

(4) Recording of the event electronically in the history log of the 
FMCU.

o.  Activation of a carbon monoxide alarm initiating device must 
automatically initiate the following functions:

(1) Visual indication of the device operated on the FMCU, and on the 
remote annunciator.

(2) Transmission of a carbon monoxide alarm signal to the fire 
department.

(3) Activation of all strobes and the audible carbon monoxide message 
throughout the building.

(4) Recording of the event electronically in the history log of the 
FMCU.

p.  System control equipment must be programmed to provide a 60-minute to 
180-minute delay in transmission of trouble signals resulting from 
primary power failure.
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q.  Activation of a LOC pushbutton must activate the audible and visual 
alarms in the facility.  The audible message must be the one 
associated with the pushbutton activated.

1.7   TECHNICAL DATA AND SITE-SPECIFIC SOFTWARE

Technical data and site-specific software (meaning technical data that 
relates to computer software) that are specifically identified in this 
project, and may be required in other specifications, must be delivered, 
strictly in accordance with the CONTRACT CLAUSES.  The fire alarm system 
manufacturer must submit written confirmation of this contract provision 
as " Fire Alarm System Site-Specific Software Acknowledgement ".  Identify 
data delivered by reference to the specification paragraph against which 
it is furnished.  Data to be submitted must include complete system, 
equipment, and software descriptions.  Descriptions must show how the 
equipment will operate as a system to meet the performance requirements of 
this contract.  The site-specific software data package must also include 
the following:

a.  Items identified in NFPA 72 , titled "Site-Specific Software".

b.  Identification of programmable portions of the system equipment and 
capabilities.

c.  Description of system revision and expansion capabilities and methods 
of implementation detailing both equipment and software requirements.

d.  Provision of operational software data on all modes of programmable 
portions for fire alarm and mass notification.

e.  Description of Fire Alarm and Mass Notification Control Unit equipment 
operation.

f.  Description of auxiliary and remote equipment operations.

g.  Library of application software.

h.  Operation and maintenance manuals.

1.8   QUALITY ASSURANCE

1.8.1   Submittal Documents

1.8.1.1   Preconstruction Submittals

Within 36 days of contract award but not less than  prior to commencing 
any work on site, the Contractor must submit the following for review and 
approval.  SD-02, SD-03 and SD-05 submittals received prior to the review 
and approval of the qualifications of the fire alarm subcontractor and 
QFPE must be returned disapproved without review.  All resultant delays 
must be the sole responsibility of the Contractor.

1.8.1.2   Shop Drawings

Shop drawings must not be smaller than the Contract Drawings.  Drawings 
must comply with the requirements of NFPA 72  and NFPA 170 .  Minimum scale 
for floor plans must be 1/8"=1'.
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1.8.1.3   Nameplates

Nameplate illustrations and data to obtain approval by the Contracting 
Officer before installation.

1.8.1.4   Wiring Diagrams

1 copies of point-to-point wiring diagrams showing the points of 
connection and terminals used for electrical field connections in the 
system, including interconnections between the equipment or systems that 
are supervised or controlled by the system.  Diagrams must show 
connections from field devices to the FMCU and remote FMCU, initiating 
circuits, switches, relays and terminals, including pathway diagrams 
between the control unit and shared communications equipment within the 
protected premises.  Point-to-point wiring diagrams must be job specific 
and must not indicate connections or circuits not being utilized.  Provide 
complete riser diagrams indicating the wiring sequence of all devices and 
their connections to the control equipment.  Include a color-code schedule 
for the wiring.

1.8.1.5   System Layout

3 copies of plan view drawing showing device locations, terminal cabinet 
locations, junction boxes, other related equipment, conduit routing, 
conduit sizes, wire counts, conduit fill calculations, wire color-coding, 
circuit identification in each conduit, and circuit layouts for all 
floors.  Indicate candela rating of each visual notification appliance.  
Indicate the wattage of each speaker.  Clearly identify the locations of 
isolation modules.  Indicate the addresses of all devices, modules, 
relays, and similar.  Show/identify all acoustically similar spaces.  
Indicate if the environment for the FMCU is within its environmental 
listing (e.g. temperature/humidity).

Provide a complete description of the system operation in matrix format 
similar to the "Typical Input/Output Matrix" included in the Annex of 
NFPA 72 .

1.8.1.6   Notification Appliances

Calculations and supporting data on each circuit to indicate that there is 
at least 25 percent spare capacity for notification appliances.  Annotate 
data for each circuit on the drawings.

1.8.1.7   Initiating Devices

Calculations and supporting data on each circuit to indicate that there is 
at least 25 percent spare capacity for initiating devices.  Annotate data 
for each circuit on the drawings.

1.8.1.8   Amplifiers

Calculations and supporting data to indicate that amplifiers have 
sufficient capacity to simultaneously drive all notification speakers at 
tapped settings plus 25 percent spare capacity.  Annotate data for each 
circuit on the drawings.

1.8.1.9   Battery Power

Calculations and supporting data as required in paragraph Battery Power 
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Calculations for alarm, alert, and supervisory power requirements.  
Calculations including ampere-hour requirements for each system component 
and each control unit component, and the battery recharging period, must 
be included on the drawings.

1.8.1.10   Voltage Drop Calculations

Voltage drop calculations for each notification circuit indicating that 
sufficient voltage is available for proper operation of the system and all 
components, at a minimum rated voltage of the system operating on 
batteries.  Include the calculations on the system layout drawings.

1.8.1.11   Product Data

3 copies of annotated descriptive data to show the specific model, type, 
and size of each item.  Catalog cuts must also indicate the NRTL listing.  
The data must be highlighted to show model, size, and options that are 
intended for consideration.  Data must be adequate to demonstrate 
compliance with all contract requirements.  Product data for all equipment 
must be combined into a single submittal.

Provide an equipment list identifying the type, quantity, make, and model 
number of each piece of equipment to be provided under this submittal.  
The equipment list must include the type, quantity, make and model of 
spare equipment.  Types and quantities of equipment submitted must 
coincide with the types and quantities of equipment used in the battery 
calculations and those shown on the shop drawings.

1.8.1.12   Operation and Maintenance (O&M) Instructions

Six copies of the Operation and Maintenance Instructions.  The O&M 
Instructions must be prepared in a single volume or in multiple volumes, 
with each volume indexed, and may be submitted as a Technical Data 
Package.  Manuals must be approved prior to training.  The Interior Fire 
Alarm And Mass Notification System Operation and Maintenance Instructions 
must include the following:

a.  "Manufacturer Data Package five" as specified in Section 01 78 23  
OPERATION AND MAINTENANCE DATA.

b.  Operating manual outlining step-by-step procedures required for system 
startup, operation, and shutdown.  The manual must include the 
manufacturer's name, model number, service manual, parts list, and 
preliminary equipment list complete with description of equipment and 
their basic operating features.

c.  Maintenance manual listing routine maintenance procedures, possible 
breakdowns and repairs, and troubleshooting guide.  The manuals must 
include conduit layout, equipment layout and simplified wiring, and 
control diagrams of the system as installed.

d.  Complete procedures for system revision and expansion, detailing both 
equipment and software requirements.

e.  Software submitted for this project on CD/DVD media utilized.

f.  Printouts of configuration settings for all devices.

g.  Routine maintenance checklist.  The routine maintenance checklist must 
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be arranged in a columnar format.  The first column must list all 
installed devices, the second column must state the maintenance 
activity or state no maintenance required, the third column must state 
the frequency of the maintenance activity, and the fourth column 
provided for additional comments or reference.  All data (devices, 
testing frequencies, and similar) must comply with UFC 3-601-02 .

h.  A final Equipment List must be submitted with the Operating and 
Maintenance (O&M) manual.

1.8.1.13   As-Built Drawings

The drawings must show the system as installed, including deviations from 
both the project drawings and the approved shop drawings.  These drawings 
must be submitted within two weeks after the final Government test of the 
system.  At least one set of the as-built (marked-up) drawings must be 
provided at the time of, or prior to the final Government test.

1.8.2   Qualifications

1.8.2.1   Fire Alarm System Designer

The fire alarm system designer must be certified as a Level III (minimum) 
Technician by National Institute for Certification in Engineering 
Technologies (NICET) in the Fire Alarm Systems subfield of Fire Protection 
Engineering Technology or meet the qualifications for a QFPE.

1.8.2.2   Supervisor

A NICET Level III fire alarm technician must supervise the installation of 
the fire alarm/mass notification system. The fire alarm technicians 
supervising the installation of equipment must be factory trained in the 
installation, adjustment, testing, and operation of the equipment 
specified herein and on the drawings.

1.8.2.3   Technician

Fire alarm technicians with a minimum of four years of experience must be 
utilized to install and terminate fire alarm/mass notification devices, 
cabinets and control units.  The fire alarm technicians installing the 
equipment must be factory trained in the installation, adjustment, 
testing, and operation of the equipment specified herein and on the 
drawings.

1.8.2.4   Installer

Fire alarm installer with a minimum of two years of experience utilized to 
assist in the installation of fire alarm/mass notification devices, 
cabinets and control units .  A licensed electrician must be allowed to 
install wire, cable, conduit and backboxes for the fire alarm system/mass 
notification system.  The fire alarm installer must be factory trained in 
the installation, adjustment, testing, and operation of the equipment 
specified herein and on the drawings.

1.8.2.5   Test Technician

Fire alarm technicians with a minimum of eight years of experience and 
NICET Level III utilized in testing and certification of the installation 
of the fire alarm/mass notification devices, cabinets and control units.  
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The fire alarm technicians testing the equipment must be factory trained 
in the installation, adjustment, testing, and operation of the equipment 
installed as part of this project.

1.8.2.6   Manufacturer

Components must be of current design and must be in regular and recurrent 
production at the time of installation.  Provide design, materials, and 
devices for a protected premises fire alarm system, complete, conforming 
to NFPA 72 , except as specified herein.

1.8.3   Regulatory Requirements

Equipment and material must be listed or approved.  Listed or approved, as 
used in this section, means listed, labeled or approved by a Nationally 
Recognized Testing Laboratory (NRTL) such as UL Fire Prot Dir  or 
FM APP GUIDE.  The omission of these terms under the description of any 
item of equipment described must not be construed as waiving this 
requirement.  All listings or approvals by testing laboratories must be 
from an existing ANSI or UL published standard.  The recommended practices 
stated in the manufacturer's literature or documentation must be 
considered as mandatory requirements.

1.9   DELIVERY, STORAGE, AND HANDLING

Protect equipment delivered and placed in storage from the weather, 
humidity, and temperature variation, dirt and dust, and other contaminants.

1.10   MAINTENANCE

1.10.1   Spare Parts

Furnish the following spare parts in the manufacturers original unopened 
containers:

a.  Five complete sets of system keys.

b.  Two of each type of fuse required by the system.

c.  One manual stations.

d.  Two of each type of detector installed.

e.  Two of each type of detector base and head installed.

i.  Two of each type of audible and visual alarm device installed.

j.  One textual visual notification appliance.

k.  Two of each type of addressable monitor module installed.

l.  Two of each type of addressable control module installed.

m.  Two low voltage, , and one 120 VAC surge protective device.

1.10.2   Special Tools 

Software, connecting cables and proprietary equipment, necessary for the 
maintenance, testing, and reprogramming of the equipment must be furnished 
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to the Contracting Officer, prior to the instruction of Government 
employees.

PART 2   PRODUCTS

2.1   GENERAL PRODUCT REQUIREMENT

All fire alarm and mass notification equipment must be listed for use 
under the applicable reference standards.  Interfacing of UL 864  or 
similar approved industry listing with Mass Notification equipment listed 
to UL 2572  must be done in a laboratory listed configuration, if the 
software programming features cannot provide a listed interface control.

2.2   MATERIALS AND EQUIPMENT

2.2.1   Standard Products

Provide materials, equipment, and devices that have been tested by a 
nationally recognized testing laboratory and listed for fire protection 
service when so required by NFPA 72  or this specification.  Select 
material from one manufacturer, where possible, and not a combination of 
manufacturers, for any particular classification of materials.  Material 
and equipment must be the standard products of a manufacturer regularly 
engaged in the manufacture of the products for at least 2 years prior to 
bid opening.

2.2.2   Nameplates

Major components of equipment must have the manufacturer's name, address, 
type or style, model or serial number, catalog number, date of 
installation, installing Contractor's name and address, and the contract 
number provided on a new name plate permanently affixed to the item or 
equipment.  Major components include, but are not limited to, the 
following:

a.  FMCU

Nameplates must be etched metal or plastic, permanently attached by screws 
to control units or adjacent walls.

2.2.3   Keys

Keys and locks for equipment, control units and devices must be 
identical.  Master all keys and locks to a single key as required by the 
Installation Fire Department.  Keys must be CAT 60.

2.2.4   Instructions

Provide a typeset printed or typewritten instruction card mounted behind a 
Lexan plastic or glass cover in a stainless steel or aluminum frame.  
Install the frame in a conspicuous location observable from the FMCU.  The 
card must show those steps to be taken by an operator when a signal is 
received as well as the functional operation of the system under all 
conditions, normal, alarm, supervisory, and trouble.  The instructions 
must also include procedures for operating live voice microphones.  The 
instructions and their mounting location must be approved by the 
Contracting Officer before being posted.
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2.3   FIRE ALARM  AND MASS NOTIFICATION CONTROL UNIT

Provide a complete fire alarm and mass notification control unit (FMCU)  
fully enclosed in a lockable steel cabinet as specified herein.  
Operations required for testing or for normal care,  maintenance, and use 
of the system must be performed from the front of the enclosure.  If more 
than a single unit is required at a location to form a complete control 
unit, the unit cabinets must match exactly.  If more than a single unit is 
required, and is located in the lobby/entrance, notify the Contracting 
Officer's Designated Representative (COR), prior to installing the 
equipment.  The system must be capable of defining any module as an alarm 
module and report alarm trouble, loss of polling, or as a supervisory 
module, and reporting supervisory short, supervisory open or loss of 
polling such as waterflow switches, valve supervisory switches, fire pump 
monitoring, independent smoke detection systems, relays for output 
function actuation.

a.  Each control unit must provide power, supervision, control, and logic 
for the entire system, utilizing solid state, modular components, 
internally mounted and arranged for easy access.  Each control unit 
must be suitable for operation on a 120 volt, 60 hertz, normal 
building power supply.  Provide each control unit with supervisory 
functions for power failure, internal component placement, and 
operation.

b.  Visual indication of alarm, supervisory, or trouble initiation on the 
FMCU must be by liquid crystal display or similar means with a minimum 
of 80 characters.  The mass notification control unit must have the 
capability of temporarily deactivate the fire alarm audible 
notification appliances while delivering voice messages.

c.  Provide secure operator console for initiating recorded messages, 
strobes and displays; and for delivering live voice messages.  Provide 
capacity for at least eight prerecorded messages.  Provide the ability 
to automatically repeat prerecorded messages.  Provide a secure 
microphone for delivering live messages.  Provide adequate discrete 
outputs to temporarily deactivate fire alarm audible notification,  
initiate/synchronize strobes and initiate textual visual notification 
appliances.  Provide a complete set of self-diagnostics for controller 
and appliance network.  Provide local diagnostic information display 
and local diagnostic information and system event log file.

2.3.1   Cabinet

Install control unit components in cabinets large enough to accommodate 
all components and also to allow ample gutter space for interconnection of 
control units as well as field wiring.  The cabinet must be a sturdy steel 
housing, complete with back box, hinged steel door with cylinder lock, and 
surface mounting provisions.  The enclosure must be identified by an 
engraved phenolic resin nameplate.  Lettering on the nameplate must say 
"Fire Alarm and Mass Notification control unit" and must not be less than  
1-inch  high.  Provide prominent rigid plastic or metal identification 
plates for lamps, circuits, meters, fuses, and switches.

2.3.2   Silencing Switches

2.3.2.1   Alarm Silencing Switch

Provide an alarm silencing switch at the FMCU that must silence the 
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audible and visual notification appliances.  Subsequent activation of 
initiating devices must cause the notification appliances to re-activate.

2.3.2.2   Supervisory/Trouble Silencing Switch

Provide supervisory and trouble silencing switch(es) that must silence the 
audible trouble and supervisory signal(s), but not extinguish the visual 
indicator.  This switch must be overridden upon activation of a subsequent 
supervisory or trouble condition.  Audible trouble indication must resound 
automatically every 24 hours after the silencing feature has been operated 
if the supervisory or trouble condition still exists.

2.3.3   Non-Interfering

Power and supervise each circuit such that a signal from one device does 
not prevent the receipt of signals from any other device.  Initiating 
devices must be manually reset by switch from the FMCU after the 
initiating device or devices have been restored to normal.

2.3.4   Audible Notification System

The Audible Notification System must comply with the requirements of 
NFPA 72  for Emergency Voice/Alarm Communications System requirements, 
except as specified herein.  The system must be a one-way, multi-channel 
voice notification system incorporating user selectability of a minimum 
eight distinct sounds for tone signaling, and the incorporation of a voice 
module for delivery of recorded messages.  Audible appliances must produce 
a three-pulse temporal pattern for three cycles followed by a voice 
message that is repeated until the control unit is reset or silenced.   For 
carbon monoxide detector activation, audible appliances must produce a 
four-pulse temporal pattern for three cycles followed by a voice message 
that is repeated until the control unit is reset or silenced.   Automatic 
messages must be broadcast through speakers throughout the 
building/facility but not in stairs or elevator cabs.  A live voice 
message must override the automatic audible output through use of a 
microphone input at the control unit or the LOC.

a.  When using the microphone, live messages must be broadcast selectable 
by zone,  or all call.  The system must be capable of operating all 
speakers at the same time.  The Audible Notification System must 
support Public Address (PA) paging for the facility. Activation of the 
public address microphone must not initiate activation of visual 
notification appliances or LED text displays.

b.  The microprocessor must actively interrogate circuitry, field wiring, 
and digital coding necessary for the immediate and accurate 
rebroadcasting of the stored voice data into the appropriate amplifier 
input.  Loss of operating power, supervisory power, or any other 
malfunction that could render the digitalized voice module inoperative 
must automatically cause the three-pulse temporal pattern to take over 
all functions assigned to the failed unit in the event an alarm is 
activated.

2.3.4.1   Outputs and Operational Modules

All outputs and operational modules must be fully supervised with on-board 
diagnostics and trouble reporting circuits.  Provide form "C" contacts for 
system alarm and trouble conditions.  Provide circuits for operation of 
auxiliary appliance during trouble conditions.  During a Mass Notification 

SECTION 28 31 76  Page 21



CAPITAL PROJECT # 1043925 MAY 2022 HAFB 309th SWEG
KRSM200806 100% FINAL SUBMITTAL

event, the control unit must not generate nor cause any trouble alarms to 
be generated with the Fire Alarm system.

2.3.4.2   Mass Notification

a.  The system must have the capability of utilizing an LOC with redundant 
controls of the FMCU.  Notification Appliance Circuits (NAC) must be 
provided for the activation of strobe appliances.  Audio output must 
be selectable for line level.  A hand-held microphone must be provided 
and, upon activation, must take priority over any tone signal, 
recorded message or PA microphone operation in progress, while 
maintaining the strobe NAC circuit activation.

b.  The Mass Notification functions must override the manual or automatic 
fire alarm notification, and public address (PA) functions.  Other 
fire alarm functions including transmission of a signal(s) to the fire 
department must remain operational.  When a mass notification 
announcement is disengaged and a fire alarm condition still exists, 
the audible and visual notification appliances must resume activation 
for alarm conditions.  The fire alarm message must be of lower 
priority that all other messages (except any "test" messages) and must 
not override any other messages.

c.  Messages must be recorded professionally utilizing standard industry 
methods, in a professional female voice.  Message and tone volumes 
must both be at the same decibel level.  Messages recorded from the 
system microphone must not be accepted.  A 1000 Hz tone (as required 
by NFPA 72 ) must precede messages and be similar to the following 
unless Installation or Facility specific messages are required:

Conform tp based standards for messages provided.

d.  Auxiliary Input Module must be designed to be an outboard expansion 
module to either expand the number of optional LOC's, or allow a 
telephone interface.

2.3.5   Memory

Provide each control unit with non-volatile memory and logic for all 
functions.  The use of long life batteries, capacitors, or other 
age-dependent devices must not be considered as equal to non-volatile 
processors, PROMS, or EPROMS.

2.3.6   Field Programmability

Provide control units and control units that are fully field programmable 
for both input and output of control, initiation, notification, 
supervisory, and trouble functions.  The system program configuration must 
be menu driven.  System changes must be password protected.  Any 
proprietary equipment and proprietary software needed by qualified 
technicians to implement future changes to the fire alarm system must be 
provided as part of this contract.

2.3.7   Input/Output Modifications

The FMCU must contain features that allow the bypassing of input devices 
from the system or the modification of system outputs.  These control 
features must consist of a control unit mounted keypad.  Any bypass or 
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modification to the system must indicate a trouble condition on the FMCU.

2.3.8   Resetting

Provide the necessary controls to prevent the resetting of any alarm, 
supervisory, or trouble signal while the alarm, supervisory or trouble 
condition on the system still exists.

2.3.9   Walk Test

The FMCU must have a walk test feature.  When using this feature, 
operation of initiating devices must result in limited system outputs, so 
that the notification appliances operate for only a few seconds and the 
event is indicated in the history log, but no other outputs occur.

2.3.10   History Logging

The control unit must have the ability to store a minimum of 400 events in 
a log.  These events must be stored in a battery-protected memory and must 
remain in the memory until the memory is downloaded or cleared manually.  
Resetting of the control unit must not clear the memory.

2.3.11   Manual Access

An operator at the control unit, having a proper access level, must have 
the capability to manually access the following information for each 
initiating device.

a.  Primary status.

b.  Device type.

c.  Present average value.

d.  Present sensitivity selected.

e.  Detector range (normal, dirty).

2.3.12   Heat Detector Self-Test Routines

Automatic self-test routines must be performed on each detector that will 
functionally check detector sensitivity electronics and ensure the 
accuracy of the value being transmitted.  Any detector that fails this 
test must indicate a trouble condition with the detector location at the 
control unit.

2.4   LOCAL OPERATING CONSOLES (LOC)

2.4.1   General

The LOC must consist of a remote microphone station incorporating a 
push-to-talk (PTT) hand-held microphone and system status indicators.  The 
LOC must have the capability of being utilized to activate prerecorded 
messages.  The unit must incorporate microphone override of any tone 
generation or recorded messages.  The unit must be fully supervised from 
the FMCU.  The housing for the LOC must not be lockable.  The LOC must 
have public address capability with the provision of a separate 
microphone.  The PA paging function must not override any alarm or 
notification functions.  The PA microphone must be hand-held style.  
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Hand-held microphones must be housed in a separate protective cabinet.  
The cabinet must be accessible without the use of a key.  The location of 
the microphones must be approved by the  Designated Fire Protection 
Engineer (DFPE).  Activation of the PA microphone must not initiate 
activation of visual notification appliances or LED text displays.  The PA 
paging function must not override any alarm or notification functions.

2.4.2   Multiple LOCs

When an installation has more than one LOC, the LOCs must be programmed to 
allow only one LOC to be available for paging or messaging at a time.  
Once one LOC becomes active, all other LOC's will have an indication that 
the system is busy (Amber Busy Light) and cannot be used at that time.  
This is to avoid two messages being given at the same time.  It must be 
possible to override or lockout the LOC's from the FMCU.

2.5   AMPLIFIERS, PREAMPLIFIERS, TONE GENERATORS

Any amplifiers, preamplifiers, tone generators, digitalized voice 
generators , and other hardware necessary for a complete, operational, 
textual audible circuit conforming to NFPA 72  must be housed in a remote 
FMCU, terminal cabinet, or in the FMCU.  Individual amplifiers must be 100 
watts maximum.

2.5.1   Operation

The system must automatically operate and control all building speakers.

2.5.2   Construction

Amplifiers must utilize computer grade solid state components and must be 
provided with output protection devices sufficient to protect the 
amplifier against any transient up to 10 times the highest rated voltage 
in the system.

2.5.3   Inputs

Equip each system with separate inputs for the tone generator, digitalized 
voice driver and control unit mounted microphone .  Microphone inputs must 
be of the low impedance, balanced line type.  Both microphone and tone 
generator input must be operational on any amplifier.

2.5.4   Tone Generator

The tone generator must produce a three-pulse temporal pattern and must be 
constantly repeated until interrupted by either the digitalized voice 
message, the microphone input, or the alarm silence mode as specified.  
The tone generator must be single channel with an automatic backup 
generator per channel such that failure of the primary tone generator 
causes the backup generator to automatically take over the functions of 
the failed unit and also causes transfer of the common trouble relay.  The 
tone generator must be provided with securely attached labels to identify 
the component as a tone generator and to identify the specific tone it 
produces.

2.5.5   Protection Circuits

Each amplifier must be constantly supervised for any condition that could 
render the amplifier inoperable at its maximum output.  Failure of any 
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component must cause  illumination of a visual "amplifier trouble" 
indicator on the control unit, appropriate logging of the condition in the 
history log, and other actions for trouble conditions as specified.

2.6   REMOTE ANNUNCIATOR

2.6.1   LCD Annunciator

Provide a semi-recessed mounted annunciator that includes an LCD display.  
The display must indicate the device in trouble/alarm or any supervisory 
device.  Display the device name, address, and actual building location.  
The remote annunciator must duplicate functions of the FMCU for message 
display, fire alarm, supervisory alarm, and trouble conditions, visual and 
audible notification, and system reset functions.  Remote annunciator must 
require the use of a key for accessing the reset, control and other 
functions.

A building floor plan must be provided and mounted (behind Plexiglass or 
similar protective material) at the annunciator location.  The floor plan 
must indicate all rooms by name and number including the locations of 
stairs and elevators.  The floor plan must show all devices and their 
programmed address to facilitate identification of their physical location 
from the LCD display information.

2.7   MANUAL STATIONS

Provide metal or plastic, semi-flush mounted, double-action, addressable 
manual stations, that are not subject to operation by jarring or 
vibration.  Stations must be equipped with screw terminals for each 
conductor.  Stations that require the replacement of any portion of the 
device after activation are not permitted.  Stations must be finished in 
red with molded raised lettering operating instructions of contrasting 
color.  The use of a key must be required to reset the station.

2.8   SMOKE DETECTORS

2.8.1   Spot Type Detectors

Provide addressable photoelectric smoke detectors as follows:

a.  Provide analog/addressable photoelectric smoke detectors utilizing the 
photoelectric light scattering principle for operation in accordance 
with UL 268 .  Smoke detectors must be listed for use with the FMCU.

b.  Provide self-restoring type detectors that do not require any 
readjustment after actuation at the FMCU to restore them to normal 
operation.  The detector must have a visual indicator to show 
actuation.

c.  Vibration must have no effect on the detector's operation.  Protect 
the detection chamber with a fine mesh metallic screen that prevents 
the entrance of insects or airborne materials.  The screen must not 
inhibit the movement of smoke particles into the chamber.

d.  Provide twist lock bases with sounder that produces a minimum of 90 
dBA at  10 feet  with screw terminals for each conductor.  The detectors 
must maintain contact with their bases without the use of springs.

e.  The detector address must identify the particular unit, its location 
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within the system, and its sensitivity setting.  Detectors must be of 
the low voltage type rated for use on a 24 VDC system.

2.8.2   Duct Smoke Detectors

Duct-mounted addressable photoelectric smoke detectors must consist of a 
smoke detector, as specified in paragraph Spot Type Detectors, mounted in 
a special housing fitted with duct sampling tubes.  Detector circuitry 
must be mounted in a metallic or plastic enclosure exterior to the duct.  
It is not permitted to cut the duct insulation to install the duct 
detector directly on the duct.  Detectors must be listed for operation 
over the complete range of air velocities, temperature and humidity 
expected at the detector when the air-handling system is operating.  
Detectors must be powered from the FMCU.

a.  Sampling tubes must run the full width of the duct.  The duct detector 
package must conform to the requirements of NFPA 90A, UL 268A , and 
must be listed for use in air-handling systems.  The control 
functions, operation, reset, and bypass must be controlled from the 
FMCU.

b.  Lights to indicate the operation and alarm condition must be visible 
and accessible with the unit installed and the cover in place.  Remote 
indicators must be provided where required by NFPA 72 .  Remote 
indicators as well as the affected fan units must be properly 
identified in etched plastic placards.

c.  Detectors must provide for control of auxiliary contacts that provide 
control, interlock, and shutdown functions specified in Section 
23 09 00  to INSTRUMENTATION AND CONTROL FOR HVAC.  Auxiliary contacts 
provide for this function must be located within  3 feet  of the 
controlled circuit or appliance.  The auxiliary contacts must be 
supplied by the fire alarm system manufacturer to ensure complete 
system compatibility.

2.9   HEAT DETECTORS

2.9.1   Heat Detectors

Heat detectors must be analog/addressable and designed for detection of 
fire by combination fixed temperature and rate-of-rise principle in 
accordance with UL 521 .  The alarm condition must be determined by 
comparing detector value with the stored values..  Detectors located in 
areas subject to moisture, exterior atmospheric conditions, or hazardous 
locations as defined by NFPA 70 , must be types approved for such locations.

2.10   CARBON MONOXIDE DETECTOR

Analog/addressable carbon monoxide (CO) detectors must be listed to UL 2075
 and set to respond to the sensitivity limits of UL 2034 .  Carbon monoxide 
detectors must be listed for use with fire alarm control units.  Detectors 
must be surface mounted in the horizontal orientation and supported 
independently of wiring connections.  Detectors must be self-restoring.  
For FMCU with no listed compatible addressable CO detectors, provide 
listed 4-wire detectors.  Detector must be provided with an LED status 
indicator.

a.  Where 4-wire CO detectors are necessary, each 4-wire CO detector must 
be individually monitored via addressable interface modules for alarm 
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and off normal/trouble conditions (including loss of power to the 
individual detector).  Power circuits for 4-wire CO detectors must be 
dedicated to powering the CO detectors only.  Battery powered and 120 
VAC powered detectors are prohibited.

b.  Wiring connections must be made by means of screw terminals and 
detectors must be equipped with trouble relays.  Detectors must be 
able to mount a single-gang electrical box.

c.  A trouble condition at an individual CO detector must not affect any 
other CO detectors.  CO detectors must be powered by the FMCU.

d.  Detectors must be provided with a means to test CO gas entry into the 
CO sensing cell.

2.11   ADDRESSABLE INTERFACE DEVICES

The initiating device being monitored must be configured as a Class "B" 
initiating device circuits.  The module must be listed as compatible with 
the control unit.  The  module must provide address setting means 
compatible with the control unit's SLC supervision and store an internal 
identifying code.  Monitor module must contain an integral LED that 
flashes each time the monitor module is polled and is visible through the 
device cover plate.  Pull stations with a monitor module in a common 
backbox are not required to have an LED.  Modules must be listed for the 
environmental conditions in which they will be installed.

2.12   ADDRESSABLE CONTROL MODULES

The control module must be capable of operating as a relay (dry contact 
form C) for interfacing the control unit with other systems, and to 
control door holders or initiate elevator fire service.  The module must 
be listed as compatible with the control unit.  The indicating device or 
the external load being controlled must be configured as Class B 
notification appliance circuits.  The system must be capable of 
supervising, audible, visual and dry contact circuits.  The control module 
must have both an input and output address.  The supervision must detect a 
short on the supervised circuit and must prevent power from being applied 
to the circuit.  The control module must provide address setting means 
compatible with the control unit's SLC supervision and store an internal 
identifying code.  The control module must contain an integral LED that 
flashes each time the control module is polled and is visible through the 
device cover plate.  Control Modules must be listed for the environmental 
conditions in which they will be installed.

2.13   NOTIFICATION APPLIANCES

2.13.1   Audible Notification Appliances

Audible appliances must conform to the applicable requirements of UL 464 .  
Appliances must be connected into notification appliance circuits.  
Surface mounted audible appliances must be painted red.  Recessed audible 
appliances must be installed with a grill that is painted red.

2.13.1.1   Speakers

a.  Speakers must conform to the applicable requirements of UL 1480 .  
Speakers must have six different sound output levels and operate with 
audio line input levels of 70.7 VRMs and 25 VRMs, by means of 
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selectable tap settings.  Interior speaker tap settings must include 
taps of 1/4, 1/2, 1, and 2 watt, at a minimum.  Exterior speakers must 
also be multi-tapped with no more than 15 watt maximum setting.  
Speakers must incorporate a high efficiency speaker for maximum output 
at minimum power across a frequency range of 400 Hz to 4,000 Hz, and 
must have a sealed back construction.  Speakers must be capable of 
installation on standard  4-inch  square electrical boxes.  Where 
speakers and strobes are provided in the same location, they may be 
combined into a single  unit.  All inputs must be polarized for 
compatibility with standard reverse polarity supervision of circuit 
wiring via the FMCU.

b.  Provide speaker mounting plates constructed of cold rolled steel 
having a minimum thickness of  16 gage  or molded high impact plastic 
and equipped with mounting holes and other openings as needed for a 
complete installation.  Fabrication marks and holes must be ground and 
finished to provide a smooth and neat appearance for each plate.  Each 
plate must be primed and painted.

c.  Speakers must utilize screw terminals for termination of all field 
wiring.

2.13.2   Visual Notification Appliances

Visual notification appliances must conform to the applicable requirements 
of UL 1638 , UL 1971  and conform to the Architectural Barriers Act (ABA).  
Visual Notification Appliances must have clear high intensity optic lens, 
xenon flash tubes, or light emitting diode (LED) and be marked "Alert" in 
letters of contrasting color.  The light pattern must be dispersed so that 
it is visible above and below the strobe and from a 90 degree angle on 
both sides of the strobe.  Strobe flash rate must be 1 flash per second 
and a minimum of 15 candela based on the UL 1971  test.  Strobe must be 
surface mounted.

2.13.3   Textual Display Signs

Textual display signs must be LED and must not exceed  16 inches long by 6 
inches high by 3 inches deep  with a height necessary to meet the 
requirements of NFPA 72 .  The text display must spell out the word 
"EVACUATE" or "ANNOUNCEMENT" and the remainder of the emergency 
instructions as appropriate.  The design of text display must be such that 
it cannot be read when not illuminated. 

2.14   ELECTRIC POWER

2.14.1   Primary Power

Power must be 120 VAC 60 Hz service for the FMCU from the AC service to 
the building in accordance with NFPA 72 .

2.15   SECONDARY POWER SUPPLY

Provide for system operation in the event of primary power source 
failure.  Transfer from normal to auxiliary (secondary) power or 
restoration from auxiliary to normal power must be automatic and must not 
cause transmission of a false alarm.
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2.15.1   Batteries

Provide sealed, maintenance-free, sealed lead acid batteries as the source 
for emergency power to the FMCU.  Batteries must contain suspended 
electrolyte.  The battery system must be maintained in a fully charged 
condition by means of a solid state battery charger.  Provide an automatic 
transfer switch to transfer the load to the batteries in the event of the 
failure of primary power.

2.15.1.1   Capacity

Battery size must be the greater of the following two capacities.  This 
capacity applies to every control unit associated with this system, 
including supplemental notification appliance circuit panels , auxiliary 
power supply panels , fire alarm transmitters, and Base-wide mass 
notification transceivers.  When determining the required capacity under 
alarm condition, visual notification appliances must include both textual 
and non-textual type appliances.

a.  Sufficient capacity to operate the fire alarm system under supervisory 
and trouble conditions, including audible trouble signal devices for 
48 hours and audible and visual signal devices under alarm conditions 
for an additional 15 minutes.

b.  Sufficient capacity to operate the mass notification for 60 minutes 
after loss of AC power.

2.15.1.2   Battery Power Calculations

a.  Verify that battery capacity exceeds supervisory and alarm power 
requirements for the criteria noted in the paragraph "Capacity" above.

(1) Substantiate the battery calculations for alarm and supervisory 
power requirements.  Include ampere-hour requirements for each 
system component and each control unit component, and compliance 
with UL 864 .

(2) Provide complete battery calculations for both the alarm and 
supervisory power requirements.  Submit ampere-hour requirements 
for each system component with the calculations.

(3) Provide voltage drop calculations to indicate that sufficient 
voltage is available for proper operation of the system and all 
components.  Calculations must be performed using the minimum 
rated voltage of each component.

b.  For battery calculations assume a starting voltage of 24 VDC for 
starting the calculations to size the batteries.  Calculate the 
required Amp-Hours for the specified standby time, and then calculate 
the required Amp-Hours for the specified alarm time.  Using 20.4 VDC 
as starting voltage, perform a voltage drop calculation for circuits 
containing device and/or appliances remote from the power sources.

2.15.2   Battery Chargers

Provide a solid state, fully automatic, variable charging rate battery 
charger.  The charger must be capable of providing 120 percent of the 
connected system load and must maintain the batteries at full charge.  In 
the event the batteries are fully discharged (20.4 Volts dc), the charger 

SECTION 28 31 76  Page 29



CAPITAL PROJECT # 1043925 MAY 2022 HAFB 309th SWEG
KRSM200806 100% FINAL SUBMITTAL

must recharge the batteries back to 95 percent of full charge within 48 
hours after a single discharge cycle as described in paragraph CAPACITY 
above.  Provide pilot light to indicate when batteries are manually placed 
on a high rate of charge as part of the unit assembly if a high rate 
switch is provided.

2.16   SURGE PROTECTIVE DEVICES

Surge protective devices  must be provided to suppress all voltage 
transients which might damage fire alarm control unit components.  Systems 
having circuits located outdoors, communications equipment must be 
protected against surges induced on any signaling line circuit.  Cables 
and conductors, that serve as communications links, must have surge 
protection circuits installed at each end.  The surge protective device 
must wire in series to the power supply of the protected equipment with 
screw terminations.  Line voltage surge arrestor must be installed 
directly adjacent to the power panel where the FMCU breaker is located.

a.  Surge protective devices for nominal 120 VAC must be UL 1449  listed 
with a maximum 500 volt suppression level and have a maximum response 
time of 5 nanoseconds.  The surge protective device must also meet 
IEEE C62.41.1  and IEEE C62.41.2  category B tests for surge capacity.  
The surge protective device must feature multi-stage construction and 
be provided with a long-life indicator lamp (either light emitting 
diode or neon) which extinguishes upon failure of protected 
components.  Any unit fusing must be externally accessible.

b.  Surge protective devices for nominal 24 VAC, fire alarm telephone 
dialer, or ethernet connection must be UL 497B  listed, meet 
IEEE C62.41.1  and have a maximum response time of 1-nanosecond.  The 
surge protective device must feature multi-stage construction and be 
self-resetting.  The surge protective device must be a base and plug 
style.  The base assembly must have screw terminals for fire alarm 
wiring .  The base assembly must accept "plug-in" surge protective 
module.

c.  All surge protective devices (SPD) must be the standard product of a 
single manufacturer and be equal or better than the following:

(1) For 120 VAC nominal line voltage:  UL 1449  and UL 1283  listed, 
series connected 120 VAC, 20A rated, surge protective device in a 
NEMA 4x enclosure.  Minimum 50,000 amp surge current rating with 
EMI/RFI filtering and a dry contact circuit for remote monitoring 
of surge protection status.

(2) For 24-volt nominal line voltage:  UL 497B  listed, series 
connected low voltage, 24-volt, 5A rated, loop circuit protector, 
base and replaceable module.

(3) For alarm telephone dialers:  UL 497A  listed, series connected, 
130-volt, 150 mA rated with self-resetting fuse, dialer circuit 
protector with modular plug and play.

(4) For IP-DACTS:  UL 497B  listed, series connected, 6.4-volt, 1.5A 
rated with 20 kA/pair surge current, data network protector with 
modular plug and play.
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2.17   WIRING

Provide wiring materials under this section as specified in Section 
26 20 00  INTERIOR DISTRIBUTION SYSTEM with the additions and modifications 
specified herein.

2.17.1   Alarm Wiring

IDC and SLC wiring must be fiber optic or solid copper cable in accordance 
with the manufacturers requirements.  Copper signaling line circuits and 
initiating device circuit field wiring must be No. 16 AWG size conductors 
at a minimum.  Visual notification appliance circuit conductors, that 
contain audible alarm appliances, must be copper No. 14 AWG size 
conductors at a minimum.  Speaker circuits must be copper No. 16 AWG size 
twisted and shielded conductors at a minimum.  Wiring for textual 
notification appliance circuits must be in accordance with manufacturer's 
requirements but must be supervised by the FMCU.  Wire size must be 
sufficient to prevent voltage drop problems.  Circuits operating at 24 VDC 
must not operate at less than the listed voltages for the detectors and/or 
appliances.  Power wiring, operating at 120 VAC minimum, must be a minimum 
No. 12 AWG solid copper having similar insulation.  Acceptable 
power-limited cables are FPL, FPLR or FPLP as appropriate with red colored 
covering.  Nonpower-limited cables must comply with NFPA 70 .

2.18   INTERFACE TO THE BASE-WIDE MASS NOTIFICATION NETWORK

2.19   AUTOMATIC FIRE ALARM TRANSMITTERS

2.19.1   Radio Transmitter and Interface Panels

Transmitters must be compatible with proprietary supervising station 
receiving equipment.  Each radio alarm transmitter must be the 
manufacturer's recognized commercial product, completely assembled, wired, 
factory tested, and delivered ready for installation and operation.  
Transmitters must be provided in accordance with applicable portions of 
NFPA 72 , Federal Communications Commission (FCC) 47 CFR 90  and Federal 
Communications Commission (FCC) 47 CFR 15 .  Transmitter electronics module 
must be contained within the physical housing as an integral, removable 
assembly.  The proprietary supervising station receiving equipment is 
Monaco and the transmitter must be fully compatible with this equipment.  
At the contractors option, and if listed, the transmitter may be housed in 
the same control unit as the FMCU.  The transmitter must be narrowband 
radio, with FCC certification for narrowband operation and meets the 
requirements of the NTIA (National Telecommunications and Information 
Administration) Manual of Regulations and Procedures for Federal Frequency 
Management.

2.19.1.1   Operation

Operate each transmitter from 120-volt ac power. In the event of 120-volt 
ac power loss, the transmitter must automatically switch to battery 
operation.  Switchover must be accomplished with no interruption of 
protective service, and must automatically transmit a trouble message.  
Upon restoration of ac power, transfer back to normal ac power supply must 
also be automatic.

2.19.1.2   Battery Power

Transmitter standby battery capacity must provide sufficient power to 
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operate the transmitter in a normal standby status for a minimum of 72 
hours and be capable of transmitting alarms during that period.

2.19.1.3   Transmitter Housing

Use NEMA Type 1 for housing.  The housing must contain a lock that is 
keyed identical to the fire alarm system for the building.  Radio alarm 
transmitter housing must be factory painted with a suitable priming coat 
and not less than two coats of a hard, durable weatherproof enamel.

2.19.1.4   Antenna

Antenna must be omnidirectional, coaxial, halfwave dipole antennas for 
radio alarm transmitters with a driving point impedance to match 
transmitter output.  The antenna and antenna mounts must be corrosion 
resistant and designed to withstand wind velocities of  100 mph .  Do not 
mount antennas to any portion of the building roofing system.  Protect the 
antenna from physical damage.

2.19.2   Signals to Be Transmitted to the Base Receiving Station

The following signals must be sent to the base receiving station:

a.  Sprinkler waterflow

b.  Manual pull stations

c.  Smoke detectors

d.  Duct smoke detectors

f.  Carbon monoxide detectors

g.  Heat detectors

i.  Sprinkler valve supervision

2.20   SYSTEM MONITORING

2.20.1   Valves

Each valve affecting the proper operation of a fire protection system, 
including automatic sprinkler control valves, sprinkler service entrance 
valve, isolating valves for pressure type waterflow or supervision 
switches, and valves at backflow preventers, whether supplied under this 
contract or existing, must be electrically monitored to ensure its proper 
position.  Provide each tamper switch with a separate address.

2.20.2   High/Low Nitrogen Supervisory Switches

Provide monitoring of high and low supervisory nitrogen for dry pipe 
systems.  Each air supervisory switch must have a separate address.  
Switches must be listed extinguishing system attachments.  The device must 
contain double pole, double throw contacts.  Operation of the switch must 
cause a supervisory signal to be transmitted to the FMCU when nitrogen 
pressure in the system monitored sprinkler system increases more than 5 psi
 above the normal system pressure or drops halfway from the normal 
pressure to the tripping point.
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2.21   ENVIRONMENTAL ENCLOSURES OR GUARDS

Environmental enclosures must be provided to permit fire alarm/mass 
notification components to be used in areas that exceed the environmental 
limits of the listing.  The enclosure must be listed for the device or 
appliance as either a manufactured part number or as a listed compatible 
accessory for the component is currently listed.  Guards required to deter 
mechanical damage must be either a listed manufactured part or a listed 
accessory for the category of the initiating device or notification 
appliance.

PART 3   EXECUTION

3.1   VERIFYING ACTUAL FIELD CONDITIONS

Before commencing work, examine all adjoining work on which the 
contractor's work is in any way dependent for perfect workmanship 
according to the intent of this specification section, and report to the 
Contracting Officer's Representative any condition which prevents 
performance of first class work.  No "waiver of responsibility" for 
incomplete, inadequate or defective adjoining work will be considered 
unless notice has been filed before submittal of a proposal.

3.2   INSTALLATION

3.2.1   Fire Alarm and Mass Notification Control Unit (FMCU)

Locate the FMCU where indicated on the drawings.  Surface mount the 
enclosure with the top of the cabinet  6 feet  above the finished floor or 
center the cabinet at  5 feet , whichever is lower.  Conductor terminations 
must be labeled and a drawing containing conductors, their labels, their 
circuits, and their interconnection must be permanently mounted in the 
FMCU.  Locate the document storage cabinet adjacent to the FMCU unless the 
Contracting Officer directs otherwise.

3.2.2   Battery Cabinets

When batteries will not fit in the FMCU, locate battery cabinets below or 
adjacent to the FMCU.  Battery cabinets must be installed at an accessible 
location when standing at floor level.  Battery cabinets must not be 
installed lower than 12 inches  above finished floor, measured to the 
bottom of the cabinet, nor higher than 36 inches  above the floor, measured 
to the top of the cabinet.  Installing batteries above drop ceilings or in 
inaccessible locations is prohibited.  Battery cabinets must be large 
enough to accommodate batteries and also to allow ample gutter space for 
interconnection of control units as well as field wiring.  The cabinet 
must be provided in a sturdy steel housing, complete with back box, hinged 
steel door with cylinder lock, and surface mounting provisions.The cabinet 
must be identified by an engraved phenolic resin nameplate.  Lettering on 
the nameplate must indicate the control unit(s) the batteries power and 
must not be less than 1-inch  high.

3.2.3   Manual Stations

Locate manual stations as required by NFPA 72  and as indicated on the 
drawings.  Mount stations so they are located no farther than  5 feet  from 
the exit door they serve, measured horizontally.  Manual stations must be 
mounted at 42 inches  measured to the operating handle.
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3.2.4   Notification Appliances

a.  Locate notification appliance devices as required by NFPA 72 .  Where 
two or more visual notification appliances are located in the same 
room or corridor or field of view, provide synchronized operation.  
Devices must use screw terminals for all field wiring.  Audible and 
visual notification appliances mounted in acoustical ceiling tiles 
must be centered in the tiles plus or minus 2 inches .

b.  Audible and visual notification appliances mounted on the exterior of 
the building, within unconditioned spaces, or in the vicinity of 
showers must be listed weatherproof appliances installed on 
weatherproof backboxes.

c.  Speakers must not be located in close proximity to the FMCU or LOC so 
as to cause feedback when the microphone is in use.

3.2.5   Smoke and Heat Detectors

Locate detectors as required by NFPA 72  and their listing on a  4-inch  
mounting box.  Install heat detectors not less than  4 inches  from a side 
wall to the near edge.  Heat detectors located on the wall must have the 
top of the detector at least  4 inches  below the ceiling, but not more than  
12 inches  below the ceiling.  Smoke detectors are permitted to be on the 
wall no lower than  12 inches  from the ceiling with no minimum distance 
from the ceiling.  Install smoke detectors no closer than  3 feet  from air 
handling supply diffusers.  Detectors installed in acoustical ceiling 
tiles must be centered in the tiles plus or minus 2 inches .

3.2.6   Carbon Monoxide Detectors

Locate detectors as indicated on the drawings on a 4-inch  mounting box.  
Carbon monoxide detectors must be installed separate from smoke and/or 
heat detectors.

3.2.7   LCD REMOTE Annunciator

Locate the LCD annunciator as shown on the drawings.  Mount the 
annunciator, with the top  6 feet  above the finished floor or center the 
annunciator at  [5][_____] feet , whichever is lower.

[ 3.2.8   Electromagnetic Door Holder Release

Doors must be held open at a minimum of 90 degrees so as not to impede 
egress from the space.  Mount the armature portion on the door and have an 
adjusting screw for seating the angle of the contact plate.  Wall-mount 
the electromagnetic release, with a total horizontal projection not 
exceeding 4 inches .  Ensure all doors release to close upon first stage 
(pre-discharge) alarm.  Electrical supervision of wiring external of 
control unit for magnetic door holding circuits is not required.

][ 3.2.9   Firefighter Telephones

Mount telephone[ hand sets][ jacks] on the wall in each stair at each 
floor landing, in each emergency generator room, in each fire pump room, 
in each elevator machine room, in each elevator lobby, and in each 
elevator cab  4 feet  above the finished floor.
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] 3.2.10   Local Operating Console (LOC)

Locate the LOC(s) as required by NFPA 72  and as indicated.  Mount the 
console so that the top message button and microphone is no higher than  4 
feet  above the floor and the bottom (lowest) message button and microphone 
is at least 3 feet  above the finished floor.

3.2.11   Ceiling Bridges

Provide ceiling bridges for ceiling-mounted appliances.  Ceiling bridges 
must be as recommended/required by the manufacturer of the ceiling-mounted 
notification appliance.

3.3   SYSTEM FIELD WIRING

3.3.1   Wiring within Cabinets, Enclosures, and Boxes

Provide wiring installed in a neat and workmanlike manner and installed 
parallel with or at right angles to the sides and back of any box, 
enclosure, or cabinet.  Conductors that are terminated, spliced, or 
otherwise interrupted in any enclosure, cabinet, mounting, or junction box 
must be connected to screw-type terminal blocks.  Mark each terminal in 
accordance with the wiring diagrams of the system.  The use of wire nuts 
or similar devices is prohibited.  Wiring to conform with NFPA 70 .

Indicate the following in the wiring diagrams:

a.  Point-to-point wiring diagrams showing the points of connection and 
terminals used for electrical field connections in the system, 
including interconnections between the equipment or systems that are 
supervised or controlled by the system.  Diagrams must show 
connections from field devices to the FMCU and remote fire alarm/mass 
notification control units, initiating circuits, switches, relays and 
terminals.

b.  Complete riser diagrams indicating the wiring sequence of devices and 
their connections to the control equipment.  Include a color code 
schedule for the wiring.  Include floor plans showing the locations of 
devices and equipment.

3.3.2   Terminal Cabinets

Provide a terminal cabinet at the base of any circuit riser, on each floor 
at each riser, and where indicated on the drawings.  Terminal size must be 
appropriate for the size of the wiring to be connected.  Conductor 
terminations must be labeled and a drawing containing conductors, their 
labels, their circuits, and their interconnection must be permanently 
mounted in the terminal cabinet.  Minimum size is  8 inches by 8 inches .  
Only screw-type terminals are permitted.  Provide an identification label, 
that displays "FIRE ALARM TERMINAL CABINET" with 2-inch  lettering, on the 
front of the terminal cabinet.

3.3.3   Alarm Wiring

a.  Voltages must not be mixed in any junction box, housing or device, 
except those containing power supplies and control relays.

b.  Utilize shielded wiring where recommended by the manufacturer.  For 
shielded wiring, ground the shield at only one point, in or adjacent 
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to the FMCU.

c.  [Pigtail or T-tap connections to signal line circuits, initiating 
device circuits, supervisory alarm circuits, and notification 
appliance circuits are prohibited.][  T-tapping using screw terminal 
blocks is allowed for Class "B" signaling line circuits.]

d.  Color coding is required for circuits and must be maintained 
throughout the circuit.  Conductors used for the same functions must 
be similarly color coded.  Conform wiring to NFPA 70 .

e.  Pull all conductors splice free.  The use of wire nuts, crimped 
connectors, or twisting of conductors is prohibited.  Where splices 
are unavoidable, the location of the junction box or pull box where 
they occur must be identified on the as-built drawings.  The number 
and location of splices must be subject to approval by the [_____] 
Designated Fire Protection Engineer (DFPE).

3.3.4   Back Boxes and Conduit

In addition to the requirements of Section 26 20 00  INTERIOR DISTRIBUTION 
SYSTEM, provide all wiring in rigid metal conduit or intermediate metal 
conduit unless specifically indicated otherwise.  Minimum conduit size 
must be 3/4-inch  in diameter.  Do not use electrical non-metallic tubing 
(ENT) or flexible non-metallic tubing and associated fittings.

a.  Galvanized rigid steel (GRS) conduit must be utilized where exposed to 
weather, where subject to physical damage, and where exposed on 
exterior of buildings.  Intermediate metal conduit (IMC) may be used 
in lieu of GRS as allowed by NFPA 70 .

b.  Electrical metallic tubing (EMT) is permitted above suspended ceilings 
or exposed where not subject to physical damage.  Do not use EMT 
underground, encased in concrete, mortar, or grout, in hazardous 
locations, where exposed to physical damage, outdoors or in fire pump 
rooms.  Use die-cast compression connectors.

c.  For rigid metallic conduit (RMC), only threaded type fitting are 
permitted for wet or damp locations.

d.  Flexible metal conduit is permitted for initiating device circuits 6 
feet  in length or less.  Flexible metal conduit is prohibited for 
notification appliance circuits and signaling line circuits.  Use 
liquid tight flexible metal conduit in damp and wet locations.

e.  Schedule 40 (minimum) polyvinyl chloride (PVC) is permitted where 
conduit is routed underground or underground below floor slabs.  
Convert non-metallic conduit, other than PVC Schedule 40 or 80, to 
plastic-coated rigid, or IMC, steel conduit before turning up through 
floor slab.

f.  Exterior wall penetrations must be weathertight.  Conduit must be 
sealed to prevent the infiltration of moisture.

[ g. For Class "A" or "X" circuits with conductor lengths of 10 feet  or 
less, the conductors must be permitted to be installed in the same 
raceway in accordance with NFPA 72 .
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] 3.3.5   Conductor Terminations

Labeling of conductors at terminal blocks in terminal cabinets, FMCU[, and 
remote FMCU] and the LOC must be provided at each conductor connection.  
Each conductor or cable must have a shrink-wrap label to provide a unique 
and specific designation.  Each terminal cabinet, FMCU, and remote FMCU 
must contain a laminated drawing that indicates each conductor, its label, 
circuit, and terminal.  The laminated drawing must be neat, using 12 point 
lettering minimum size, and mounted within each cabinet, control unit, or 
unit so that it does not interfere with the wiring or terminals.  Maintain 
existing color code scheme where connecting to existing equipment.

[ 3.4   DISCONNECTION AND REMOVAL OF EXISTING SYSTEM

Maintain existing fire alarm/mass notification equipment fully operational 
until the new equipment has been tested and accepted by the Contracting 
Officer.  As new equipment is installed, label it "NOT IN SERVICE" until 
the new equipment is accepted.  Once the new system is completed, tested, 
and accepted by the Government, it must be placed in service and connected 
to the supervising station.  Remove tags from new equipment and tag the 
existing equipment "NOT IN SERVICE" until removed from the building.

a.  After acceptance of the new system by the Contracting Officer, remove 
existing equipment not connected to the new system, remove unused 
exposed conduit, and restore damaged surfaces.  Remove the material 
from the site and dispose.

b.  Disconnect and remove the existing fire alarm/mass notification and 
smoke detection systems where indicated and elsewhere in the 
specification.

c.  Control units and fire alarm devices and appliances disconnected and 
removed must be turned over to the Contracting Officer.

d.  Properly dispose of fire alarm outlet and junction boxes, wiring, 
conduit, supports, and other such items.

3.5   CONNECTION OF NEW SYSTEM

The following new system connections must be made during the last phase of 
construction, at the beginning of the pre-Government tests.  New system 
connections must include:

a.  Connection of new relays to existing magnetic door hold-open devices.

b.  Connection of new elevator recall relays to existing wiring and 
conduit.

c.  Connection of new system transmitter to existing installation fire 
reporting system.

Once these connections are made, system must be left energized.  Report 
immediately to the Contracting Officer, coordination and field problems 
resulting from the connection of the above components.

] 3.6   FIRESTOPPING

Provide firestopping for holes at conduit penetrations through floor 
slabs, fire-rated walls, partitions with fire-rated doors, corridor walls, 
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and vertical service shafts in accordance with Section 07 84 00  
FIRESTOPPING.

3.7   PAINTING

a.  In unfinished areas (including areas above drop ceilings), paint all 
exposed electrical conduit (serving fire alarm equipment), fire alarm 
conduit, surface metal raceway, junction boxes and covers red.  In 
lieu of painting conduit, the contractor may utilize red conduit with 
a factory applied finish.

b.  In finished areas, paint exposed electrical conduit (serving fire 
alarm equipment), fire alarm conduit, surface metal raceways, junction 
boxes, and electrical boxes to match adjacent finishes.  The inside 
cover of the junction box must be identified as "Fire Alarm" and the 
conduit must have painted red bands 3/4-inch  wide at 10-foot  centers 
and at each side of a floor, wall, or ceiling penetration.

c.  Painting must comply with Section 09 90 00  PAINTS AND COATINGS.

3.8   FIELD QUALITY CONTROL

3.8.1   Test Procedures

Submit detailed test procedures, prepared and signed by the NICET Level 
[III][ or ][IV] Fire Alarm Technician, and the representative of the 
installing company, [and reviewed by the QFPE] [60][_____] days prior to 
performing system tests.  Detailed test procedures must list all 
components of the installed system such as initiating devices and 
circuits, notification appliances and circuits, signaling line devices and 
circuits, control devices/equipment, batteries, transmitting and receiving 
equipment, power sources/supply, annunciators, special hazard equipment, 
emergency communication equipment, interface equipment, and surge 
protective devices.  Test procedures must include sequence of testing, 
time estimate for each test, and sample test data forms.  The test data 
forms must be in a check-off format (pass/fail with space to add 
applicable test data; similar to the forms in NFPA 72  and NFPA 4.)  The 
test procedures and accompanying test data forms must be used for the 
pre-Government testing and the Government testing.  The test data forms 
must record the test results and must:

a.  Identify the NFPA Class of all Initiating Device Circuits (IDC), and 
Notification Appliance Circuits (NAC), Voice Notification System 
Circuits (NAC Audio), and Signaling Line Circuits (SLC).

b.  Identify each test required by NFPA 72  Test Methods and required test 
herein to be performed on each component, and describe how these tests 
must be performed.

c.  Identify each component and circuit as to type, location within the 
facility, and unique identity within the installed system.  Provide 
necessary floor plan sheets showing each component location, test 
location, and alphanumeric identity.

d.  Identify all test equipment and personnel required to perform each 
test (including equipment necessary for smoke detector testing.  The 
use of magnets is not permitted.

e.  Provide space to identify the date and time of each test.  Provide 
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space to identify the names and signatures of the individuals 
conducting and witnessing each test.

3.8.2   Pre-Government Testing

3.8.2.1   Verification of Compliant Installation

Conduct inspections and tests to ensure that devices and circuits are 
functioning properly.  Tests must meet the requirements of paragraph 
entitled "Minimum System Tests" as required by NFPA 72 .  The contractor 
and an authorized representative from each supplier of equipment must be 
in attendance at the pre-Government testing to make necessary 
adjustments.  After inspection and testing is complete, provide a signed 
Verification of Compliant Installation  letter by the QFPE that the 
installation is complete, compliant with the specification and fully 
operable.  The letter must include the names and titles of the witnesses 
to the pre-Government tests.  Provide all completion documentation as 
required by NFPA 72  including all referenced annex sections and the test 
reports noted below.

a.  NFPA 72  Record of Completion.

b.  NFPA 72  Record of Inspection and Testing.

c.  Fire Alarm and Emergency Communication System Inspection and Testing 
Form.

d.  Audibility test results with marked-up test floor plans.

e.  Intelligibility test results with marked-up floor plans.

f.  Documentation that all tests identified in the paragraph "Minimum 
System Tests" are complete.

3.8.2.2   Request for Government Final Test

When the verification of compliant installation has been completed, submit 
a formal request for Government final test to the [_____][ Designated Fire 
Protection Engineer (DFPE)][Contracting Officer's Representative (COR)].  
Government final testing will not be scheduled until the DFPE has received 
copies of the request for Government final testing and Verification of 
Compliant Installation letter with all required reports.  Government final 
testing will not be performed until after the connections to the 
installation-wide fire reporting system[ and the installation-wide mass 
notification system have] been completed and tested to confirm 
communications are fully functional.  Submit request for test at least 
[15][_____] calendar days prior to the requested test date.

3.8.3   Correction of Deficiencies

If equipment was found to be defective or non-compliant with contract 
requirements, perform corrective actions and repeat the tests.  Tests must 
be conducted and repeated if necessary until the system has been 
demonstrated to comply with all contract requirements.

3.8.4   Government Final Tests

The tests must be performed in accordance with the approved test 
procedures in the presence of the DFPE.  Furnish instruments and personnel 
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required for the tests.  The following must be provided at the job site 
for Government Final Testing:

a.  The manufacturer's technical representative.

[ b.  The contractor's Qualified Fire Protection Engineer (QFPE).

] c.  Marked-up red line drawings of the system as actually installed.

d.  Loop resistance test results .

e.  Complete program printout including input/output addresses.

f.  Copy of pre-Government Test Certificate, test procedures and completed 
test data forms.

g.  Audibility test results with marked-up floor plans.

h.  Intelligibility test results with marked-up floor plans.

Government Final Tests will be witnessed by the [_____], [Designated Fire 
Protection Engineer][Contracting Officer's Representative (COR)][, 
Qualified Fire Protection Engineer (QFPE)].  At this time, any and all 
required tests noted in the paragraph "Minimum System Tests" must be 
repeated at their discretion.

3.9   MINIMUM SYSTEM TESTS

3.9.1   System Tests

Test the system in accordance with the procedures outlined in NFPA 72 .  
The required tests are as follows:

a.  Loop Resistance Tests:  Measure and record the resistance of each 
circuit with each pair of conductors in the circuit short-circuited at 
the farthest point from the circuit origin.  The tests must be 
witnessed by the Contracting Officer and test results recorded for use 
at the final Government test.

b.  Verify the absence of unwanted voltages between circuit conductors and 
ground.  The tests must be accomplished at the pre-Government test 
with results available at the final system test.

c.  Verify that the control unit is in the normal condition as detailed in 
the manufacturer's O&M manual.

d.  Test each initiating device and notification appliance and circuit for 
proper operation and response at the control unit.  Smoke detectors 
must be tested in accordance with manufacturer's recommended 
calibrated test method.  Use of magnets is prohibited. Testing of duct 
smoke detectors must comply with the requirements of NFPA 72  except  
disconnect at least 20 percent of devices.  If there is a failure at 
these devices, then supervision must be tested at each device.

e.  Carbon Monoxide Detector Tests:  Carbon monoxide detectors must be 
tested in accordance with NFPA 72  and the manufacturer's recommended 
calibrated test method.

f.  Test the system for specified functions in accordance with the 
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contract drawings and specifications and the manufacturer's O&M manual.

g.  Test both primary power and secondary power.  Verify, by test, the 
secondary power system is capable of operating the system for the time 
period and in the manner specified.

h.  Determine that the system is operable under trouble conditions as 
specified.

i.  Visually inspect wiring.

j.  Test the battery charger and batteries.

k.  Verify that software control and data files have been entered or 
programmed into the FMCU.  Hard copy records of the software must be 
provided to the Contracting Officer.

l.  Verify that red-line drawings are accurate.

m.   Measure the current in circuits to ensure there is the calculated 
spare capacity for the circuits.

n.  Measure voltage readings for circuits to ensure that voltage drop is 
not excessive.

o.  Disconnect the verification feature for smoke detectors during tests 
to minimize the amount of smoke needed to activate the sensor.  
Testing of smoke detectors must be conducted using real smoke or the 
use of canned smoke which is permitted.

p.  Measure the voltage drop at the most remote  appliance (based on wire 
length) on each notification appliance circuit.

q.  Verify the documentation cabinet is installed and contains all 
as-built shop drawings, product data sheets, design calculations, 
site-specific software data package, and all documentation required by 
paragraph titled "Test Reports".

3.9.2   Audibility Tests

Sound pressure levels from audible notification appliances must be a 
minimum of 15 dBa over ambient with a maximum of 110 dBa in any occupiable 
area.  The provisions for audible notification (audibility and 
intelligibility) must be met with doors, fire shutters, movable 
partitions, and similar devices closed.

3.9.3   Intelligibility Tests

Intelligibility testing of the System must be accomplished in accordance 
with NFPA 72  for Voice Evacuation Systems, and ASA S3.2 .  Following are 
the specific requirements for intelligibility tests:

a.  Intelligibility Requirements:  Verify intelligibility by measurement 
after installation.

b.  Ensure that a CIS value greater than the required minimum value is 
provided in each area where building occupants typically could be 
found.  The minimum required value for CIS is [.7][.8].  Rounding of 
values is permitted.
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c.  Areas of the building provided with hard wall and ceiling surfaces 
(such as metal or concrete) that are found to cause excessive sound 
reflections may be permitted to have a CIS score less than the minimum 
required value if approved by the DFPE, and if building occupants in 
these areas can determine that a voice signal is being broadcast and 
they must walk no more than  33 feet  to find a location with at least 
the minimum required CIS value within the same area.

d.  Areas of the building where occupants are not expected to be normally 
present are permitted to have a CIS score less than the minimum 
required value if personnel can determine that a voice signal is being 
broadcast and they must walk no more than  50 feet  to a location with 
at least the minimum required CIS value within the same area.

e.  Take measurements near the head level applicable for most personnel in 
the space under normal conditions (e.g., standing, sitting, sleeping, 
as appropriate).

f.  The distance the occupant must walk to the location meeting the 
minimum required CIS value must be measured on the floor or other 
walking surface as follows:

(1) Along the centerline of the natural path of travel, starting from 
any point subject to occupancy with less than the minimum required 
CIS value.

(2) Curving around any corners or obstructions, with a  12 inches  
clearance there from.

(3) Terminating directly below the location where the minimum required 
CIS value has been obtained.

Use commercially available test instrumentation to measure intelligibility 
as specified by NFPA 72  as applicable.  Use the mean value of at least 
three readings to compute the intelligibility score at each test location.

3.10   SYSTEM ACCEPTANCE

Following acceptance of the system, as-built drawings and O&M manuals must 
be delivered to the Contracting Officer for review and acceptance.  The 
drawings must show the system as installed, including deviations from both 
the project drawings and the approved shop drawings.  These drawings must 
be submitted within two weeks after the final Government test of the 
system.  At least one set of as-built (marked-up) drawings must be 
provided at the time of, or prior to the Final Government Test.

a.[  The drawings must be prepared electronically and sized no less than 
the contract drawings.][  Furnish one set of CDs or DVDs containing 
software back-up and CAD based drawings in latest version of 
[MicroStation] [AutoCAD, ]DXF and portable document formats of 
as-built drawings and schematics.]

b.  Include complete wiring diagrams showing connections between devices 
and equipment, both factory and field wired.

c.  Include a riser diagram and drawings showing the as-built location of 
devices and equipment.
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d.  Provide Operation and Maintenance (O&M) Instructions .

[In existing buildings, the transfer of devices from the existing system 
to the new system and the permission to begin demolition of the old fire 
alarm system will not be permitted until the as-built drawings and O&M 
manuals are received.]

3.11   INSTRUCTION OF GOVERNMENT EMPLOYEES

3.11.1   Instructor

Provide the services of an instructor, who has received specific training 
from the manufacturer for the training of other persons regarding the 
operation, inspection, testing, and maintenance of the system provided.  
The instructor must train the Government employees designated by the 
Contracting Officer, in the care, adjustment, maintenance, and operation 
of the fire alarm system.  The instructor must be thoroughly familiar with 
all parts of this installation.  The instructor must be trained in 
operating theory as well as in practical O&M work.  Submit the instructors 
information and qualifications including the training history.

3.11.2   Required Instruction Time

Provide [8][16][_____] hours of instruction after final acceptance of the 
system.  The instruction must be given during regular working hours on 
such dates and times selected by the Contracting Officer.  The instruction 
may be divided into two or more periods at the discretion of the 
Contracting Officer.  The training must allow for rescheduling for 
unforeseen maintenance and/or fire department responses.

[ 3.11.2.1   Technical Training

Equipment manufacturer or a factory representative must provide 
[1][3][_____] days of on site[ and 5 days of technical training to the 
Government at the manufacturing facility].  Training must allow for 
classroom instruction as well as individual hands on programming, 
troubleshooting and diagnostics exercises.[  Factory training must occur 
within [6][12][_____] months of system acceptance.]

] 3.11.3   Technical Training Manual

Provide, in manual format, lesson plans, operating instructions, 
maintenance procedures, and training data for the training courses.  The 
operations training must familiarize designated government personnel with 
proper operation of the installed system.  The maintenance training course 
must provide the designated government personnel adequate knowledge 
required to diagnose, repair, maintain, and expand functions inherent to 
the system.

  
3.12   EXTRA MATERIALS

3.12.1   Repair Service/Replacement Parts

Repair services and replacement parts for the system must be available for 
a period of 10 years after the date of final acceptance of this work by 
the Contracting Officer.  During the warranty period, the service 
technician must be on-site within 24 hours after notification.  All 
repairs must be completed within 24 hours of arrival on-site.
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During the warranty period, the installing fire alarm contractor is 
responsible for conducting all required testing and maintenance in 
accordance with the requirements and recommended practices of NFPA 72  and 
the system manufacturer[s].  Installing fire alarm contractor is NOT 
responsible for any damage resulting from abuse, misuse, or neglect of 
equipment by the end user.

3.12.2   Spare Parts

Spare parts furnished must be directly interchangeable with the 
corresponding components of the installed system[s].  Spare parts must be 
suitably packaged and identified by nameplate, tagging, or stamping.  
Spare parts must be delivered to the Contracting Officer at the time of 
the Government testing and must be accompanied by an inventory list.

3.12.3   Document Storage Cabinet

Upon completion of the project, but prior to project close-out, place in 
the document storage cabinet copies of the following record documentation:

a.  As-built shop drawings

b.  Product data sheets

c.  Design calculations

d.  Site-specific software data package

e.  All documentation required by SD-06.

        -- End of Section --
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SECTION 31 00 00

EARTHWORK

PART 1   GENERAL

1.1   REFERENCES

The publications listed below form a part of this specification to the 
extent referenced.  The publications are referred to within the text by 
the basic designation only.

AMERICAN ASSOCIATION OF STATE HIGHWAY AND TRANSPORTATION OFFICIALS 
(AASHTO)

AASHTO T 180 (2017) Standard Method of Test for 
Moisture-Density Relations of Soils Using 
a 4.54-kg (10-lb) Rammer and a 457-mm 
(18-in.) Drop

AASHTO T 224 (2010) Standard Method of Test for 
Correction for Coarse Particles in the 
Soil Compaction Test

AMERICAN WATER WORKS ASSOCIATION (AWWA)

AWWA C600 (2017) Installation of Ductile-Iron Mains 
and Their Appurtenances

ASTM INTERNATIONAL (ASTM)

ASTM C136/C136M (2014) Standard Test Method for Sieve 
Analysis of Fine and Coarse Aggregates

ASTM D1140 (2017) Standard Test Methods for 
Determining the Amount of Material Finer 
than 75-µm (No. 200) Sieve in Soils by 
Washing

ASTM D1557 (2012; E 2015) Standard Test Methods for 
Laboratory Compaction Characteristics of 
Soil Using Modified Effort (56,000 
ft-lbf/ft3) (2700 kN-m/m3)

ASTM D2487 (2011) Soils for Engineering Purposes 
(Unified Soil Classification System)

ASTM D4318 (2017) Standard Test Methods for Liquid 
Limit, Plastic Limit, and Plasticity Index 
of Soils

ASTM D1557 ( 12e1 ) Standard Test Methods for 
Laboratory Compaction Characteristics of 
Soil Using Modified Effort (56,000 
ft-lbf/ft3 (2,700 kN-m/m3 ))
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1.2   DEFINITIONS

1.2.1   Satisfactory Materials

Satisfactory materials comprise any materials classified by ASTM D2487 as 
GW, GP, GM, GP-GM, GW-GM, GC, GP-GC, GM-GC, SW, SP, SM, SW-SM,SP-SM,.  
Satisfactory materials for grading comprise stones less than  8 inches , 
except for fill material for pavements and railroads which comprise stones 
less than  3 inches  in any dimension.

1.2.2   Unsatisfactory Materials

Materials which do not comply with the requirements for satisfactory 
materials are unsatisfactory.  Unsatisfactory materials also include 
man-made fills; trash; refuse; backfills from previous construction; and 
material classified as satisfactory which contains root and other organic 
matter or frozen material.  Notify the Contracting Officer when 
encountering any contaminated materials.

1.2.3   Cohesionless and Cohesive Materials

Cohesionless materials include materials classified in ASTM D2487 as GW, 
GP, SW, and SP.  Cohesive materials include materials classified as GC, 
SC, ML, CL, MH, and CH.  Materials classified as GM and SM will be 
identified as cohesionless only when the fines are nonplastic.  Perform 
testing, required for classifying materials, in accordance with ASTM D4318, 
ASTM C136/C136M and ASTM D1140.

1.2.4   Degree of Compaction

Degree of compaction required, except as noted in the second sentence, is 
expressed as a percentage of the maximum density obtained by the test 
procedure presented in ASTM D1557 abbreviated as a percent of laboratory 
maximum density.  Since ASTM D1557 applies only to soils that have 30 
percent or less by weight of their particles retained on the  3/4 inch  
sieve, express the degree of compaction for material having more than 30 
percent by weight of their particles retained on the  3/4 inch  sieve as a 
percentage of the maximum density in accordance with AASHTO T 180  and 
corrected with AASHTO T 224 .  To maintain the same percentage of coarse 
material, use the "remove and replace"  procedure as described in NOTE 8 
of Paragraph 7.2 in AASHTO T 180 .

1.2.5   Hard/Unyielding Materials

Hard/Unyielding materials comprise weathered rock, dense consolidated 
deposits, or conglomerate materials which are not included in the 
definition of "rock" with stones greater than 3 inch  in any dimension or 
as defined by the pipe manufacturer, whichever is smaller.  These 
materials usually require the use of heavy excavation equipment, ripper 
teeth, or jack hammers for removal.

1.2.6   Rock

Solid homogeneous interlocking crystalline material with firmly cemented, 
laminated, or foliated masses or conglomerate deposits, neither of which 
can be removed without systematic drilling and blasting, drilling and the 
use of expansion jacks or feather wedges, or the use of backhoe-mounted 
pneumatic hole punchers or rock breakers; also large boulders, buried 
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masonry, or concrete other than pavement exceeding  1/2 cubic yard  in 
volume.  Removal of hard material will not be considered rock excavation 
because of intermittent drilling and blasting that is performed merely to 
increase production.

1.2.7   Unstable Material

Unstable materials are too wet to properly support the utility pipe, 
conduit, or appurtenant structure.

1.2.8   Select Granular Material

1.2.8.1   General Requirements

Select granular material consist of materials classified as GW, GP, SW, SM, 
SP,  by ASTM D2487 where indicated  with maximum of 20% passing the No. 200 
sieve. .  

1.2.9   Initial Backfill Material

Initial backfill consists of select granular material or satisfactory 
materials free from rocks 4 inches  or larger in any dimension or free from 
rocks of such size as recommended by the pipe manufacturer, whichever is 
smaller.  When the pipe is coated or wrapped for corrosion protection, 
free the initial backfill material of stones larger than 2 inches  in any 
dimension or as recommended by the pipe manufacturer, whichever is smaller.

1.2.10   Nonfrost Susceptible (NFS) Material

Nonfrost susceptible material are a uniformly graded washed sand with a 
maximum particle size of 1/4  inch  and less than 5 percent passing the  No. 
200  size sieve, and with not more than 3 percent by weight finer than 0.02 
mm grain size.

1.3   SYSTEM DESCRIPTION

Subsurface soil boring logs are shown on the drawings.  The subsoil 
investigation report and samples of materials taken from subsurface 
investigations may be examined at GSH Geotechnical Inc. .  These data 
represent the best subsurface information available; however, variations 
may exist in the subsurface between boring locations.

1.3.1   Classification of Excavation

No consideration will be given to the nature of the materials, and all 
excavation will be designated as unclassified excavation.  

1.3.2   Dewatering Work Plan

Submit procedures for accomplishing dewatering work.

1.4   SUBMITTALS

Government approval is required for submittals with a "G" designation; 
submittals not having a "G" designation are for Contractor Quality Control 
approval.   Submittals with an "S" are for inclusion in the Sustainability 
eNotebook, in conformance to Section 01 33 29  SUSTAINABILITY REPORTING.  
Submit the following in accordance with Section 01 33 00  SUBMITTAL 
PROCEDURES:
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SD-01 Preconstruction Submittals

Shoring ; 
Dewatering Work Plan ; 
; 

SD-03 Product Data

Utilization of Excavated Materials ; 
Rock Excavation
Opening of any Excavation or Borrow Pit
Shoulder Construction

SD-06 Test Reports

Testing

Borrow Site Testing

  Within 24 hours of conclusion of physical tests, submit 3 copies 
of test results, including calibration curves and results of 
calibration tests.

SD-07 Certificates

Testing

PART 2   PRODUCTS

2.1   BURIED WARNING AND IDENTIFICATION TAPE

Provide polyethylene plastic  warning tape manufactured specifically for 
warning and identification of buried utility lines.  Provide tape on 
rolls,  3 inches  minimum width, color coded as specified below for the 
intended utility with warning and identification imprinted in bold black 
letters continuously over the entire tape length.  Warning and 
identification to read, "CAUTION, BURIED (intended service) LINE BELOW" or 
similar wording.  Provide permanent color and printing, unaffected by 
moisture or soil.

Warning Tape Color Codes

Red Electric

Yellow Gas, Oil; Dangerous Materials

Orange Telephone and Other Communications

Blue Water Systems

Green Sewer Systems

White Steam Systems
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Warning Tape Color Codes

Gray Compressed Air

2.2   DETECTION WIRE FOR NON-METALLIC PIPING

Tracer wire to be twelve gauge minimum solid copper with thermoplastic 
insulation recommended for direct burial. Wire connectors to be 3M DBR, or 
approved equal, and shall be watertight to provide electrical continuity .

2.3   CAPILLARY WATER BARRIER

Vapor barrier consisting of 2 inches slightly moist ASTM C33 fine 
aggregate on minimum 15-mil ASTM E1745 Class A poly sheeting over 
capillary water barrier consisting of 6 inches ASTM C33 Size No. 57 coarse 
aggregate placed on compacted subgrade. .

PART 3   EXECUTION

3.1   STRIPPING OF TOPSOIL

Where indicated or directed, strip topsoil to a depth of  6 inches .  Spread 
topsoil on areas already graded and prepared for topsoil, or transported 
and deposited in stockpiles convenient to areas that are to receive 
application of the topsoil later, or at locations indicated or specified.  
Keep topsoil separate from other excavated materials, brush, litter, 
objectionable weeds, roots, stones larger than  2 inches  in diameter, and 
other materials that would interfere with planting and maintenance 
operations.  Stockpile in locations indicated any surplus of topsoil from 
excavations and gradings.

3.2   GENERAL EXCAVATION

Perform excavation of every type of material encountered within the limits 
of the project to the lines, grades, and elevations indicated and as 
specified.  Perform the grading in accordance with the typical sections 
shown and the tolerances specified in paragraph FINISHING.  Transport 
satisfactory excavated materials and place in fill or embankment within 
the limits of the work.  Excavate unsatisfactory materials encountered 
within the limits of the work below grade and replace with satisfactory 
materials as directed.  Include such excavated material and the 
satisfactory material ordered as replacement in excavation.  Dispose 
surplus satisfactory excavated material not required for fill or 
embankment in areas approved for surplus material storage or designated 
waste areas.  Dispose unsatisfactory excavated material in designated 
waste or spoil areas.  During construction, perform excavation and fill in 
a manner and sequence that will provide proper drainage at all times.  
Excavate material required for fill or embankment in excess of that 
produced by excavation within the grading limits  from other approved 
areas selected by the Contractor as specified.

3.2.1   Ditches, Gutters, and Channel Changes

Finish excavation of ditches, gutters, and channel changes by cutting 
accurately to the cross sections, grades, and elevations shown on plans .  
Do not excavate ditches and gutters below grades shown.  Backfill the 
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excessive open ditch or gutter excavation with satisfactory, thoroughly 
compacted, material or with suitable stone or cobble to grades shown.  
Dispose excavated material as shown or as directed, except in no case 
allow material be deposited a maximum  4 feet  from edge of a ditch.  
Maintain excavations free from detrimental quantities of leaves, brush, 
sticks, trash, and other debris until final acceptance of the work.

3.2.2   Drainage Structures

Make excavations to the lines, grades, and elevations shown, or as 
directed.  Provide trenches and foundation pits of sufficient size to 
permit the placement and removal of forms for the full length and width of 
structure footings and foundations as shown.  Clean rock or other hard 
foundation material of loose debris and cut to a firm, level, stepped, or 
serrated surface.  Remove loose disintegrated rock and thin strata.  Do 
not disturb the bottom of the excavation when concrete or masonry is to be 
placed in an excavated area.  Do not excavate to the final grade level 
until just before the concrete or masonry is to be placed.  

3.2.3   Drainage

Provide for the collection and disposal of surface and subsurface water 
encountered during construction.  Completely drain construction site 
during periods of construction to keep soil materials sufficiently dry.  
Construct storm drainage features (ponds/basins) at the earliest stages of 
site development, and throughout construction grade the construction area 
to provide positive surface water runoff away from the construction 
activity or provide temporary ditches, swales, and other drainage features 
and equipment as required to maintain dry soils.  When unsuitable working 
platforms for equipment operation and unsuitable soil support for 
subsequent construction features develop, remove unsuitable material and 
provide new soil material as specified herein.  It is the responsibility 
of the Contractor to assess the soil and ground water conditions presented 
by the plans and specifications and to employ necessary measures to permit 
construction to proceed.

3.2.4   Dewatering

Control groundwater flowing toward or into excavations to prevent 
sloughing of excavation slopes and walls, boils, uplift and heave in the 
excavation and to eliminate interference with orderly progress of 
construction.  Do not permit French drains, sumps, ditches or trenches 
within  3 feet  of the foundation of any structure, except with specific 
written approval, and after specific contractual provisions for 
restoration of the foundation area have been made.  Take control measures 
by the time the excavation reaches the water level in order to maintain 
the integrity of the in situ material.  While the excavation is open, 
maintain the water level continuously, at least 1.5  feet  below the working 
level.  

3.2.5   Trench Excavation Requirements

Excavate the trench as recommended by the manufacturer of the pipe to be 
installed.  Slope trench walls below the top of the pipe, or make 
vertical, and of such width as recommended in the manufacturer's printed 
installation manual.  Provide vertical trench walls where no 
manufacturer's printed installation manual is available.  Shore trench 
walls more than 4 feet  high, cut back to a stable slope, or provide with 
equivalent means of protection for employees who may be exposed to moving 
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ground or cave in.  Shore vertical trench walls more than 4 feet  high.  
Excavate trench walls which are cut back to at least the angle of repose 
of the soil.  Give special attention to slopes which may be adversely 
affected by weather or moisture content.  Do not exceed the trench width 
below the pipe top of  24 inches  plus pipe outside diameter (O.D.) for 
pipes of less than  24 inches  inside diameter, and do not exceed  36 inches  
plus pipe outside diameter for sizes larger than  24 inches  inside 
diameter.  Where recommended trench widths are exceeded, provide redesign, 
stronger pipe, or special installation procedures by the Contractor.  The 
Contractor is responsible for the cost of redesign, stronger pipe, or 
special installation procedures without any additional cost to the 
Government.

3.2.5.1   Bottom Preparation

Grade the bottoms of trenches accurately to provide uniform bearing and 
support for the bottom quadrant of each section of the pipe.  Excavate 
bell holes to the necessary size at each joint or coupling to eliminate 
point bearing.  Remove stones of 2 inch  or greater in any dimension, or as 
recommended by the pipe manufacturer, whichever is smaller, to avoid point 
bearing.

3.2.5.2   Removal of Unyielding Material

Where  unyielding material is encountered in the bottom of the trench, 
remove such material 12 inch  below the required grade and replaced with 
suitable materials as provided in paragraph BACKFILLING AND COMPACTION.

3.2.5.3   Removal of Unstable Material

Where unstable material is encountered in the bottom of the trench, remove 
such material to the depth directed and replace it to the proper grade 
with select granular material as provided in paragraph BACKFILLING AND 
COMPACTION.  When removal of unstable material is required due to the 
Contractor's fault or neglect in performing the work, the Contractor is 
responsible for excavating the resulting material and replacing it without 
additional cost to the Government.

3.2.5.4   Excavation for Appurtenances

Provide excavation for manholes, catch-basins, inlets, or similar 
structures of sufficient size to permit the placement and removal of forms 
for the full length and width of structure footings and foundations as 
shown.  Clean rock or loose debris and cut to a firm surface either level, 
stepped, or serrated, as shown or as directed.  Remove loose disintegrated 
rock and thin strata.  Specify removal of unstable material.  When 
concrete or masonry is to be placed in an excavated area, take special 
care not to disturb the bottom of the excavation.  Do not excavate to the 
final grade level until just before the concrete or masonry is to be 
placed.

3.2.6   Underground Utilities

The Contractor is responsible for movement of construction machinery and 
equipment over pipes and utilities during construction.  Perform work 
adjacent to non-Government utilities as indicated in accordance with 
procedures outlined by utility company.  Excavation made with power-driven 
equipment is not permitted within  2 feet  of known Government-owned utility 
or subsurface construction.  For work immediately adjacent to or for 
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excavations exposing a utility or other buried obstruction, excavate by 
hand.  Start hand excavation on each side of the indicated obstruction and 
continue until the obstruction is uncovered or until clearance for the new 
grade is assured.  Support uncovered lines or other existing work affected 
by the contract excavation until approval for backfill is granted by the 
Contracting Officer.  Report damage to utility lines or subsurface 
construction immediately to the Contracting Officer.

3.2.7   Structural Excavation

    Prior to the placement of floor slabs, foundations, structural site 
grading fills, prepare the area by grubbing all surface vegetation 
followed by scarification of the upper 12" of soil and applying (mixing) 
optimal water to gain the optimal compaction conditions then leveling 
material to sub grade and rolling/compacting with a vibrating roller.  
Prepared subgrade to be compacted to 95 percent of ASTM D1557 maximum 
density. In area for footings once subgrade is prepared excavate for 
footings to a minimum 2' below or one foot for each foot of fill 
thickness, whichever is greater and replace with select granular material 
compacted to 95 percent of ASTM D1557 maximum density.

3.3   SELECTION OF BORROW MATERIAL

Select borrow material to meet the requirements and conditions of the 
particular fill or embankment for which it is to be used.  Obtain borrow 
material from the borrow areas from approved private sources.  Unless 
otherwise provided in the contract, the Contractor is responsible for 
obtaining the right to procure material, pay royalties and other charges 
involved, and bear the expense of developing the sources, including 
rights-of-way for hauling from the owners.  Borrow material from approved 
sources on Government-controlled land may be obtained without payment of 
royalties.  Unless specifically provided, do not obtain borrow within the 
limits of the project site without prior written approval.  Consider 
necessary clearing, grubbing, and satisfactory drainage of borrow pits and 
the disposal of debris thereon related operations to the borrow excavation.

3.4   OPENING AND DRAINAGE OF EXCAVATION AND BORROW PITS

 Except as otherwise permitted, excavate borrow pits and other  excavation 
areas providing adequate drainage.  Transport overburden and other spoil 
material to designated spoil areas or otherwise dispose of as directed.  
Provide neatly trimmed and drained borrow pits after the excavation is 
completed.   Ensure that excavation of any area, operation of borrow pits,  
or dumping of spoil material results in minimum detrimental effects on 
natural environmental conditions.

3.5   SHORING

3.5.1   Geotechnical Engineer

Hire a Professional Geotechnical Engineer to provide inspection of 
excavations and soil/groundwater conditions throughout construction.  The 
Geotechnical Engineer is responsible for performing pre-construction and 
periodic site visits throughout construction to assess site conditions.  
The Geotechnical Engineer is responsible for updating the excavation, 
sheeting and dewatering plans as construction progresses to reflect 
changing conditions and submit an updated plan if necessary.  Submit a 
monthly written report, informing the Contractor and Contracting Officer 
of the status of the plan and an accounting of the Contractor's adherence 
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to the plan addressing any present or potential problems.  The Contracting 
Officer is responsible for arranging meetings with the Geotechnical 
Engineer at any time throughout the contract duration.

3.6   GRADING AREAS

Where indicated, divide work into grading areas within which satisfactory 
excavated material will be placed in embankments, fills, and required 
backfills.  Do not haul satisfactory material excavated in one grading 
area to another grading area except when so directed in writing.  Place 
and grade stockpiles of satisfactory and unsatisfactory and wasted 
materials as specified.  Keep stockpiles in a neat and well drained 
condition, giving due consideration to drainage at all times.  Clear, 
grub, and seal by rubber-tired equipment, the ground surface at stockpile 
locations; separately stockpile excavated satisfactory and unsatisfactory 
materials.  Protect stockpiles of satisfactory materials from 
contamination which may destroy the quality and fitness of the stockpiled 
material.  If the Contractor fails to protect the stockpiles, and any 
material becomes unsatisfactory, remove and replace such material with 
satisfactory material from approved sources.

3.7   FINAL GRADE OF SURFACES TO SUPPORT CONCRETE

Do not excavate to final grade until just before concrete is to be 
placed.   Only use excavation methods that will leave the foundation rock 
in a solid and unshattered condition.  Roughen the level surfaces, and cut 
the sloped surfaces, as indicated, into rough steps or benches to provide 
a satisfactory bond.  Protect shales from slaking and all surfaces from 
erosion resulting from ponding or water flow.

3.8   GROUND SURFACE PREPARATION

3.8.1   General Requirements

Remove and replace unsatisfactory material with satisfactory materials, as 
directed by the Contracting Officer, in surfaces to receive fill or in 
excavated areas.  Scarify the surface to a depth of  6 inches  before the 
fill is started.  Plow, step, bench, or break up sloped surfaces steeper 
than 1 vertical to 4 horizontal so that the fill material will bond with 
the existing material.  When subgrades are less than the specified 
density, break up the ground surface to a minimum depth of  6 inches , 
pulverizing, and compacting to the specified density.  When the subgrade 
is part fill and part excavation or natural ground, scarify the excavated 
or natural ground portion to a depth of  12 inches  and compact it as 
specified for the adjacent fill.

3.8.2   Frozen Material

Do not place material on surfaces that are muddy, frozen, or contain 
frost.  Finish compaction by sheepsfoot rollers, pneumatic-tired rollers, 
steel-wheeled rollers, or other approved equipment well suited to the soil 
being compacted.  Moisten material as necessary to provide the moisture 
content that will readily facilitate obtaining the specified compaction 
with the equipment used.

3.9   UTILIZATION OF EXCAVATED MATERIALS

Dispose unsatisfactory materials removing from excavations into designated 
waste disposal or spoil areas.  Use satisfactory material removed from 
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excavations, insofar as practicable, in the construction of fills, 
embankments, subgrades, shoulders, bedding (as backfill), and for similar 
purposes. In situ, non-engineered fills may remain below pavements, floor 
slabs, and flatwork if free ofdebris and deleterious materials, less than 
3 feet in thickness, and if properly prepared.    

3.10   BURIED TAPE AND DETECTION WIRE

3.10.1   Buried Warning and Identification Tape

Provide buried utility lines with utility identification tape.  Bury tape  
12 inches  below finished grade; under pavements and slabs, bury tape  6 
inches  below top of subgrade.

3.10.2   Buried Detection Wire

Bury detection wire directly above non-metallic piping at a distance not 
to exceed  12 inches  above the top of pipe.  Extend the wire continuously 
and unbroken, from manhole to manhole.  Terminate the ends of the wire 
inside the manholes at each end of the pipe, with a minimum of  3 feet  of 
wire, coiled, remaining accessible in each manhole.  Furnish insulated 
wire over it's entire length.  Install wires at manholes between the top 
of the corbel and the frame, and extend up through the chimney seal 
between the frame and the chimney seal.  For force mains, terminate the 
wire in the valve pit at the pump station end of the pipe.

3.11   BACKFILLING AND COMPACTION

Place backfill adjacent to any and all types of structures, in successive 
horizontal layers of loose materia not more than  8 inches  in depth.  
Compact to at least 90 percent laboratory maximum density for cohesive 
materials or 95 percent laboratory maximum density for cohesionless 
materials, to prevent wedging action or eccentric loading upon or against 
the structure.  Backfill material must be within the range of -2 to +2 
percent of optimum moisture content at the time of compaction.

Prepare ground surface on which backfill is to be placed and provide 
compaction requirements for backfill materials in conformance with the 
applicable portions of paragraphs GROUND SURFACE PREPARATION.  Finish 
compaction by sheepsfoot rollers, pneumatic-tired rollers, steel-wheeled 
rollers, vibratory compactors, or other approved equipment.

3.11.1   Trench Backfill

Backfill trenches to the grade shown.  

3.11.1.1   Replacement of Unyielding Material

Replace unyielding material removed from the bottom of the trench with 
select granular material or initial backfill material.

3.11.1.2   Replacement of Unstable Material

Replace unstable material removed from the bottom of the trench or 
excavation with select granular material placed in layers not exceeding  6 
inches  loose thickness.
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3.11.1.3   Bedding and Initial Backfill

Provide bedding of the type and thickness shown.  Place initial backfill 
material and compact it with approved tampers to a height of at least  one 
foot  above the utility pipe or conduit.  Bring up the backfill evenly on 
both sides of the pipe for the full length of the pipe.  Take care to 
ensure thorough compaction of the fill under the haunches of the pipe.  
Except as specified otherwise in the individual piping section, provide 
bedding for buried piping in accordance with AWWA C600, Type 4, except as 
specified herein.  Compact backfill to top of pipe to 95 percent of 
ASTM D698 maximum density.  Provide plastic piping with bedding to spring 
line of pipe.  Provide materials as follows:

3.11.1.3.1   Class I

Angular,  0.25 to 1.5 inch , graded stone, including a number of fill 
materials that have regional significance such as coral, slag, cinders, 
crushed stone, and crushed shells.

3.11.1.3.2   Class II

Coarse sands and gravels with maximum particle size of  1.5 inch , including 
various graded sands and gravels containing small percentages of fines, 
generally granular and noncohesive, either wet or dry.  Soil Types GW, GP, 
SW, and SP are included in this class as specified in ASTM D2487.

3.11.1.3.3   Sand

Clean, coarse-grained sand classified as SW  ASTM D2487 for bedding and 
backfill.

3.11.1.3.4   Gravel and Crushed Stone

Clean, coarsely graded natural gravel, crushed stone or a combination 
thereof identified as GW in accordance with S ASTM D2487 for bedding and 
backfill.  

3.11.1.4   Final Backfill

Fill the remainder of the trench, except for special materials for 
roadways, railroads and airfields, with satisfactory material.  Place 
backfill material and compact as follows:

3.11.1.4.1   Roadways, Railroads, and Airfields

Place backfill up to the required elevation as specified.  Do not permit 
water flooding or jetting methods of compaction.

3.11.1.4.2   Sidewalks, Turfed or Seeded Areas and Miscellaneous Areas

Deposit backfill in layers of a maximum of  12 inches  loose thickness, and 
compact it to 85 percent maximum density for cohesive soils and 90 percent 
maximum density for cohesionless soils.   Do not permit compaction by 
water flooding or jetting.  Apply this requirement to all other areas not 
specifically designated above.

3.11.2   Backfill for Appurtenances

After the manhole, catchbasin, inlet, or similar structure has been 

SECTION 31 00 00  Page 13



CAPITAL PROJECT # 1043925 MAY 2022 HAFB 309th SWEG
KRSM200806 100% FINAL SUBMITTAL

constructed , place backfill in such a manner that the structure is not be 
damaged by the shock of falling earth.  Deposit the backfill material, 
compact it as specified for final backfill, and bring up the backfill 
evenly on all sides of the structure to prevent eccentric loading and 
excessive stress.

3.12   SPECIAL REQUIREMENTS

Special requirements for both excavation and backfill relating to the 
specific utilities are as follows:

3.12.1   Gas Distribution

Excavate trenches to a depth that will provide a minimum  18 inches  of 
cover in rock excavation and a minimum  24 inch  of cover in other 
excavation.

3.12.2   Water Lines

Excavate trenches to a depth that provides a minimum cover of 4 feet  from 
the existing ground surface, or from the indicated finished grade, 
whichever is lower, to the top of the pipe.  

3.12.3   Heat Distribution System

Free initial backfill material of stones larger than  1/4 inch  in any 
dimension.

3.12.4   Electrical Distribution System

Provide a minimum cover of  24 inches  from the finished grade to direct 
burial cable and conduit or duct line, unless otherwise indicated.

3.13   EMBANKMENTS

3.13.1   Earth Embankments

Construct earth embankments from satisfactory materials free of organic or 
frozen material and rocks with any dimension greater than  3 inches .  Place 
the material in successive horizontal layers of loose material not more 
than  8 inches  in depth.  Spread each layer uniformly on a soil surface 
that has been moistened or aerated as necessary, and scarified or 
otherwise broken up so that the fill will bond with the surface on which 
it is placed.  After spreading, plow, disk, or otherwise break up each 
layer; moisten or aerate as necessary; thoroughly mix; and compact to at 
least 90 percent laboratory maximum density for cohesive materials or 95 
percent laboratory maximum density for cohesionless materials.  Backfill 
material must be within the range of -2 to +2 percent of optimum moisture 
content at the time of compaction.  

Compaction requirements for the upper portion of earth embankments forming 
subgrade for pavements are identical with those requirements specified in 
paragraph SUBGRADE PREPARATION.  Finish compaction by sheepsfoot rollers, 
pneumatic-tired rollers, steel-wheeled rollers, vibratory compactors, or 
other approved equipment.
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3.14   SUBGRADE PREPARATION

3.14.1   Proof Rolling

Subsequent to stripping and prior to the placement of floor slabs, 
foundations, structural site grading fills, exterior flatwork, and  
pavements, the exposed subgrade must be proof rolled by passing 
moderate-weight rubber tire-mounted construction equipment over the 
surface at least twice. If excessively soft or otherwise unsuitable soils 
are encountered beneath footings, they must be completely removed. If 
removal depth required is greater than 2 feet below footings, project 
Geotechnical Engineer must be notified to provide further recommendations.

3.14.2   Construction

Shape subgrade to line, grade, and cross section, and compact as 
specified.  Include plowing, disking, and any moistening or aerating 
required to obtain specified compaction for this operation.  Remove soft 
or otherwise unsatisfactory material and replace with satisfactory 
excavated material or other approved material as directed.  Excavate rock 
encountered in the cut section to a depth of  6 inches  below finished grade 
for the subgrade.  Bring up low areas resulting from removal of 
unsatisfactory material or excavation of rock to required grade with 
satisfactory materials, and shape the entire subgrade to line, grade, and 
cross section and compact as specified.  After rolling, the surface of the 
subgrade for roadways shall not show deviations greater than  1/2 inch  when 
tested with a  12-foot  straightedge applied both parallel and at right 
angles to the centerline of the area.  Do not vary the elevation of the 
finish subgrade more than  0.05 foot  from the established grade and cross 
section.

3.14.3   Compaction

Finish compaction by sheepsfoot rollers, pneumatic-tired rollers, 
steel-wheeled rollers, vibratory compactors, or other approved equipment.  
Except for paved areas and railroads, compact each layer of the embankment 
to at least 90 percent of laboratory maximum density.

3.14.3.1   Subgrade for Pavements

Compact subgrade for pavements to at least 95 percentage laboratory 
maximum density for the depth below the surface of the pavement shown.  
When more than one soil classification is present in the subgrade, 
thoroughly blend, reshape, and compact the top 6 inch  of subgrade.

3.14.3.2   Subgrade for Shoulders

Compact subgrade for shoulders to at least 96 percentage laboratory 
maximum density for the full depth of the shoulder.

3.15   SHOULDER CONSTRUCTION

Construct shoulders of satisfactory excavated or borrow  material or as 
otherwise shown or specified..  Submit advanced notice on shoulder 
construction for rigid pavements.  Construct shoulders immediately after 
adjacent paving is complete.  In the case of rigid pavements, do not 
construct shoulders until permission of the Contracting Officer has been 
obtained.  Compact the entire shoulder area to at least the percentage of 
maximum density as specified in paragraph SUBGRADE PREPARATION above, for 
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specific ranges of depth below the surface of the shoulder.  Finish 
compaction by sheepsfoot rollers, pneumatic-tired rollers, steel-wheeled 
rollers, vibratory compactors, or other approved equipment.  Finish 
shoulder construction in proper sequence in such a manner that adjacent 
ditches will be drained effectively and that no damage of any kind is done 
to the adjacent completed pavement.  Align the completed shoulders true to 
grade and shaped to drain in conformity with the cross section shown.

3.16   FINISHING

Finish the surface of excavations, embankments, and subgrades to a smooth 
and compact surface in accordance with the lines, grades, and cross 
sections or elevations shown.  Provide the degree of finish for graded 
areas within  0.1 foot  of the grades and elevations indicated except that 
the degree of finish for subgrades specified in paragraph SUBGRADE 
PREPARATION.  Finish gutters and ditches in a manner that will result in 
effective drainage.  Finish the surface of areas to be turfed from 
settlement or washing to a smoothness suitable for the application of 
turfing materials.  Repair graded, topsoiled, or backfilled areas prior to 
acceptance of the work, and re-established grades to the required 
elevations and slopes.

3.16.1   Subgrade and Embankments

During construction, keep embankments and excavations shaped and drained.  
Maintain ditches and drains along subgrade to drain effectively at all 
times.  Do not disturb the finished subgrade by traffic or other 
operation.  Protect and maintain the finished subgrade in a satisfactory 
condition until ballast, subbase, base, or pavement is placed.  Do not 
permit the storage or stockpiling of materials on the finished subgrade.  
Do not lay subbase, base course, ballast, or pavement until the subgrade 
has been checked and approved, and in no case place subbase, base, 
surfacing, pavement, or ballast on a muddy, spongy, or frozen subgrade.

3.16.2   Capillary Water Barrier

Place a capillary water barrier under concrete floor and area-way slabs 
grade directly on the subgrade and compact with a minimum of two passes of 
a hand-operated plate-type vibratory compactor.

3.16.3   Grading Around Structures

Construct areas within  5 feet  outside of each building and structure line 
true-to-grade, shape to drain, and maintain free of trash and debris until 
final inspection has been completed and the work has been accepted.

3.17   PLACING TOPSOIL

On areas to receive topsoil, prepare the compacted subgrade soil to a  2 
inches  depth for bonding of topsoil with subsoil.  Spread topsoil evenly 
to a thickness of 6 inch  and grade to the elevations and slopes shown.  Do 
not spread topsoil when frozen or excessively wet or dry.  Obtain material 
required for topsoil in excess of that produced by excavation within the 
grading limits from offsite areas.

3.18   TESTING

Perform testing by a Corps validated commercial testing laboratory meeting 
the requirements of SECTION 01 45 00 (or similar number) QUALITY CONTROL and 
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approved by the Contracting Officer. Determine field in-place density in 
accordance with the sand cone method ASTM D1556, except the nuclear gauge 
method ASTM D6938 may be used, as further qualified hereinafter, to 
determine in-place density of materials verified to be free of mica or other 
materials known to give inconsistent nuclear gauge results. When ASTM D6938 
is used, check the calibration curves as described in ASTM D6938 and adjust 
using only the sand cone method as described in ASTM D1556; check the 
calibration of the density gauge prior to the first use of each different 
type of material encountered and at intervals as directed by the Contracting 
Officer. Both ASTM D1556 and ASTM D6938 result in a wet unit weight of soil 
and when using either of these methods, use only method ASTM D2216 to 
determine the moisture content for calculating in-place dry density of the 
soil. For a rough estimate of in-place density to control field activities 
only, the Contractor may perform moisture content testing by method  ASTM 
D4643 or ASTM D4959 in conjunction with density testing by method ASTM 
D6938. Density results determined by sand cone method ASTM D1556 shall 
govern, and shall be used to calibrate (adjust) the results determined for 
similar materials by nuclear gauge method ASTM D6938. If differing results 
are consistently determined, use of the nuclear gauge shall be discontinued 
and only  method ASTM D1556 shall be used. When test results indicate, as 
determined by the Contracting Officer, that compaction is not as specified, 
remove the material, replace and recompact to meet specification 
requirements. Perform tests on recompacted areas to determine conformance 
with specification requirements. For all tests required by these 
specifications, appoint a registered professional civil engineer to certify 
inspections and test results. These certifications shall state that the 
tests and observations were performed by or under the direct supervision of 
the engineer and that the results are representative of the materials or 
conditions being certified by the tests. The following number of tests, if 
performed at the appropriate time, will be the minimum acceptable for each 
type operation.

3.18.1   Fill and Backfill Material Gradation

One test per 1000  cubic  yards  stockpiled or in-place source material.  
Determine gradation of fill and backfill material in accordance with 
ASTM D1140.

3.18.2   In-Place Densities

a.  One test per 1000  square  feet , or fraction thereof, of each lift of 
fill or backfill areas compacted by other than hand-operated machines.

b.  One test per 1000  square  feet , or fraction thereof, of each lift of 
fill or backfill areas compacted by hand-operated machines.

c.  One test per 500  linear  feet , or fraction thereof, of each lift of 
embankment or backfill for roads.

3.18.3   Check Tests on In-Place Densities

If nuclear gauge method ASTM D 6938 is used, check in-place densities by the 
sand cone method ASTM D 1556 at a minimum frequency of one sand cone test 
per lift for every six or fraction thereof tests by the nuclear gauge 
method. Use these sand cone "check test" results to calibrate (adjust) the 
nuclear gauge results for representative materials as described in paragraph 
"TESTING" above.
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3.18.4   Moisture Contents

In the stockpile, excavation, or borrow areas, perform a minimum of two 
tests per day per type of material or source of material being placed 
during stable weather conditions.  During unstable weather, perform tests 
as dictated by local conditions and approved by the Contracting Officer.

3.18.5   Optimum Moisture and Laboratory Maximum Density

Perform tests for each type material or source of material including 
borrow material  to determine the optimum moisture and laboratory maximum 
density values.  One representative test per 1000  cubic  yards  of fill and 
backfill, or when any change in material occurs which may affect the 
optimum moisture content or laboratory maximum density.

3.18.6   Tolerance Tests for Subgrades

Perform continuous checks on the degree of finish specified in paragraph 
SUBGRADE PREPARATION during construction of the subgrades.

3.18.7   Displacement of Sewers

After other required tests have been performed and the trench backfill 
compacted to the finished grade surface, inspect the pipe to determine 
whether significant displacement has occurred.  Conduct this inspection in 
the presence of the Contracting Officer.  Inspect pipe sizes larger than  
36 inches , while inspecting smaller diameter pipe by shining a light or 
laser between manholes or manhole locations, or by the use of television 
cameras passed through the pipe.  If, in the judgment of the Contracting 
Officer, the interior of the pipe shows poor alignment or any other 
defects that would cause improper functioning of the system, replace or 
repair the defects as directed at no additional cost to the Government.

3.19   DISPOSITION OF SURPLUS MATERIAL

Remove surplus material or other soil material not required or suitable 
for filling or backfilling, and brush, refuse, stumps, roots, and timber 
from Government property to an approved location .

        -- End of Section --
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SECTION 32 05 33

LANDSCAPE ESTABLISHMENT

PART 1   GENERAL

1.1   REFERENCES

The publications listed below form a part of this specification to the 
extent referenced.  The publications are referred to within the text by 
the basic designation only.

ASTM INTERNATIONAL (ASTM)

ASTM D5851 (1995; R 2015) Planning and Implementing a 
Water Monitoring Program

ASTM D6155 (2019) Nontraditional Coarse Aggregate for 
Bituminous Paving Mixtures

TREE CARE INDUSTRY ASSOCIATION (TCIA)

TCIA Z133 (2017) American National Standard for 
Arboricultural Operations - Pruning, 
Repairing, Maintaining, and Removing 
Trees, and Cutting Brush - Safety 
Requirements

1.2   DEFINITIONS

1.2.1   Pesticide

Any substance or mixture of substances, including biological control 
agents, that may prevent, destroy, repel, or mitigate pests and are 
specifically labeled for use by the U.S. Environmental Protection Agency 
(EPA).  Also, any substance used as a plant regulator, defoliant, 
disinfectant, or biocide.  Examples of pesticides include fumigants, 
herbicides, insecticides, fungicides, nematicides, molluscicides and 
rodenticides.

1.3   RELATED REQUIREMENTS

Section 32 84 24  IRRIGATION SPRINKLER SYSTEM applies to this section for 
installation of irrigation equipment requirements, with additions and 
modifications herein.

Section 32 93 00  EXTERIOR PLANTS applies to this section for installation 
of trees, and with additions and modifications herein.

1.4   SUBMITTALS

Government approval is required for submittals with a "G" or "S" 
classification.  Submittals not having a "G" or "S" classification are for 
information only.  When used, a code following the "G" classification 
identifies the office that will review the submittal for the Government.  
Submit the following in accordance with Section 01 33 00  SUBMITTAL 
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PROCEDURES:

SD-01 Preconstruction Submittals

Integrated Pest Management Plan ; G

SD-03 Product Data

Fertilizer ; G

Mulches Topdressing

Organic Mulch Materials

SD-07 Certificates

Maintenance Inspection Report

SD-10 Operation and Maintenance Data

Maintenance

SD-11 Closeout Submittals

Tree Staking and Guying Removal

1.5   DELIVERY, STORAGE AND HANDLING

1.5.1   Delivery

Deliver fertilizer, to the site in original containers bearing 
manufacturer's chemical analysis, name, trade name, or trademark, and 
indication of conformance to state and federal laws.  Instead of 
containers, fertilizer, may be furnished in bulk with a certificate 
indicating the above information.

1.5.2   Storage

1.5.2.1   Fertilizer, , Mulch Storage

Store material in designated areas.  Store fertilizer in cool, dry 
locations away from contaminants.

1.5.2.2   Antidesiccant's Storage

Do not store with fertilizers or other landscape maintenance materials.

1.5.3   Handling

Do not drop or dump materials from vehicles.

1.6   MAINTENANCE

Submit Operation and Maintenance (O&M) Manuals for planting materials.  
Include instructions indicating procedures during one typical year 
including variations of maintenance for climatic conditions throughout the 
year.  Provide instructions and procedures for watering; promotion of 
growth, including fertilizing, pruning, and mowing; and integrated pest 
management.  O&M Manuals must include pictures of planting materials cross 
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referenced to botanical and common names, with a description of the normal 
appearance in each season.

Develop a water monitoring program for surface and ground water on the 
project site in accordance with ASTM D5851 and consistent with the water 
management program utilized during construction operations.

PART 2   PRODUCTS

2.1   POST-PLANT FERTILIZER

Fertilizer for groundcover, wildflowers, and grasses is not permitted.  
Provide fertilizer for trees, plants, and shrubs as recommended by plant 
supplier, except synthetic chemical fertilizers are not permitted.  
Fertilizers containing petrochemical additives or that have been treated 
with pesticides or herbicides are not permitted.

2.1.1   Granular Fertilizer

Organic, granular controlled release fertilizer applied as needed. 

2.2   WATER

Source of water must be approved by the Contracting Officer, and be of 
suitable quality for irrigation.   Use collected storm water or graywater 
when available.

2.3   MULCHES TOPDRESSING

Free from noxious weeds, mold, pesticides, or other deleterious materials.

2.3.1   Inert Mulch Materials

Provide stone, complying with ASTM D6155, ranging in size from 1/2  to 1 
inches .

2.4   PESTICIDES

Pesticides and herbicides are not permitted. Use biological pest controls 
as approved in the Plan.

PART 3   EXECUTION

3.1   EXTENT OF WORK

Provide landscape construction maintenance to include irrigation equipment 
cleaning and adjustments, fertilizing, watering, weeding, pruning, stake 
and guy adjusting, for all newly installed landscape areas , unless 
indicated otherwise, and at all areas inside or outside the limits of the 
construction that are disturbed by the Contractor's operations.

3.1.1   Policing

Police all landscaped areas.  Policing includes removal of leaves, 
branches and limbs regardless of length or diameter, dead vegetation, 
paper, trash, cigarette butts, garbage, rocks or other debris.  Collected 
debris must be promptly removed and disposed of at an approved disposal 
site.
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3.1.2   Drainage System Maintenance

Remove all obstructions from surface and subsurface drain lines to allow 
water to flow unrestricted in swales, gutters, catch basins, storm drain 
curb inlets, and yard drains.  Remove grates and clear debris in catch 
basins.  Open drainage channels are to be maintained free of all debris 
and vegetation at all times.  Edges of these channels must be clear of any 
encroachment by vegetation.

3.2   IRRIGATION ESTABLISHMENT PERIOD

The irrigation establishment period will commence on the date that 
inspection by the Contracting Officer shows that the new irrigation 
equipment furnished under this contract have been satisfactorily installed 
and is functional and must continue for a period of 365 days.

3.2.1   Maintenance During the Irrigation Establishment Period

Begin maintenance immediately after irrigation equipment has been 
installed and is functional.  Inspect irrigation equipment at least once a 
week during the installation and establishment period and perform needed 
maintenance promptly.  Automatic controllers not equipped with rain 
shut-off sensors must be turned off during periods of rain that exceed 
twelve hours of continuous rainfall in one day or during rain storms of 
one day or more.  Once the rain has subsided timers must be reactivated.  
Irrigation controllers must be inspected and reprogrammed after power 
outages.  Contractor must be responsible for winterization and startup.  
Sprinkler heads must direct water away from buildings and hard surfaced 
areas.

3.2.2   Water Restrictions

aabide by state, local or other water conservation regulations in force 
during the establishment period.  Automatic controller must be adjusted to 
comply with the water conservation regulations schedule.

3.2.3   Fire Hydrants

To use a fire hydrant for irrigation, obtain prior clearance from the 
Contracting Officer and provide the tools and connections approved for use 
on fire hydrants.  If a fire hydrant is used, Provide a reduced pressure 
backflow preventer for each connection between hose and fire hydrant.  
Backflow preventer used must be tested once per month by a certified 
backflow preventer tester.

3.2.4   Final Acceptance

Operation and coverage test is acceptable if system operates through at 
least one complete cycle for areas to be irrigated and all leaks or 
repairs have been completed.

3.2.5   Controller Charts

Provide one chart for each controller supplied.  Indicate in chart area 
controlled by the automatic controller.  The chart is a reduction of the 
actual plan that will fit the maximum dimensions inside the controller 
housing.  Use a black line print for the chart and a different pastel or 
transparent color to indicate each station zone of coverage.  After chart 
is completed and approved for final acceptance, seal chart between two  20 
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mil  pieces of clear plastic.

3.3   EXTERIOR PLANT ESTABLISHMENT PERIOD

The exterior plant establishment period will commence on the date that 
inspection by the Contracting Officer shows that the new plants furnished 
under this contract have been satisfactorily installed and must continue 
for a period of 365 days.

3.3.1   Frequency of Maintenance

Begin maintenance immediately after plants have been installed.  Inspect 
exterior plants at least every other week  during the installation and 
establishment period and perform needed maintenance promptly.

3.3.2   Promotion of Plant Growth and Vigor

Water, prune, fertilize, mulch, adjust stakes, guys and turnbuckles,  
eradicate weeds and perform other operations necessary to promote plant 
growth, and vigor.

3.3.3   Planter Bed Maintenance

3.3.3.1   Tree Maintenance

Tree maintenance must include adjustment of stakes, ties, guy supports , 
watering, fertilizing, pest control, mulching, pruning for health and 
safety and fall leaf cleanup.  Fertilize exterior trees to promote healthy 
plant growth without encouraging excessive top foliar growth.  Inspect and 
adjust stakes, ties, guy supports to avoid girdling and promote natural 
development.  All trees within the project boundaries, regardless of 
caliper, must be selectively pruned for safety and health reasons. These 
include but are not limited to removal of dead and broken branches and  
correction of structural defects.  Prune trees according to their natural 
growth characteristics leaving trees well shaped and balanced.  Pruning of 
all trees including palm trees must be accomplished by or in the presence 
of a certified member of the International Society of Arboriculture and in 
accordance with TCIA Z133 .  All pruning debris generated must be disposed 
of in a proper manner.

3.3.4   Removal of Dying or Dead Plants

Remove dead and dying plants and provide new plants immediately upon 
commencement of the specified planting season, and replace stakes, guys, 
mulch and eroded earth mound water basins.  Provide an additional 90 day 
establishment period for replacement plants beyond the original warranty 
period.  A tree must be considered dying or dead when the main leader has 
died back, or a minimum of 20 percent of the crown has died.  A shrub or 
ground cover must be considered dying or dead when a minimum of 20 percent 
of the plant has died.  This condition must be determined by scraping on a 
branch an area  1/16 inch  square, maximum, to determine the cause for dying 
plant material and must provide recommendations for replacement. The 
Contractor must determine the cause for dying plant material and provide 
recommendations for replacement.

3.3.5   Tracking of Unhealthy Plants

Note plants not in healthy growing condition, as determined by the 
Contracting Officer, and as soon as seasonal conditions permit, remove and 
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replace with plants of the same species and sizes as originally specified. 
Install replacement plantings in accordance with Section 32 93 00  EXTERIOR 
PLANTS.

3.3.6   Final Inspection

Final inspection will be made upon written request from the Contractor at 
least 10 days prior to the last day of the  establishment period.  Final 
inspection will be based upon satisfactory health and growth of plants and 
on the following:

3.3.6.1   Total Plants on Site

Plants have been accepted and required number of replacements have been 
installed.

3.3.6.2   Mulching and Weeding

Planter beds and earth mound water basins are properly mulched and free of 
weeds.

3.3.6.3   Tree Supports

Stakes guys and turnbuckles are in good condition.

3.3.6.4   Remedial Work

Remedial measures directed by the Contracting Officer to ensure plant 
material survival and promote healthy growth have been completed.

3.3.7   Unsatisfactory Work

When work is found to not meet design intent and specifications, 
maintenance period will be extended at no additional cost to the 
Government until work has been completed, inspected and accepted by 
Contracting Officer.

3.4   FIELD QUALITY CONTROL

3.4.1   Maintenance Inspection Report

Provide maintenance inspection report to assure that landscape maintenance 
is being performed in accordance with the specifications and in the best 
interest of plant growth and survivability.  Site observations must be 
documented at the start of the establishment period, then quarterly 
following the start, and at the end of establishment period.  Submit 
results of site observation visits to the Contracting Officer within 7 
calendar days of each site observation visit.

3.4.2   Plant Quantities

Provide Contracting Officer with the number of plant quantities.  In 
addition, provide total exterior area of hardscape and landscaping such as 
turf and total number of shrubs.

3.4.3   Tree Staking and Guying Removal

Provide a certified letter that all stakes and guys are removed from all 
project trees at the end of the establishment period.
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        -- End of Section --
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SECTION 32 11 23

AGGREGATE BASE COURSES

PART 1   GENERAL

1.1   REFERENCES

The publications listed below form a part of this specification to the 
extent referenced.  The publications are referred to in the text by basic 
designation only.

AMERICAN ASSOCIATION OF STATE HIGHWAY AND TRANSPORTATION OFFICIALS 
(AASHTO)

AASHTO T 180 (2017) Standard Method of Test for 
Moisture-Density Relations of Soils Using 
a 4.54-kg (10-lb) Rammer and a 457-mm 
(18-in.) Drop

AASHTO T 224 (2010) Standard Method of Test for 
Correction for Coarse Particles in the 
Soil Compaction Test

AASHTO T 88 (2013) Standard Method of Test for 
Particle Size Analysis of Soils

ASTM INTERNATIONAL (ASTM)

ASTM C117 (2017) Standard Test Method for Materials 
Finer than 75-um (No. 200) Sieve in 
Mineral Aggregates by Washing

ASTM C127 (2015) Standard Test Method for Density, 
Relative Density (Specific Gravity), and 
Absorption of Coarse Aggregate

ASTM C128 (2015) Standard Test Method for Density, 
Relative Density (Specific Gravity), and 
Absorption of Fine Aggregate

ASTM C131/C131M (2014) Standard Test Method for Resistance 
to Degradation of Small-Size Coarse 
Aggregate by Abrasion and Impact in the 
Los Angeles Machine

ASTM C136/C136M (2014) Standard Test Method for Sieve 
Analysis of Fine and Coarse Aggregates

ASTM C29/C29M (2017a) Standard Test Method for Bulk 
Density ("Unit Weight") and Voids in 
Aggregate

ASTM D1557 (2012; E 2015) Standard Test Methods for 
Laboratory Compaction Characteristics of 
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Soil Using Modified Effort (56,000 
ft-lbf/ft3) (2700 kN-m/m3)

ASTM D2487 (2011) Soils for Engineering Purposes 
(Unified Soil Classification System)

ASTM D4318 (2017) Standard Test Methods for Liquid 
Limit, Plastic Limit, and Plasticity Index 
of Soils

ASTM D5821 (2013; R 2017) Standard Test Method for 
Determining the Percentage of Fractured 
Particles in Coarse Aggregate

ASTM D75/D75M (2014) Standard Practice for Sampling 
Aggregates

ASTM E11 (2016) Standard Specification for Woven 
Wire Test Sieve Cloth and Test Sieves

1.2   DEFINITIONS

For the purposes of this specification, the following definitions apply.

1.2.1   Aggregate Base Course

Aggregate base course (ABC) is well graded, durable aggregate uniformly 
moistened and mechanically stabilized by compaction.

1.2.2   Graded-Crushed Aggregate Base Course

Graded-crushed aggregate (GCA) base course is well graded, crushed, 
durable aggregate uniformly moistened and mechanically stabilized by 
compaction.

1.2.3   Degree of Compaction

Degree of compaction required, except as noted in the second sentence, is 
expressed as a percentage of the maximum laboratory dry density obtained 
by the test procedure presented in ASTM D1557 abbreviated as a percent of 
laboratory maximum dry density.  Since ASTM D1557 applies only to soils 
that have 30 percent or less by weight of their particles retained on the  
3/4 inch  sieve, the degree of compaction for material having more than 30 
percent by weight of their particles retained on the  3/4 inch  sieve will 
be expressed as a percentage of the laboratory maximum dry density in 
accordance with AASHTO T 180  Method D and corrected with AASHTO T 224 .

1.3   SUBMITTALS

Government approval is required for submittals with a "G" designation; 
submittals not having a "G" designation are for Contractor Quality Control 
approval.   Submittals with an "S" are for inclusion in the Sustainability 
eNotebook, in conformance to Section 01 33 29  SUSTAINABILITY REPORTING.  
Submit the following in accordance with Section 01 33 00  SUBMITTAL 
PROCEDURES:

SD-03 Product Data

Plant, Equipment, and Tools ; 
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Waybills and Delivery Tickets

SD-06 Test Reports

Initial Tests ; 
In-Place Tests ; 

1.4   EQUIPMENT, TOOLS, AND MACHINES

All plant, equipment, and tools  used in the performance of the work will 
be subject to approval by the Contracting Officer before the work is 
started. Maintain all plant, equipment, and tools in satisfactory working 
condition at all times.  Submit a list of proposed equipment, including 
descriptive data.  Use equipment capable of minimizing segregation, 
producing the required compaction, meeting grade controls, thickness 
control, and smoothness requirements as set forth herein.

1.5   QUALITY ASSURANCE

Sampling and testing are the responsibility of the Contractor. Perform 
sampling and testing using a laboratory approved in accordance with 
Section 01 45 00.00 10  QUALITY CONTROL.  Work requiring testing will not 
be permitted until the testing laboratory has been inspected and 
approved.  Test the materials to establish compliance with the specified 
requirements and perform testing at the specified frequency.  The 
Contracting Officer may specify the time and location of the tests.  
Furnish copies of test results to the Contracting Officer within 24 hours 
of completion of the tests.

1.5.1   Sampling

Take samples for laboratory testing in conformance with ASTM D75/D75M.  
When deemed necessary, the sampling will be observed by the Contracting 
Officer.

1.5.2   Tests

1.5.2.1   Sieve Analysis

Perform sieve analysis in conformance with ASTM C117 and ASTM C136/C136M 
using sieves conforming to ASTM E11.  Perform particle-size analysis of 
the soils in conformance with AASHTO T 88 .

1.5.2.2   Liquid Limit and Plasticity Index

Determine liquid limit and plasticity index in accordance with ASTM D4318.

1.5.2.3   Moisture-Density Determinations

Determine the laboratory maximum dry density and optimum moisture content 
in accordance with paragraph DEGREE OF COMPACTION.

1.5.2.4   Field Density Tests

Determine the in-place density in accordance with ASTM D 1556, except that 
method ASTM D 6938 may be used, as further qualified hereinafter, to 
determine in-place density of materials verified to be free of mica or 
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other materials known to give inconsistent results with the nuclear gauge. 
When ASTM D 6938 is used, check the calibration curves as described in 
ASTM D 6938 and adjust using only the sand cone method as described in 
paragraph Calibration of the ASTM publication. Check the calibration of 
the density gauge prior to the first use of each different type of 
material encountered and at intervals as directed by the Contracting 
Officer, and submit curves and results within 24 hours of running the 
test. Both ASTM D 1556 and ASTM D 6938 result in a wet unit weight of soil 
and when using either of these methods, use only method ASTM D 2216 to 
determine the moisture content for calculating in-place dry density of the 
soil. For a rough estimate of in-place density to control field activities 
only, the Contractor may perform moisture content testing by method ASTM D 
4643 or ASTM D 4959 in conjunction with density testing by method ASTM D 
6938. If the nuclear gauge method ASTM D 6938 is used for compliance 
testing, those test values shall be checked against tests performed in 
accordance with the sand cone method ASTM D 1556 at a minimum frequency of 
one sand cone test per lift for every six or fraction thereof tests by the 
nuclear gauge method. Density test results determined by ASTM D 1556 shall 
govern over those determined by ASTM D6938. If differing results are 
consistently obtained, use of the nuclear gauge shall be discontinued and 
only sand cone method ASTM D 1556 shall be used.

1.5.2.5   Wear Test

Perform wear tests on ABC course material in conformance with 
ASTM C131/C131M.

1.6   ENVIRONMENTAL REQUIREMENTS

Perform construction when the atmospheric temperature is above  35 degrees F .  
When the temperature falls below  35 degrees F , protect all completed areas 
by approved methods against detrimental effects of freezing.  Correct 
completed areas damaged by freezing, rainfall, or other weather conditions 
to meet specified requirements.

PART 2   PRODUCTS

2.1   AGGREGATES

Provide ABC consisting of clean, sound, durable particles of crushed 
stone,  crushed gravel, crushed recycled concrete, angular sand, or other 
approved material.  Provide ABC that is free of lumps of clay, organic 
matter, and other objectionable materials or coatings.   The portion 
retained on the  No. 4  sieve is known as coarse aggregate; that portion 
passing the  No. 4  sieve is known as fine aggregate.  When the coarse and 
fine aggregate is supplied form more than one source, provide aggregate 
from each source that meets the specified requirements.

2.1.1   Coarse Aggregate

Provide coarse aggregates with angular particles of uniform density.  
Separately stockpile coarse aggregate supplied from more than one source.
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a.  Crushed Gravel:  Provide crushed gravel that has been manufactured by 
crushing gravels and that meets all the requirements specified below.

b.  Crushed Stone:  Provide crushed stone consisting of freshly mined 
quarry rock, meeting all the requirements specified below.

c.  Crushed Recycled Concrete:  Provide crushed recycled concrete 
consisting of previously hardened portland cement concrete or other 
concrete containing pozzolanic binder material.  Provide recycled 
concrete that is free of all reinforcing steel, bituminous concrete 
surfacing, and any other foreign material and that has been crushed 
and processed to meet the required gradations for coarse aggregate.  
Reject recycled concrete aggregate exceeding this value.  Provide 
crushed recycled concrete that meets all other applicable requirements 
specified below.

d.  Crushed Slag:  Provide crushed slag that is an air-cooled 
blast-furnace product having an air dry unit weight of not less than  
70 pcf  as determined by ASTM C29/C29M, and meets all the requirements 
specified below.

2.1.1.1   Aggregate Base Course

The percentage of loss of ABC coarse aggregate must not exceed 50 percent 
when tested in accordance with ASTM C131/C131M.  Provide aggregate that 
contains no more than 30 percent flat and elongated particles.  A flat 
particle is one having a ratio of width to thickness greater than 3; an 
elongated particle is one having a ratio of length to width greater than 
3.  In the portion retained on each sieve specified, the crushed 
aggregates must contain at least 50 percent by weight of crushed pieces 
having two or more freshly fractured faces determined in accordance with 
ASTM D5821.  When two fractures are contiguous, the angle between planes 
of the fractures must be at least 30 degrees in order to count as two 
fractured faces.  Manufacture crushed gravel from gravel particles 50 
percent of which, by weight, are retained on the maximum size sieve listed 
in TABLE 1.

2.1.2   Fine Aggregate

Provide fine aggregates consisting of angular particles of uniform density.

2.1.2.1   Aggregate Base Course

Provide ABC fine aggregate that consists of screenings, angular sand, 
crushed recycled concrete fines, or other finely divided mineral matter 
processed or naturally combined with the coarse aggregate.

2.1.3   Gradation Requirements

Apply the specified gradation requirements to the completed base course.  
Provide aggregates that are continuously well graded within the limits 
specified in TABLE 1.  Use sieves that conform to ASTM E11.
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TABLE 1.  GRADATION OF AGGREGATES

Percentage by Weight Passing Square-Mesh Sieve

         Sieve
         Designation                 No. 2           
         -------------------------------------------------------

        2 inch                          ----           
        1-1/2 inch                     100           
        1 inch                       60-100            
        1/2 inch                     30-65          
        No. 4                        20-50          
        No. 10                       15-40           
        No. 40                        5-25            
        No. 200                       0-8             

NOTE 1:  Particles having diameters less than 0.02 mm must not be in 
excess of 3 percent by weight of the total sample tested as determined in 
accordance with AASHTO T 88 .

NOTE 2:  The values are based on aggregates of uniform specific gravity.  
If materials from different sources are used for the coarse and fine 
aggregates, test the materials in accordance with ASTM C127 and ASTM C128 
to determine their specific gravities.  Correct the percentages passing 
the various sieves as directed by the Contracting Officer if the specific 
gravities vary by more than 10 percent.

2.2   LIQUID LIMIT AND PLASTICITY INDEX

Apply liquid limit and plasticity index requirements to the completed 
course and to any component that is blended to meet the required 
gradation.  The portion of any component or of the completed course 
passing the  No. 40  sieve must be either nonplastic or have a liquid limit 
not greater than 25 and a plasticity index not greater than 5.

2.3   TESTS, INSPECTIONS, AND VERIFICATIONS

2.3.1   Initial Tests

Perform one of each of the following tests, on the proposed material prior 
to commencing construction, to demonstrate that the proposed material 
meets all specified requirements when furnished.  Complete this testing 
for each source if materials from more than one source are proposed.

a.  Sieve Analysis .

b.  Liquid limit and plasticity index.

c.  Moisture-density relationship.

d.  Wear.

e.  Soundness.
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Submit certified copies of test results for approval not less than 30  
days before material is required for the work.

2.3.2   Approval of Material

Tentative approval of material will be based on initial test results.

PART 3   EXECUTION

3.1   GENERAL REQUIREMENTS

When the ABCGCA is constructed in more than one layer, clean the 
previously constructed layer of loose and foreign matter by sweeping with 
power sweepers or power brooms, except that hand brooms may be used in 
areas where power cleaning is not practicable.  Provide adequate drainage 
during the entire period of construction to prevent water from collecting 
or standing on the working area.

3.2   OPERATION OF AGGREGATE SOURCES

Condition aggregate sources on private lands in accordance with local laws 
or authorities.  

3.3   STOCKPILING MATERIAL

Clear and level storage sites prior to stockpiling of material.  Stockpile 
all materials, including approved material available from excavation and 
grading, in the manner and at the locations designated.  Stockpile 
aggregates on the cleared and leveled areas designated by the Contracting 
Officer to prevent segregation.  Stockpile materials obtained from 
different sources separately.

3.4   PREPARATION OF UNDERLYING COURSE OR SUBGRADE

Clean the underlying course or subgrade of all foreign substances prior to 
constructing the base course(s).  Do not construct base course(s) on 
underlying course or subgrade that is frozen.  Construct the surface of 
the underlying course or subgrade to meet specified compaction and surface 
tolerances.  Correct ruts or soft yielding spots in the underlying 
courses, areas having inadequate compaction, and deviations of the surface 
from the specified requirements set forth herein by loosening and removing 
soft or unsatisfactory material and adding approved material, reshaping to 
line and grade, and recompacting to specified density requirements.  For 
cohesionless underlying courses or subgrades containing sands or gravels, 
as defined in ASTM D2487, stabilize the surface prior to placement of the 
base course(s).  Stabilize by mixing ABCGCA into the underlying course and 
compacting by approved methods.  Consider the stabilized material as part 
of the underlying course and meet all requirements of the underlying 
course.  Do not allow traffic or other operations to disturb the finished 
underlying course and maintain in a satisfactory condition until the base 
course is placed.

3.5   GRADE CONTROL

Provide a finished and completed base course conforming to the lines, 
grades, and cross sections shown.  Place line and grade stakes as 
necessary for control.
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3.6   MIXING AND PLACING MATERIALS

Mix the coarse and fine aggregates in a stationary plant.  Make 
adjustments in mixing procedures or in equipment, as directed, to obtain 
true grades, to minimize segregation or degradation, to obtain the 
required water content, and to insure a satisfactory base course meeting 
all requirements of this specification.  Place the mixed material on the 
prepared subgrade or subbase in layers of uniform thickness with an 
approved spreader.  Place the layers so that when compacted they will be 
true to the grades or levels required with the least possible surface 
disturbance.  Where the base course is placed in more than one layer, 
clean the previously constructed layers of loose and foreign matter by 
sweeping with power sweepers, power brooms, or hand brooms, as directed.  
Make adjustments in placing procedures or equipment as may be directed by 
the Contracting Officer to obtain true grades, to minimize segregation and 
degradation, to adjust the water content, and to insure an acceptable base 
course.

3.7   LAYER THICKNESS

Compact the completed base course to the thickness indicated.  No 
individual layer may be thicker than  6 inches  nor be thinner than  3 inches  
in compacted thickness.  Compact the base course(s) to a total thickness 
that is within  1/2 inch  of the thickness indicated.  Where the measured 
thickness is more than  1/2 inch  deficient, correct such areas by 
scarifying, adding new material of proper gradation, reblading, and 
recompacting as directed.  Where the measured thickness is more than  1/2 
inch  thicker than indicated, the course will be considered as conforming 
to the specified thickness requirements.  The average job thickness will 
be the average of all thickness measurements taken for the job and must be 
within  1/4 inch  of the thickness indicated.  Measure the total thickness 
of the base course at intervals of one measurement for each 500 square  
yards  of base course.  Measure total thickness using  3 inch  diameter test 
holes penetrating the base course.

3.8   COMPACTION

Compact each layer of the base course, as specified, with approved 
compaction equipment.  Maintain water content during the compaction 
procedure to within plus or minus 2 percent of the optimum water content 
determined from laboratory tests as specified in this Section.  Begin 
rolling at the outside edge of the surface and proceed to the center, 
overlapping on successive trips at least one-half the width of the 
roller.  Slightly vary the length of alternate trips of the roller.  
Adjust speed of the roller as needed so that displacement of the aggregate 
does not occur.  Compact mixture with hand-operated power tampers in all 
places not accessible to the rollers.  Continue compaction until each 
layer is compacted through the full depth to at least 100  percent of 
laboratory maximum density for asphalt concrete pavements and  95 percent 
of laboratory maximum density  for rigid pavements .  Make such adjustments 
in compacting or finishing procedures as may be directed by the 
Contracting Officer to obtain true grades, to minimize segregation and 
degradation, to reduce or increase water content, and to ensure a 
satisfactory base course.  Remove any materials found to be unsatisfactory 
and replace with satisfactory material or rework, as directed, to meet the 
requirements of this specification.
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3.9   EDGES OF BASE COURSE

  Place approved material along the outer edges of the base course in 
sufficient quantity to compact to the thickness of the course being 
constructed.  When the course is being constructed in two or more layers, 
simultaneously roll and compact at least a  2 foot  width of this shoulder 
material with the rolling and compacting of each layer of the base course, 
as directed.

3.10   FINISHING

Finish the surface of the top layer of base course after final compaction 
by cutting any overbuild to grade and rolling with a steel-wheeled 
roller.  Do not add thin layers of material to the top layer of base 
course to meet grade.  If the elevation of the top layer of base course is  
1/2 inch  or more below grade, scarify the top layer to a depth of at least  
3 inches  and blend new material in and compact to bring to grade.  Make 
adjustments to rolling and finishing procedures as directed by the 
Contracting Officer to minimize segregation and degradation, obtain 
grades, maintain moisture content, and insure an acceptable base course.  
Should the surface become rough, corrugated, uneven in texture, or traffic 
marked prior to completion, scarify the unsatisfactory portion and rework 
and recompact it or replace as directed.

3.11   SMOOTHNESS TEST

Construct the top layer so that the surface shows no deviations in excess 
of  3/8 inch  when tested with a  12 foot  straightedge.  Take measurements in 
successive positions parallel to the centerline of the area to be paved.  
Also take measurements perpendicular to the centerline at  100  foot  
intervals.  Correct deviations exceeding this amount by removing material 
and replacing with new material, or by reworking existing material and 
compacting it to meet these specifications.

3.12   FIELD QUALITY CONTROL

3.12.1   In-Place Tests

Perform each of the following tests on samples taken from the placed and 
compacted ABC.  Take samples and test at the rates indicated. 

a.  Perform density tests on every lift of material placed and at a 
frequency of one set of tests for every 500  square yards , or portion 
thereof, of completed area.

b.  Perform sieve analysis  on every lift of material placed and at a 
frequency of one sieve analysis for every 1000  square yards , or 
portion thereof, of material placed.

c.  Perform liquid limit and plasticity index tests at the same frequency 
as the sieve analysis.

d.  Measure the thickness of the base course at intervals providing at 
least one measurement for each 1000  square  yards  of base course or 
part thereof.  Measure the thickness using test holes, at least  3 inch
 in diameter through the base course.
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3.12.2   Approval of Material

Final approval of the materials will be based on tests for gradation, 
liquid limit, and plasticity index performed on samples taken from the 
completed and fully compacted course(s).

3.13   TRAFFIC

Completed portions of the base course may be opened to limited traffic, 
provided there is no marring or distorting of the surface by the traffic.  
Do not allow heavy equipment on the completed base course except when 
necessary for construction.  When it is necessary for heavy equipment to 
travel on the completed base course, protect the area against marring or 
damage to the completed work.

3.14   MAINTENANCE

The base course shall be maintained in a satisfactory condition including 
preservation of moisture and density until the full pavement section is 
completed and accepted. Maintenance shall include immediate repairs to any 
defects and shall be repeated as often as necessary to keep the area intact. 
Any base course that is not paved over within 7 days of completion or that 
has received measurable rainfall prior to paving, shall be retested to 
verify that it still complies with the requirements of this specification. 
Any area of base course that is damaged or out of compliance shall be 
reworked or replaced as necessary to comply with this specification. The 
Contractor may elect to help preserve the base course by applying a prime 
coat meeting local air quality standards, but such application will not 
relieve the Contractor from compliance with the maintenance, verification, 
and re-work requirements specified herein.

3.15   DISPOSAL OF UNSATISFACTORY MATERIALS

Dispose of any unsuitable materials that have been removed outside the 
limits of Government-controlled land.  No additional payments will be made 
for materials that have to be replaced.

       -- End of Section --
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SECTION 32 12 17

HOT MIX BITUMINOUS PAVEMENT

PART 1   GENERAL

1.1   REFERENCES

The publications listed below form a part of this specification to the 
extent referenced.  The publications are referred to within the text by 
the basic designation only.

AMERICAN ASSOCIATION OF STATE HIGHWAY AND TRANSPORTATION OFFICIALS 
(AASHTO)

AASHTO M 156 (2013; R 2017) Standard Specification for 
Requirements for Mixing Plants for 
Hot-Mixed, Hot-Laid Bituminous Paving 
Mixtures

AASHTO M 320 (2017) Standard Specification for 
Performance-Graded Asphalt Binder

ASPHALT INSTITUTE (AI)

AI MS-2 (2015) Asphalt Mix Design Methods

ASTM INTERNATIONAL (ASTM)

ASTM C117 (2017) Standard Test Method for Materials 
Finer than 75-um (No. 200) Sieve in 
Mineral Aggregates by Washing

ASTM C127 (2015) Standard Test Method for Density, 
Relative Density (Specific Gravity), and 
Absorption of Coarse Aggregate

ASTM C128 (2015) Standard Test Method for Density, 
Relative Density (Specific Gravity), and 
Absorption of Fine Aggregate

ASTM C131/C131M (2014) Standard Test Method for Resistance 
to Degradation of Small-Size Coarse 
Aggregate by Abrasion and Impact in the 
Los Angeles Machine

ASTM C136/C136M (2014) Standard Test Method for Sieve 
Analysis of Fine and Coarse Aggregates

ASTM C188 (2016) Standard Test Method for Density of 
Hydraulic Cement

ASTM C29/C29M (2017a) Standard Test Method for Bulk 
Density ("Unit Weight") and Voids in 
Aggregate
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ASTM C88 (2013) Standard Test Method for Soundness 
of Aggregates by Use of Sodium Sulfate or 
Magnesium Sulfate

ASTM D1073 (2016) Fine Aggregate for Bituminous 
Paving Mixtures

ASTM D1188 (2007; E 2010) Bulk Specific Gravity and 
Density of Compacted Bituminous Mixtures 
Using Paraffin-Coated Specimens

ASTM D140/D140M (2016) Standard Practice for Sampling 
Asphalt Materials

ASTM D2041/D2041M (2011) Theoretical Maximum Specific 
Gravity and Density of Bituminous Paving 
Mixtures

ASTM D2172/D2172M (2017) Standard Test Methods for 
Quantitative Extraction of Asphalt Binder 
from Asphalt Mixtures

ASTM D242/D242M (2009; R 2014) Mineral Filler for 
Bituminous Paving Mixtures

ASTM D2726/D2726M (2017) Standard Test Method for Bulk 
Specific Gravity and Density of 
Non-Absorptive Compacted Bituminous 
Mixtures

ASTM D3666 (2016) Standard Specification for Minimum 
Requirements for Agencies Testing and 
Inspecting Road and Paving Materials

ASTM D4867/D4867M (2009; R 2014) Effect of Moisture on 
Asphalt Concrete Paving Mixtures

ASTM D546 (2017) Standard Test Method for Sieve 
Analysis of Mineral Filler for Asphalt 
Paving Mixtures

ASTM D692/D692M (2015) Coarse Aggregate for Bituminous 
Paving Mixtures

ASTM D6927 (2015) Standard Test Method for Marshall 
Stability and Flow of Bituminous Mixtures

ASTM D70 (2009; E 2009) Specific Gravity and 
Density of Semi-Solid Bituminous Materials 
(Pycnometer Method)

ASTM D75/D75M (2014) Standard Practice for Sampling 
Aggregates

ASTM D854 (2014) Specific Gravity of Soil Solids by 
Water Pycnometer

ASTM D979/D979M (2015) Sampling Bituminous Paving Mixtures
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1.2   SUBMITTALS

Government approval is required for submittals with a "G" designation; 
submittals not having a "G" designation are for Contractor Quality Control 
approval.  Submittals with an "S" are for inclusion in the Sustainability 
eNotebook, in conformance to Section 01 33 29  SUSTAINABILITY REPORTING.  
Submit the following in accordance with Section 01 33 00  SUBMITTAL 
PROCEDURES:

SD-04 Samples

Bituminous pavement

SD-05 Design Data

Job-mix formula

  Submit a job-mix formula, prepared specifically for this project 
within one year of submittal for roads, for approval  prior to 
preparing and placing the bituminous mixture.  Design mix using 
procedures contained in Chapter V, Marshall Method of Mix Design, 
of AI MS-2 .  Formulas shall indicate physical properties of the 
mixes as shown by tests made by a commercial laboratory approved 
by the Contracting Officer, using materials identical to those to 
be provided on this project.  Submit formulas with material 
samples. Job-mix formula for each mixture shall be in effect until 
modified in writing by the Contractor and approved by the 
Contracting Officer.  Provide a new job-mix formula for each 
source change.  Submittal shall include all tests indicated in MIX 
DESIGN section of this specification.

ASPHALT CEMENT BINDER

MIX DESIGN

SD-06 Test Reports

Specific gravity test of asphalt

Coarse aggregate tests

Weight of slag test

Percent of crushed pieces in gravel

Fine aggregate tests

Specific gravity of mineral filler

Bituminous mixture tests

Aggregates tests

Bituminous mix tests

Pavement courses

  Submit in accordance with paragraph entitled "Mock-Up Test 
Section."
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1.3   QUALITY ASSURANCE

1.3.1   Safety Requirements

Provide adequate and safe stairways with handrails to the mixer platform, 
and safe and protected ladders or other means for accessibility to plant 
operations.  Guard equipment and exposed steam or other high temperature 
lines or cover with a suitable type of insulation.

1.3.2   Required Data

Job-mix formula  shall show the following:

a.  Source and proportions, percent by weight, of each ingredient of the 
mixture;

b.  Correct gradation, the percentages passing each size sieve listed in 
the specifications for the mixture to be used, for the aggregate and 
mineral filler from each separate source and from each different size 
to be used in the mixture and for the composite mixture;

c.  Amount of material passing the  No. 200  sieve determined by dry sieving;

d.  Number of blows of hammer compaction per side of molded specimen;

e.  Temperature viscosity relationship of the asphalt cement;

f.  Stability, flow, percent voids in mineral aggregate, percent air 
voids, unit weight;

g.  Asphalt absorption by the aggregate;

h.  Effective asphalt content as percent by weight of total mix;

i.  Temperature of the mixture immediately upon completion of mixing;

j.  Asphalt performance grade ; and

k.  Curves for the  wearing course.

1.3.3   Charts

Plot and submit, on a grain size chart, the specified aggregate gradation 
band, the job-mix gradation and the job-mix tolerance band.

1.3.4   Selection of Optimum Asphalt Content

Base selection on percent of total mix and the average of values at the 
following points on the curves for each mix:

a.  Stability:  Peak

b.  Unit Weight:  Peak

c.  Percent Air Voids:  Median
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1.4   DELIVERY, STORAGE, AND HANDLING

Inspect materials delivered to the site for damage and store with a 
minimum of handling.  Store aggregates in such a manner as to prevent 
segregation, contamination, or intermixing of the different aggregate 
sizes.

1.5   ENVIRONMENTAL CONDITIONS

Place bituminous mixture only during dry weather and on dry surfaces. 
Place courses only when the surface temperature of the underlying course 
is greater than  45 degrees F  for course thicknesses greater than  one inch  
and  55 degrees F  for course thicknesses  one inch  or less.

1.6   CONSTRUCTION EQUIPMENT

Calibrated equipment, such as scales, batching equipment, spreaders and 
similar equipment, shall have been recalibrated by a calibration 
laboratory approved by the Contracting Officer within 12 months of 
commencing work.

1.6.1   Mixing Plant

Design, coordinate, and operate the mixing plant to produce a mixture 
within the job-mix formula tolerances and to meet the requirements of 
AASHTO M 156, including additional plant requirements specified herein.  
The plant shall be a batch type, continuous mix type or drum-dryer mixer 
type, and shall have sufficient capacity to handle the new bituminous 
construction.  Minimum plant capacity shall be  2000  tons per hour .  The 
mixing plant and equipment shall remain accessible at all times for 
inspecting operation, verifying weights, proportions and character of 
materials, and checking mixture temperatures.  The plant and plant site 
shall meet the requirements of Section 01 57 19  TEMPORARY ENVIRONMENTAL 
CONTROLS.

1.6.1.1   Cold Aggregate Feeder

Provide plant with a feeder or feeders capable of delivering the maximum 
number of aggregate sizes required in their proper proportion.  Provide 
adjustment for total and proportional feed and feeders capable of being 
locked in any position.  When more than one cold elevator is used, feed 
each elevator as a separate unit and install individual controls 
integrated with a master control.

1.6.1.2   Dryer

Provide rotary drum-dryer which continuously agitates the mineral 
aggregate during the heating and drying process.  When one dryer does not 
dry the aggregate to specified moisture requirements, provide additional 
dryers.

1.6.1.3   Plant Screens and Bins for Batch and Continuous Mix Plants

Use screen to obtain accurate gradation and allow no bin to contain more 
than 10 percent oversize or undersize.  Inspect screens each day prior to 
commencing work for plugged, worn, or broken screens.  Clean plugged 
screens and replace worn or broken screens with new screens prior to 
beginning operations.  Divide hot aggregate bins into at least three 
compartments arranged to ensure separate and adequate storage of 
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appropriate fractions of the aggregate.

1.6.1.4   Testing Laboratory

Provide a testing laboratory for control and acceptance testing functions 
during periods of mix production, sampling and testing, and whenever 
materials subject to the provisions of these specifications are being 
supplied or tested.  The laboratory shall provide adequate equipment, 
space, and utilities as required for the performance of the specified 
tests.

1.6.1.5   Surge and Storage Bins

Use for temporary storage of hot bituminous mixtures will be permitted 
under the following conditions:

a.  When stored in surge bins for a period of time not to exceed 3 hours.

b.  When stored in insulated and heated storage bins for a period of time 
not to exceed 12 hours.  If it is determined by the Contracting 
Officer that there is an excessive amount of heat loss, segregation 
and oxidation of the mixture due to temporary storage, discontinue use 
of surge bins or storage bins.

1.6.1.6   Drum-Dryer Mixer

Do not use drum-dryer mixer if specified requirements of the bituminous 
mixture or of the completed bituminous pavement course cannot be met.  If 
drum-dryer mixer is prohibited, use either batch or continuous mix plants 
meeting the specifications and producing a satisfactory mix.

1.6.2   Paving Equipment

1.6.2.1   Spreading Equipment

Self-propelled electronically controlled type, unless other equipment is 
authorized .  Equip spreading equipment of the self-propelled 
electronically controlled type with hoppers, tamping or vibrating devices, 
distributing screws, electronically adjustable screeds, and equalizing 
devices.  Capable of spreading hot bituminous mixtures without tearing, 
shoving, or gouging and to produce a finished surface of specified grade 
and smoothness.  Operate spreaders, when laying mixture, at variable 
speeds between  5 and 45 feet per minute .  Design spreader with a quick and 
efficient steering device; a forward and reverse traveling speed; and 
automatic devices to adjust to grade and confine the edges of the mixture 
to true lines.  The use of a spreader that leaves indented areas or other 
objectionable irregularities in the fresh laid mix during operations is 
prohibited.

1.6.2.2   Rolling Equipment

Self-propelled pneumatic-tired rollers supplemented by three-wheel and 
tandem type steel wheel rollers.  The number, type and weight of rollers 
shall be sufficient to compact the mixture to the required density without 
detrimentally affecting the compacted material.  Rollers shall be suitable 
for rolling hot-mix bituminous pavements and capable of reversing without 
backlash.  Pneumatic-tired rollers shall be capable of being operated both 
forward and backward without turning on the mat, and without loosening the 
surface being rolled.  Equip rollers with suitable devices and apparatus 
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to keep the rolling surfaces wet and prevent adherence of bituminous 
mixture. Vibratory rollers especially designed for bituminous concrete 
compaction may be used provided rollers do not impair stability of 
pavement structure and underlying layers.  Repair depressions in pavement 
surfaces resulting from use of vibratory rollers.  Rollers shall be 
self-propelled, single or dual vibrating drums, and steel drive wheels, as 
applicable; equipped with variable amplitude and separate controls for 
energy and propulsion.

1.6.2.3   Hand Tampers

Minimum weight of  25 pounds  with a tamping face of not more than  50 square 
inches .

1.6.2.4   Mechanical Hand Tampers

Commercial type, operated by pneumatic pressure or by internal combustion.

PART 2   PRODUCTS

2.1   AGGREGATES

Grade and proportion aggregates and filler so that combined mineral 
aggregate conforms to specified grading.

2.1.1   Coarse Aggregates

ASTM D692/D692M, except as modified herein.  At least 75 percent by weight 
of aggregate retained on the  No. 4  sieve shall have two or more fractured 
faces.  Percentage of wear, Los Angeles test, except for slag, shall not 
exceed 40 in accordance with ASTM C131/C131M.  Weight of slag shall not be 
less than  70 pounds per cubic foot .  Soundness test is required in 
accordance with ASTM C88; after 5 cycles, loss shall not be more than 12 
percent when tested with sodium sulfate or 18 percent when tested with 
magnesium sulfate.

2.1.2   Fine Aggregate

ASTM D1073, except as modified herein.  Fine aggregate shall be produced 
by crushing stone, slag or gravel that meets requirements for wear and 
soundness specified for coarse aggregate.  Where necessary to obtain the 
gradation of aggregate blend or workability, natural sand may be used. 
Quantity of natural sand to be added shall be approved  and shall not 
exceed 15 percent of weight of coarse and fine aggregate and material 
passing the  No. 200 sieve.

2.1.3   Mineral Filler

Nonplastic material meeting the requirements of ASTM D242/D242M.

2.1.4   Aggregate Gradation

The combined aggregate gradation shall conform to gradations specified in 
Table I, when tested in accordance with ASTM C136/C136M and ASTM C117, and 
shall not vary from the low limit on one sieve to the high limit on the 
adjacent sieve or vice versa, but grade uniformly from coarse to fine.
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Table I.  Aggregate Gradations

Gradation 2

Sieve Size,  inch Percent Passing
by Mass

 1 ---

 3/4 100

 1/2 76-96

 3/8 69-89

 No. 4 53-73

 No. 8 38-60

 No. 16 26-48

 No. 30 18-38

 No. 50 11-27

 No. 100 6-18

 No. 200 3-6

2.2   ASPHALT CEMENT BINDER

Asphalt cement binder shall conform to AASHTO M 320 Performance Grade (PG) 
64-28  .  Test data indicating grade certification shall be provided by the 
supplier at the time of delivery of each load to the mix plant.  Copies of 
these certifications shall be submitted to the Contracting Officer .  The 
supplier is defined as the last source of any modification to the binder.  
The Contracting Officer  may sample and test the binder at the mix plant at 
any time before or during mix production.  Samples for this verification 
testing shall be obtained by the Contractor in accordance with 
ASTM D140/D140M and in the presence of the Contracting Officer .  These 
samples shall be furnished to the Contracting Officer  for the verification 
testing, which shall be at no cost to the Contractor.  Samples of the 
asphalt cement specified shall be submitted for approval not less than 14 
days before start of the test section.

2.3   MIX DESIGN

The Contractor shall develop the mix design.  The asphalt mix shall be 
composed of a mixture of well-graded aggregate, mineral filler if 
required, and asphalt material.  The aggregate fractions shall be sized, 
handled in separate size groups, and combined in such proportions that the 
resulting mixture meets the grading requirements of the job mix formula 
(JMF).  No hot-mix asphalt for payment shall be produced until a JMF has 
been approved.  The hot-mix asphalt shall be designed using procedures 
contained in AI MS-2  and the criteria shown in Table II.  If the Tensile 
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Strength Ratio (TSR) of the composite mixture, as determined by 
ASTM D4867/D4867M  is less than 75, the aggregates shall be rejected or the 
asphalt mixture treated with an approved anti-stripping agent.  The amount 
of anti-stripping agent added shall be sufficient to produce a TSR of not 
less than 75.  If an antistrip agent is required, it shall be provided by 
the Contractor at no additional cost.  

2.3.1   JMF Requirements

The job mix formula shall be submitted in writing by the Contractor for 
approval at least 14 days prior to the start of the test section and shall 
include as a minimum:

a.  Percent passing each sieve size.

b.  Percent of asphalt cement.

c.  Percent of each aggregate and mineral filler to be used.

d.  Asphalt viscosity grade, penetration grade, or performance grade.

e.  Number of blows of hammer per side of molded specimen.

f.  Laboratory mixing temperature.

g.  Lab compaction temperature.

h.  Temperature-viscosity relationship of the asphalt cement.

i.  Plot of the combined gradation on the 0.45 power gradation chart, 
stating the nominal maximum size.

j.  Graphical plots of stability, flow, air voids, voids in the mineral 
aggregate, and unit weight versus asphalt content as shown in AI MS-2 .

k.  Specific gravity and absorption of each aggregate.

l.  Percent natural sand.

m.  Percent particles with two or more fractured faces (in coarse 
aggregate).

n.  Fine aggregate angularity.

o.  Percent flat or elongated particles (in coarse aggregate).

p.  Tensile Strength Ratio.

q.  Antistrip agent (if required) and amount.

r.  List of all modifiers and amount.

s.  Percentage and properties (asphalt content, binder properties, and 
aggregate properties) of RAP in accordance with paragraph RECYCLED 
HOT-MIX ASPHALT, if RAP is used.
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Table II.  Marshall Design Criteria

Test Property 75 Blow Mix 50 Blow Mix

Stability,  pounds  minimum  *2150  *1350

Flow,  0.01 inch 8-16 8-18

Air voids, percent 3-5 3-5

Percent Voids in mineral aggregate 
(minimum)

 See Table III  See Table III

TSR, minimum percent 75 75

* This is a minimum requirement.  The average during construction shall be 
significantly higher than this number to ensure compliance with the 
specifications.

Table III.  Minimum Percent Voids in Mineral Aggregate (VMA)**

Aggregate (See Table 2) Minimum VMA, percent

Gradation 1 13.0

Gradation 2 14.0

Gradation 3 15.0

** Calculate VMA in accordance with AI MS-2 , based on ASTM D2726/D2726M
 bulk specific gravity for the aggregate.

2.3.2   Adjustments to JMF

The JMF for each mixture shall be in effect until a new formula is 
approved in writing by the Contracting Officer .  Should a change in 
sources of any materials be made, a new mix design shall be performed and 
a new JMF approved before the new material is used.  The Contractor will 
be allowed to adjust the JMF within the limits specified below to optimize 
mix volumetric properties.  Adjustments to the JMF shall be limited to 
plus or minus 3 percent on the  1/2 inch,  No. 4,  and  No. 8  sieves; plus or 
minus 1.0 percent on the  No. 200  sieve; and plus or minus 0.40 percent 
binder content.  If adjustments are needed that exceed these limits, a new 
mix design shall be developed.  Tolerances given above may permit the 
aggregate grading to be outside the limits shown in Table I; this is 
acceptable.

SECTION 32 12 17  Page 12



CAPITAL PROJECT # 1043925 MAY 2022 HAFB 309th SWEG
KRSM200806 100% FINAL SUBMITTAL

2.4   RECYCLED HOT MIX ASPHALT

Recycled HMA shall consist of reclaimed asphalt pavement (RAP), coarse 
aggregate, fine aggregate, mineral filler, and asphalt cement.  The RAP 
shall be of a consistent gradation and asphalt content and properties.  
When RAP is fed into the plant, the maximum RAP chunk size shall not exceed
 2 inches .  The recycled HMA mix shall be designed using procedures 
contained in AI MS-2 .  The job mix shall meet the requirements of 
paragraph MIX DESIGN.  RAP should only be used for shoulder surface course 
mixes and for any intermediate courses.  The amount of RAP shall be 
limited to 30 percent.

2.4.1   RAP Aggregates and Asphalt Cement

The blend of aggregates used in the recycled mix shall meet the 
requirements of paragraph AGGREGATES.  The percentage of asphalt in the 
RAP shall be established for the mixture design according to 
ASTM D2172/D2172M  using the appropriate dust correction procedure.

2.4.2   RAP Mix

The blend of new asphalt cement and the RAP asphalt binder shall meet the  
requirements in paragraph ASPHALT CEMENT BINDER.  The virgin asphalt 
cement shall not be more than two standard asphalt material grades 
different than that specified in paragraph ASPHALT CEMENT BINDER.

2.5   SOURCE QUALITY CONTROL

Employ a commercial laboratory approved by the Contracting Officer to 
perform testing.  The laboratory used to develop the JMF and the 
laboratory used to perform all sampling and testing shall meet the 
requirements of ASTM D3666.  A certification signed by the manager of the 
laboratory stating that it meets these requirements or clearly listing all 
deficiencies shall be submitted to the Contracting Officer prior to the 
start of construction.  The certification shall contain as a minimum:

a.  Qualifications of personnel; laboratory manager, supervising 
technician, and testing technicians.

b.  A listing of equipment to be used in developing the job mix.

c.  A copy of the laboratory's quality control system.

d.  Evidence of participation in the AASHTO Materials Reference Laboratory 
(AMRL) program.

2.5.1   Tests

Perform testing in accordance with the following:

a.  Specific Gravity Test of Asphalt :  ASTM D70

b.  Coarse Aggregate Tests :

(1)  Bulk Specific Gravity:  ASTM C127

(2)  Abrasion Loss:  ASTM C131/C131M

(3)  Soundness Loss:  ASTM C88
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c.  Weight of Slag Test :  ASTM C29/C29M

d.  Percent of Crushed Pieces in Gravel :  Count by observation and weight

e.  Fine Aggregate Tests :

(1)  Bulk Specific Gravity:  ASTM C128

(2)  Soundness Loss:  ASTM C88

f.  Specific Gravity of Mineral Filler :  ASTM C188 or ASTM D854

g.  Bituminous Mixture Tests :

(1)  Bulk Specific Gravity:  ASTM D1188 or ASTM D2726/D2726M

(2)  Theoretical Maximum Specific Gravity:  ASTM D2041/D2041M

(3)  Tensile Strength Ratio:  ASTM D4867/D4867M

2.5.2   Specimens

ASTM D6927 for the making and testing of bituminous specimens with the 
following exceptions:

a.  Compaction:  Apply 75 blows of the hammer to each flat face of the 
specimens for heavy-duty pavements  and 50 blows for light-duty 
pavements .

b.  Curves:  Plot curves for the  wearing course to show the effect on the 
test properties of at least four different percentages of asphalt on 
the unit weight, stability, flow, air voids, and voids in mineral 
aggregate; each point on the curves shall represent the average of at 
least four specimens.

c.  Cooling of Specimen:  After compaction is completed, allow the 
specimen to cool in air to the same temperature approximately as that 
of the water,  77 degrees F , to be used in the specific gravity 
determination.

PART 3   EXECUTION

3.1   PREPARATION

3.1.1   Preparation of Asphalt Binder Material

The asphalt cement material shall be heated avoiding local overheating and 
providing a continuous supply of the asphalt material to the mixer at a 
uniform temperature.  The temperature of unmodified asphalts shall be no 
more than 160 degrees C 325 degrees F when added to the aggregates.  
Modified asphalts shall be no more than 174 degrees C 350 degrees F when 
added to the aggregate.

3.1.2   Preparation of Mineral Aggregates

Store different size aggregate in separate stockpiles so that different 
sizes will not mix.  Stockpile different-sized aggregates in uniform 
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layers by use of a clam shell or other approved method so as to prevent 
segregation.  The use of bulldozers in stockpiling of aggregate or in 
feeding aggregate to the dryer is prohibited.  Feed aggregates into the 
cold elevator by means of separate mechanical feeders so that aggregates 
are graded within requirements of the job-mix formulas and tolerances 
specified.  Regulate rates of feed of the aggregates so that moisture 
content and temperature of aggregates are within tolerances specified 
herein.  Dry and heat aggregates to the temperature necessary to achieve 
the mixture determined by the job mix formula within the job tolerance 
specified.  Provide adequate dry storage for mineral filler.

3.1.3   Preparation of Bituminous Mixture

Accurately weigh aggregates and dry mineral filler and convey into the 
mixer in the proportionate amounts of each aggregate size required to meet 
the job-mix formula.   In batch mixing, after aggregates and mineral 
filler have been introduced into the mixer and mixed for not less than 15 
seconds, add asphalt by spraying or other approved methods and continue 
mixing for a period of not less than 20 seconds, or as long as required to 
obtain a homogeneous mixture.  The time required to add or spray asphalt 
into the mixer will not be added to the total wet-mixing time provided the 
operation does not exceed 10 seconds and a homogeneous mixture is 
obtained.  When a continuous mixer is employed, mixing time shall be more 
than 35 seconds to obtain a homogeneous mixture.  Additional mixing time, 
when required, will be as directed by the Contracting Officer.  When 
mixture is prepared in a twin-pugmill mixer, volume of the aggregates, 
mineral filler, and asphalt shall not extend above tips of mixer blades 
when blades are in a vertical position.  Overheated and carbonized 
mixtures, or mixtures that foam or show indication of free moisture, will 
be rejected. When free moisture is detected in batch or continuous mix 
plant produced mixtures, waste the mix and withdraw the aggregates in the 
hot bins immediately and return to the respective stockpiles; for 
drum-dryer mixer plants, waste the mix, including that in surge or storage 
bins that is affected by free moisture.

3.1.4   Transportation of Bituminous Mixtures

Transport bituminous material from the mixing plant to the paving site in 
trucks having tight, clean, smooth beds that have been coated with a 
minimum amount of concentrated solution of hydrated lime and water or 
other approved coating to prevent adhesion of the mixture to the truck. 
Petroleum products will not be permitted for coating truck.  If air 
temperature is less than  60 degrees F  or if haul time is greater than 30 
minutes, cover each load with canvas or other approved material of ample 
size to protect the mixture from the loss of heat. Make deliveries so that 
the spreading and rolling of all the mixture prepared for one day's run 
can be completed during daylight, unless adequate approved artificial 
lighting is provided.  Deliver mixture to area to be paved so that the 
temperature at the time of dumping into the spreader is within the range 
specified herein.  Reject loads that are below minimum temperature, that 
have crusts of cold unworkable material, or that have been wet excessively 
by rain. Hauling over freshly laid material is prohibited.

3.1.5   Surface Preparation of Underlying Course

Prior to the laying of the asphalt concrete, clean underlying course of 
foreign or objectionable matter with power blowers or power brooms, 
supplemented by hand brooms and other cleaning methods where necessary.  
During the placement of multiple lifts of bituminous concrete, each 

SECTION 32 12 17  Page 15



CAPITAL PROJECT # 1043925 MAY 2022 HAFB 309th SWEG
KRSM200806 100% FINAL SUBMITTAL

succeeding lift of bituminous concrete shall have its underlying lift 
cleaned and provided with a bituminous tack coat if the time period 
between the placement of each lift of bituminous concrete exceeds 14 days, 
or the underlying bituminous concrete has become dirty.  Remove grass and 
other vegetative growth from existing cracks and surfaces.

3.1.6   Spraying of Contact Surfaces

Spray contact surfaces of previously constructed pavement with a thin coat 
of bituminous materials to act as an anti-stripping agent.  Paint contact 
surfaces of structures with a thin coat of emulsion or other approved 
bituminous material prior to placing the bituminous mixture.  Tack coat 
the previously placed primed coats on base courses when surface has become 
excessively dirty and cannot be cleaned or when primed surface has cured 
to the extent that it has lost all bonding effect.

3.2   PLACEMENT

3.2.1   Machine Spreading

The range of temperatures of the mixtures at the time of spreading shall 
be between  250 degrees F and 300 degrees F .  Bituminous concrete having 
temperatures less than minimum spreading temperature when dumped into the 
spreader will be rejected.  Adjust spreader and regulate speed so that the 
surface of the course is smooth and continuous without tears and pulling, 
and of such depth that, when compacted, the surface conforms with the 
cross section, grade, and contour indicated.  Unless otherwise directed, 
begin the placing along the centerline of areas to be paved on a crowned 
section or on the high side of areas with a one-way slope.  Place mixture 
in consecutive adjacent strips having a minimum width of  10 feet , except 
where the edge lanes require strips less than  10 feet  to complete the 
area.  Construct longitudinal joints and edges to true line markings. 
Establish lines parallel to the centerline of the area to be paved, and 
place string lines coinciding with the established lines for the spreading 
machine to follow.  Provide the number and location of the lines needed to 
accomplish proper grade control.  When specified grade and smoothness 
requirements can be met for initial lane construction by use of an 
approved long ski-type device of not less than  30 feet  in length and for 
subsequent lane construction by use of a short ski or shoe, in-place 
string lines for grade control may be omitted.  Place mixture as nearly 
continuous as possible and adjust the speed of placing as needed to permit 
proper rolling.

3.2.2   Shoveling, Raking, and Tamping After Machine-Spreading

Shovelers and rakers shall follow the spreading machine.  Add or remove 
hot mixture and rake the mixture as required to obtain a course that when 
completed will conform to requirements specified herein.  Broadcasting or 
fanning of mixture over areas being compacted is prohibited.  When 
segregation occurs in the mixture during placing, suspend spreading 
operation until the cause is determined and corrected.  Correct 
irregularities in alignment left by the spreader by trimming directly 
behind the machine.  Immediately after trimming, compact edges of the 
course by tamping laterally with a metal lute or by other approved 
methods. Distortion of the course during tamping is prohibited.
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3.2.3   Hand-Spreading in Lieu of Machine-Spreading

In areas where the use of machine spreading is impractical, spread mixture 
by hand.  The range of temperatures of the mixtures when dumped onto the 
area to be paved shall be between  250 and 300 degrees F .  Mixtures having 
temperatures less than minimum spreading temperature when dumped onto the 
area to be paved will be rejected.  Spread hot mixture with rakes in a 
uniformly loose layer of a thickness that, when compacted, will conform to 
the required grade, thickness, and smoothness.  During hand spreading, 
place each shovelful of mixture by turning the shovel over in a manner 
that will prevent segregation.  Do not place mixture by throwing or 
broadcasting from a shovel.  Do not dump loads any faster than can be 
properly handled by the shovelers and rakers.

3.3   COMPACTION OF MIXTURE

Compact mixture by rolling.  Begin rolling as soon as placement of mixture 
will bear rollers.  Delays in rolling freshly spread mixture shall not be 
permitted.  Start rolling longitudinally at the extreme sides of the lanes 
and proceed toward center of pavement, or toward high side of pavement 
with a one-way slope.  Operate rollers so that each trip overlaps the 
previous adjacent strip by at least  one foot .  Alternate trips of the 
roller shall be of slightly different lengths.  Conduct tests for 
conformity with the specified crown, grade and smoothness immediately 
after initial rolling. Before continuing rolling, correct variations by 
removing or adding materials as necessary.  If required, subject course to 
diagonal rolling with the steel wheeled roller crossing the lines of the 
previous rolling while mixture is hot and in a compactible condition.  
Speed of the rollers shall be slow enough to avoid displacement of hot 
mixture.  Correct displacement of mixture immediately by use of rakes and 
fresh mixture, or remove and replace mixture as directed.  Continue 
rolling until roller marks are eliminated and course has a density of at 
least 96 percent but not more than 100 percent of that attained in a 
laboratory specimen of the same mixture prepared in accordance with 
ASTM D6927.  During rolling, moisten wheels of the rollers enough to 
prevent adhesion of mixture to wheels, but excessive water is prohibited.  
Operation of rollers shall be by competent and experienced operators.  
Provide sufficient rollers for each spreading machine in operation on the 
job and to handle plant output.  In places not accessible to the rollers, 
compact mixture thoroughly with hot hand tampers.  Skin patching of an 
area after compaction is prohibited.  Remove mixture that becomes mixed 
with foreign materials or is defective and replace with fresh mixture 
compacted to the density specified herein.  Roller shall pass over 
unprotected edge of the course only when laying of course is to be 
discontinued for such length of time as to permit mixture to become cold.

3.4   JOINTS

Joints shall present the same texture and smoothness as other portions of 
the course, except permissible density at the joint may be up to 2 percent 
less than the specified course density.  Carefully make joints between old 
and new pavement or within new pavements in a manner to ensure a thorough 
and continuous bond between old and new sections of the course.  Vertical 
contact surfaces of previously constructed sections that are coated with 
dust, sand, or other objectionable material shall be painted with a thin 
uniform coat of emulsion or other approved bituminous material just before 
placing fresh mixture.
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3.4.1   Transverse

Roller shall pass over unprotected end of freshly laid mixture only when 
laying of course is to be discontinued.  Except when an approved bulkhead 
is used, cut back the edge of previously laid course to expose an even, 
vertical surface for the full thickness of the course.  When required, 
rake fresh mixture against joints, thoroughly tamp with hot tampers, 
smooth with hot smoothers, and roll.  Transverse joints in adjacent lanes 
shall be offset a minimum of  2 feet .

3.4.2   Longitudinal Joints

Space  6 inches  apart.  Do not allow joints to coincide with joints of 
existing pavement or previously placed courses.  Spreader screed shall 
overlap previously placed lanes  2 to 3 inches  and be of such height to 
permit compaction to produce a smooth dense joint.  With a lute, push back 
mixture placed on the surface of previous lanes to the joint edge.  Do not 
scatter mix.  Remove and waste excess material.  When edges of 
longitudinal joints are irregular, honeycombed, or poorly compacted, cut 
back unsatisfactory sections of joint and expose an even vertical surface 
for the full thickness of the course.  When required, rake fresh mixture 
against joint, thoroughly tamp with hot tampers, smooth with hot 
smoothers, and roll while hot.

3.5   FIELD QUALITY CONTROL

3.5.1   Sampling

3.5.1.1   Aggregates At Source

Prior to production and delivery of aggregates, take at least one initial 
sample in accordance with ASTM D75/D75M at the source.  Collect each 
sample by taking three incremental samples at random from the source 
material to make a composite sample of not less than  50 pounds .  Repeat 
the sampling when the material source changes or when testing reveals 
unacceptable deficiencies or variations from the specified grading of 
materials.

3.5.1.2   Cold Feed Aggregate Sampling

Take two samples daily from the belt conveying materials from the cold 
feed.  Collect materials in three increments at random to make a 
representative composite sample of not less than  50 pounds .  Take samples 
in accordance with ASTM D75/D75M.

3.5.1.3   Coarse and Fine Aggregates

Take a  50 pound  sample from the cold feed at least once daily for sieve 
analyses and specific gravity tests.  Additional samples may be required 
to perform more frequent tests when analyses show deficiencies, or 
unacceptable variances or deviations.  The method of sampling is as 
specified herein for aggregates.

3.5.1.4   Mineral Filler

ASTM D546.  Take samples large enough to provide ample material for 
testing.
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3.5.1.5   Pavement and Mixture

Take plant samples for the determination of mix properties and field 
samples for thickness and density of the completed pavements.  Furnish 
tools, labor and material for samples, and satisfactory replacement of 
pavement.  Take samples and tests at not less than frequency specified 
hereinafter and at the beginning of plant operations; for each day's work 
as a minimum; each change in the mix or equipment; and as often as 
directed.  Accomplish sampling in accordance with ASTM D979/D979M.

3.5.2   Testing

3.5.2.1   Aggregates Tests

a.  Gradation:  ASTM C136/C136M.

b.  Mineral Filler Content:  ASTM D546.

c.  Abrasion:  ASTM C131/C131M for wear (Los Angeles test).  Perform one 
test initially prior to incorporation into the work and each time the 
source is changed.

3.5.2.2   Bituminous Mix Tests

Test one sample for each  500 tons , or fraction thereof, of the uncompacted 
mix for extraction in accordance with ASTM D2172/D2172M ; perform a sieve 
analysis on each extraction sample in accordance with ASTM C136/C136M and 
ASTM C117.  Test one sample for each  500 tons  or fraction thereof for 
stability and flow in accordance with ASTM D6927.  Test one sample for 
each material blend for Tensile Strength Ratio in accordance with 
ASTM D4867/D4867M .

3.5.2.3   Pavement Courses

Perform the following tests:

a.  Density:  For each  1000 tons  of bituminous mixture placed, determine 
the representative laboratory density by averaging the density of four 
laboratory specimens prepared in accordance with ASTM D6927.  Samples 
for laboratory specimens shall be taken from trucks delivering mixture 
to the site; record in a manner approved by the Contracting Officer 
the project areas represented by the laboratory densities.  From each 
representative area recorded, determine field density of pavement by 
averaging densities of  4 inch  diameter cores obtained from  wearing 
course; take one core for each  2000 square yards  or fraction thereof 
of course placed.  Determine density of laboratory prepared specimens 
and cored samples in accordance with ASTM D1188 or ASTM D2726/D2726M , 
as applicable.  Separate pavement layers by sawing or other approved 
means.  Maximum allowable deficiency at any point, excluding joints, 
shall not be more than 2 percent less than the specified density for 
any course.  The average density of each course, excluding joints, 
shall be not less than the specified density. Joint densities shall 
not be more than 2 percent less than specified course densities and 
are not included when calculating average course densities.  When the 
deficiency exceeds the specified tolerances, correct each such 
representative area or areas by removing the deficient pavement and 
replacing with new pavement.

b.  Thickness:  Determine thickness of wearing courses from samples taken 
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for the field density test.  The maximum allowable deficiency at any 
point shall not be more than  1/4 inch  less than the thickness for the 
indicated course.  Average thickness of course or of combined courses 
shall be not less than the indicated thickness.  Where a deficiency 
exceeds the specified tolerances, correct each such representative 
area or areas by removing the deficient pavement and replacing with 
new pavement.

c.  Smoothness:  Straightedge test the compacted surface of  wearing 
course as work progresses. Apply straightedge parallel with and at 
right angles to the centerline after final rolling.  Unevenness of  
course shall not vary more than  1/4 inch in 10 feet ; variations in the 
wearing course shall not vary more than  1/8 inch in 10 feet .  Correct 
each portion of the pavement showing irregularities greater than that 
specified.

d.  Finished Grades:  Finish grades of each course placed shall not vary 
from the finish elevations, profiles, and cross sections indicated by 
more than  1/2 inch .  Finished surface of the final wearing course will 
be tested  by running lines of levels at intervals of  50 feet  
longitudinally and transversely to determine elevations of completed 
pavement.  Within 45 days after completion of final placement,   The 
Contracting Officer will inform the Contractor in writing of paved 
areas that fail to meet the final grades indicated within the 
specified tolerances.  Correct deficient paved areas by removing 
existing work and replacing with new materials that meet the 
specifications.  Skin patching for correcting low areas is prohibited.

e.  Finish Surface Texture of Wearing Course:  Visually check final 
surface texture for uniformity and reasonable compactness and 
tightness.  Final wearing course with a surface texture having 
undesirable irregularities such as segregation, cavities, pulls or 
tears, checking, excessive exposure of coarse aggregates, sand 
streaks, indentations, ripples, or lack of uniformity shall be removed 
and replaced with new materials.

3.6   PROTECTION

Do not permit vehicular  traffic, including heavy equipment, on pavement 
until surface temperature has cooled to at least  120 degrees F .  Measure 
surface temperature by approved surface thermometers or other satisfactory 
methods.

        -- End of Section --
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SECTION 32 16 13

CONCRETE SIDEWALKS AND CURBS AND GUTTERS

PART 1   GENERAL

1.1   REFERENCES

The publications listed below form a part of this specification to the 
extent referenced.  The publications are referred to within the text by 
the basic designation only.

AMERICAN ASSOCIATION OF STATE HIGHWAY AND TRANSPORTATION OFFICIALS 
(AASHTO)

AASHTO M 182 (2005; R 2017) Standard Specification for 
Burlap Cloth Made from Jute or Kenaf and 
Cotton Mats

ASTM INTERNATIONAL (ASTM)

ASTM A1064/A1064M (2017) Standard Specification for 
Carbon-Steel Wire and Welded Wire 
Reinforcement, Plain and Deformed, for 
Concrete

ASTM A615/A615M (2016) Standard Specification for Deformed 
and Plain Carbon-Steel Bars for Concrete 
Reinforcement

ASTM C143/C143M (2015) Standard Test Method for Slump of 
Hydraulic-Cement Concrete

ASTM C171 (2016) Standard Specification for Sheet 
Materials for Curing Concrete

ASTM C172/C172M (2017) Standard Practice for Sampling 
Freshly Mixed Concrete

ASTM C173/C173M (2016) Standard Test Method for Air 
Content of Freshly Mixed Concrete by the 
Volumetric Method

ASTM C231/C231M (2017a) Standard Test Method for Air 
Content of Freshly Mixed Concrete by the 
Pressure Method

ASTM C309 (2011) Standard Specification for Liquid 
Membrane-Forming Compounds for Curing 
Concrete

ASTM C31/C31M (2017) Standard Practice for Making and 
Curing Concrete Test Specimens in the Field

ASTM C920 (2014a) Standard Specification for 
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Elastomeric Joint Sealants

ASTM D1751 (2004; E 2013; R 2013) Standard 
Specification for Preformed Expansion 
Joint Filler for Concrete Paving and 
Structural Construction (Nonextruding and 
Resilient Bituminous Types)

ASTM D1752 (2004a; R 2013) Standard Specification for 
Preformed Sponge Rubber Cork and Recycled 
PVC Expansion

ASTM D5893/D5893M (2016) Standard Specification for Cold 
Applied, Single Component, Chemically 
Curing Silicone Joint Sealant for Portland 
Cement Concrete Pavements

INTERNATIONAL CODE COUNCIL (ICC)

ICC A117.1 COMM (2017) Standard And Commentary Accessible 
and Usable Buildings and Facilities

1.2   SYSTEM DESCRIPTION

1.2.1   General Requirements

Provide plant, equipment, machines, and tools used in the work subject to 
approval and maintained in a satisfactory working condition at all times.  
The equipment must have the capability of producing the required product, 
meeting grade controls, thickness control and smoothness requirements as 
specified.  Use of the equipment must be discontinued if it produces 
unsatisfactory results.  The Contracting Officer must have access at all 
times to the plant and equipment to ensure proper operation and compliance 
with specifications.

1.2.2   Slip Form Equipment

Slip form paver or curb forming machine, will be approved based on trial 
use on the job and must be self-propelled, automatically controlled, 
crawler mounted, and capable of spreading, consolidating, and shaping the 
plastic concrete to the desired cross section in 1 pass.

1.3   SUBMITTALS

Government approval is required for submittals with a "G" designation; 
submittals not having a "G" designation are for Contractor Quality Control 
approval.  Submittals with an "S" are for inclusion in the Sustainability 
eNotebook, in conformance to Section 01 33 29  SUSTAINABILITY REPORTING.  
Submit the following in accordance with Section 01 33 00  SUBMITTAL 
PROCEDURES:

SD-03 Product Data

Concrete

Biodegradable Form Release Agent

SD-06 Test Reports
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Field Quality Control

1.4   ENVIRONMENTAL REQUIREMENTS

1.4.1   Placing During Cold Weather

Do not place concrete when the air temperature reaches  40 degrees F  and is 
falling, or is already below that point.  Placement may begin when the air 
temperature reaches  35 degrees F  and is rising, or is already above  40 
degrees F .  Make provisions to protect the concrete from freezing during 
the specified curing period.  If necessary to place concrete when the 
temperature of the air, aggregates, or water is below  35 degrees F , 
placement and protection must be approved in writing.  Approval will be 
contingent upon full conformance with the following provisions.  The 
underlying material must be prepared and protected so that it is entirely 
free of frost when the concrete is deposited.  Mixing water and aggregates 
must be heated as necessary to result in the temperature of the in-place 
concrete being between  50 and 85 degrees F .  Methods and equipment for 
heating must be approved.  The aggregates must be free of ice, snow, and 
frozen lumps before entering the mixer.  Covering and other means must be 
provided for maintaining the concrete at a temperature of at least  50 
degrees F  for not less than 72 hours after placing, and at a temperature 
above freezing for the remainder of the curing period.

1.4.2   Placing During Warm Weather

The temperature of the concrete as placed must not exceed 85 degrees F  
except where an approved retarder is used.  The mixing water and 
aggregates must be cooled, if necessary, to maintain a satisfactory 
placing temperature.  The placing temperature must not exceed 95 degrees F  
at any time.

PART 2   PRODUCTS

2.1   CONCRETE

Provide concrete conforming to the applicable requirements of Section 32 
13 13.06 PORTLAND CEMENT CONCRETE PAVEMENT FOR ROADS AND SITE FACILITIES  
except as otherwise specified.  Concrete must have a minimum compressive 
strength of  3500 psi  at 28 days.  Size of aggregate must not exceed  1-1/2 
inches .  Submit copies of certified delivery tickets for all concrete used 
in the construction.

2.1.1   Air Content

Mixtures must have air content by volume of concrete of 5 to 7 percent, 
based on measurements made immediately after discharge from the mixer.

2.1.2   Slump

The concrete slump must be  2 inches plus or minus 1 inch  where determined 
in accordance with ASTM C143/C143M.

2.1.3   Reinforcement Steel

Reinforcement bars must conform to ASTM A615/A615M .  Wire mesh 
reinforcement must conform to ASTM A1064/A1064M .
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2.2   CONCRETE CURING MATERIALS

2.2.1   Impervious Sheet Materials

Impervious sheet materials must conform to ASTM C171, type optional, 
except that polyethylene film, if used, must be white opaque.

2.2.2   Burlap

Burlap must conform to AASHTO M 182.

2.2.3   White Pigmented Membrane-Forming Curing Compound

White pigmented membrane-forming curing compound must conform to ASTM C309, 
Type 2.

2.3   CONCRETE PROTECTION MATERIALS

Concrete protection materials must be a linseed oil mixture of equal 
parts, by volume, of linseed oil and either mineral spirits, naphtha, or 
turpentine.  At the option of the Contractor, commercially prepared 
linseed oil mixtures, formulated specifically for application to concrete 
to provide protection against the action of deicing chemicals may be used, 
except that emulsified mixtures are not acceptable.

2.4   JOINT FILLER STRIPS

2.4.1   Contraction Joint Filler for Curb and Gutter

Contraction joint filler for curb and gutter must consist of hard-pressed 
fiberboard.

2.4.2   Expansion Joint Filler, Premolded

Expansion joint filler, premolded, must conform to ASTM D1751 or ASTM D1752, 
 1/2 inch  thick, unless otherwise indicated.

2.5   JOINT SEALANTS

Joint sealant, cold-applied must conform to ASTM C920 or ASTM D5893/D5893M .

2.6   FORM WORK

Design and construct form work to ensure that the finished concrete will 
conform accurately to the indicated dimensions, lines, and elevations, and 
within the tolerances specified.  Forms must be of wood or steel, 
straight, of sufficient strength to resist springing during depositing and 
consolidating concrete.  Wood forms must be surfaced plank,  2 inches  
nominal thickness, straight and free from warp, twist, loose knots, splits 
or other defects.  Wood forms must have a nominal length of  10 feet .  
Radius bends may be formed with  3/4 inch  boards, laminated to the required 
thickness.  Steel forms must be channel-formed sections with a flat top 
surface and with welded braces at each end and at not less than two 
intermediate points.  Ends of steel forms must be interlocking and 
self-aligning.  Steel forms must include flexible forms for radius 
forming, corner forms, form spreaders, and fillers.  Steel forms must have 
a nominal length of  10 feet  with a minimum of 3 welded stake pockets per 
form.  Stake pins must be solid steel rods with chamfered heads and 
pointed tips designed for use with steel forms.
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2.6.1   Sidewalk Forms

Sidewalk forms must be of a height equal to the full depth of the finished 
sidewalk.

2.6.2   Curb and Gutter Forms

Curb and gutter outside forms must have a height equal to the full depth 
of the curb or gutter.  The inside form of curb must have batter as 
indicated and must be securely fastened to and supported by the outside 
form.  Rigid forms must be provided for curb returns, except that benders 
or thin plank forms may be used for curb or curb returns with a radius of  
10 feet  or more, where grade changes occur in the return, or where the 
central angle is such that a rigid form with a central angle of 90 degrees 
cannot be used.  Back forms for curb returns may be made of  1-1/2 inch  
benders, for the full height of the curb, cleated together.  In lieu of 
inside forms for curbs, a curb "mule" may be used for forming and 
finishing this surface, provided the results are approved.

2.6.3   Biodegradable Form Release Agent

Provide form release agent that is colorless and biodegradable.  A minimum 
of 87 percent of the total product must be biobased material.  Provide 
product that does not bond with, stain, or adversely affect concrete 
surfaces and does not impair subsequent treatments of concrete surfaces.  
Provide form release agent that does not contain diesel fuel, 
petroleum-based lubricating oils, waxes, or kerosene.

2.7   Detectable Warning System

Detectable Warning Systems shown on the Contract plans are to meet 
requirements of ICC A117.1 COMM  - Section 705.

PART 3   EXECUTION

3.1   SUBGRADE PREPARATION

The subgrade must be constructed to the specified grade and cross section 
prior to concrete placement.  Subgrade must be placed and compacted as 
directed.

3.1.1   Sidewalk Subgrade

The subgrade must be tested for grade and cross section with a template 
extending the full width of the sidewalk and supported between side forms.

 3.1.2   Curb and Gutter Subgrade

The subgrade must be tested for grade and cross section by means of a 
template extending the full width of the curb and gutter.  The subgrade 
must be of materials equal in bearing quality to the subgrade under the 
adjacent pavement.

3.1.3   Maintenance of Subgrade

The subgrade must be maintained in a smooth, compacted condition in 
conformity with the required section and established grade until the 
concrete is placed.  The subgrade must be in a moist condition when 
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concrete is placed.  The subgrade must be prepared and protected to 
produce a subgrade free from frost when the concrete is deposited.

3.2   FORM SETTING

Set forms to the indicated alignment, grade and dimensions.  Hold forms 
rigidly in place by a minimum of 3 stakes per form placed at intervals not 
to exceed  4 feet .  Corners, deep sections, and radius bends must have 
additional stakes and braces, as required.  Clamps, spreaders, and braces 
must be used where required to ensure rigidity in the forms.  Forms must 
be removed without injuring the concrete.  Bars or heavy tools must not be 
used against the concrete in removing the forms.  Concrete found defective 
after form removal must be promptly and satisfactorily repaired.  Forms 
must be cleaned and coated with form oil or biodegradable form release 
agent  each time before concrete is placed.  Wood forms may, instead, be 
thoroughly wetted with water before concrete is placed, except that with 
probable freezing temperatures, oiling is mandatory.

3.2.1   Sidewalks

Set forms for sidewalks with the upper edge true to line and grade with an 
allowable tolerance of  1/8 inch  in any  10 foot  long section.  After forms 
are set, grade and alignment must be checked with a  10 foot  straightedge.  
Forms must have a transverse slope of  1/4 inch per foot  with the low side 
adjacent to the roadway.  Side forms must not be removed for 12 hours 
after finishing has been completed.

 3.2.2   Curbs and Gutters

The forms of the front of the curb must be removed not less than 2 hours 
nor more than 6 hours after the concrete has been placed.  Forms back of 
curb must remain in place until the face and top of the curb have been 
finished, as specified for concrete finishing.  Gutter forms must not be 
removed while the concrete is sufficiently plastic to slump in any 
direction.

3.3   SIDEWALK CONCRETE PLACEMENT AND FINISHING

3.3.1   Formed Sidewalks

Place concrete in the forms in one layer.  When consolidated and finished, 
the sidewalks must be of the thickness indicated.  After concrete has been 
placed in the forms, a strike-off guided by side forms must be used to 
bring the surface to proper section to be compacted.  The concrete must be 
consolidated by tamping and spading or with an approved vibrator, and the 
surface must be finished to grade with a strike off.

3.3.2   Concrete Finishing

After straightedging, when most of the water sheen has disappeared, and 
just before the concrete hardens, finish the surface with a wood or 
magnesium float or darby to a smooth and uniformly fine granular or sandy 
texture free of waves, irregularities, or tool marks.  A scored surface 
must be produced by brooming with a fiber-bristle brush in a direction 
transverse to that of the traffic, followed by edging.

3.3.3   Edge and Joint Finishing

All slab edges, including those at formed joints, must be finished with an 
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edger having a radius of  1/8 inch .  Transverse joint must be edged before 
brooming, and the brooming must eliminate the flat surface left by the 
surface face of the edger.  Corners and edges which have crumbled and 
areas which lack sufficient mortar for proper finishing must be cleaned 
and filled solidly with a properly proportioned mortar mixture and then 
finished.

3.3.4   Surface and Thickness Tolerances

Finished surfaces must not vary more than  5/16 inch  from the testing edge 
of a  10-foot  straightedge.  Permissible deficiency in section thickness 
will be up to  1/4 inch .

3.4   CURB AND GUTTER CONCRETE PLACEMENT AND FINISHING

3.4.1   Formed Curb and Gutter

Concrete must be placed to the section required in a single lift.  
Consolidation must be achieved by using approved mechanical vibrators.  
Curve shaped gutters must be finished with a standard curb "mule".

3.4.2   Curb and Gutter Finishing

Approved slipformed curb and gutter machines may be used in lieu of hand 
placement.

3.4.3   Concrete Finishing

Exposed surfaces must be floated and finished with a smooth wood float 
until true to grade and section and uniform in texture.  Floated surfaces 
must then be brushed with a fine-hair brush with longitudinal strokes.  
The edges of the gutter and top of the curb must be rounded with an edging 
tool to a radius of  1/2 inch .  Immediately after removing the front curb 
form, the face of the curb must be rubbed with a wood or concrete rubbing 
block and water until blemishes, form marks, and tool marks have been 
removed.  The front curb surface, while still wet, must be brushed in the 
same manner as the gutter and curb top.  The top surface of gutter and 
entrance must be finished to grade with a wood float.

3.4.4   Joint Finishing

Curb edges at formed joints must be finished as indicated.

3.4.5   Surface and Thickness Tolerances

Finished surfaces must not vary more than  1/4 inch  from the testing edge 
of a  10-foot  straightedge.  Permissible deficiency in section thickness 
will be up to  1/4 inch .

3.5   SIDEWALK JOINTS

Sidewalk joints must be constructed to divide the surface into rectangular 
areas.  Transverse contraction joints must be spaced at a distance equal 
to the sidewalk width or  5 feet  on centers, whichever is less, and must be 
continuous across the slab.  Longitudinal contraction joints must be 
constructed along the centerline of all sidewalks  10 feet  or more in 
width.  Transverse expansion joints must be installed at sidewalk returns 
and opposite expansion joints in adjoining curbs.  Where the sidewalk is 
not in contact with the curb, transverse expansion joints must be 
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installed as indicated.  Expansion joints must be formed about structures 
and features which project through or into the sidewalk pavement, using 
joint filler of the type, thickness, and width indicated.  Expansion 
joints are not required between sidewalks and curb that abut the sidewalk 
longitudinally.

3.5.1   Sidewalk Contraction Joints

The contraction joints must be formed in the fresh concrete by cutting a 
groove in the top portion of the slab to a depth of at least one-fourth of 
the sidewalk slab thickness, using a jointer to cut the groove, or by 
sawing a groove in the hardened concrete with a power-driven saw, unless 
otherwise approved.  Sawed joints must be constructed by sawing a groove 
in the concrete with a  1/8 inch  blade to the depth indicated.  An ample 
supply of saw blades must be available on the job before concrete 
placement is started, and at least one standby sawing unit in good working 
order must be available at the jobsite at all times during the sawing 
operations.

3.5.2   Sidewalk Expansion Joints

Expansion joints must be formed with  1/2 inch  joint filler strips.  Joint 
filler in expansion joints surrounding structures and features within the 
sidewalk may consist of preformed filler material conforming to ASTM D1752 
or building paper.  Joint filler must be held in place with steel pins or 
other devices to prevent warping of the filler during floating and 
finishing.  Immediately after finishing operations are completed, joint 
edges must be rounded with an edging tool having a radius of  1/8 inch , and 
concrete over the joint filler must be removed.  At the end of the curing 
period, expansion joints must be cleaned and filled with cold-applied 
joint sealant.  Joint sealant must be gray or stone in color.  The joint 
opening must be thoroughly cleaned before the sealing material is placed.  
Sealing material must not be spilled on exposed surfaces of the concrete.  
Concrete at the joint must be surface dry and atmospheric and concrete 
temperatures must be above  50 degrees F  at the time of application of 
joint sealing material.  Excess material on exposed surfaces of the 
concrete must be removed immediately and concrete surfaces cleaned.

3.5.3   Reinforcement Steel Placement

Reinforcement steel must be accurately and securely fastened in place with 
suitable supports and ties before the concrete is placed.

3.6   CURB AND GUTTER JOINTS

Curb and gutter joints must be constructed at right angles to the line of 
curb and gutter.

3.6.1   Contraction Joints

Contraction joints must be constructed directly opposite contraction 
joints in abutting portland cement concrete pavements and spaced so that 
monolithic sections between curb returns will not be less than  5 feet  nor 
greater than  15 feet  in length.

a.  Contraction joints (except for slip forming) must be constructed by 
means of  1/8 inch  thick separators and of a section conforming to the 
cross section of the curb and gutter.  Separators must be removed as 
soon as practicable after concrete has set sufficiently to preserve 
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the width and shape of the joint and prior to finishing.

b.  When slip forming is used, the contraction joints must be cut in the 
top portion of the gutter/curb hardened concrete in a continuous cut 
across the curb and gutter, using a power-driven saw.  The depth of 
cut must be at least one-fourth of the gutter/curb depth and  1/8 inch  
in width.

3.6.2   Expansion Joints

Expansion joints must be formed by means of preformed expansion joint 
filler material cut and shaped to the cross section of curb and gutter.  
Expansion joints must be provided in curb and gutter directly opposite 
expansion joints of abutting portland cement concrete pavement, and must 
be of the same type and thickness as joints in the pavement.  Where curb 
and gutter do not abut portland cement concrete pavement, expansion joints 
at least  1/2 inch  in width must be provided at intervals not less than  30 
feet  nor greater than  120 feet .  Expansion joints must be provided in 
nonreinforced concrete gutter at locations indicated.  Expansion joints 
must be sealed immediately following curing of the concrete or as soon 
thereafter as weather conditions permit.  

3.7   CURING AND PROTECTION

3.7.1   General Requirements

Protect concrete against loss of moisture and rapid temperature changes 
for at least 7 days from the beginning of the curing operation.  Protect 
unhardened concrete from rain and flowing water.  All equipment needed for 
adequate curing and protection of the concrete must be on hand and ready 
for use before actual concrete placement begins.  Protection must be 
provided as necessary to prevent cracking of the pavement due to 
temperature changes during the curing period.

3.7.1.1   Mat Method

The entire exposed surface must be covered with 2 or more layers of 
burlap.  Mats must overlap each other at least  6 inches .  The mat must be 
thoroughly wetted with water prior to placing on concrete surface and must 
be kept continuously in a saturated condition and in intimate contact with 
concrete for not less than 7 days.

3.7.1.2   Impervious Sheeting Method

The entire exposed surface must be wetted with a fine spray of water and 
then covered with impervious sheeting material.  Sheets must be laid 
directly on the concrete surface with the light-colored side up and 
overlapped  12 inches  when a continuous sheet is not used.  The curing 
medium must not be less than  18-inches  wider than the concrete surface to 
be cured, and must be securely weighted down by heavy wood planks, or a 
bank of moist earth placed along edges and laps in the sheets.  Sheets 
must be satisfactorily repaired or replaced if torn or otherwise damaged 
during curing.  The curing medium must remain on the concrete surface to 
be cured for not less than 7 days.

3.7.1.3   Membrane Curing Method

A uniform coating of white-pigmented membrane-curing compound must be 
applied to the entire exposed surface of the concrete as soon after 
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finishing as the free water has disappeared from the finished surface.  
Formed surfaces must be coated immediately after the forms are removed and 
in no case longer than 1 hour after the removal of forms.  Concrete must 
not be allowed to dry before the application of the membrane.  If drying 
has occurred, the surface of the concrete must be moistened with a fine 
spray of water and the curing compound applied as soon as the free water 
disappears.  Curing compound must be applied in two coats by hand-operated 
pressure sprayers at a coverage of approximately  200 square feet/gallon  
for the total of both coats.  The second coat must be applied in a 
direction approximately at right angles to the direction of application of 
the first coat.  The compound must form a uniform, continuous, coherent 
film that will not check, crack, or peel and must be free from pinholes or 
other imperfections.  If pinholes, abrasion, or other discontinuities 
exist, an additional coat must be applied to the affected areas within 30 
minutes.  Concrete surfaces that are subjected to heavy rainfall within 3 
hours after the curing compound has been applied must be resprayed by the 
method and at the coverage specified above.  Areas where the curing 
compound is damaged by subsequent construction operations within the 
curing period must be resprayed.  Necessary precautions must be taken to 
ensure that the concrete is properly cured at sawed joints, and that no 
curing compound enters the joints.  The top of the joint opening and the 
joint groove at exposed edges must be tightly sealed before the concrete 
in the region of the joint is resprayed with curing compound.  The method 
used for sealing the joint groove must prevent loss of moisture from the 
joint during the entire specified curing period.  Approved standby 
facilities for curing concrete pavement must be provided at a location 
accessible to the jobsite for use in the event of mechanical failure of 
the spraying equipment or other conditions that might prevent correct 
application of the membrane-curing compound at the proper time.  Concrete 
surfaces to which membrane-curing compounds have been applied must be 
adequately protected during the entire curing period from pedestrian and 
vehicular traffic, except as required for joint-sawing operations and 
surface tests, and from other possible damage to the continuity of the 
membrane.

3.7.2   Backfilling

After curing, debris must be removed and the area adjoining the concrete 
must be backfilled, graded, and compacted to conform to the surrounding 
area in accordance with lines and grades indicated.

3.7.3   Protection

Completed concrete must be protected from damage until accepted.  Repair 
damaged concrete and clean concrete discolored during construction.  
Concrete that is damaged must be removed and reconstructed for the entire 
length between regularly scheduled joints.  Refinishing the damaged 
portion will not be acceptable.  Removed damaged portions must be disposed 
of as directed.

3.7.4   Protective Coating

Protective coating, of linseed oil mixture, must be applied to the 
exposed-to-view concrete surface after the curing period, if concrete will 
be exposed to de-icing chemicals within 6 weeks after placement.  Concrete 
to receive a protective coating must be moist cured.
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3.7.4.1   Application

Curing and backfilling operation must be completed prior to applying two 
coats of protective coating.  Concrete must be surface dry and clean 
before each application.  Coverage must be by spray application at not 
more than  50 square yards/gallon  for first application and not more than  
70 square yards/gallon  for second application, except that the number of 
applications and coverage for each application for commercially prepared 
mixture must be in accordance with the manufacturer's instructions.  
Coated surfaces must be protected from vehicular and pedestrian traffic 
until dry.

3.7.4.2   Precautions

Protective coating must not be heated by direct application of flame or 
electrical heaters and must be protected from exposure to open flame, 
sparks, and fire adjacent to open containers or applicators.  Material 
must not be applied at ambient or material temperatures lower than  50 
degrees F .

3.8   FIELD QUALITY CONTROL

Submit copies of all test reports within 24 hours of completion of the 
test.

3.8.1   General Requirements

Perform the inspection and tests described and meet the specified 
requirements for inspection details and frequency of testing.  Based upon 
the results of these inspections and tests, take the action and submit 
reports as required below, and additional tests to ensure that the 
requirements of these specifications are met.

3.8.2   Concrete Testing

3.8.2.1   Strength Testing

Provide molded concrete specimens for strength tests.  Samples of concrete 
placed each day must be taken not less than once a day nor less than once 
for every  250 cubic yards  of concrete.  The samples for strength tests 
must be taken in accordance with ASTM C172/C172M.  Cylinders for 
acceptance must be molded in conformance with ASTM C31/C31M by an approved 
testing laboratory.  Each strength test result must be the average of 2 
test cylinders from the same concrete sample tested at 28 days, unless 
otherwise specified or approved.  Concrete specified on the basis of 
compressive strength will be considered satisfactory if the averages of 
all sets of three consecutive strength test results equal or exceed the 
specified strength, and no individual strength test result falls below the 
specified strength by more than  500 psi .

3.8.2.2   Air Content

Determine air content in accordance with ASTM C173/C173M or ASTM C231/C231M.  
ASTM C231/C231M must be used with concretes and mortars made with 
relatively dense natural aggregates.  Two tests for air content must be 
made on randomly selected batches of each class of concrete placed during 
each shift.  Additional tests must be made when excessive variation in 
concrete workability is reported by the placing foreman or the Government 
inspector.  If results are out of tolerance, the placing foreman must be 
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notified and he must take appropriate action to have the air content 
corrected at the plant.  Additional tests for air content will be 
performed on each truckload of material until such time as the air content 
is within the tolerance specified.

3.8.2.3   Slump Test

Two slump tests must be made on randomly selected batches of each class of 
concrete for every  250 cubic yards , or fraction thereof, of concrete 
placed during each shift.  Additional tests must be performed when 
excessive variation in the workability of the concrete is noted or when 
excessive crumbling or slumping is noted along the edges of slip-formed 
concrete.

3.8.3   Thickness Evaluation

The anticipated thickness of the concrete must be determined prior to 
placement by passing a template through the formed section or by measuring 
the depth of opening of the extrusion template of the curb forming 
machine.  If a slip form paver is used for sidewalk placement, the 
subgrade must be true to grade prior to concrete placement and the 
thickness will be determined by measuring each edge of the completed slab.

3.8.4   Surface Evaluation

The finished surface of each category of the completed work must be 
uniform in color and free of blemishes and form or tool marks.

3.9   SURFACE DEFICIENCIES AND CORRECTIONS

3.9.1   Thickness Deficiency

When measurements indicate that the completed concrete section is 
deficient in thickness by more than  1/4 inch  the deficient section will be 
removed, between regularly scheduled joints, and replaced.

3.9.2   High Areas

In areas not meeting surface smoothness and plan grade requirements, high 
areas must be reduced either by rubbing the freshly finished concrete with 
carborundum brick and water when the concrete is less than 36 hours old or 
by grinding the hardened concrete with an approved surface grinding 
machine after the concrete is 36 hours old or more.  The area corrected by 
grinding the surface of the hardened concrete must not exceed 5 percent of 
the area of any integral slab, and the depth of grinding must not exceed  
1/4 inch .  Pavement areas requiring grade or surface smoothness 
corrections in excess of the limits specified above must be removed and 
replaced.

3.9.3   Appearance

Exposed surfaces of the finished work will be inspected by the Contracting 
Officer and deficiencies in appearance will be identified.  Areas which 
exhibit excessive cracking, discoloration, form marks, or tool marks or 
which are otherwise inconsistent with the overall appearances of the work 
must be removed and replaced.
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3.10   Detectable Warning System

Install Detectable Warning Systems required by Contract plans in 
accordance with ICC A117.1 COMM , Section 705, and by manufacturers' 
installation instructions.

         -- End of Section --
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    3.4.7   Material Bond Verification and Operations Area Cleanup for 
Airfields

-- End of Section Table of Contents --
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SECTION 32 17 23

PAVEMENT MARKINGS

PART 1   GENERAL

1.1   UNIT PRICES

1.1.1   Measurement

1.1.1.1   Surface Preparation

The unit of measurement for surface preparation (cleaning) is the number 
of square  feet  of pavement surface prepared for marking and accepted by 
the Contracting Officer.

1.1.1.2   Pavement Striping and Markings

The unit of measurement for pavement markings is the number of square  feet  
of reflective and/or nonreflective striping or markings actually completed 
and accepted by the Contracting Officer.

1.1.1.3   Raised Pavement Markers

The unit of measurement for raised pavement markers is the number actually 
placed as specified and approved by the Contracting Officer.

1.1.1.4   Removal of Pavement Markings on Roads and Parking Areas

The unit of measurement for removal of pavement markings is the number of 
square  feet  of pavement markings removed as specified and accepted by the 
Contracting Officer.

1.1.2   Payment

The quantities of surface preparation, pavement striping or markings, 
raised pavement markers, and removal of pavement markings determined as 
specified in paragraph Measurement, will be paid for at the contract unit 
price.  The payment constitutes full compensation for furnishing all 
labor, materials, tools, equipment, appliances, and doing all work 
involved in preparing and marking the pavements as shown on the drawings.  
Remove and replace any striping or markings which required reflective 
media, but are placed without it, do not meet the stated minimum 
retro-reflective requirements, or with other defects, at no cost to the 
Government.  Remove and replace striping or markings which do not conform 
to the required physical characteristics, alignment or location required 
at no cost to the Government.

1.2   REFERENCES
The publications listed below form a part of this specification to the 
extent referenced.  The publications are referred to in the text by the 
basic designation only.
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 AMERICAN ASSOCIATION OF STATE HIGHWAY AND TRANSPORTATION 
OFFICIALS (AASHTO)

AASHTO M 247 (2013) Standard Specification for Glass 
Beads Used in Pavement Markings

AASHTO M 248 (1991; R 2012) Standard Specification for 
Ready-Mixed White and Yellow Traffic Paints

AASHTO M 249 (2012; R2016) Standard Specification for 
White and Yellow Reflective Thermoplastic 
Striping Material (Solid Form)

ASTM INTERNATIONAL (ASTM)

ASTM D1652 (2011; E 2012) Standard Test Method for 
Epoxy Content of Epoxy Resins

ASTM D2074 (2007; R2013) Standard Test Methods for 
Total, Primary, Secondary, and Tertiary 
Amine Values of Fatty Amines by 
Alternative Indicator Method

ASTM D2240 (2015; E 2017) Standard Test Method for 
Rubber Property - Durometer Hardness

ASTM D2621 (1987; R 2016) Standard Test Method for 
Infrared Identification of Vehicle Solids 
from Solvent-Reducible Paints

ASTM D2697 (2003; R 2014) Volume Nonvolatile Matter 
in Clear or Pigmented Coatings

ASTM D3335 (1985a; R 2014) Low Concentrations of 
Lead, Cadmium, and Cobalt in Paint by 
Atomic Absorption Spectroscopy

ASTM D3718 (1985a; R 2015) Low Concentrations of 
Chromium in Paint by Atomic Absorption 
Spectroscopy

ASTM D3924 (2016) Standard Specification for 
Environment for Conditioning and Testing 
Paint, Varnish, Lacquer, and Related 
Materials

ASTM D3960 (2005; R 2013) Determining Volatile 
Organic Compound (VOC) Content of Paints 
and Related Coatings

ASTM D4060 (2014) Abrasion Resistance of Organic 
Coatings by the Taber Abraser

ASTM D4061 (2013) Standard Test Method for 
Retroreflectance of Horizontal Coatings

ASTM D4505 (2012; R 2017) Standard Specification for 
Preformed Retroflective Pavement Marking 
Tape for Extended Service Life
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ASTM D4541 (2017) Standard Test Method for Pull-Off 
Strength of Coatings Using Portable 
Adhesion Testers

ASTM D471 (2016a) Standard Test Method for Rubber 
Property - Effect of Liquids

ASTM D476 (2015) Dry Pigmentary Titanium Dioxide 
Pigments

ASTM D522/D522M (2014) Mandrel Bend Test of Attached 
Organic Coatings

ASTM D638 (2014) Standard Test Method for Tensile 
Properties of Plastics

ASTM D6628 (2003; R 2015) Standard Specification for 
Color of Pavement Marking Materials

ASTM D695 (2010) Standard Test Method for 
Compressive Properties of Rigid Plastics

ASTM D711 (2010; R 2015) No-Pick-Up Time of Traffic 
Paint

ASTM D7234 (2012) Standard Test Method for Pull-Off 
Adhesion Strength of Coatings on Concrete 
Using Portable Pull-Off Adhesion Testers

ASTM D823 (2018) Standard Practices for Producing 
Films of Uniform Thickness of Paint, 
Varnish, and Related Products on Test 
Panels.

ASTM E1347 (2006; R 2011) Color and Color Difference 
Measurement by Tristimulus (Filter) 
Colorimetry

ASTM E1710 (2011) Standard Test Method for 
Measurement of Retroreflective Pavement 
Marking Materials with CEN-Prescribed 
Geometry Using a Portable 
Retroreflectometer

ASTM E2177 (2011) Standard Test Method for Measuring 
the Coefficient of Retroreflected 
Luminance (RL) of Pavement Markings in a 
Standard Condition of Wetness

ASTM E2302 (2003; R 2016) Standard Test Method for 
Measurement of the Luminance Coefficient 
Under Diffuse Illumination of Pavement 
Marking Materials Using a Portable 
Reflectometer

ASTM G154 (2016) Standard Practice for Operating 
Fluorescent Light Apparatus for UV 
Exposure of Nonmetallic Materials
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INTERNATIONAL CONCRETE REPAIR INSTITUTE (ICRI)

ICRI 03732 (1997) Selecting and Specifying Concrete 
Surface Preparation for Sealers, Coatings, 
and Polymer Overlays

U.S. FEDERAL AVIATION ADMINISTRATION (FAA)

FAA AC 150/5370-10 (2014; Rev G; Errata 1 2015; Errata 2 
2016) Standards for Specifying 
Construction of Airports

U.S. FEDERAL HIGHWAY ADMINISTRATION (FHWA)

MUTCD (2015) Manual on Uniform Traffic Control 
Devices

U.S. GENERAL SERVICES ADMINISTRATION (GSA)

FED-STD-595 (Rev C; Notice 1) Colors Used in 
Government Procurement

FS TT-B-1325 (Rev D; Notice 1; Notice 2 2017) Beads 
(Glass Spheres) Retro-Reflective (Metric)

FS TT-P-1952 (2015; Rev F) Paint, Traffic and Airfield 
Markings, Waterborne

1.3   SUBMITTALS

Government approval is required for submittals with a "G" designation; 
submittals not having a "G" designation are for information only or as 
otherwise designated.  When used, a designation following the "G" 
designation identifies the office that will review the submittal for the 
Government.  Submittals with an "S" are for inclusion in the 
Sustainability eNotebook, in conformance to Section 01 33 29  
SUSTAINABILITY REPORTING.  Submit the following in accordance with Section 
01 33 00  SUBMITTAL PROCEDURES:

SD-03 Product Data

Surface Preparation Equipment List ; G

Application Equipment List ; G

Exterior Surface Preparation

Safety Data Sheets ; G

Reflective media for airfields ; G

Reflective media for roads ; G

Waterborne Paint ; G

Solventborne Paint ; G

Thermoplastic compound ; G
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Raised Pavement Markers Primers and Adhesives ; G

SD-06 Test Reports

Reflective Media for Airfields ; G

Reflective Media for Roads ; G

Waterborne Paint ; G

Solventborne Paint ; G

High Build Acrylic Coating (HBAC) ; G

Thermoplastic Compound ; G

Raised Pavement Markers Primers and Adhesives ; G

Test Reports

SD-07 Certificates

Qualifications ; G

Reflective Media for Airfields

Reflective Media for Roads

Waterborne Paint

Solventborne Paint

Volatile Organic Compound , (VOC); G

Thermoplastic Compound

SD-08 Manufacturer's Instructions

Waterborne Paint ; G

Solventborne Paint ; G

Thermoplastic Compound ; G

1.4   QUALITY ASSURANCE

1.4.1   Regulatory Requirements

Submit certificate stating that the proposed pavement marking paint meets 
the Volatile Organic Compound , (VOC) regulations of the local Air 
Pollution Control District having jurisdiction over the geographical area 
in which the project is located.  Submit Safety Data Sheets  for each 
product.

1.4.2   Qualifications

Submit documentation certifying that pertinent personnel are qualified for 
equipment operation and handling of applicable chemicals. The 
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documentation should include experience on five projects of similar size 
and scope with references for all personnel.

1.4.3   Qualifications For Airfield Marking Personnel

Submit documentation of qualifications in resume format a minimum of 14  
days before pavement marking work is to be performed showing personnel who 
will be performing the work have experience working on airfields, 
operating mobile self-powered marking, cleaning, and paint removal 
equipment and performing these tasks.  Include with resume a list of 
references complete with points of contact and telephone numbers.  Provide 
certification for pavement marking machine operator and Foreman 
demonstrating experience successfully completing a minimum of two airfield 
pavement marking projects of similar size and scope. Provide documentation 
demonstrating personnel have a minimum of two years of experience 
operating similar equipment and performing the same or similar work in 
similar environments, similar in size and scope of the planned project.  
The Contracting Officer reserves the right to require additional proof of 
competency or to reject proposed personnel.

1.5   DELIVERY AND STORAGE

Deliver paint materials, thermoplastic compound materials, and reflective 
media in original sealed containers that plainly show the designated name, 
specification number, batch number, color, date of manufacture, 
manufacturer's directions, and name of manufacturer.

Provide storage facilities at the job site for maintaining materials at 
temperatures recommended by the manufacturer.  

1.6   PROJECT/SITE CONDITIONS

1.6.1   Environmental Requirements

1.6.1.1   Weather Limitations for Application

Apply pavement markings to clean, dry surfaces, and unless otherwise 
approved, only when the air and pavement surface temperature is at least  5 
degrees F  above the dew point and the air and pavement temperatures are 
within the limits recommended by the pavement marking manufacturer.  Allow 
pavement surfaces to dry after water has been used for cleaning or 
rainfall has occurred prior to striping or marking.  Test the pavement 
surface for moisture before beginning work each day and after cleaning.  
Do not commence marking until the pavement is sufficiently dry and the 
pavement condition has been approved by the Contracting Officer.  Employ 
the "plastic wrap method" to test the pavement for moisture as specified 
in paragraph TESTING FOR MOISTURE.

1.6.1.2   Weather Limitations for Removal of Pavement Markings on Roads and 
Parking Areas

Pavement surface must be free of snow, ice, or slush; with a surface  
temperature of at least  40 degrees F  and rising at the beginning of 
operations, except those involving shot or sand blasting or grinding.  
Cease operation during thunderstorms, or during rainfall, except for 
waterblasting and removal of previously applied chemicals.  Cease 
waterblasting where surface water accumulation alters the effectiveness of 
material removal.
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1.6.2   Traffic Controls

Place warning signs conforming to MUTCD near the beginning of the worksite 
and well ahead of the worksite for alerting approaching traffic from both 
directions.  Place small markers along newly painted lines or freshly 
placed raised markers to control traffic and prevent damage to newly 
painted surfaces or displacement of raised pavement markers.  Mark 
painting equipment with large warning signs indicating slow-moving 
painting equipment in operation.

When traffic must be rerouted or controlled to accomplish the work, 
provide necessary warning signs, flag persons, and related equipment for 
the safe passage of vehicles.

1.6.3   Lighting

When night operations are necessary, provide all necessary lighting and 
equipment.  The Government reserves the right to accept or reject night 
work on the day following night activities by the Contractor.

PART 2   PRODUCTS

2.1   EQUIPMENT

2.1.1   Surface Preparation Equipment for Roads and Parking Areas

Submit a surface preparation equipment list  by serial number, type, model, 
and manufacturer.  Include descriptive data indicating area of coverage 
per pass, pressure adjustment range, tank and flow capacities, and safety 
precautions required for the equipment operation.  Mobile equipment must 
allow for removal of markings without damaging the pavement surface or 
joint sealant.  Maintain machines, tools, and equipment used in the 
performance of the work in satisfactory operating condition.

2.1.1.1   Sandblasting Equipment

Use mobile sandblasting equipment capable of producing a pressurized 
stream of sand and air that effectively removes paint from the surface 
without filling voids with debris in asphalt or tar pavements or removing 
joint sealants in portland cement concrete pavements.  Include with the 
equipment and air compressor, hoses, and nozzles of adequate size and 
capacity for removing paint.  Equip the compressor with traps and 
coalescing filters that maintain the compressed air free of oil and water.

2.1.1.2   Waterblasting Equipment

Use mobile waterblasting equipment capable of producing a pressurized 
stream of water that effectively removes paint from the pavement surface 
without significantly damaging the pavement.  Provide equipment, tools, 
and machinery which are safe and in good working order at all times.

2.1.1.3   Shotblasting Equipment

Use mobile self propelled shotblasting equipment capable of producing an 
adjustable depth of paint removal and of propelling abrasive particles at 
high velocities on the paint for effective removal.  Ensure each unit is 
self cleaning and self contained.  Use equipment able to confine the 
abrasive, any dust that is produced, and removed paint and is capable of 
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recycling the abrasive for reuse.

2.1.1.4   Grinding or Scarifying Equipment

Use equipment capable of removing surface contaminates, paint build-up, or 
extraneous markings from the pavement surface without leaving any 
residue.  Clean the surface by hydro blast to remove surface contaminates 
and ash after a weed torch is used to remove paint.

2.1.1.5   Chemical Removal Equipment

Use chemical equipment capable of applying and removing chemicals and 
paint from the pavement surface, leaving only non-toxic biodegradable 
residue without scarring or other damage to the pavement or joints and 
joint seals.

2.1.2   Application Equipment

Submit application equipment list  appropriate for the material(s) to be 
used.  Include manufacturer's descriptive data and certification for the 
planned use that indicates area of coverage per pass, pressure adjustment 
range, tank and flow capacities, and all safety precautions required for 
operating and maintaining the equipment.  Provide and maintain machines, 
tools, and equipment used in the performance of the work in satisfactory 
operating condition, or remove them from the work site.  Provide mobile 
and maneuverable application equipment to the extent that straight lines 
can be followed and normal curves can be made in a true arc.

2.1.2.1   Paint Application Equipment

2.1.2.1.1   Hand-Operated, Push-Type Machines

Provide hand-operated push-type applicator machine of a type commonly used 
for application of water based paint or two-component, chemically curing 
paint, thermoplastic, or preformed tape, to pavement surfaces for small 
marking projects, such as legends and cross-walks, parking areas, or 
surface painted signs.  Provide applicator machine equipped with the 
necessary tanks and spraying nozzles capable of applying paint uniformly 
at coverage specified.  Hand operated spray guns may be used in areas 
where push-type machines cannot be used.

2.1.2.1.2   Self-Propelled or Mobile-Drawn Spraying Machines

Provide self-propelled or mobile-drawn spraying machine with suitable 
arrangements of atomizing nozzles and controls to obtain the specified 
results.  Provide machine having a speed during application capable of 
applying the stripe widths indicated at the paint coverage rate specified 
herein and of even uniform thickness with clear-cut edges.

2.1.2.1.2.1   Road Marking

Provide equipment used for marking roads capable of placing the prescribed 
number of lines at a single pass as solid lines, intermittent lines, or a 
combination of solid and intermittent lines using a maximum of three 
different colors of paint as specified.

2.1.2.1.2.2   Airfield Marking

Provide self-propelled or mobile-drawn spraying machine for applying the 
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paint for airfield pavements with an arrangement of atomizing nozzles 
capable of applying the specified line width in a single pass.  Provide 
paint applicator with paint reservoirs or tanks of sufficient capacity and 
suitable gages to apply paint in accordance with requirements specified.  
Equip tanks with suitable mechanical agitators.  Equip spray mechanism 
with quick-action valves conveniently located, and include necessary 
pressure regulators and gages in full view and reach of the operator.  
Install paint strainers in paint supply lines to ensure freedom from 
residue and foreign matter that may cause malfunction of the spray guns.  
The paint applicator must be readily adaptable for attachment of a 
dispenser for the reflective media approved for use.

2.1.2.1.2.3   Hand Application

Provide spray guns for hand application of paint in areas where the mobile 
paint applicator cannot be used.

2.1.2.2   Thermoplastic Application Equipment

2.1.2.2.1   Thermoplastic Material

Apply thermoplastic material with equipment that is capable of providing 
continuous uniformity in the dimensions and reflectorization of the 
marking.

2.1.2.2.2   Application Equipment

a.  Provide application equipment capable of continuous mixing and 
agitation of the material, with conveying parts which prevent 
accumulation and clogging between the main material reservoir and the 
extrusion shoe or spray gun.  All parts of the equipment which come 
into contact with the material must be easily accessible and exposed 
for cleaning and maintenance.  All mixing and conveying parts up to 
and including the extrusion shoes and spray guns must maintain the 
material at the required temperature with heat-transfer oil or 
electrical-element-controlled heat.

b.  Provide application equipment constructed to ensure continuous 
uniformity in the dimensions of the stripe.  Provide an applicator 
with a means for cleanly cutting off stripe ends squarely and 
providing a method of applying "skiplines."  Provide equipment capable 
of applying varying widths of traffic markings.

c.  Provide mobile and maneuverable application equipment allowing 
straight lines to be followed and normal curves to be made in a true 
arc.  Provide equipment used for the placement of thermoplastic 
pavement markings of two general types: mobile applicator and portable 
applicator.

d.  Equip the applicator with a pressurized or drop-on type bead dispenser 
capable of uniformly dispensing reflective glass spheres at controlled 
rates of flow.  The bead dispenser must operate automatically to begin 
flow prior to the flow of binder to assure that the strip is fully 
reflectorized.

2.1.2.2.3   Mobile Application Equipment

Provide a truck-mounted, self-contained pavement marking machine that is 
capable of hot applying thermoplastic by either the extrusion or spray 
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method.

a.  Equip the unit to apply the thermoplastic marking material at 
temperatures according to the manufacturer's instructions, at widths 
varying from  3 to 12 inches , with an automatic pressurized or drop-on 
bead dispensing system, capable of operating continuously, and of 
installing a minimum of  20,000 lineal feet  of longitudinal markings in 
an 8-hour day.

b.  Equip the mobile unit with a melting kettle which holds a minimum of  
6000 pounds  of molten thermoplastic material; capable of heating the 
thermoplastic composition to temperatures as recommended by the 
manufacturer.  Use a thermostatically controlled heat transfer 
liquid.  Heating of the composition by direct flame is not allowed.  
Oil and material temperature gauges must be visible at both ends of 
the kettle.

c.  Equip mobile units for application of extruded markings with a minimum 
of two extrusion shoes; located one on each side of the truck, capable 
of marking simultaneous edge line and centerline stripes; each being a 
closed, oil-jacketed unit; holding the molten thermoplastic at a 
temperature as recommended by the manufacturer; and capable of 
extruding a line of  3 to 8 inches  in width; and at a thickness of not 
less than 0.120 inch  nor more than 0.190 inch , of generally uniform 
cross section.

d.  Equip mobile units for application of spray markings with a spray gun 
system capable of marking simultaneous edgeline and centerline 
stripes.  Surround (jacket) the spray system with heating oil to 
maintain the molten thermoplastic at a temperature of  375 to 425 
degrees F , capable of spraying a stripe of  3 to 12 inches  in width, 
and in thicknesses varying from  0.060 inch  to  0.098 inch , of generally 
uniform cross section.

e.  Equip the mobile unit with an electronic programmable line pattern 
control system, capable of applying skip or solid lines in any 
sequence, through any and all of the extrusion shoes, or the spray 
guns, and in programmable cycle lengths.  In addition, equip the 
mobile unit with an automatic counting mechanism capable of recording 
the number of lineal feet  of thermoplastic markings applied to the 
pavement surface with an accuracy of 0.5 percent.

2.1.2.2.4   Portable Application Equipment

Provide portable hand-operated equipment, specifically designed for 
placing special markings such as crosswalks, stop bars, legends, arrows, 
and short lengths of lane, edge and centerlines; and capable of applying 
thermoplastic pavement markings by the extrusion method.  Equip the 
portable applicator with all the necessary components, including a 
materials storage reservoir, bead dispenser, extrusion shoe, and heating 
accessories, capable of holding the molten thermoplastic at the 
temperature recommended by the manufacturer, and of extruding a line of  3 
to 12 inches  in width, and in thickness of not less than  0.120 inch nor 
more than 0.190 inch  and of generally uniform cross section.

2.1.2.3   Reflective Media Dispenser

Attach the dispenser for applying the reflective media to the paint 
dispenser and designed to operate automatically and simultaneously with 
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the applicator through the same control mechanism.  The bead applicator 
must be capable of adjustment and designed to provide uniform flow of 
reflective media over the full length and width of the stripe at the rate 
of coverage specified in paragraph APPLICATION.

2.1.2.4   Preformed Tape Application Equipment

Provide and use mechanical application equipment for the placement of 
preformed marking tape which is a mobile pavement marking machine 
specifically designed for use in applying pressure-sensitive pavement 
marking tape of varying widths.  Equip the applicator with rollers, or 
other suitable compaction device to provide initial adhesion of the 
material with the pavement surface.  Use additional tools and devices as 
needed to properly seat the applied material as recommended by the 
manufacturer.

2.2   MATERIALS

Use reflectorized waterborne paint for roads. Use non-reflectorized 
waterborne  paint for parking areas.  The maximum allowable VOC content of 
pavement markings is 150 grams per liter.  Color of markings are indicated 
on the drawings and must conform to ASTM D6628 for roads and parking areas 
and FED-STD-595  for airfields.  Provide materials conforming to the 
requirements specified herein.

2.2.1   Waterborne Paint

FS TT-P-1952 , Type I or II .

2.2.2   Solventborne Paint

AASHTO M 248.

2.2.3   Methacrylate Paint

Formulate methacrylate paint to meet the requirements of FAA AC 150/5370-10 , 
Item P-620.2, Methacrylate.

2.2.4   Epoxy Paint

2.2.4.1   Formulation

Epoxy pavement marking material will be a two component, 100 percent 
solids, material formulated to provide simple volumetric mixing ratio of 
two volumes of component A and one volume of component B unless otherwise 
recommended by the manufacturer.

2.2.4.2   Composition

The component A of both white and yellow must be within the following 
limits:
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TABLE I

White Yellow

Pigments Minimum 18 percent by weight 
Titanium Dioxide ( ASTM D476, Type 
II)

21-27 percent by weight

Epoxy Resin 75-82 percent 73-79 percent

The epoxy resign must be free of lead, cadmium, mercury, hexavalent 
chromium and other toxic heavy metals as defined by the Environmental 
Protection Agency.  Submit a manufacturer's certification of compliance 
with this requirement.

2.2.4.3   Epoxide Value

Determine epoxide epoxy number of the epoxy resin in accordance with 
ASTM D1652 for white and yellow component A on pigment free basis.  The 
epoxide number must be within plus or minus 50 of the published 
manufacturer's standard.

2.2.4.4   Total Amine Value

Determine the amine number on the curing agent (component B) in accordance 
with ASTM D2074.  The amine number must be within plus or minus 50 of the 
published manufacturer's standard.

2.2.4.5   Toxicity

Upon heating to application temperature, the material must not produce 
fumes which are toxic or injurious to persons or property.

2.2.4.6   Daylight Directional Reflectance

Directional reflectance of white and yellow paint (without glass beads) in 
accordance with ASTM E1347: White 84 percent  Yellow 55 percent.

2.2.4.7   Laboratory Drying Time

The epoxy pavement marking material must have a maximum no-pick-up time of 
30 minutes when tested in accordance with ASTM D711.

2.2.4.8   Curing

The epoxy material must be capable of fully curing under a constant 
surface temperature of  45 Degrees F  or above.

2.2.4.9   Adhesion to Concrete

The catalyzed epoxy pavement marking material must have a high degree of 
adhesion to the specified concrete surface (100 percent concrete failure) 
when tested according to ASTM D7234.  The concrete substrate must have a 
minimum compressive strength of  4,000 psi .  Condition prepared specimens 
at a temperature of  75 plus or minus 2 Degrees F  for a minimum of 24 hours 
and a maximum of 72 hours prior to performance of the test.
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2.2.4.10   Hardness

Epoxy pavement marking materials must have a Shore D Hardness between 75 
and 100 when tested in accordance with ASTM D2240.  Cure the samples at  75 
plus or minus 2 Degrees F  for a minimum of 72 hours and a maximum of 96 
hours prior to performing the tests.

2.2.4.11   Abrasion Resistance

The wear index for a catalyzed sample must not exceed 82 when tested in 
accordance with ASTM D4060 using a 1000 gram load, CS-17 wheels and a test 
duration of 1000 cycles.  Run the test on cured samples of material which 
have been applied at a film thickness of 15 plus or minus 0.5 mils to code 
S-16 stainless steel plates.  Cure the samples at  75 plus or minus 2 
Degrees F  for a minimum of 48 hours prior to performing the tests.

2.2.4.12   Tensile Strength

Epoxy pavement marking materials must have a tensile strength of at least  
6,000 psi  when tested in accordance with ASTM D638.  Cast the Type IV 
specimens in a suitable mold and pull at the rate of  1/4 inch  per minute 
using a suitable dynamic testing machine.  Cure the samples at  75 plus or 
minus 2 Degrees F  for a minimum of 12 hours and a maximum of 48 hours 
prior to performing the tests.

2.2.4.13   Compressive Strength

Catalyzed epoxy pavement marking materials must have a compressive 
strength of at least  12,000 psi  when tested in accordance with ASTM D695.  
Condition the cast sample at  75 plus or minus 2 Degrees F  for a minimum of 
12 hours and a maximum of 48 hours prior to performing the tests.  The 
rate of compression of these samples must not exceed  1/4 inch  per minute.

2.2.5   Thermoplastic Compound

2.2.5.1   Composition Requirements

Thermoplastic compound must conform to AASHTO M 249.  Formulate the binder 
component as an alkyd resin.

2.2.5.2   Primer

a.  Asphalt concrete primer:  Provide  thermosetting adhesive primer with 
a solids content of pigment reinforced synthetic rubber and synthetic 
plastic resin dissolved or dispersed in a volatile organic solvent for 
asphaltic concrete pavements.  The solids content must not be less 
than 10 percent by weight at  70 degrees F  and 60 percent relative 
humidity.  A wet film thickness of  0.005 inch , plus or minus  0.001 inch , 
must dry to a tack-free condition in less than 5 minutes.

b.  Portland cement concrete primer:  Provide an epoxy resin primer for 
portland cement concrete pavements, of the type recommended by the 
manufacturer of the thermoplastic composition.

2.2.6   High Build Acrylic Coating (HBAC)

Formulate High Build Acrylic Coating (HBAC) to meet the requirements of 
Table II.
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TABLE II - REQUIREMENTS FOR HIGH BUILD ACRYLIC COATINGS (HBAC)

TEST MINIMUM REQUIREMENT (AND MAXIMUM WHERE 
INDICATED)

Resin System ( ASTM D2621) Waterborne 100 percent Acrylic

Percent Volume Solids ( ASTM D2697) 58 percent

Volatile Organic Compound , max. (
ASTM D3960)

 1.25 lbs/gal

White ( FED-STD-595 ) 37925

Yellow ( FED-STD-595 ) 33538

Shore D Hardness ( ASTM D2240) 45

1/8 inch Mandrel Bend at 5 mils Dry Film 
Thickness (DFT, one-week cure (
ASTM D522/D522M, Method B)

No visual defects at bend (Conditions at 
ASTM D3924)

Adhesion to Concrete and Asphaltic 
Pavements ( ASTM D4541)

 140 psi  or 100 percent cohesive failure 
in pavement

Accelerated Weathering, Yellow, 2500 
Hours UV Exposure ( ASTM G154: see note 1)

Max. color loss to 33655 ( FED-STD-595 )

Water Absorption at 168 Hours Immersion 
Tap Water ( ASTM D471)

9.0 percent max. weight increase 
(conditions at ASTM D3924)

Application at  65 mils  Wet,One Coat, 
One-week Cure, (see note 2)

No visual cracking or curling (conditions 
at ASTM D3924)

No Pick-Up at  25 mils  ( ASTM D711) Wet 10 minutes max.

Lead ( ASTM D3335) 0.06 percent max.

Cadmium ( ASTM D3335) 0.06 percent max.

Chromium ( ASTM D3718) 0.00 percent

Notes:
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TABLE II - REQUIREMENTS FOR HIGH BUILD ACRYLIC COATINGS (HBAC)

TEST MINIMUM REQUIREMENT (AND MAXIMUM WHERE 
INDICATED)

   (1)   Properly mix and apply yellow paint at  10 mils plus or minus 2 mils  DFT 
over a suitably sized, clean aluminum substrate ( ASTM D823), and cure for a minimum 
of 48 hours: four individual yellow samples shall be prepared.  Expose three samples 
to continuous Ultraviolet (UV) light for 2500 hours, without cycles condensation, in 
accordance to ASTM G154: UVA-340 lamps shall be used in the testing apparatus.  
Following exposure, compare the three exposed samples to the "one" non-exposed 
sample using FED-STD-595  colors 33538 and 33655 as visual references: evaluate 
exposed samples for degree of visual color loss.  Yellow paint shall receive a 
passing rating if each exposed sample appears equivalent to the non-exposed sample, 
and in addition, displays color loss no greater than FED-STD-595  color 33655.

   (2)   Using double-stick, foam mounting tape (or equal) with a nominal thickness 
of  65 mils , apply a rectangular mold with inner dimensions of  3 in by 10 in  to a 
clean aluminum sample approximately sized at  6 in by 12 in by 1/8 in .  Do not remove 
the tape's plastic backing.  Mix and apply excess paint into mold.  Remove excess 
paint, by squeegee or other appropriate draw down technique, to a uniform thickness 
equal to the tape's height. Paint application and draw down shall be performed 
within a period of no more than 60 seconds.  Approximately one to two minutes 
following the draw down, remove tape from sample and allow coating to cure for a 
minimum period of one week ASTM D3924.  Using a micrometer or other appropriate 
device, measure cured coating thickness (less sample thickness) to confirm resulting 
coating application was at or above  38 mils  DFT.  Inspect coating for visual signs 
of cracking and curling.  Following a one week cure, coating shall receive a passing 
rating if applied greater than  38 mils  DFT and visually free of both cracking and 
curling.

2.2.7   Preformed Tape

Provide  adherent reflectorized strip preformed tape in accordance with 
ASTM D4505 Retroreflectivity Level II, Class 1, 2 or 3, Skid Resistance 
Level B.

2.2.8   Reflective Media

2.2.8.1   Reflective Media for Roads

FS TT-B-1325 , Type I, Gradation A  .
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PART 3   EXECUTION

3.1   EXAMINATION

3.1.1   Testing for Moisture

Test the pavement surface for moisture before beginning pavement marking 
after each period of rainfall, fog, high humidity, or cleaning, or when 
the ambient temperature has fallen below the dew point.  Do not commence 
marking until the pavement is sufficiently dry and the pavement condition 
has been approved by the Contracting Officer or authorized representative.

Employ the "plastic wrap method" to test the pavement for moisture as 
follows:  Cover the pavement with a  12 inch by 12 inch  section of clear 
plastic wrap and seal the edges with tape.  After 15 minutes, examine the 
plastic wrap for any visible moisture accumulation inside the plastic.  Do 
not begin marking operations until the test can be performed with no 
visible moisture accumulation inside the plastic wrap.  Re-test surfaces 
when work has been stopped due to rain.

3.1.2   Surface Preparation Demonstration

Prior to surface preparation, demonstrate the proposed procedures and 
equipment.  Prepare areas large enough to determine cleanliness and rate 
of cleaning.  

3.1.3   Test Stripe Demonstration

Prior to paint application, demonstrate test stripe application within the 
work area using the proposed materials and equipment.  Apply separate test 
stripes in each of the line widths and configurations required herein 
using the proposed equipment.  Make the test stripes long enough to 
determine the proper speed and operating pressures for the vehicle(s) and 
machinery, but not less than  50 feet  long.

3.1.4   Application Rate Demonstration

During the Test Stripe Demonstration, demonstrate compliance with the 
application rates specified herein.  Document the equipment speed and 
operating pressures required to meet the specified rates in each 
configuration of the equipment and provide a copy of the documentation to 
the Contracting Officer prior to proceeding with the work.

3.1.5   Retroreflective Value Demonstration

After the test stripes have cured to a "no-track" condition, demonstrate 
compliance with the average retroreflective values specified herein.  Take 
a minimum of ten readings on each test stripe with a Retroreflectometer 
with a direct readout in millicandelas per square meter per lux 
(mcd/m2/lx).  Conform testing per ASTM D4061, ASTM E1710, ASTM E2177, and 
ASTM E2302.

3.1.6   Level of Performance Demonstration

The Contracting Officer will be present at the application demonstrations 
to observe the results obtained and to validate the operating parameters 
of the vehicle(s) and equipment.  If accepted by the Contracting Officer, 
the test stripe is the measure of performance required for this project.  
Do not proceed with the work until the demonstration results are 
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satisfactory to the Contracting Officer.

3.2   EXTERIOR SURFACE PREPARATION

Allow new pavement surfaces to cure for a period of not less than 30 days 
before application of marking materials.  Thoroughly clean surfaces to be 
marked before application of the paint.  Remove dust, dirt, and other 
granular surface deposits by sweeping, blowing with compressed air, 
rinsing with water, or a combination of these methods as required. Remove 
rubber deposits,residual curing compounds, and other coatings adhering to 
the pavement by water blastin.  

a.  For Portland Cement Concrete pavement, grinding, light shot blasting, 
or light scarification, to a resulting profile equal to ICRI 03732  CSP 
2, CSP 3, and CSP 4, respectively, can be used in addition to water 
blasting on most pavements, to either remove existing coatings, or for 
surface preparation.

b.  Do not use shot blasting on airfield pavements due to the potential of 
Foreign Object Damage (FOD) to aircraft. Scrub affected areas, where 
oil or grease is present on old pavements to be marked, with several 
applications of trisodium phosphate solution or other approved 
detergent or degreaser and rinse thoroughly after each application.  
After cleaning oil-soaked areas, seal with shellac or primer 
recommended by the manufacturer to prevent bleeding through the new 
paint. Do not commence painting in any area until pavement surfaces 
are dry and clean.

3.2.1   Early Painting of Rigid Pavements

Pretreat rigid pavements that require early painting with an aqueous 
solution containing 3 percent phosphoric acid and 2 percent zinc 
chloride.  Apply the solution to the areas to be marked.

3.2.2   Early Painting of Asphalt Pavements

For asphalt pavement systems requiring painting application at less than 
30 days, apply the paint and beads at half the normal application rate, 
followed by a second application at the normal rate after 30 days.

3.3   APPLICATION

Apply pavement markings to dry pavements only.

3.3.1   Paint

Apply paint pneumatically with approved equipment at rate of coverage 
specified herein.  Provide guidelines and templates as necessary to 
control paint application.  Take special precautions in marking numbers, 
letters, and symbols.  Manually paint numbers, letters, and symbols.  
Sharply outline all edges of markings.  The maximum drying time 
requirements of the paint specifications will be strictly enforced, to 
prevent undue softening of bitumen, and pickup, displacement, or 
discoloration by tires of traffic. If there is a deficiency in drying of 
the markings, painting operations must cease until the cause of the slow 
drying is determined and corrected.
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3.3.1.1   Waterborne Paint

3.3.1.1.1   Roads

Apply paint at a rate of  105 plus or minus 5 square feet per gallon .  
Apply FS TT-B-1325  Type I (Gradation A)   beads at a rate of  7 plus or 
minus 0.5 pounds of glass spheres per gallon .

3.3.1.2   Solventborne Paint

Apply paint at a minimum wet film thickness of  15 mils .  Apply FS TT-B-1325
 Type I (Gradation A)   beads at a minimum rate of  6 pounds of glass 
spheres per gallon .

3.3.1.3   Methacrylate Paint

Apply paint evenly to the pavement surface at a maximum rate of  45 square 
feet per gallon .  Apply glass spheres conforming to FS TT-B-1325  uniformly 
to the wet paint on airfield pavement.  Use either Type I (Gradation A), 
Type III, or Type IV (Gradation A or B) beads.  Apply Type I (Gradation A) 
beads at a minimum rate of  15 pounds of glass spheres per gallon .  Apply 
Type III beads at a minimum rate of  20 pounds of glass spheres per gallon .  
Apply Type IV (Gradation A or B) beads at a minimum rate of  16 pounds of 
glass spheres per gallon .

3.3.1.4   Epoxy Paint

Apply paint evenly to the pavement surface at a wet film thickness of  20 
mils plus or minus 1 mil  to cover  80 plus or minus 4 square feet per gallon .  
Apply glass spheres uniformly to the wet paint on road and street pavement 
at a rate of  7 plus or minus 0.5 pounds of glass spheres per gallon .

3.3.1.5   High Build Acrylic Coating

Apply High Build Acrylic Coating (HBAC) at a rate of  50 square feet per 
gallon .  Apply Type IV (Gradation A) beads at a minimum rate of  16 pounds 
of glass spheres per gallon .

3.3.2   Thermoplastic Compound

Place thermoplastic pavement markings, free from dirt or tint, upon dry 
pavement. The temperature must be a minimum of  40 degrees F  and rising at 
the time of installation.  Apply all centerline, skipline, edgeline, and 
other longitudinal type markings with a mobile applicator.  Place all 
special markings, crosswalks, stop bars, legends, arrows, and similar 
patterns with a portable applicator, using the extrusion method.

3.3.2.1   Reflective Media

Immediately after installation of the thermoplastic material, mechanically 
apply drop-on reflective glass spheres conforming to FS TT-B-1325  Type I 
(Gradation A) AASHTO M 247 Type 1 at the rate of  one pound per 20 square 
feet  such that the spheres are held by and imbedded in the surface of the 
molten material.  Accomplish drop-on application of the glass spheres to 
ensure even distribution at the specified rate of coverage.  If there is a 
malfunction of either thermoplastic applicator or reflective media 
dispenser, discontinue operations until deficiency is corrected.
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3.3.3   Raised Pavement Markers

Align prefabricated markers carefully at the spacing indicated on the 
drawings and permanently fix in place by means of epoxy adhesives.  To 
ensure good bond prior to applying adhesive, thoroughly clean all areas 
where markers are to be set by water blasting and use of compressed air.

3.3.4   Preformed Tape

The pavement surface and ambient air temperature must be a minimum of  60 
degrees F  and rising.  Place the preformed markings in accordance with the 
manufacturer's written instructions.

3.3.5   Cleanup and Waste Disposal

Keep the worksite clean and free of debris and waste from the removal and 
application operations.  Dispose of debris at approved sites.

3.4   FIELD QUALITY CONTROL

3.4.1   Sampling and Testing

As soon as the paint  materials  are available for sampling, obtain by 
random selection from the sealed containers, two quart samples of each 
batch in the presence of the Contracting Officer.    Accomplish adequate 
mixing prior to sampling to ensure a uniform, representative sample.  A 
batch is defined as that quantity of material processed by the 
manufacturer at one time and identified by number on the label.  Clearly 
identify samples by designated name, specification number, batch number, 
project contract number, intended use, and quantity involved.

3.4.2   Material Inspection

Examine material at the job site to determine that it is the material 
referenced in the report of test results or certificate of compliance.  A 
certificate of compliance shall be accompanied by test results 
substantiating conformance to the specified requirements.

3.4.3   Dimensional Tolerances

Apply all markings in the standard dimensions provide in the drawings.  
New markings may deviate a maximum of 10 percent larger than the standard 
dimension.  The maximum deviation allowed when painting over an old 
marking is up to 20 percent larger than the standard dimensions.

3.4.4   Bond Failure Verification

Inspect newly applied markings for signs of bond failure based on visual 
inspection and comparison to results from Test Stripe Demonstration 
paragraph.

3.4.5   Reflective Media and Coating Application Verification

Use a wet film thickness gauge to measure the application of wet paint.  
Use a microscope or magnifying glass to evaluate the embedment of glass 
beads in the paint.  Verify the glass bead embedment with approximately 50 
percent of the individual bead spheres embedded and 50 percent of the 
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individual bead  spheres exposed.

3.4.6   Retroreflective Markings

Collect and record readings for white and yellow retroreflective markings 
at the rate of one reading per  1000 linear feet .  The minimum acceptable 
average for white markings is 200 millicandelas per square meter per lux 
(mcd/m2/lx) (measured with Retroreflectometer).  The minimum acceptable 
average for yellow markings is 175 millicandelas per square meter per lux 
(mcd/m2/lx).  Compute readings by averaging a minimum of 10 readings taken 
within the area at random locations.  Re-mark areas not meeting the 
retroreflective requirements stated above.

3.4.7   Material Bond Verification and Operations Area Cleanup for Airfields

Vacuum sweep the aircraft operating area before it is opened for aircraft 
operations to preclude potential foreign object damaged to aircraft 
engines.  Visually inspect the pavement markings and the material captured 
by the vacuum.  Verify that no significant loss of reflective media has 
occurred to the pavement marking due to the vacuum cleaning.

        -- End of Section --

SECTION 32 17 23  Page 24



CAPITAL PROJECT # 1043925 MAY 2022 HAFB 309th SWEG
KRSM200806 100% FINAL SUBMITTAL

SECTION TABLE OF CONTENTS

DIVISION 32 - EXTERIOR IMPROVEMENTS

SECTION 32 84 24

IRRIGATION SPRINKLER SYSTEMS

PART 1   GENERAL

  1.1   REFERENCES
  1.2   RELATED REQUIREMENTS
  1.3   SYSTEM DESCRIPTION
  1.4   SUBMITTALS
  1.5   DELIVERY, STORAGE, AND HANDLING
    1.5.1   Delivery
    1.5.2   Storage
    1.5.3   Handling
  1.6   EXTRA STOCK
  1.7   QUALITY ASSURANCE
    1.7.1   Required Test

PART 2   PRODUCTS

  2.1   PIPING MATERIALS
    2.1.1   Copper Tubing and Associated Fittings
      2.1.1.1   Tubing
      2.1.1.2   Fittings
    2.1.2   Red Brass Pipe and Associated Fittings
      2.1.2.1   Pipe
      2.1.2.2   Fittings
    2.1.3   Galvanized Steel Pipe and Associated Fittings
      2.1.3.1   Pipe
      2.1.3.2   Fittings
    2.1.4   Polyvinyl Chloride (PVC) Pipe, Fittings and Solvent Cement
      2.1.4.1   Pipe
      2.1.4.2   Fittings
      2.1.4.3   Solvent Cement
    2.1.5   Polyethylene (PE) Plastic Piping
      2.1.5.1   Pipe
      2.1.5.2   Fittings
    2.1.6   Dielectric Fittings
    2.1.7   Drip Irrigation Tubing
    2.1.8   Pipe Sleeving
  2.2   IRRIGATION AND DRIP SPRINKLER HEADS
    2.2.1   Fixed Drip Head
      2.2.1.1   In-Line Tubing Device
  2.3   VALVES
    2.3.1   Isolation Valve
      2.3.1.1   Ball Valves, Less than 3 inches
      2.3.1.2   Gate Valves, 3 inches and Larger
    2.3.2   Control Valves
      2.3.2.1   Pressure Regulating Master Control Valve
      2.3.2.2   Remote Control Valve, Electrical

SECTION 32 84 24  Page 1



CAPITAL PROJECT # 1043925 MAY 2022 HAFB 309th SWEG
KRSM200806 100% FINAL SUBMITTAL

      2.3.2.3   Manual Angle Control Valve, Manual Globe Control Valve
    2.3.3   Quick Coupling Valves
    2.3.4   Drain Valves
      2.3.4.1   Automatic
    2.3.5   Backflow Preventers
      2.3.5.1   Reduced Pressure Type Backflow Preventers
  2.4   ACCESSORIES AND APPURTENANCES
    2.4.1   Tapping Tee
    2.4.2   Water Meter
    2.4.3   Drip Head Accessories
      2.4.3.1   Strainer
      2.4.3.2   Riser Adapters
      2.4.3.3   Tubing Stakes
      2.4.3.4   Bug Cap
      2.4.3.5   Subterranean Drip Box and Cover
      2.4.3.6   Line Flushing Valve
      2.4.3.7   Valve Boxes
    2.4.4   Backflow Preventer Accessories
      2.4.4.1   Pressure Gages
      2.4.4.2   Water Hammer Arresters
      2.4.4.3   Backflow Preventer Enclosure
      2.4.4.4   Concrete Pads
    2.4.5   Moisture Sensing Device
      2.4.5.1   Automatic Rain Shut-Off Device
      2.4.5.2   Automatic Freeze Shut-Off Device
      2.4.5.3   Soil Moisture Sensor Device
    2.4.6   Air/Vacuum Relief
  2.5   AUTOMATIC CONTROLLER ELECTRICAL
    2.5.1   Controller Features
    2.5.2   Controller Enclosure
  2.6   ELECTRICAL CIRCUITS
    2.6.1   Control Wiring for Electrically Operated Valves
    2.6.2   Conduit
  2.7   CONCRETE MATERIALS

PART 3   EXECUTION

  3.1   INSTALLATION
    3.1.1   Trenching
    3.1.2   Piping System
      3.1.2.1   Clearances
      3.1.2.2   Minimum Pitch
      3.1.2.3   Minimum Backfill Cover
      3.1.2.4   Restoration
      3.1.2.5   Sterilization
    3.1.3   Piping Installation
      3.1.3.1   Polyvinyl Chloride (PVC) Pipe
      3.1.3.2   Soldered Copper Tubing
      3.1.3.3   Threaded Brass or Galvanized Steel Pipe
      3.1.3.4   Polyethylene (PE) Pipe and Drip Tubing
      3.1.3.5   Dielectric Protection
    3.1.4   Valves
      3.1.4.1   Quick Coupling Valves
      3.1.4.2   Drain Valves
    3.1.5   Backflow Preventers
      3.1.5.1   Reduced Pressure Backflow Preventer
      3.1.5.2   Pressure Vacuum Breaker
      3.1.5.3   Atmospheric Vacuum Breaker
    3.1.6   Accessories

SECTION 32 84 24  Page 2



CAPITAL PROJECT # 1043925 MAY 2022 HAFB 309th SWEG
KRSM200806 100% FINAL SUBMITTAL

      3.1.6.1   Connection To Existing Water Supply Systems (Tapping Tee)
      3.1.6.2   Valve Boxes and Lids
      3.1.6.3   Backflow Preventer Enclosure
      3.1.6.4   Rain and Freeze Shut-Off Devices
      3.1.6.5   Soil Moisture Sensing Device
      3.1.6.6   Air/Vacuum Relief Valve
    3.1.7   Electrical Circuits
      3.1.7.1   Loops
      3.1.7.2   Expansion and Contraction
      3.1.7.3   Splices
    3.1.8   Automatic Controller
    3.1.9   Flushing
    3.1.10   Adjustment
    3.1.11   Sterilization
  3.2   FIELD QUALITY CONTROL
    3.2.1   Pressure Test
      3.2.1.1   Duration
      3.2.1.2   Leaks
      3.2.1.3   Retest
    3.2.2   Operation Test
      3.2.2.1   Accessories
      3.2.2.2   Acceptance
    3.2.3   Controller Charts

-- End of Section Table of Contents --

SECTION 32 84 24  Page 3



CAPITAL PROJECT # 1043925 MAY 2022 HAFB 309th SWEG
KRSM200806 100% FINAL SUBMITTAL

THIS PAGE INTENTIONALLY LEFT BLANK

SECTION 32 84 24  Page 4



CAPITAL PROJECT # 1043925 MAY 2022 HAFB 309th SWEG
KRSM200806 100% FINAL SUBMITTAL

SECTION 32 84 24

IRRIGATION SPRINKLER SYSTEMS

PART 1   GENERAL

1.1   REFERENCES

The publications listed below form a part of this specification to the 
extent referenced.  The publications are referred to within the text by 
the basic designation only.

AMERICAN PETROLEUM INSTITUTE (API)

API Std 598 (2009) Valve Inspecting and Testing

AMERICAN SOCIETY OF MECHANICAL ENGINEERS (ASME)

ASME B1.2 (1983; Errata 1992; R 2017) Gages and 
Gaging for Unified Inch Screw Threads

ASME B16.3 (2016) Malleable Iron Threaded Fittings, 
Classes 150 and 300

ASME B16.15 (2018) Cast Copper Alloy Threaded Fittings 
Classes 125 and 250

ASME B16.18 (2018) Cast Copper Alloy Solder Joint 
Pressure Fittings

ASME B16.22 (2018) Standard for Wrought Copper and 
Copper Alloy Solder Joint Pressure Fittings

ASME B40.100 (2013) Pressure Gauges and Gauge 
Attachments

AMERICAN SOCIETY OF SANITARY ENGINEERING (ASSE)

ASSE 1010 (2004) Performance Requirements for Water 
Hammer Arresters (ANSI approved 2004)

ASSE Series 5000 (2015) Cross-Connection Control 
Professional Qualification Standard

AMERICAN WATER WORKS ASSOCIATION (AWWA)

AWWA C500 (2019) Metal-Seated Gate Valves for Water 
Supply Service

AWWA C511 (2017) Reduced-Pressure Principle Backflow 
Prevention Assembly

AWWA C651 (2014) Standard for Disinfecting Water 
Mains

AWWA C901 (2020) Polyethylene (PE) Pressure Pipe and 
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Tubing, 3/4 In. (19mm) Through 3 In. (76 
mm), for Water Service

ASTM INTERNATIONAL (ASTM)

ASTM A53/A53M (2020) Standard Specification for Pipe, 
Steel, Black and Hot-Dipped, Zinc-Coated, 
Welded and Seamless

ASTM B32 (2020) Standard Specification for Solder 
Metal

ASTM B43 (2020) Standard Specification for Seamless 
Red Brass Pipe, Standard Sizes

ASTM B88 (2020) Standard Specification for Seamless 
Copper Water Tube

ASTM D1785 (2015; E 2018) Standard Specification for 
Poly(Vinyl Chloride) (PVC), Plastic Pipe, 
Schedules 40, 80, and 120

ASTM D2241 (2015) Standard Specification for 
Poly(Vinyl Chloride) (PVC) Pressure-Rated 
Pipe (SDR Series)

ASTM D2287 (2019) Nonrigid Vinyl Chloride Polymer and 
Copolymer Molding and Extrusion Compounds

ASTM D2464 (2015) Standard Specification for Threaded 
Poly(Vinyl Chloride) (PVC) Plastic Pipe 
Fittings, Schedule 80

ASTM D2466 (2017) Standard Specification for 
Poly(Vinyl Chloride) (PVC) Plastic Pipe 
Fittings, Schedule 40

ASTM D2564 (2020) Standard Specification for Solvent 
Cements for Poly(Vinyl Chloride) (PVC) 
Plastic Piping Systems

ASTM D2774 (2021) Underground Installation of 
Thermoplastic Pressure Piping

ASTM D2855 (2015) Standard Practice for Making 
Solvent-Cemented Joints with Poly(Vinyl 
Chloride) (PVC) Pipe and Fittings

ASTM D3261 (2016) Standard Specification for Butt 
Heat Fusion Polyethylene (PE) Plastic 
Fittings for Polyethylene (PE) Plastic 
Pipe and Tubing

ASTM F441/F441M (2020) Standard Specification for 
Chlorinated Poly(Vinyl Chloride) (CPVC) 
Plastic Pipe, Schedules 40 and 80
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FOUNDATION FOR CROSS-CONNECTION CONTROL AND HYDRAULIC RESEARCH 
(FCCCHR)

FCCCHR List (continuously updated) List of Approved 
Backflow Prevention Assemblies

MANUFACTURERS STANDARDIZATION SOCIETY OF THE VALVE AND FITTINGS 
INDUSTRY (MSS)

MSS SP-80 (2019) Bronze Gate, Globe, Angle and Check 
Valves

MSS SP-85 (2011) Gray Iron Globe & Angle Valves 
Flanged and Threaded Ends

NATIONAL ELECTRICAL MANUFACTURERS ASSOCIATION (NEMA)

NEMA ICS 2 (2000; R 2020) Industrial Control and 
Systems Controllers, Contactors, and 
Overload Relays Rated 600 V

NATIONAL FIRE PROTECTION ASSOCIATION (NFPA)

NFPA 70 (2020; ERTA 20-1 2020; ERTA 20-2 2020; TIA 
20-1; TIA 20-2; TIA 20-3; TIA 20-4) 
National Electrical Code

NSF INTERNATIONAL (NSF)

NSF/ANSI 14 (2020) Plastics Piping System Components 
and Related Materials

U.S. GENERAL SERVICES ADMINISTRATION (GSA)

CID A-A-51145 (Rev D; Notice 1; Notice 2; Notice 3) 
Flux, Soldering, Non-Electronic, Paste and 
Liquid

UNDERWRITERS LABORATORIES (UL)

UL 651 (2011; Reprint Mar 2020) UL Standard for 
Safety Schedule 40, 80, Type EB and A 
Rigid PVC Conduit and Fittings

1.2   RELATED REQUIREMENTS

Section 23 03 00.00 20  BASIC MECHANICAL MATERIALS AND METHODS applies to 
this section, with additions and modifications specified herein.

1.3   SYSTEM DESCRIPTION

This system is designed with a water pressure minimum of 30 pounds per 
square inch (psi)  maximum of 50 psi  at connection to main meter and 20  psi
 at the last head in each zone.  If pressure falls above or below 
indicated values, Contractor shall notify Contracting Officer.  For 
Irrigation Sprinkler System , indicate the following:

a.  Head, piping, valve, controller, layout.  Provide separate hydrozones 
for plant materials with different water requirements.
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b.  Pipe, valve, backflow preventer, and controller.

c.  Invert elevations.  Indicate obstructions interfering with operation.

d.  Water source equipment, including existing mains, piping, valves and 
meters.

e.  System and supply pressures.

f.  Indicate wiring diagram between existing power source and 
controller/water pump.

g.  Number and extent of control valve circuits.

h.  Provide details of all irrigation components and accessories.

1.4   SUBMITTALS

Government approval is required for submittals with a "G" or "S" 
classification.  Submittals not having a "G" or "S" classification are for 
information only.  When used, a code following the "G" classification 
identifies the office that will review the submittal for the Government.  
Submit the following in accordance with Section 01 33 00  SUBMITTAL 
PROCEDURES:

SD-02 Shop Drawings

Irrigation Sprinkler System

  Drawings including irrigation legend prepared by a licensed, 
registered or certified Landscape Architect or Irrigation 
Specialist.

SD-03 Product Data

Piping Materials , tubing, and fittings

Valves  and Accessories

Sprinkler Heads

Backflow Preventers

Automatic Controller

Controller Enclosure

Solvent Cement

Control Wiring

Drip Irrigation  Equipment and ccessories

Water Hammer Arresters

Water Meter

Rain Shut-Off Device
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Freeze Shut-Off Device

Soil Moisture Sensor

Tapping Tee

Valve Boxes and Lids

Drip Head Accessories

SD-05 Design Data

System Pressure Calculations

Irrigation Requirements

SD-06 Test Reports

Valves, and Accessories Tests

Backflow Preventers

Pressure Test

Operation Test

  Including verification of sprinkler head layout

  Submit record of pressure tests conducted on recording gage.

SD-07 Certificates

Backflow Preventers

  ASSE Series 5000 , Submit a certificate of Full Approval or a 
current Certificate of Approval from FCCCHR List  for size, and 
make of backflow preventer being provided for this project.  A 
Certificate of Provisional Approval will not be acceptable.

SD-08 Manufacturer's Instructions

Automatic Controller

Sprinkler Heads

Piping Materials

  Tubing and fittings.

Backflow Preventers

Valves

Solvent Cement

Control Wiring

Drip Irrigation  and accessories
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Water Hammer Arresters

Water Meter

Rain Shut-Off Device

Freeze Shut-Off Device

Soil Moisture Sensor

  Submit mounting details for automatic controllers.

SD-10 Operation and Maintenance Data

Piping Materials  and Fittings, Data Package 2; G

Sprinkler Heads and Accessories, Data Package 2; G

Backflow Preventers , Data Package 2; G

Valves , Data Package 2; G

Automatic Controller , Data Package 2; G

Drip Irrigation  and Accessories, Data Package 2; G

Water Hammer Arresters , Data Package 2; G

Water Meter , Data Package 2; G

Rain Shut-Off Device , Data Package 2; G

Freeze Shut-Off Device , Data Package 2; G

Soil Moisture Sensor , Data Package 2; G2

  Submit operation and maintenance data in accordance with Section 
01 78 23  OPERATION AND MAINTENANCE DATA.  Include troubleshooting 
procedures with respect to valve and controller problems.

SD-11 Closeout Submittals

Controller Charts

1.5   DELIVERY, STORAGE, AND HANDLING

1.5.1   Delivery

Deliver materials in original rolls, packages, cartons, and containers 
with the name of manufacturer, brand, and model.  Inspect materials 
delivered to the site for damage.

1.5.2   Storage

Store materials on site in enclosures or under protective covering.  Store 
plastic piping and rubber gaskets under cover out of direct sunlight.  Do 
not store materials directly on ground.  Keep inside of pipes and fittings 
free from dirt and debris.
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1.5.3   Handling

Handle and carry pipe, fittings, valves, and accessories in such a manner 
as to ensure delivery to trench in sound undamaged condition.  Do not drag 
pipe.

1.6   EXTRA STOCK

a.  2 valve keys for operating manual valves;

b.  2 wrenches for removing and installing each type of head;

c.  2 quick coupler keys and hose swivels;

d.  4 irrigation controller housing keys.

e.  4 irrigation controller enclosure keys; and

f .  2 hand-held remotes compatible with controller system.

1.7   QUALITY ASSURANCE

1.7.1   Required Test

Submit tests  signed by an authorized official of a testing laboratory of 
sprinkler head, valve, automatic controller, emitter heads, vacuum 
breaker, backflow preventer, and water hammer arrester.

PART 2   PRODUCTS

2.1   PIPING MATERIALS

2.1.1   Copper Tubing and Associated Fittings

2.1.1.1   Tubing

ASTM B88, Type K.

2.1.1.2   Fittings

ASME B16.22  and ASME B16.18 , solder joint.  Solder, ASTM B32 alloy Grade 
Sn95 or Sn94.  Flux, CID A-A-51145 , Type I.

2.1.2   Red Brass Pipe and Associated Fittings

2.1.2.1   Pipe

ASTM B43, regular.

2.1.2.2   Fittings

ASME B16.15 , Class 250, cast bronze threaded.

2.1.3   Galvanized Steel Pipe and Associated Fittings

2.1.3.1   Pipe

ASTM A53/A53M, Schedule 40.
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2.1.3.2   Fittings

ASME B16.3 , Class 150.

2.1.4   Polyvinyl Chloride (PVC) Pipe, Fittings and Solvent Cement

NSF/ANSI 14 , seal of approval for potable water.

2.1.4.1   Pipe

ASTM D1785, PVC 1120 Schedule 40; or ASTM D2241, PVC 1120 SDR 21, Class 200.

2.1.4.2   Fittings

a.  Solvent Welded Socket Type:  ASTM D2466, Schedule 40.

b.  Threaded Type:  ASTM D2464, Schedule 80.

2.1.4.3   Solvent Cement

ASTM D2564.

2.1.5   Polyethylene (PE) Plastic Piping

2.1.5.1   Pipe

AWWA C901, outside diameter (od) base with dimension ratio (DR) of 9.3 to 
provide  150 psi  minimum pressure rating.

2.1.5.2   Fittings

ASTM D3261, DR of 9.3.

2.1.6   Dielectric Fittings

ASTM F441/F441M , Schedule 80, CPVC threaded pipe nipples,  4 inch  length.

2.1.7   Drip Irrigation  Tubing

ASTM D2287, maximum inside diameter (id) of  1/2 inch , vinyl plastic 
extruded from non-rigid chloride, integrally algae-resistant, homogeneous 
throughout, smooth inside and outside, free from foreign materials, 
cracks, serrations, blisters and other effects.  Provide slip, barbed, or 
compression  fittings.

2.1.8   Pipe Sleeving

a.  Provide PVC piping two times the diameter of main or lateral piping.

b.  Provide gray PVC electrical conduit sized according to number of 
control wires.  Minimum  2 inch  size.

SECTION 32 84 24  Page 12



CAPITAL PROJECT # 1043925 MAY 2022 HAFB 309th SWEG
KRSM200806 100% FINAL SUBMITTAL

2.2   IRRIGATION AND DRIP SPRINKLER HEADS

2.2.1   Fixed Drip Head

2.2.1.1   In-Line Tubing Device

Factory installed, heavy-walled flexible polyethylene (PE) tubing, 
pressure compensating, self-cleaning emitters at spacings of  12 inches .  
Emitter flow of  2.0 gph  with inlet pressure of 20 psi .  Tubing diameter of  
1/2 inch .

2.3   VALVES

2.3.1   Isolation Valve

2.3.1.1   Ball Valves, Less than  3 inches

API Std 598 , brass body, threaded or soldered  ends.

2.3.1.2   Gate Valves,  3 inches  and Larger

AWWA C500, bottom wedging double discs, parallel seats, non-rising stems, 
open by counterclockwise turning.  Provide flanged end connections. 
Provide bronze interior construction of valves including stem containing a 
maximum 2 percent aluminum and maximum 16 percent zinc.

2.3.2   Control Valves

2.3.2.1   Pressure Regulating Master Control Valve

Automatic mechanical self-cleaning, self-purging control system having an 
adjustable pressure setting operated by a solenoid on alternating current 
(ac) with 0.70 amperes at 18 volts.  Valve shall close slowly and be free 
of chatter in each diaphragm position.  Provide a manual flow stem to 
adjust closing speed and internal flushing.  Provide an adjusting screw 
for setting pressure and schrader valve for monitoring pressure. Provide 
one inlet tappings capable of being installed as a straight pattern 
valve.  Provide heavy duty plastic valve body with brass seat that is 
removable and serviceable from top without removing valve body from 
system.  Maximum working pressure of valve is  150 psi  and pilot range from  
10 to 125 psi .

2.3.2.2   Remote Control Valve, Electrical

Solenoid actuated angle valves of  3/4 to 3 inch  size, alternating current 
(ac), 60/50 cycle 0.45  amps in rush current and 0.25  amps holding current.
  Provide brass or plastic  valve housing suitable for service at  150 psi  
operating pressure.  Provide pressure regulating module capable of 
regulating outlet pressure between  15 to 25 psi  (plus or minus)  5 psi  and 
adjustable screw for setting pressure schrader valve connection for 
monitoring pressure.

2.3.2.3   Manual Angle Control Valve, Manual Globe Control Valve

Less than  2 1/2 inch  MSS SP-80 , type 3, Class 150 threaded ends.  Angle 
valve  2 1/2 inch  and larger MSS SP-85 , Type II, Class 250 threaded ends.
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2.3.3   Quick Coupling Valves

Two piece unit consisting of a coupler water seal valve assembly and a 
removable upper body to allow spring and key track to be serviced without 
shutout of main.  Provide brass parts.  Provide yellow lockable lids with 
springs for positive closure on key removal.

2.3.4   Drain Valves

2.3.4.1   Automatic

Brass, spring loaded ball drip type,  150 pounds  and threaded ends, 
designed to close at  6 foot  pressure head with positive seal at  3 psi  
pressure or greater and be open to drain at less than  3 psi  pressure.

2.3.5   Backflow Preventers

2.3.5.1   Reduced Pressure Type Backflow Preventers

AWWA C511.  Provide backflow preventers complete with  150 psi  rated 
flanged brass mounted ball valve and strainer, 304 stainless steel or 
bronze, internal parts.  Total pressure drop through complete assembly 
shall be a maximum of  10 psi  at rated flow.  Listing of particular make, 
model/design, and size in FCCCHR List  will be acceptable as required proof 
for testing and certification.

a.  Piping Assembly:  Galvanized steel pipe and fittings.

b.  Strainers:  Bronze or brass construction with gasket caps.  Equip 
units with  No. 200 mesh  stainless steel screen elements.

2.4   ACCESSORIES AND APPURTENANCES

2.4.1   Tapping Tee

Bronze flat, double strap, with neoprene gasket or "O"-ring seal.

2.4.2   Water Meter

Meter to include roll sealed register, magnetic drive, straight reading 
(odometer shall indicate in  gallons , large numerals, glass lens for 
legibility,) low flow indicator to detect leaks, tamper proof seal pin to 
detect theft; sturdy durable, corrosion resistant main case, electrical 
grounding continuity; nutating disc measuring chamber with minimum head 
loss.

2.4.3   Drip Head Accessories

2.4.3.1   Strainer

Provide strainer at inlet to each drip control valve assembly. Provide 
polyester fabric screen attached to a PVC frame having the equivalent of  
200 mesh  filtration capacity. Compact "Y" body and cap configuration.  
Incorporate flush valves within strainer to clean screen without 
disassembling unit.

2.4.3.2   Riser Adapters

PVC material, threaded to attached drip heads to tubing, pop-up irrigation 
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body, or rigid piping and tubing to rigid piping.

2.4.3.3   Tubing Stakes

Plastic, plastic coated steel, or other non-corrosive strong material to 
secure tubing.

2.4.3.4   Bug Cap

Provide check valves at end of each emitter outlet distribution line.  
Valves shall permit free flow of water with minimum restriction; prevent 
back siphoning, entry of insects, and contamination into outlet ports.

2.4.3.5   Subterranean Drip Box and Cover

Construct of ultra-violet resistant PVC.  Two slots in bottom of box to 
allow for installation of distribution tubing onto the emission device.

2.4.3.6   Line Flushing Valve

Construct of PVC with maximum flow rate of  15 gpm  with minimum flushing 
water volume of  one gallon  at a minimum  4 psi  to a maximum  25 psi  at a 
point of discharge.

2.4.3.7   Valve Boxes

 plastic valve box for each isolation valve, control valve, quick coupling 
valve and drain valve.  Provide box sizes that are suitable and adjustable 
for valve used.

a.  Cast the word "IRRIGATION" on cover.

b.  Stencil, engrave, or brand controller and valve sequence on remote 
control valve cover.  Letters minimum  4 inches  height.

2.4.4   Backflow Preventer Accessories

2.4.4.1   Pressure Gages

ASME B40.100 , single style pressure gage for water with  4 1/2 inch  dial, 
brass or aluminum case, bronze tube, gage cock, pressure snubber, and 
siphon.  Provide scale range suitable for irrigation systems.

2.4.4.2   Water Hammer Arresters

ASSE 1010 ; stainless steel construction with an encased and sealed bellows 
compression chamber.

2.4.4.3   Backflow Preventer Enclosure

Frame to be constructed of  3/16 inch  stainless steel angle iron with  1 1/2 
inch  No. 9 expanded metal covering.  Construct in a one piece single swing 
hinge configuration.  Provisions for pad locking and lighting handles.  
Size to fit backflow assembly to installed.  Color to be selected by 
Government.   Lock for enclosure provided by others.

2.4.4.4   Concrete Pads

Cast-in-place reinforced concrete construction for reduced pressure type 
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backflow preventers.

2.4.5   Moisture Sensing Device

2.4.5.1   Automatic Rain Shut-Off Device

One piece, maintenance and adjustment free, reacts to a minimum  1/8 inch  
of rain water, unaffected by humidity levels, commercial grade materials, 
no exposed mechanical switch or electrodes, solid state construction with 
internal relay operating voltage of 24 to 30 VAC, static charge pretested, 
maximum switch current of one amp.

2.4.5.2   Automatic Freeze Shut-Off Device

Construct of a PVC cylinder with a sensing element mounted at top of 
cylinder capable of interrupting the control valve common wire as 
temperatures approach  32 degrees F .  Operating voltage 24 VAC, maximum 
current one amp.  Static charge protection with snubber network.

2.4.5.3   Soil Moisture Sensor  Device

24 VAC, field adjustable and capable of interrupting irrigation cycles for 
pre-determined moisture level at moisture probe location.  Waterproof 
field adjustment module with bypass switch.

2.4.6   Air/Vacuum Relief

Construct of PVC with a maximum operating pressure of  140 psi .

2.5   AUTOMATIC CONTROLLER ELECTRICAL 

Controller must becommercially/industrially rated, hybid type, for indoor 
location with 120-volt single phase service with surge protection, 
operating with indicated stations, and grounded chassis.  Provide in an 
enclosure with locking hinge cover.

2.5.1   Controller Features

a.  12-station controller with 1 independent programs that can run 
concurrently.

b.  Allows an 4 to 8 number of cycles per day by placing the program in a 
looping mode.

c.  Ability to be programmed in one second increments, from one second to 
12 hours.

d.  A water budgeting capability in all stations within a program in one 
percent increments from one percent to 255 percent.

e.  A programmable watering calendar ranging from one to 16.

f.  A single-station timed manual feature that allows a station to be 
turned on manually for its programmed watering time.

g.  A semi-automatic manual cycle feature.

h.  A true manual operation with safety shut-off at midnight and indicate 
which station is on by means of L.E.D.S. i.  UL listed, having a 

SECTION 32 84 24  Page 16



CAPITAL PROJECT # 1043925 MAY 2022 HAFB 309th SWEG
KRSM200806 100% FINAL SUBMITTAL

re-settable circuit breaker, cadmium plated, weatherproof steel case, 
and keyed lock.

j. A qualifying smart controller utilizing Evapotranspiration (ET) with no 
service fees and weather data to adjust watering schedules.

2.5.2   Controller Enclosure

Controller Enclosure must be NEMA ICS 2  mounted as indicated on the 
Drawings.  Enclosure must be indoor wall mounted plastic cabinet.

2.6   ELECTRICAL CIRCUITS

2.6.1   Control Wiring  for Electrically Operated Valves

NFPA 70 , copper conductor  14 gage  wire, Type UF.

2.6.2   Conduit

UL 651 , rigid polyvinyl chloride conduit, Schedule 40.

2.7   CONCRETE MATERIALS

2500 psi  compressive concrete strength at 28 days as specified under 
Section 03 30 00  CAST-IN-PLACE CONCRETE.

PART 3   EXECUTION

3.1   INSTALLATION

Install sprinkler system after site grading has been completed.

3.1.1   Trenching

Hand trench around roots to pipe grade when roots of  2 inches  diameter or 
greater are encountered.  Make width of trench  4 inches  minimum or 1 1/2 
times diameter of pipe, whichever is wider.  Backfill and hand tamp over 
excavation.  When rock is encountered, excavate  4 inches  deeper and 
backfill with silty sand (SM) or well-graded sand (SW) to pipe grade.  
Keep trenches free of obstructions and debris that would damage pipe.  Do 
not mix subsoil with topsoil.  Bore under existing concrete walks, drives 
and other obstacles at a depth conforming to bottom of adjacent trenches.  
Install pipe sleeve, two pipe diameters larger than sprinkler pipe, to 
fill bore.   Rock may be encountered.  Excavate 4 inches deeper and 
backfill with silty sand (SM) or well graded sand (SW) to pipe grade.   
Prior to backfilling of trench, Contracting Officer shall verify and 
approve location of all irrigation heads.

3.1.2   Piping System

3.1.2.1   Clearances

a.  Minimum horizontal clearances between lines:  4 inches for 2 inch  pipe 
and less;  12 inches for 2 inch  pipe and more.

b.  Minimum vertical clearances between lines:  one inch .
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3.1.2.2   Minimum Pitch

Down 6 inches per 100 feet  in direction of drain valves.

3.1.2.3   Minimum Backfill Cover

a.  18 inches  for pressure mainline pipe and valve control wire.

b.  12 inches  for non-pressure lateral pipe.

c.  24 inches  for all piping under paved or non-paved pedestrian paths.

d.  36 inches  for all piping under traffic loads,freezing temperatures.

e.  Install pipe sleeves at depths indicated in "c" and "d".

Rock may be encountered.  Provide minimum 4 inches of silty sand (SM) or 
well graded sand (SW) cover on top of all piping.   Fill remainder of 
trench or pipe cover to within  3 inches  of top with excavated soil, and 
compact soil with plate hand-held compactors to same density as 
undisturbed adjacent soil.

3.1.2.4   Restoration

Fill top  3 inches  with topsoil and compact with same density as 
surrounding soil.  Restore pavements.

3.1.2.5   Sterilization

Sprinkler system fed from a potable water system sterilized upstream of 
backflow preventer in accordance with AWWA C651.  Sterilize new water 
lines for a minimum of 24 hours to meet federal health test requirements 
before placing in service.  Minimum retention period shall be 3 hours.

3.1.3   Piping Installation

3.1.3.1   Polyvinyl Chloride (PVC) Pipe

a.  Solvent-Cemented Joints:  ASTM D2855.

b.  Threaded Joints:  full cut with a maximum of three threads remain 
exposed on pipe and nipples.  Make threaded joints tight without 
recourse to wicks or fillers, other than polytetrafluoroethylene 
thread tape.

c.  Piping:  ASTM D2774 or ASTM D2855, and pipe manufacturer's 
instructions.  Install pipe in a serpentine (snaked) manner to allow 
for expansion and contraction in trench before backfilling.  Install 
pipes at temperatures over  40 degrees F .

3.1.3.2   Soldered Copper Tubing

Ream pipe and remove burrs.  Clean and polish contact surfaces of joint. 
Flux both male and female ends.  Insert end of tube into fittings full 
depth of socket.  After soldering, a solder bead shall show continuously 
around entire joint circumference.  Remove excess acid flux from tubings 
and fittings.
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3.1.3.3   Threaded Brass or Galvanized Steel Pipe

Prior to installation ream pipe.  Cut threads as specified in ASME B1.2 .  
Make joints with pipe joint compound applied to male end only.

3.1.3.4   Polyethylene (PE) Pipe and Drip Tubing

Place drip tubing around trees in a circular pattern, 2 times from the 
trunk out to the tree drip line .  When cutting hose, use a shearing tool 
such as a pipe cutter, knife or shears.  Use only manufacturer's 
recommended tool and procedure when installing drip heads.

3.1.3.5   Dielectric Protection

Where pipes of dissimilar metal are joined, make connection with 
dielectric fitting.

3.1.4   Valves

3.1.4.1   Quick Coupling Valves

Install in a valve box extending from grade to below valve body, with a 
minimum of  4 inches  cover measured from finish grade to top of valve stem.

3.1.4.2   Drain Valves

Entire system shall be manually or automatically drainable.  Equip low 
point of each underground line with drain valve draining into an 
excavation containing gravel.  Cover gravel with building paper.  Backfill 
with excavated material and  6 inches  of topsoil.

3.1.5   Backflow Preventers

a.  Install backflow preventer in new connection to existing water 
distribution system, between connection and control valves.  Install 
with concrete pads.  

b.  Flush pipe lines prior to installing device.

c.  Device shall not be installed in pits or where any part of the device 
could become submerged in standing water

d.  Install device a minimum of  12 inches  from trees, walls, fences, 
structures and other obstructions.

3.1.5.1   Reduced Pressure Backflow Preventer

a.  Protect device by a strainer located upstream.

b. Install device a minimum of  12 inches  between finish grade and bottom 
of relief port.

c.  Where freezing conditions occur, locate device inside a building and 
pipe the relief valve port through an air gap to a drain.

3.1.5.2   Pressure Vacuum Breaker

a.  Install device a minimum of  12 inches  between highest irrigation head 
and bottom of air relief valve.

SECTION 32 84 24  Page 19



CAPITAL PROJECT # 1043925 MAY 2022 HAFB 309th SWEG
KRSM200806 100% FINAL SUBMITTAL

b.  Where freezing conditions occur, locate device inside a building and 
pipe the relief valve port through an air gap to a drain.

3.1.5.3   Atmospheric Vacuum Breaker

Install device minimum of  12 inches  between highest irrigation head and 
bottom of relief valve located downstream of irrigation control valve.

3.1.6   Accessories

3.1.6.1   Connection To Existing Water Supply Systems (Tapping Tee)

Use tapping or drilling machine valve and mechanical joint type sleeves 
for connections to be made under pressure.  Bolt sleeves around mains; 
bolt valve conforming to AWWA C500 to the branch.  Open valve, attach 
drilling machine, make tap, close valve, and remove drilling machine, 
without interruption of service.  Notify Contracting Officer in writing at 
least 15 days prior to the date the connections are required; receive 
approval before any service is interrupted.  Provide materials required to 
make connections into the existing water supply systems and perform 
excavating, backfilling, and other incidental labor as required.  Furnish 
the labor and the tapping or drilling machine for making the actual 
connections to the existing systems.

3.1.6.2   Valve Boxes and Lids

a.  Install with  one cu ft  pea gravel sump below valve.

b.  Support valve box with concrete block.

c.  Provide wire screen between gravel sump and bottom of valve body for 
rodent protection.

d.  For turf areas, install flush with finish grade.

e.  For planter beds, install  2 inches  above finish grade.

f.  For sloped conditions, install valve box level with terrain.

3.1.6.3   Backflow Preventer Enclosure

a.  Install with concrete pad.

b.  Place hinges so direction of swing will not conflict with other site 
features.

3.1.6.4   Rain and Freeze Shut-Off Devices

a.  Install as per manufacturer's recommendations.

b.  For wall mounted controllers, attach devices to side of building or 
eave, minimum  8 feet  above finish grade and a minimum of  12 inches  
from building wall or eave.

c.  For pedestal mounted controllers, mount to side of controller housing.
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3.1.6.5   Soil Moisture Sensing Device

a.  Bury the device at depth per manufacturer's recommendation in the 
effective root zone of hydrozone to be monitored.

b.  Place a sensor-protection indicator above the device.

c.  Provide waterproof connection to all field splices in valve boxes.

3.1.6.6   Air/Vacuum Relief Valve

Locate at highest point in piping system.

3.1.7   Electrical Circuits

Bury wires beside mainline pipe in same trench.  Provide gray electrical 
conduit where wires run under paved or non-paved pedestrian paths and 
vehicular roads.  Tag wires at controller and control valve location with 
plastic tie wrapped tags.  Provide one control wire to each control valve 
location and one common wire looped from controller to each control 
valve.  Provide one separate control valve wire of a different color from 
controller to each control valve cluster.

3.1.7.1   Loops

Provide a  12 inch  loop of wire at each valve where controls are connected.

3.1.7.2   Expansion and Contraction

Bundle multiple tubes or wires and tape together at  20 foot  intervals with  
12 inch  loop for expansion and contraction.

3.1.7.3   Splices

Make electrical splices waterproof. Locate all field electrical splices in 
valve boxes.

3.1.8   Automatic Controller

Determine exact location of controllers in field before installation. 
Coordinate the electrical service to these locations.  Install in 
accordance with manufacturer's recommendations and NFPA 70 .

3.1.9   Flushing

After piping, risers, and valves are in place and connected, but prior to 
installation of sprinkler heads and valves, flush piping system under a 
full head of water.  Maintain flushing for 3 minutes.

3.1.10   Adjustment

After grading, plant installation, and rolling of planted areas, adjust 
sprinkler heads flush with finished grade.  Make adjustments by providing 
new nipples of proper length or by use of heads having an approved device, 
integral with head, which will permit adjustment in height of head without 
changing piping.
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3.1.11   Sterilization

Sprinkler system fed from a potable water system shall be sterilized 
upstream of backflow preventer in accordance with AWWA C651. Sterilize new 
waterlines for a minimum of 24-hours, to meet federal, health test 
requirements before placing in service. Minimum retention period shall be 
3 hours.

3.2   FIELD QUALITY CONTROL

The Contractor will conduct and the Contracting Officer and the QC 
representative will witness field inspections and field tests specified in 
this section.  Perform field tests, and provide labor, equipment, and 
incidentals required for testing.

3.2.1   Pressure Test

3.2.1.1   Duration

During pressure test, maintain a hydrostatic pressure of  150 psi  without 
pumping for a period of one hour with an allowable pressure drop of  5 psi  
before backfilling system.

3.2.1.2   Leaks

Correct leaks.  Make necessary corrections to stop leakage.

3.2.1.3   Retest

Retest system twice until pressure can be maintained for duration of test.

3.2.2   Operation Test

3.2.2.1   Accessories

At conclusion of pressure test, install irrigation heads or drip heads, 
quick coupling assemblies, and hose bib, and test entire system for 
operation under normal operating pressure.  Make necessary corrections or 
adjustments to raise or lower pressure for each system if tests results do 
not match pressure requirements.

3.2.2.2   Acceptance

Operation test is acceptable if system operates through at least one 
complete cycle for areas to be irrigated.

3.2.3   Controller Charts

Provide one chart for each controller supplied. Indicate in chart area 
controlled by automatic controller.  The chart is a reduction of the 
actual plans that will fit the maximum dimensions inside controller 
housing.  Use black line print for chart and a different pastel or 
transparent color to indicate each station area of coverage.  After chart 
is completed and approved for final acceptance, seal chart between two  20 
mil  pieces of clear plastic.

        -- End of Section --
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SECTION 32 93 00

EXTERIOR PLANTS

PART 1   GENERAL

1.1   REFERENCES

The publications listed below form a part of this specification to the 
extent referenced.  The publications are referred to within the text by 
the basic designation only.

AMERICANHORT (AH)

ANSI/ANLA Z60.1 (2004) American Standard for Nursery Stock

ASTM INTERNATIONAL (ASTM)

ASTM A580/A580M (2018) Standard Specification for 
Stainless Steel Wire

ASTM C602 (2020) Agricultural Liming Materials

ASTM D4427 (2018) Standard Classification of Peat 
Samples by Laboratory Testing

ASTM D4972 (2018) Standard Test Methods for pH of 
Soils

ASTM D5268 (2019) Topsoil Used for Landscaping 
Purposes

ASTM D5852 (2000; R 2007; E 2014) Standard Test 
Method for Erodibility Determination of 
Soil in the Field or in the Laboratory by 
the Jet Index Method

ASTM D6155 (2019) Nontraditional Coarse Aggregate for 
Bituminous Paving Mixtures

ASTM D6629 (2001; R 2012; E 2012) Selection of 
Methods for Estimating Soil Loss by Erosion

L.H. BAILEY HORTORIUM (LHBH)

LHBH (1976) Hortus Third

TREE CARE INDUSTRY ASSOCIATION (TCIA)

TCIA A300P1 (2017) ANSI A300 Part1:  Tree Care 
Operations - Trees, Shrubs and Other Woody 
Plant Maintenance Standard Practices - 
Pruning

TCIA Z133 (2017) American National Standard for 
Arboricultural Operations - Pruning, 
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Repairing, Maintaining, and Removing 
Trees, and Cutting Brush - Safety 
Requirements

U.S. DEPARTMENT OF AGRICULTURE (USDA)

DOA SSIR 42 (1996) Soil Survey Investigation Report 
No. 42, Soil Survey Laboratory Methods 
Manual, Version 3.0

1.2   RELATED REQUIREMENTS

Section 31 00 00  EARTHWORK, Section 32 84 24  IRRIGATION SPRINKLER SYSTEMS, 
and Section 32 05 33  LANDSCAPE ESTABLISHMENT applies to this section for 
pesticide use and plant establishment requirements, with additions and 
modifications herein.

1.3   SUBMITTALS

Government approval is required for submittals with a "G" or "S" 
classification.  Submittals not having a "G" or "S" classification are for 
information only.  When used, a code following the "G" classification 
identifies the office that will review the submittal for the Government.  
Submit the following in accordance with Section 01 33 00  SUBMITTAL 
PROCEDURES:

SD-01 Preconstruction Submittals

State Landscape Contractor's License

Time Restrictions and Planting Conditions

  Indicate anticipated dates and locations for each type of 
planting.

SD-03 Product Data

Peat

Composted Derivatives

Rotted Manure

Organic Mulch Materials

Gypsum

Drainage Pipe

Mulch ; G

Ground Stakes

Recycled Plastic Edging

Fertilizer

Weed Control Fabric ; G
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Root Control Barrier ; G

Staking Material

Wood Edging

Metal Anchors

Antidesiccants

Erosion Control Materials

Photographs ; G

SD-04 Samples

Mulch ; G

SD-06 Test Reports

Topsoil Composition Tests ; ; ; 

Percolation Test ; ; Percolation Test of proposed area

SD-07 Certificates

Nursery Certifications

SD-10 Operation and Maintenance Data

Plastic Identification

  When not labeled, identify types in Operation and Maintenance 
Manual.

1.4   QUALITY ASSURANCE

1.4.1   Topsoil Composition Tests

Commercial test from an independent testing laboratory including basic 
soil groups (moisture and saturation percentages, 
Nitrogen-Phosphorus-Potassium (N-P-K) ratio, pH ( ASTM D4972), soil 
salinity), secondary nutrient groups (calcium, magnesium, sodium, Sodium 
Absorption Ratio (SAR)), micronutrients (zinc, manganese, iron, copper), 
toxic soil elements (boron, chloride, sulfate), cation exchange and base 
saturation percentages, and soil amendment and fertilizer recommendations 
with quantities for plant material being transplanted.  Soil required for 
each test must include a maximum depth of  18 inches  of approximately  one 
quart  volume for each test.  Areas sampled should not be larger than  one 
acre  and should contain at least 6-8 cores for each sample area and be 
thoroughly mixed.  Problem areas should be sampled separately and compared 
with samples taken from adjacent non-problem areas.  The location of the 
sample areas should be noted and marked on a parcel or planting map for 
future reference.

1.4.2   Nursery Certifications

a.  Indicate on nursery letterhead the name of plants in accordance with 
the LHBH, including botanical common names, quality, and size.
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b.  Inspection certificate.

c.  Mycorrhizal fungi inoculum for plant material treated

1.4.3   State Landscape Contractor's License

Construction company must hold a landscape contractors license in the 
state where the work is performed and have a minimum of five years 
landscape construction experience.  Submit copy of license and three 
references for similar work completed in the last five years.

1.4.4   Plant Material Photographs

Contractor must submit nursery photographs, for government approval prior 
to ordering, for each tree larger than  24-inch  box/  2-inch  caliper size.

1.4.5   Percolation Test

Immediately following rough grading operation, identify a typical location 
for one of the largest trees and or shrubs and excavate a pit per the 
project details.  Fill the pit with water to a depth of  12 inches .  The 
length of time required for the water to percolate into the soil, leaving 
the pit empty, must be measured by the project Landscape Architect and 
verified by the Contracting Officer.  Within six hours of the time the 
water has drained from the pit, the Contractor, with the Contracting 
Officer and project Landscape Architect present, must again fill the pit 
with water to a depth of  12 inches .  If the water does not completely 
percolate into the soil within 9 hours, a determination must be made 
whether a drainage system or a soil penetrant will be required for each 
tree and or shrub being transplanted.

1.4.6   Erosion Assessment

Assess potential effects of soil management practices on soil loss in 
accordance with ASTM D6629.  Assess erodibility of soil with dominant soil 
structure less than  2.8 to 3.1 inches  in accordance with ASTM D5852.

1.4.7   Pre-Installation Meeting

Convene a pre-installation meeting a minimum of one week prior to 
commencing work of this section.  Require attendance of parties directly 
affecting work of this section.  Review conditions of operations, 
procedures and coordination with related work.  Agenda must include the 
following:

a.  Tour, inspect, and discuss conditions of planting materials.

b.  Review planting schedule and maintenance.

c.  Review required inspections.

d.  Review environmental procedures.
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1.5   DELIVERY, STORAGE, AND HANDLING

1.5.1   Delivery

1.5.1.1   Branched Plant Delivery

Deliver with branches tied and exposed branches covered with material 
which allows air circulation.  Prevent damage to branches, trunks, root 
systems, and root balls and desiccation of leaves.

1.5.1.2   Soil Amendment Delivery

Deliver to the site in original, unopened containers bearing 
manufacturer's chemical analysis, name, trade name, or trademark, and 
indication of conformance to state and federal laws.  Instead of 
containers, fertilizer, gypsum, sulfur, iron, and lime may be furnished in 
bulk with a certificate indicating the above information.  Store in dry 
locations away from contaminates.

1.5.1.3   Plant Labels

Deliver plants with durable waterproof labels in weather-resistant ink. 
Provide labels stating the correct botanical and common plant name and 
variety as applicable and size as specified in the list of required 
plants.  Attach to plants, bundles, and containers of plants.  Groups of 
plants may be labeled by tagging one plant.  Labels must be legible for a 
minimum of 60 days after delivery to the planting site.

1.5.2   Storage

1.5.2.1   Plant Storage and Protection

Store and protect plants not planted on the day of arrival at the site as 
follows:

a.  Shade and protect plants in outside storage areas from the wind and 
direct sunlight until planted.

b.  Heel-in bare root plants.

c.  Protect balled and burlapped plants from freezing or drying out by 
covering the balls or roots with moist burlap, sawdust, wood chips, 
shredded bark, peat moss, or other approved material.  Provide 
covering which allows air circulation.

d.  Keep plants in a moist condition until planted by watering with a fine 
mist spray.

e.  Do not store plant material directly on concrete or bituminous 
surfaces.

1.5.2.2   Fertilizer, Gypsum, pH Adjusters and Storage

Store in dry locations away from contaminants.

1.5.2.3   Topsoil

Prior to stockpiling topsoil, eradicate on site undesirable growing 
vegetation.  Clear and grub existing vegetation three to four weeks prior 
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to stockpiling existing topsoil.

1.5.2.4    Weed Control Fabric

Store materials on site in enclosures or under protective covering in dry 
location.  Store under cover out of direct sunlight.  Do not store 
materials directly on ground.

1.5.3   Handling

Do not drop or dump plants from vehicles.  Avoid damaging plants being 
moved from nursery or storage area to planting site.  Handle balled and 
burlapped container plants carefully to avoid damaging or breaking the 
earth ball or root structure.  Do not handle plants by the trunk or stem. 
Remove damaged plants from the site.

1.5.4   TIME LIMITATION

Except for container-grown plant material, the time limitation from 
digging to installing plant material must be a maximum of 90 days.  The 
time limitation between installing the plant material and placing the 
mulch must be a maximum of 24 hours.

1.6   TIME RESTRICTIONS AND PLANTING CONDITIONS

Coordinate installation of planting materials during optimal planting 
seasons for each type of plant material required.

1.6.1   Planting Dates

1.6.1.1   Deciduous Material

Deciduous material from March  to May for spring planting and from Late 
August  to October  for fall planting.  Fall planting is preferred. 

1.6.2   Restrictions

Do not plant when ground is frozen, snow covered, muddy, or when air 
temperature exceeds  90 degrees Fahrenheit

1.7   GUARANTEE

All plants must be guaranteed for one year beginning on the date of 
inspection by the Contracting Officer to commence the plant establishment 
period, against defects including death and unsatisfactory growth, except 
for defects resulting from lack of adequate maintenance, neglect, or abuse 
by the Government or by weather conditions unusual for the warranty period.

Guarantee plants installed during fall planting season until the following 
August 1; guarantee plants installed during spring planting season until 
the following October 1. 

Remove and replace dead planting materials immediately unless required to 
plant in the succeeding planting season.  At end of warranty period, 
replace planting materials that die or have 25 percent or more of their 
branches that die during the construction operations or the guarantee 
period.  Any replaced plants require an additional 90 day guarantee.
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1.8   PLASTIC IDENTIFICATION

Provide product data indicating polymeric information in Operation and 
Maintenance Manual.

Type 1:  Polyethylene Terephthalate (PET, PETE).

Type 2:  High Density Polyethylene (HDPE).

Type 3:  Vinyl (Polyvinyl Chloride or PVC).

Type 4:  Low Density Polyethylene (LDPE).

Type 5:  Polypropylene (PP).

Type 6:  Polystyrene (PS).

Type 7:  Other. Use of this code indicates that the package in 
question is made with a resin other than the six listed above, or is 
made of more than one resin listed above, and used in a multi-layer 
combination.

PART 2   PRODUCTS

2.1   PLANTS

2.1.1   Regulations and Varieties

Furnish nursery stock in accordance with ANSI/ANLA Z60.1 , except as 
otherwise specified or indicated.  Each plant or group of planting must 
have a "key" number indicated on the nursery certifications  of the plant 
schedule.  Furnish plants, including turf grass, grown under climatic 
conditions similar to those in the locality of the project.  Plants 
specified must be indigenous, low maintenance varieties, tolerant of 
site's existing soils and climate without fertilization once established.  
Spray plants budding into leaf or having soft growth with an antidesiccant 
before digging.  Plants of the same specified size must be of uniform size 
and character of growth.  Plants must be chosen with their mature size and 
growth habit in mind to avoid over-planting and conflict with other 
plants, structures or underground utility lines.  All plants must comply 
with all Federal and State Laws requiring inspection for plant diseases 
and infestation.

2.1.2   Shape and Condition

Well-branched, well-formed, sound, vigorous, healthy planting stock free 
from disease, sunscald, windburn, abrasion, and harmful insects or insect 
eggs and having a healthy, normal, and undamaged root system.

2.1.2.1   Deciduous Trees and Shrubs

Symmetrically developed and of uniform habit of growth, with straight 
boles or stems, and free from objectionable disfigurements.

2.1.3   Plant Size

Minimum sizes measured after pruning and with branches in normal position, 
must conform to measurements indicated, based on the average width or 
height of the plant for the species as specified in ANSI/ANLA Z60.1 .  
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Plants larger in size than specified may be provided with approval of the 
Contracting Officer.  When larger plants are provided, increase the ball 
of earth or spread of roots in accordance with ANSI/ANLA Z60.1 .

2.1.4   Root Ball Size

All box-grown, field potted, field boxed, collected, plantation grown, 
bare root, balled and burlapped, container grown, processed-balled, and 
in-ground fabric bag-grown root balls must conform to ANSI/ANLA Z60.1 .  
All wrappings and ties must be biodegradable.  Root growth in container 
grown plants must be sufficient to hold earth intact when removed from 
containers.  Root bound plants will not be accepted.

2.1.4.1   Mycorrhizal fungi inoculum

Before shipment, root systems must contain mycorrhizal fungi inoculum.

2.1.5   Growth of Trunk and Crown

2.1.5.1   Deciduous Trees

A height to caliper relationship must be provided in accordance with 
ANSI/ANLA Z60.1 .  Height of branching must bear a relationship to the size 
and species of tree specified and with the crown in good balance with the 
trunk.  The trees must not be "poled" or the leader removed.

a.  Single stem:  The trunk must be reasonably straight and symmetrical 
with crown and have a persistent main leader.

b.  Multi-stem:  All countable stems, in aggregate, must average the size 
specified.  To be considered a stem, there must be no division of the 
trunk which branches more than  6 inches  from ground level.

2.2   TOPSOIL

2.2.1   Existing Soil

Modify to conform to requirements specified in paragraph COMPOSITION.

2.2.2   On-Site Topsoil

Surface soil stripped and stockpiled on site and modified as necessary to 
meet the requirements specified for topsoil in paragraph COMPOSITION.  
When available topsoil must be existing surface soil stripped and 
stockpiled on-site in accordance with Section 31 00 00  EARTHWORK.

2.2.3   Off-Site Topsoil

Conform to requirements specified in paragraph COMPOSITION. Additional 
topsoil must be furnished by the Contractor.

2.2.4   Composition

Evaluate soil for use as topsoil in accordance with ASTM D5268.  From 5 to 
10 percent organic matter as determined by the topsoil composition tests  
of the Organic Carbon, 6A, Chemical Analysis Method described in 
DOA SSIR 42 .  Maximum particle size,  3/4 inch , with maximum 3 percent 
retained on  1/4 inch  screen.  The pH must be tested in accordance with 
ASTM D4972.  Topsoil must be free of sticks, stones, roots, plants, and 
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other debris and objectionable materials.  Other components must conform 
to the following limits:

Silt 7 to 17 percent

Clay 4 to 12 percent

Sand 70 to 82 percent

pH 6.5-8

Soluble Salts 600  ppm maximum

2.3   SOIL CONDITIONERS

Provide singly or in combination as required to meet specified 
requirements for topsoil.  Soil conditioners must be nontoxic to plants.

2.3.1   Lime

Commercial grade hydrated or burnt limestone containing a calcium 
carbonate equivalent (C.C.E.) as specified in ASTM C602 of not less than 80
 percent.

2.3.2   Aluminum Sulfate

Commercial grade.

2.3.3   Sulfur

100 percent elemental

2.3.4   Iron

100 percent elemental

2.3.5   Peat

Natural product of peat moss derived from a freshwater site and conforming 
to ASTM D4427 as modified herein.  Shred and granulate peat to pass a  1/2 
inch  mesh screen and condition in storage pile for minimum 6 months after 
excavation.  Peat must not contain invasive species, including seeds.

2.3.6   Sand

Clean and free of materials harmful to plants.

2.3.7   Perlite

Horticultural grade.

2.3.8   Composted Derivatives

Ground bark, nitrolized sawdust, humus or other green wood waste material 
free of stones, sticks, invasive species, including seeds, and soil 
stabilized with nitrogen and having the following properties:
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2.3.8.1   Particle Size

Minimum percent by weight passing:

No. 4 mesh  screen      95
No. 8 mesh  screen      80

2.3.8.2   Nitrogen Content

Minimum percent based on dry weight:

Fir Sawdust            0.7
Fir or Pine Bark       1.0

2.3.9   Gypsum

Coarsely ground gypsum comprised of calcium sulfate dihydrate 80 percent, 
calcium 18 percent, sulfur 14 percent; minimum 96 percent passing through  
20 mesh screen , 100 percent passing thru  16 mesh  screen.

2.3.10   Vermiculite

Horticultural grade for planters.

2.3.11   Rotted Manure

Well rotted horse or cattle manure containing maximum 25 percent by volume 
of straw, sawdust, or other bedding materials; free of seeds, stones, 
sticks, soil, and other invasive species.

2.4   PLANTING SOIL MIXTURES

100 percent topsoil as specified herein.

2.5   FERTILIZER

Fertilizer for groundcover, wildflowers and grasses is not permitted.
Fertilizer for trees, plants, and shrubs must be as recommended by plant 
supplier, except synthetic chemical fertilizers are not permitted.  
Fertilizers containing petrochemical additives or that have been treated 
with pesticides or herbicides are not permitted.

2.5.1   Fertilizer Tablets

Organic, plant tablets composed of tightly compressed fertilizer chips 
forming a tablet that is insoluble in water, is designed to provide a 
continuous release of nutrients for at least 24 months and contains the 
following minimum percentages, by weight, of plant food nutrients:

20 percent available nitrogen
20 percent available phosphorus
5  percent available potassium

2.6   WEED CONTROL FABRIC

2.6.1   Roll Type Polypropylene or Polyester Mats

Fabric must be woven, needle punched or non-woven and treated for 
protection against deterioration due to ultraviolet radiation.  Fabric 
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must be minimum 99 percent opaque to prevent photosynthesis and seed 
germination from occurring, yet allowing air, water and nutrients to pass 
thru to the roots.  Minimum weight must be  5 ounces per square yard  with a 
minimum thickness of  20 mils  with a 20 year (minimum) guarantee.

2.7   DRAINAGE PIPE FOR PLANT PITS AND BEDS

 Plastic ABS pipe, 4 inches  in diameter, perforated.

2.8   MULCH

Free from noxious weeds, mold, pesticides, or other deleterious materials.

2.8.1   Inert Mulch Materials

Provide stone, complying with ASTM D6155, ranging in size from 1/2  inch to 
1 inches, matching rock at adjacent building .

2.9   STAKING AND GUYING MATERIAL

2.9.1   Staking Material

2.9.1.1   Tree Support Stakes

Rough sawn hard wood free of knots, rot, cross grain, bark, long slivers, 
or other defects that impair strength.  Stakes must be minimum  2 inches  
square or  2-1/2 inch  diameter by  8 feet  long, pointed at one end.  Paint 
or stain wood stakes dark brown..

2.9.1.2   Ground Stakes

Rough sawn hard wood or plastic,  2 inches  square are by  3 feet  long, 
pointed at one end.

2.9.2   Guying Material

2.9.2.1   Guying Wire

12 gauge annealed galvanized steel, ASTM A580/A580M .

2.9.2.2   Guying Cable

Minimum five-strand,  3/16 inch  diameter galvanized steel cable plastic 
coated.

2.9.3   Hose Chafing Guards

New or used 2 ply  3/4 inch  diameter reinforced rubber or plastic hose, 
black or dark green, all of same color.

2.9.4   Flags

White surveyor's plastic tape,, 6 inches  long, fastened to guying wires or 
cables.

2.9.5   Turnbuckles

Galvanized or cadmium-plated steel with minimum  3 inch  long openings 
fitted with screw eyes.  Eye bolts must be galvanized or cadmium-plated 
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steel with  one inch  diameter eyes and screw length  1-1/2 inches , minimum.

2.9.6   Deadmen

4 by 8 inch  rectangular or  8 inch  diameter by  36 inch  long, fir wood 
material.

2.9.7   Metal Anchors

2.9.7.1   Driven Anchors

Malleable iron, arrow shaped, galvanized, sized as follows:

Tree Caliper Anchor Size

2 inches and under 3 inches

3 to 6 inches 4 inches

6 to 8 inches 6 inches

8 to 10 inches 8 inches

10 to 12 inches 10 inches

2.9.7.2   Screw Anchors

Steel, screw type with welded-on  3 inch  round helical steel plate, minimum  
3/8 inch  diameter,  15 inches  long.

2.10   WATER

Source of water to be approved by Contracting Officer and suitable quality 
for irrigation and must not contain elements toxic to plant life , 
including acids, alkalis, salts, chemical pollutants, and organic matter.  
Use collected storm water or graywater when available .

2.11   MYCORRHIZAL FUNGI INOCULUM

Mycorrhizal fungi inoculum must be composed of multiple-fungus inoculum as 
recommended by the manufacturer for the plant material specified.

2.12   SOURCE QUALITY CONTROL

The Contracting Officer will inspect plant materials at the project site 
and approve them.  Tag plant materials for size and quality.

PART 3   EXECUTION

3.1   EXTENT OF WORK

Provide soil preparation,  including soil conditioners and soil amendments 
prior to planting.  Provide tree, planting, post-planting fertilizer, 
staking, guying, weed control fabric, installation, and mulch topdressing 
of all newly graded finished earth surfaces, unless indicated otherwise, 
and at all areas inside or outside the limits of construction that are 
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disturbed by the Contractor's operations.

3.2   ALTERNATIVE HERBICIDE TREATMENT (SOLARIZING SOIL)

Within 48 hours of subsoil preparation, saturate soil with water to a 
depth of  3 feet .  Immediately stake polyethylene sheeting over area to be 
planted.  Stake tightly to surface of soil.  Maintain sheeting in place 
for a minimum of 6 weeks.  Immediately after removing sheeting, cover area 
to be planted with topsoil.  Do not till soil prior to applying topsoil.

3.3   PREPARATION
 
3.3.1   Protection

Protect existing and proposed landscape features, elements, and sites from 
damage or contamination.  Protect trees, vegetation, and other designated 
features by erecting high-visibility, reusable construction fencing.  
Locate fence no closer to trees than the drip line.  Plan equipment and 
vehicle access to minimize and confine soil disturbance and compaction to 
areas indicated on Drawings.

3.3.2   Layout

Stake out approved plant material locations and planter bed outlines on 
the project site before digging plant pits or beds.  The Contracting 
Officer reserves the right to adjust plant material locations to meet 
field conditions.  

3.3.3   Soil Preparation

3.3.3.1   pH Adjuster Application Rates

Apply pH adjuster at rates as determined by laboratory soil analysis of 
the soils at the job site.  

3.3.3.2   Soil Conditioner Application Rates

Apply soil conditioners at rates as determined by laboratory soil analysis 
of the soils at the job site.  

3.3.3.3   Fertilizer Application Rates

Apply fertilizer at rates as determined by laboratory soil analysis  of 
the soils at the job site. For bidding purposes only apply at rates for 
the following:

3.3.4   Subsoil Drainage for Plant Pits and Beds

Provide as indicated.  Lay perforated drain pipe with perforations down. 
Backfill trenches as specified in Section 31 00 00  EARTHWORK.

3.4   PLANT INSTALLATION

3.4.1   Individual Plant Pit Excavation

Excavate pits at least twice as large in diameter as the size of ball or 
container to depth shown.
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3.4.2   Plant Beds with Multiple Plants

Excavate plant beds continuously throughout entire bed as outlined to 
depth shown.

3.4.3   Handling and Setting

Move plant materials only by supporting the root ball or container .  Set 
plants on native soil and hold plumb in the center of the pit until soil 
has been tamped firmly around root ball.  Set plant materials, in relation 
to surrounding finish grade,  one to 2 inches  above depth at which they 
were grown in the nursery, collecting field or container.  Replace plant 
material whose root balls are cracked or damaged either before or during 
the planting process.

Plant material must be set in plant beds according to the drawings.  
Backfill soil mixture must be placed on previously scarified subsoil to 
completely surround the root balls, and must be brought to a smooth and 
even surface, blending to existing areas.

3.4.3.1   Balled and Burlapped Stock

Backfill with topsoil to approximately half the depth of ball and then 
tamp and water.  Carefully remove or fold back excess burlap and tying 
materials from the top a minimum 1/3 depth from the top of the rootball.  
Tamp and complete backfill, place mulch topdressing, and water.  Remove 
wires and non-biodegradable  materials from plant pit prior to backfill 
operations.

3.4.4   Earth Mounded Watering Basin for Individual Plant Pits

Form with topsoil around each plant by replacing a mound of topsoil around 
the edge of each plant pit.  Watering basins must be  6 inches  deep for 
trees and  4 inches  deep for shrubs.   Eliminate basins around plants in 
plant beds containing multiple plants.

Form with topsoil around each plant by placing a mound of topsoil around 
the edge of each plant pit.  Watering basins must be  6 inches  deep for 
trees and  4 inches  deep for shrubs.  Construct watering basin in a  4-1/2 
foot  diameter circle around specimen (not planted in a close group) trees 
and shrubs.

3.4.5   Weed Control Fabric Installation

Remove grass and weed vegetation, including roots, from within the area 
enclosed by edging.  Completely cover areas enclosed by edging with 
specified weed control fabric prior to placing mulch layer.  Overlap cut 
edges  at least 6  inches .

3.4.6   Erosion Control Material

Install in accordance with manufacturer's instructions.

3.4.7   Placement of Mulch Topdressing

Place specified mulch topdressing on top of weed control fabric covering 
total area enclosed by edging.  Place mulch topdressing to a depth of  3 
inches .
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3.4.8   Mulch Topdressing

Provide mulch topdressing over entire surfaces and individual plant 
surfaces including earth mound watering basin around plants to a depth of  3
 inches  after completion of plant installation and before watering.  Keep 
mulch out of the crowns of shrubs.  Place mulch a minimum  4 inches  away 
from trunk of shrub or tree.  Place on top of any weed control fabric.

3.4.9   Fertilization

3.4.9.1   Fertilizer Tablets

Place fertilizer planting tablets evenly spaced around the plant pits to 
the manufacturer's recommended depth. 

3.4.9.2   Granular Fertilizer

Apply granular fertilizer as a top coat prior to placing mulch layer and 
water thoroughly.

3.4.10   Watering

Start watering areas planted as required by temperature and wind 
conditions.  Slow deep watering must be used.  Apply water at a rate 
sufficient to ensure thorough wetting of soil to a depth of  12 inches  
without run off  or puddling.  Watering of other plant material or adjacent 
areas must be prevented .

3.4.11   Staking and Guying

3.4.11.1   Staking

Stake plants with the number of stakes indicated complete with double 
strand of 12 gage guy wire as detailed. Attach guy wire half the tree 
height but not more than  5 feet  high.  Drive stakes to a depth of  2-1/2 to 
3 feet  into the ground outside the plant pit.  Do not injure the root ball.
  Use hose chafer guards where guy wire comes in contact with tree trunk.

3.4.11.2   Guying

Guy plants as indicated. Attach guying wire  around the tree trunk at an 
angle of  45 degrees  at approximately 1/2 of the trunk height. Protect tree 
trunks with chafing guards where guying wire contacts the tree trunk. 
Anchor guys to wood ground stakes.  Fasten flags to each guying wire 
approximately 2/3 of the distance up from ground level.

3.4.11.3   Chafing Guards

Use hose chafing guards, as specified where guy wire will contact the 
plant.

3.4.11.4   Wood Ground Stakes

Drive wood ground stakes into firm ground outside of plant pit with top of 
stake flush with ground.  Place equal distance from tree trunk and around 
the plant pit.
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3.4.11.5   Flags

Securely fasten flags on each guy wire and approximately two-thirds of the 
distance up from ground level.

3.4.12   Pruning

Prune in accordance with safety requirement of TCIA Z133 .

3.4.12.1   Trees and Shrubs

Remove dead and broken branches. Prune to correct structural defects 
only.  Retain typical growth shape of individual plants with as much 
height and spread as practical.  Do not cut central leader on trees.  Make 
cuts with sharp instruments.  Do not flush cut with trunk or adjacent 
branches. Collars must remain in place.  Pruning must be accomplished by 
trained and experienced personnel and must be accordance with TCIA A300P1 .

3.4.12.2   Wound Dressing

Do not apply tree wound dressing to cuts.

3.5   RESTORATION AND CLEAN UP

3.5.1   Restoration

Turf areas, pavements and facilities that have been damaged from the 
planting operation must be restored to original condition at the 
Contractor's expense.

3.5.2   Clean Up

Excess and waste material must be removed from the installed area and must 
be disposed offsite at an approved landfill, recycling center, or 
composting center.  Separate and recycle or reuse the following landscape 
waste materials: nylon straps, wire, ball wrap, burlap, wood stakes .  
Adjacent paved areas must be cleared.

        -- End of Section --
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SECTION 33 11 00

WATER UTILITY DISTRIBUTION PIPING

PART 1   GENERAL

1.1   REFERENCES

The publications listed below form a part of this specification to the 
extent referenced.  The publications are referred to within the text by 
the basic designation only.

AMERICAN WATER WORKS ASSOCIATION (AWWA)

AWWA B300 (2010; Addenda 2011) Hypochlorites

AWWA B301 (2010) Liquid Chlorine

AWWA C104/A21.4 (2016) Cement-Mortar Lining for 
Ductile-Iron Pipe and Fittings for Water

AWWA C110/A21.10 (2012) Ductile-Iron and Gray-Iron Fittings 
for Water

AWWA C111/A21.11 (2017) Rubber-Gasket Joints for 
Ductile-Iron Pressure Pipe and Fittings

AWWA C153/A21.53 (2011) Ductile-Iron Compact Fittings for 
Water Service

AWWA C500 (2009) Metal-Seated Gate Valves for Water 
Supply Service

AWWA C509 (2015) Resilient-Seated Gate Valves for 
Water Supply Service

AWWA C512 (2015) Air-Release, Air/Vacuum, and 
Combination Air Valves for Water and 
Wastewater Service

AWWA C515 (2015) Reduced-Wall, Resilient-Seated Gate 
Valves for Water Supply Service

AWWA C600 (2017) Installation of Ductile-Iron Mains 
and Their Appurtenances

AWWA C651 (2014) Standard for Disinfecting Water 
Mains

AWWA C655 (2009) Field Dechlorination

AWWA C800 (2014) Underground Service Line Valves and 
Fittings

AWWA C900 (2016) Polyvinyl Chloride (PVC) Pressure 
Pipe, and Fabricated Fittings, 4 In. 
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Through 60 In. (100 mm Through 1,500 mm)

AWWA M55 (2006) PE Pipe - Design and Installation

ASTM INTERNATIONAL (ASTM)

ASTM A48/A48M (2003; R 2012) Standard Specification for 
Gray Iron Castings

ASTM C94/C94M (2017a) Standard Specification for 
Ready-Mixed Concrete

ASTM D1784 (2011) Standard Specification for Rigid 
Poly(Vinyl Chloride) (PVC) Compounds and 
Chlorinated Poly(Vinyl Chloride) (CPVC) 
Compounds

ASTM D3139 (1998; R 2011) Joints for Plastic Pressure 
Pipes Using Flexible Elastomeric Seals

ASTM F2164 (2013) Standard Practice for Field Leak 
Testing of Polyethylene (PE) and 
Crosslinked Polyethylene (PEX) Pressure 
Piping Systems Using Hydrostatic Pressure

ASTM F477 (2014) Standard Specification for 
Elastomeric Seals (Gaskets) for Joining 
Plastic Pipe

FOUNDATION FOR CROSS-CONNECTION CONTROL AND HYDRAULIC RESEARCH 
(FCCCHR)

FCCCHR Manual (10th Edition) Manual of Cross-Connection 
Control

NATIONAL FIRE PROTECTION ASSOCIATION (NFPA)

NFPA 24 (2016; ERTA 2016) Standard for the 
Installation of Private Fire Service Mains 
and Their Appurtenances

NSF INTERNATIONAL (NSF)

NSF 372 (2011) Drinking Water System Components - 
Lead Content

NSF/ANSI 14 (2017b) Plastics Piping System Components 
and Related Materials

NSF/ANSI 61 (2017) Drinking Water System Components - 
Health Effects

UNDERWRITERS LABORATORIES (UL)

UL 262 (2004; Reprint Oct 2011) Gate Valves for 
Fire-Protection Service
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1.2   DEFINITIONS

1.2.1   Water Mains

Water mains include water piping having diameters  4 through 14 inch , 
specific materials, methods of joining and any appurtenances deemed 
necessary for a satisfactory system.

1.2.2   Additional Definitions

For additional definitions refer to the definitions in the applicable 
referenced standard.

1.3   SUBMITTALS

Government approval is required for submittals with a "G" designation; 
submittals not having a "G" designation are for Contractor Quality Control 
approval.  Submittals with an "S" are for inclusion in the Sustainability 
eNotebook, in conformance with Section 01 33 29  SUSTAINABILITY REPORTING.  
Submit the following in accordance with Section 01 33 00  SUBMITTAL 
PROCEDURES:

SD-01 Preconstruction Submittals

Connections ; G

SD-03 Product Data

Pipe, Fittings, Joints and Couplings ; G

Ball And Socket Joint ; G

Valves ; G

Valve Boxes ; G

Pipe Restraint ; G

Tapping Sleeves ; G

Railroad Crossing Casing Pipe ; G

Precast Concrete Thrust Blocks ; G

Disinfection Procedures ; G

SD-06 Test Reports

Bacteriological Samples ; G

Post-Construction Fusion Report ; G

Leakage Test

Hydrostatic Test

SD-07 Certificates

Pipe, Fittings, Joints and Couplings
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Shop-Applied Lining and Coating

Valves

Fusion Technician Qualifications ; G

SD-08 Manufacturer's Instructions

Ductile Iron Piping

PVC Piping

PVCO Piping

Polyethylene (PE) Pipe

Fiberglass Pipe, Fittings, Joints And Joint Materials

1.4   QUALITY CONTROL

1.4.1   Regulatory Requirements

Comply with NSF/ANSI 14  or NSF/ANSI 61  and NSF 372  for materials for 
potable water systems; comply with lead content requirements for 
"lead-free" plumbing as defined by the U.S. Safe Drinking Water Act 
effective January 2014.  Provide materials bearing the seal of the 
National Sanitation Foundation (NSF) for potable water service.

Comply with NFPA 24  for materials, installation, and testing of fire main 
piping and components.

1.4.2   Qualifications

1.4.2.1   Fusion Technician Qualifications

Submit a certificate from the manufacturer of the fusible pipe that shows 
the fusion technician is fully qualified to install fusible pipe of the 
types and sizes being used.  Qualification must be current as of the 
actual date of fusion performance on the project.

1.5   DELIVERY, STORAGE, AND HANDLING

1.5.1   Delivery and Storage

Inspect materials delivered to site for damage.  Unload and store with 
minimum handling and in accordance with manufacturer's instructions.  
Store materials on site in enclosures or under protective covering.  Store 
plastic piping, jointing materials and rubber gaskets under cover out of 
direct sunlight.  Do not store materials directly on the ground.  Keep 
inside of pipes, fittings, valves, and other accessories free of dirt and 
debris.

1.5.2   Handling

Handle pipe, fittings, valves, and other accessories in accordance with 
manufacturer's instructions and in a manner to ensure delivery to the 
trench in sound undamaged condition.  Avoid injury to coatings and linings 
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on pipe and fittings; make repairs if coatings or linings are damaged.  Do 
not place other material, hooks, or pipe inside a pipe or fitting after 
the coating has been applied.  Inspect the pipe for defects before 
installation.  Carry, do not drag pipe to the trench.  Use of pinch bars 
and tongs for aligning or turning pipe will be permitted only on the bare 
ends of the pipe.  Clean the interior of pipe and accessories of foreign 
matter before being lowered into the trench and keep them clean during 
laying operations by plugging.  Replace defective material without 
additional expense to the Government.  Store rubber gaskets, not 
immediately installed, under cover or out of direct sunlight.

Handle PE pipe, fittings, and accessories in accordance with AWWA M55.  

PART 2   PRODUCTS

2.1   MATERIALS

Provide all materials in accordance with AWWA C800 and as indicated 
herein.  Provide valves and fittings with pressure ratings equivalent to 
the pressure ratings of the pipe.

2.1.1   Pipe, Fittings, Joints And Couplings

Submit manufacturer's standard drawings or catalog cuts, except submit 
both drawings and cuts for push-on and rubber-gasketed bell-and-spigot 
joints. Include information concerning gaskets with submittal for joints 
and couplings.

2.1.1.1   Plastic Piping

2.1.1.1.1   PVC Piping

2.1.1.1.1.1   PVC Piping

AWWA C900 plain end or gasket bell end pipe meeting or exceeding ASTM D1784
 cell class 12454, with a minimum Pressure Class 305 (DR 14) with ductile 
iron outside diameter (DIOD).

2.1.1.1.1.2   Fittings for PVC Pipe

Gray iron or ductile iron fittings, AWWA C110/A21.10  with special fittings 
in accordance with Appendix B or AWWA C153/A21.53 , with cement-mortar 
lining for fittings , AWWA C104/A21.4 , standard thickness.  Fittings with 
push-on joint ends are to conform to the same requirements as fittings 
with mechanical-joint ends, except for the factory modified bell design 
compatible for use with PVC pipe as specified.

2.1.1.1.1.3   Joints and Jointing Material for PVC

a.  Push-on joints: Use jointing material in accordance with ASTM D3139 
and AWWA C111/A21.11  between pipes, pipes and metal fittings, valves, 
and other accessories or compression-type joints/mechanical joints.  
Provide each joint connection with an elastomeric gasket compatible 
for the bell or coupling used.  Gaskets for push-on joints for pipe, 
ASTM F477.  Gaskets for push-on joints and compression-type 
joints/mechanical joints for joint connections between pipe and metal 
fittings, valves, and other accessories, AWWA C111/A21.11 , 
respectively, for push-on joints and mechanical joints.
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b.  Mechanical Joint: Use mechanically coupled joints having a sleeve-type 
mechanical coupling, as specified in the paragraph SLEEVE-TYPE 
MECHANICAL COUPLINGS, as an optional jointing method for plain-end PVC 
pipe, subject to the limitations specified for mechanically coupled 
joints using a sleeve-type mechanical coupling as specified for 
compression-type joints in ASTM D3139.  Provide jointing material in 
accordance with AWWA C111/A21.11  between pipe and sleeve-type 
mechanical couplings.

2.1.2   Valves

2.1.2.1   Gate Valves  3 Inch  Size and Larger 

AWWA C500, AWWA C509, AWWA C515, or UL 262  and:

a.  AWWA C500: nonrising stem type with double-disc gate and 
mechanical-joint ends or push-on joint ends compatible for the 
adjoining pipe

b.  AWWA C509 or AWWA C515: nonrising stem type with mechanical-joint ends 
or resilient-seated gate valves  3 to 12 inches  in size

c.  UL 262 : inside-screw type with operating nut, double-disc or 
split-wedge type gate, designed for a hydraulic working pressure of  
175 psi , and have mechanical-joint ends or push-on joint ends as 
appropriate for the pipe to which it is joined.

Match materials for UL 262  gate valves to the reference standards 
specified in AWWA C500.  Gate valves open by counterclockwise rotation of 
the valve stem.  Stuffing boxes have 0-ring stem seals.  Stuffing boxes 
are bolted and constructed so as to permit easy removal of parts for 
repair.  Provide all valves from one manufacturer.

2.1.2.2   Air Release, Air/Vacuum, and Combination Air Valves

Provide AWWA C512 air release  and combination air valves that release air 
and prevent the formation of a vacuum.  Provide valves with an iron body, 
lead-free bronze trim and stainless steel float that automatically 
releases air when the lines are being filled with water and admits air 
into the line when water is being withdrawn in excess of the inflow.

2.1.2.3   Valve Boxes

Provide a valve box for each gate valve on buried piping, except where 
indicator post is shown.  Construct adjustable valve boxes manufactured 
from cast iron of a size compatible for the valve on which it is used.  
Provide cast iron valve boxes with a minimum cover and wall thickness of  
3/16 inch  and conforming to ASTM A48/A48M, Class 35B.  Coat the cast-iron 
box with a heavy coat of bituminous paint.  Provide a round head.  Cast 
the word "WATER" on the lid.  The minimum diameter of the shaft of the box 
is 5 1/4 inches .  

2.1.2.4   Valve Pits

Construct the valve pits at locations indicated or as required above and 
in accordance with the details shown.

SECTION 33 11 00  Page 8



CAPITAL PROJECT # 1043925 MAY 2022 HAFB 309th SWEG
KRSM200806 100% FINAL SUBMITTAL

2.1.3   Blowoff Valve Assemblies

Provide blowoff valve assemblies complete with all pipe, fittings, valve, 
valve box, riser box and lid, riser extension, discharge fitting and other 
materials required to connect to the water main.  Provide blow off valve 
assemblies  4 inches  or larger with AWWA C110/A21.10  or AWWA C153/A21.53  
fittings. Provide a blowoff valve assembly with a removable riser.

2.1.4   Disinfection

Chlorinating materials are to conform to:  Chlorine, Liquid:  AWWA B301; 
Hypochlorite, Calcium and Sodium: AWWA B300.

2.2   ACCESSORIES

2.2.1   Pipe Restraint

2.2.1.1   Thrust Blocks

Use ASTM C94/C94M concrete having a minimum compressive strength of 2,500 
psi  at 28 days.

2.2.2   Tapping Sleeves

Provide cast gray, ductile, malleable iron or stainless steel, 
split-sleeve type tapping sleeves of the sizes indicated for connection to 
existing main with flanged or grooved outlet, and with bolts, follower 
rings and gaskets on each end of the sleeve.  Utilize similar metals for 
bolts, nuts, and washers to minimize the possibility of galvanic 
corrosion.  Provide dielectric gaskets where dissimilar metals adjoin.  
Provide a tapping sleeve assembly with a maximum working pressure of  200 
psi .  Provide bolts with square heads and hexagonal nuts.  Longitudinal 
gaskets and mechanical joints with gaskets as recommended by the 
manufacturer of the sleeve.  When using grooved mechanical tee, utilize an 
upper housing with full locating collar for rigid positioning which 
engages a machine-cut hole in pipe, encasing an elastomeric gasket which 
conforms to the pipe outside diameter around the hole and a lower housing 
with positioning lugs, secured together during assembly by nuts and bolts 
as specified, pre-torqued to  50 foot-pound .

2.2.3   Insulating Joints

Provide a rubber-gasketed insulating joint or dielectric coupling between 
pipe of dissimilar metals which will effectively prevent metal-to-metal 
contact between adjacent sections of piping.

2.2.4   Tracer Wire for Nonmetallic Piping

Tracer wire to be twelve gauge minimum solid copper with thermoplastic 
insulation recommended for direct burial. Wire connectors to be 3M DBR, or 
approved equal, and shall be watertight to provide electrical continuity.
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PART 3   EXECUTION

3.1   PREPARATION

3.1.1   Connections to Existing System

Perform all connections  to the existing water system in the presence of 
the American Water representative.

3.1.2   Operation of Existing Valves

Do not operate valves within or directly connected to the existing water 
system unless expressly directed to do so by American Water.

3.1.3   Earthwork

Perform earthwork operations in accordance with Section 31 00 00  EARTHWORK.

3.2   INSTALLATION

Install all materials in accordance with the applicable reference 
standard, manufacturers instructions and as indicated herein.

3.2.1   Piping

3.2.1.1   General Requirements

Install pipe, fittings, joints and couplings in accordance with the 
applicable referenced standard, the manufacturer's instructions and as 
specified herein.

3.2.1.1.1   Termination of Water Lines

Terminate the work covered by this section at a point approximately  5 feet  
from the building, unless otherwise indicated.

Do not lay water lines in the same trench with gas lines, fuel lines, 
electric wiring, or any other utility.  Where nonferrous metallic pipe 
(i.e., copper tubing) crosses any ferrous piping, provide a minimum 
vertical separation of  12 inches  between pipes.

3.2.1.1.2   Pipe Laying and Jointing

Remove fins and burrs from pipe and fittings.  Before placing in position, 
clean pipe, fittings, valves, and accessories, and maintain in a clean 
condition.  Provide proper facilities for lowering sections of pipe into 
trenches.  Under no circumstances is it permissible to drop or dump pipe, 
fittings, valves, or other water line material into trenches.  Cut pipe 
cleanly, squarely, and accurately to the length established at the site 
and work into place without springing or forcing.  Replace a pipe or 
fitting that does not allow sufficient space for installation of jointing 
material.  Blocking or wedging between bells and spigots is not 
permitted.  Lay bell-and-spigot pipe with the bell end pointing in the 
direction of laying.  Grade the pipeline in straight lines; avoid the 
formation of dips and low points.  Support pipe at the design elevation 
and grade.  Secure firm, uniform support.  Wood support blocking is not 
permitted.  Lay pipe so that the full length of each section of pipe and 
each fitting rests solidly on the pipe bedding; excavate recesses to 
accommodate bells, joints, and couplings.  Provide anchors and supports 
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for fastening work into place.  Make provision for expansion and 
contraction of pipelines.  Keep trenches free of water until joints have 
been assembled.  At the end of each work day, close open ends of pipe 
temporarily with wood blocks or bulkheads.  Do not lay pipe when 
conditions of trench or weather prevent installation.  Provide a minimum of
 4 feet  depth of cover over top of pipe.

3.2.1.1.3   Tracer Wire

Install a continuous length of tracer wire for the full length of each run 
of nonmetallic pipe.  Attach wire to top of pipe in such manner that it 
will not be displaced during construction operations.

3.2.1.1.4   Connections to Existing Water Lines

Make connections to existing water lines after coordination with the 
facility and with a minimum interruption of service on the existing line.  
Make connections to existing lines under pressure in accordance with the 
recommended procedures of the manufacturer of the pipe being tapped and as 
indicated.

3.2.1.1.5   Sewer Manholes

No water piping is to pass through or come in contact with any part of a 
sewer manhole.

3.2.1.1.6   Water Piping Parallel With Sewer Piping

Where the location of the water line is not clearly defined by dimensions 
on the drawings, do not lay water line closer than  10 feet , horizontally, 
from any sewer line.

3.2.1.1.7   Water Piping Crossing Sewer Piping

Provide at least  18 inches  above the top (crown) of the sewer piping and 
the bottom (invert) of the water piping whenever possible.  Measure the 
distance edge-to-edge.  Where water lines cross under gravity sewer lines, 
construct sewer line of AWWA compliant ductile iron water piping with 
rubber-gasketed joints and no joint located within  10 feet,  horizontally, 
of the crossing.

3.2.1.1.8   Penetrations

Provide ductile-iron or Schedule 40 steel wall sleeves for pipe passing 
through walls of valve pits and structures.  Fill annular space between 
walls and sleeves with rich cement mortar.  Fill annular space between 
pipe and sleeves with mastic.

3.2.1.2   Metallic Piping for Service Lines

Install pipe and fittings in accordance with the paragraph GENERAL 
REQUIREMENTS and with the applicable requirements of AWWA C600 for pipe 
installation, unless otherwise specified.

3.2.1.2.1   Screwed Joints

Make screwed joints up tight with a stiff mixture of graphite and oil, 
inert filler and oil, or graphite compound; apply to male threads only or 
with PTFE Tape, for use with threaded pipe.  Threads are to be full cut; 
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do not leave more than three threads on the pipe exposed after assembling 
the joint.

3.2.1.2.2   Flanged Joints

Make flanged joints up tight, avoid undue strain on flanges, valves, 
fittings, and accessories.

3.2.1.3   Fire Protection Service Lines for Sprinkler Supplies

Connect water service lines used to supply building sprinkler systems for 
fire protection to the water main in accordance with NFPA 24 .

3.2.2   Disinfection

Prior to disinfection, provide disinfection procedures , proposed 
neutralization and disposal methods of waste water from disinfection as 
part of the disinfection submittal.  Disinfect new water piping and 
existing water piping affected by Contractor's operations in accordance 
with AWWA C651.  Disinfect new water piping using the AWWA C651 
continuous-feed method of chlorination, slug method of calcium 
hypochlorite granuels in main during construction, or tablet method of 
adhering calcium hypochlorite tablets in the water main as being installed 
then filling water main with potable water when installation is complete.  
Ensure a free chlorine residual of not less than  10 parts per million  
after 24 hour holding period and prior to performing bacteriological tests.

3.2.3   Flushing

Perform bacteriological tests prior to flushing.  Flush solution from the 
systems with domestic water until maximum residual chlorine content is 
within the range of  0.2 to 0.5 parts per million , the residual chlorine 
content of the distribution system, or acceptable for domestic use.  Use 
AWWA C655 neutralizing chemicals.

3.2.4   Pipe Restraint

3.2.4.1   Concrete Thrust Blocks

Install concrete thrust blocks where indicated.

3.2.5   Valves

3.2.5.1   Gate Valves

Install gate valves, AWWA C500 and UL 262 , in accordance with the 
requirements of AWWA C600 for valve-and-fitting installation and with the 
recommendations of the Appendix ("Installation, Operation, and Maintenance 
of Gate Valves") to AWWA C500.  Install gate valves, AWWA C509 or AWWA C515, 
in accordance with the requirements of AWWA C600 for valve-and-fitting 
installation and with the recommendations of the Appendix ("Installation, 
Operation, and Maintenance of Gate Valves") to AWWA C509 or AWWA C515.  
Make and assemble joints to gate valves as specified for making and 
assembling the same type joints between pipe and fittings.

3.2.5.2   Check Valves

Install check valves in accordance with the applicable requirements of 
AWWA C600 for valve-and-fitting installation .  Make and assemble joints 
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to check valves as specified for making and assembling the same type 
joints between pipe and fittings.

3.2.5.3   Air Release, Air/Vacuum, and Combination Air Valves

Install pressure vacuum assemblies of type, size, and capacity indicated.  
Include valves and test cocks.  Install according to the requirements of 
plumbing and health department and authorities having jurisdiction.  Do 
not install pressure vacuum breaker assemblies in vault or other space 
subject to flooding.

3.2.6   Blowoff Valve Assemblies

Install blowoff valve assemblies as indicated on the drawings or in 
accordance with the manufactures recommendations.  Install discharge 
fitting on the end of riser pipe to direct the flow of water so as to 
minimize damage to surrounding areas.

3.3   FIELD QUALITY CONTROL

3.3.1   Tests

Notify the Contracting Officer a minimum of five days in advance of 
hydrostatic testing.  Coordinate the proposed method for disposal of waste 
water from hydrostatic testing.  Perform field tests, and provide labor, 
equipment, and incidentals required for testing.  Provide documentation 
that all items of work have been constructed in accordance with the 
Contract documents.

3.3.1.1   Hydrostatic Test

Test the water system in accordance with the applicable AWWA standard 
specified below.  Where water mains provide fire service, test in 
accordance with the special testing requirements given in the paragraph 
SPECIAL TESTING REQUIREMENTS FOR FIRE SERVICE.    Test steel water mains 
in accordance with applicable requirements of AWWA C600 for hydrostatic 
testing.  The amount of leakage on steel pipelines with rubber-gasketed 
bell-and-spigot joints is not to exceed  20 gallons per 24 hours per inch  
of pipe diameter per mile of pipeline; no leakage will be allowed at 
joints made by any other method.  To stop leakage, repair welded joints 
only by welding.    Do not backfill utility trench or begin testing on any 
section of a pipeline where concrete thrust blocks have been provided 
until at least 7 days after placing of the concrete.

3.3.1.2   Leakage Test

For leakage test , use a hydrostatic pressure not less than the maximum 
working pressure of the system.  Leakage test may be performed at the same 
time and at the same test pressure as the pressure test.

For PE perform leak testing in accordance with ASTM F2164.

3.3.1.3   Bacteriological Testing

Perform bacteriological tests in accordance with AWWA C651 Option A.  For 
new water mains use Option A and obtain two sets of samples for coliform 
analysis, each sample being collected at least 16 hours apart.  Take 
samples every  1,200 ft  plus one set from the end of the line and at least 
one from each branch greater than one pipe length.  Analyze samples by a 
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certified laboratory, and submit the results of the bacteriological samples .

3.3.1.4   Backflow Preventer Tests

After installation conduct Backflow Preventer Tests  and provide test 
reports verifying that the installation meets the FCCCHR Manual Standards.

3.3.1.5   Special Testing Requirements for Fire Service

Test water mains and water service lines providing fire service or water 
and fire service in accordance with NFPA 24 .  The additional water added 
to the system must not exceed the limits given in NFPA 24

3.3.1.6   Tracer Wire Continuity Test

Test tracer wire for continuity after service connections have been 
completed and prior to final pavement or restoration.  Verify that tracer 
wire is locatable with electronic utility locating equipment.  Repair 
breaks or separations and re-test for continuity.

3.4   SYSTEM STARTUP

Water mains and appurtenances must be completely installed, disinfected, 
flushed, and satisfactory bacteriological sample results received prior to 
permanent connections being made to the active distribution system.  
Obtain approval by the Contracting Officer prior to the new water piping 
being placed into service.

3.5   CLEANUP

Upon completion of the installation of water lines and appurtenances, 
remove all debris and surplus materials resulting from the work.

        -- End of Section --
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SECTION 33 30 00

SANITARY SEWERAGE

PART 1   GENERAL

1.1   REFERENCES

The publications listed below form a part of this specification to the 
extent referenced.  The publications are referred to within the text by 
the basic designation only.

AMERICAN RAILWAY ENGINEERING AND MAINTENANCE-OF-WAY ASSOCIATION 
(AREMA)

AREMA Eng Man (2017) Manual for Railway Engineering

AMERICAN WATER WORKS ASSOCIATION (AWWA)

AWWA C104/A21.4 (2016) Cement-Mortar Lining for 
Ductile-Iron Pipe and Fittings for Water

AWWA C110/A21.10 (2012) Ductile-Iron and Gray-Iron Fittings 
for Water

AWWA C111/A21.11 (2017) Rubber-Gasket Joints for 
Ductile-Iron Pressure Pipe and Fittings

AWWA C153/A21.53 (2011) Ductile-Iron Compact Fittings for 
Water Service

AWWA C600 (2017) Installation of Ductile-Iron Mains 
and Their Appurtenances

AWWA C605 (2014) Underground Installation of 
Polyvinyl Chloride (PVC) and Molecularly 
Oriented Polyvinyl Chloride (PVCO) 
Pressure Pipe and Fittings

AWWA C900 (2016) Polyvinyl Chloride (PVC) Pressure 
Pipe, and Fabricated Fittings, 4 In. 
Through 60 In. (100 mm Through 1,500 mm)

ASME INTERNATIONAL (ASME)

ASME B1.20.1 (2013) Pipe Threads, General Purpose (Inch)

ASTM INTERNATIONAL (ASTM)

ASTM A48/A48M (2003; R 2012) Standard Specification for 
Gray Iron Castings

ASTM A536 (1984; R 2014) Standard Specification for 
Ductile Iron Castings
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ASTM C1244 (2011; R 2017) Standard Test Method for 
Concrete Sewer Manholes by the Negative 
Air Pressure (Vacuum) Test Prior to 
Backfill

ASTM C150/C150M (2017) Standard Specification for Portland 
Cement

ASTM C1644 (2006; R 2017) Standard Specification for 
Resilient Connectors Between Reinforced 
Concrete On-Site Wastewater Tanks and Pipes

ASTM C270 (2014a) Standard Specification for Mortar 
for Unit Masonry

ASTM C443 (2012; R 2017) Standard Specification for 
Joints for Concrete Pipe and Manholes, 
Using Rubber Gaskets

ASTM C478 (2018) Standard Specification for Circular 
Precast Reinforced Concrete Manhole 
Sections

ASTM C478M (2018) Standard Specification for Precast 
Reinforced Concrete Manhole Sections 
(Metric)

ASTM C94/C94M (2017a) Standard Specification for 
Ready-Mixed Concrete

ASTM C972 (2000; R 2011) Compression-Recovery of 
Tape Sealant

ASTM D1784 (2011) Standard Specification for Rigid 
Poly(Vinyl Chloride) (PVC) Compounds and 
Chlorinated Poly(Vinyl Chloride) (CPVC) 
Compounds

ASTM D1785 (2015; E 2018) Standard Specification for 
Poly(Vinyl Chloride) (PVC), Plastic Pipe, 
Schedules 40, 80, and 120

ASTM D2241 (2015) Standard Specification for 
Poly(Vinyl Chloride) (PVC) Pressure-Rated 
Pipe (SDR Series)

ASTM D2321 (2014; E 2014) Standard Practice for 
Underground Installation of Thermoplastic 
Pipe for Sewers and Other Gravity-Flow 
Applications

ASTM D2464 (2015) Standard Specification for Threaded 
Poly(Vinyl Chloride) (PVC) Plastic Pipe 
Fittings, Schedule 80

ASTM D2466 (2017) Standard Specification for 
Poly(Vinyl Chloride) (PVC) Plastic Pipe 
Fittings, Schedule 40
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ASTM D2467 (2015) Standard Specification for 
Poly(Vinyl Chloride) (PVC) Plastic Pipe 
Fittings, Schedule 80

ASTM D3034 (2016) Standard Specification for Type PSM 
Poly(Vinyl Chloride) (PVC) Sewer Pipe and 
Fittings

ASTM D3139 (1998; R 2011) Joints for Plastic Pressure 
Pipes Using Flexible Elastomeric Seals

ASTM D3212 (2007; R 2013) Standard Specification for 
Joints for Drain and Sewer Plastic Pipes 
Using Flexible Elastomeric Seals

ASTM D4101 (2017) Standard Classification System and 
Basis for Specification for Polypropylene 
Injection and Extrusion Materials

ASTM D412 (2016) Standard Test Methods for 
Vulcanized Rubber and Thermoplastic 
Elastomers - Tension

ASTM D624 (2000; R 2012) Tear Strength of 
Conventional Vulcanized Rubber and 
Thermoplastic Elastomers

ASTM F477 (2014) Standard Specification for 
Elastomeric Seals (Gaskets) for Joining 
Plastic Pipe

ASTM F949 (2015) Poly(Vinyl Chloride) (PVC) 
Corrugated Sewer Pipe with a Smooth 
Interior and Fittings

UNI-BELL PVC PIPE ASSOCIATION (UBPPA)

UBPPA UNI-B-6 (1998) Recommended Practice for 
Low-Pressure Air Testing of Installed 
Sewer Pipe

1.2   SUBMITTALS

Government approval is required for submittals with a "G" designation; 
submittals not having a "G" designation are for Contractor Quality Control 
approval.  Submittals with an "S" are for inclusion in the Sustainability 
eNotebook, in conformance to Section 01 33 29  SUSTAINABILITY REPORTING.  
Submit the following in accordance with Section 01 33 00  SUBMITTAL 
PROCEDURES:

SD-01 Preconstruction Submittals

Contractor's License ; G

SD-02 Shop Drawings

Installation Drawings ; G

SD-03 Product Data
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Precast Concrete Manholes

Frames, Covers, and Gratings

Gravity Pipe

Pressure Pipe

Precast Concrete Septic Tanks ; G

SD-06 Test Reports

Precast Concrete Sewer Manhole Test ; G

Hydrostatic Sewer Test ; G

Infiltration Tests And Exfiltration Tests ; G

Negative Air Pressure Test ; G

Low-Pressure Air Tests ; G

Tests For Pressure Lines ; G

Concrete Pipe Test ; G

SD-07 Certificates

Portland Cement

Gaskets

1.3   QUALITY CONTROL

1.3.1   Installer Qualifications

Install specified materials by a licensed underground utility Contractor 
licensed for such work in the state where the work is to be performed.  
Verify installing Contractor's License  is current and state certified or 
state registered.

1.4   DELIVERY, STORAGE, AND HANDLING

1.4.1   Delivery and Storage

Check upon arrival; identify and segregate as to types, functions, and 
sizes.  Store off the ground in a manner affording easy accessibility and 
not causing excessive rusting or coating with grease or other 
objectionable materials.

1.4.1.1   Piping

Inspect materials delivered to site for damage; store with minimum of 
handling.  Store materials on site in enclosures or under protective 
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coverings.  Store plastic piping and jointing materials and rubber gaskets 
under cover out of direct sunlight.  Do not store materials directly on 
the ground.  Keep inside of pipes and fittings free of dirt and debris.

1.4.1.2   Cement, Aggregate, and Reinforcement

As specified in Section 03 30 00.00 10  CAST-IN-PLACE CONCRETE.

1.4.2   Handling

Handle pipe, fittings, and other accessories in such manner as to ensure 
delivery to the trench in sound undamaged condition.    Carry, do not 
drag, pipe to trench.  Store solvents, solvent compounds, lubricants, 
elastomeric gaskets, and any similar materials required to install the 
plastic pipe  in accordance with the manufacturer's recommendation and 
discard those materials if the storage period exceeds the recommended 
shelf life.  Discard solvents in use when the recommended pot life is 
exceeded.

PART 2   PRODUCTS

2.1   SYSTEM DESCRIPTION

2.1.1   Sanitary Sewer Gravity Pipeline

Provide mains and laterals of polyvinyl chloride (PVC) plastic pipe.  
Provide building connections  of  polyvinyl chloride (PVC) plastic pipe 

2.1.2   Sanitary Sewer Pressure Lines

Provide pressure lines of polyvinyl chloride (PVC) plastic pressure pipe 
or HDPE.

2.2   MATERIALS

Provide materials conforming to the respective specifications and other 
requirements specified below.  Submit manufacturer's product 
specification,standard drawings or catalog cuts.

2.2.1   Gravity Pipe

2.2.1.1   PVC Gravity Sewer Piping

2.2.1.1.1   PVC Gravity Pipe and Fittings

ASTM D3034, SDR 35, or ASTM F949 with ends suitable for elastomeric gasket 
joints.

2.2.1.1.2   PVC Gravity Joints and Jointing Material

Provide joints  conforming to ASTM D3212.  Gaskets are to conform to 
ASTM F477.

2.2.2   Pressure Pipe

2.2.2.1   PVC Pressure Pipe and Associated Fittings

Pipe, couplings and fittings are to be manufactured of materials 
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conforming to ASTM D1784, Class 12454B.

2.2.2.1.1   Pipe and Fittings Less Than  4 inch  Diameter

2.2.2.1.1.1   Screw-Joint

Provide pipe  conforming to dimensional requirements of ASTM D1785, 
Schedule 80, with joints meeting requirements of  150 psi  working pressure, 
 200 psi  hydrostatic test pressure, unless otherwise shown or specified.  
Provide fittings for threaded pipe conforming to requirements of ASTM D2464, 
threaded to conform to the requirements of ASME B1.20.1  for use with 
Schedule 80 pipe and fittings.  Pipe couplings when used, are to be tested 
as required by ASTM D2464.

2.2.2.1.1.2   Push-On Joint
ASTM D3139, with ASTM F477 gaskets.  Fittings for push-on joints are to be 
iron conforming to AWWA C110/A21.10  or AWWA C153/A21.53  and 
AWWA C111/A21.11  with a cement-mortar lining conforming to AWWA C104/A21.4 , 
standard thickness.

2.2.2.1.1.3   Solvent Cement Joint

Provide pipe conforming to dimensional requirements of ASTM D1785 or 
ASTM D2241 with joints meeting the requirements of  150 psi  working 
pressure and  200 psi  hydrostatic test pressure.  Fittings for solvent 
cement jointing are to conform to ASTM D2466 or ASTM D2467.

2.2.2.1.2   Pipe and Fittings  4 inch  Diameter And Larger

Provide pipe conforming to AWWA C900 and be plain end or gasket bell end, 
Pressure Class 150 (DR 18), with cast-iron-pipe-equivalent OD.  Fittings 
are to be gray-iron or ductile-iron conforming to AWWA C110/A21.10  or 
AWWA C153/A21.53  and AWWA C111/A21.11  with a cement-mortar lining 
conforming to AWWA C104/A21.4 , standard thickness.  Fittings for pipe to 
pipe push-on joint ends are to conform with AWWA C900.

2.2.3   Cement Mortar

Provide cement mortar  conforming to ASTM C270, Type M with Type II cement.

2.2.4   Portland Cement

Submit certificates of compliance stating the type of cement used in 
manufacture of concrete pipe, fittings, septic tanks, and precast 
manholes.  Provide portland cement  conforming to ASTM C150/C150M, Type 
II  for concrete used in concrete pipe, concrete pipe fittings, septic 
tanks, and manholes and type optional for cement used in concrete cradle, 
concrete encasement, and thrust blocking.  

2.2.5   Portland Cement Concrete

Provide portland cement concrete  conforming to ASTM C94/C94M, compressive 
strength of  4000 psi  at 28 days, except for concrete cradle and encasement 
or concrete blocks for manholes.  Concrete used for cradle and encasement 
is to have a compressive strength of  2500 psi  minimum at 28 days.  Protect 
concrete in place from freezing and moisture loss for 7 days.
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2.2.6   Precast Concrete Manholes

Provide precast concrete manholes , risers, base sections, and tops 
conforming to  ASTM C478.

2.2.7   Gaskets and Connectors

Provide gaskets for joints between manholesections conforming to  ASTM C443.  
Resilient connectors for making joints between manhole  and pipes entering 
manhole are to conform to  ASTM C1644 .

2.2.8   External Preformed Rubber Joint Seals

An external preformed rubber joint seal is an accepted method of sealing 
cast iron covers to precast concrete sections to prevent ground water 
infiltration into sewer systems.  All finished and sealed manholes 
constructed in accordance with paragraph entitled "Manhole Construction" 
are to be tested for leakage in the same manner as pipelines as described 
in paragraph entitled "Leakage Tests."  The seal is to be multi-section 
with a neoprene rubber top section and all lower sections made of Ethylene 
Propylene Diene Monomer (EPDM) rubber with a minimum thickness of  60 mils .  
Each unit is to consist of a  top and bottom section and  have mastic on 
the bottom of the bottom section and mastic on the top and bottom of the 
top section.  The mastic is to be a non-hardening butyl rubber sealant and 
seal to the cone/top slab of the manhole/catch basin and over the lip of 
the casting.  Extension sections are to cover up to two more adjusting 
rings.  Properties and values are listed in the following table:

Properties, Test Methods and Minimum Values for Rubber used in Preformed Joint Seals

Physical Properties Test Methods EPDM Neoprene Butyl Mastic

Tensile,  psi ASTM D412 1840 2195 --

Elongation, percent ASTM D412 553 295 350

Tear Resistance,  ppi ASTM D624 (Die 
B)

280 160 --

Rebound, percent, 5 minutes ASTM C972 (mod.) -- -- 11

Rebound, percent, 2 hours ASTM C972 -- -- 12

2.2.9   Frames, Covers, and Gratings  for Manholes

Submit certification on the ability of frame and cover to carry the 
imposed live load.  Frame and cover are to be cast gray iron, ASTM A48/A48M, 
Class 35B, cast ductile iron, ASTM A536, Grade 65-45-12, or reinforced 
concrete, ASTM C478 ASTM C478M.  Frames and covers are to be circular with 
vent holes.  Size are to be as indicated on the plans. Stamp or cast the 
words "Sanitary Sewer" into covers so that it is plainly visible.
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2.2.10   Manhole Steps

Provide plastic coating  conforming to ASTM D4101, copolymer 
polypropylene.  Rubber is to conform to  ASTM C443, except shore A 
durometer hardness is to be 70 plus or minus 5.Aluminum steps or rungs 
will not be permitted.  Steps are not required in manholes less than  4 feet
 deep.

PART 3   EXECUTION

3.1   PREPARATION

3.1.1   Installation Drawings

Submit Installation Drawings  showing complete detail, both plan and side 
view details with proper layout and elevations.

3.2   INSTALLATION

Backfill after inspection by the Contracting Officer.  Before, during, and 
after installation, protect plastic pipe and fittings from any environment 
that would result in damage or deterioration to the material.  Keep a copy 
of the manufacturer's instructions available at the construction site at 
all times and  follow these instructions unless directed otherwise by the 
Contracting Officer.

3.2.1   Connections to Existing Lines

Obtain approval from the Contracting Officer before making connection to 
existing line.  Conduct work so that there is minimum interruption of 
service on existing line.

3.2.2   General Requirements for Installation of Pipelines

These general requirements apply except where specific exception is made 
in the following paragraphs entitled "Special Requirements."

3.2.2.1   Location

Terminate the work covered by this section at a point approximately  5 feet  
from the building, unless otherwise indicated. 

3.2.2.1.1   Sanitary Sewer Manholes

No water piping shall pass through or come in contact with any part of a 
sanitary sewer manhole.

3.2.2.2   Earthwork

Perform earthwork operations in accordance with Section .

3.2.2.3   Pipe Laying and Jointing

Inspect each pipe and fitting before and after installation; replace those 
found defective and remove from site.  Provide proper facilities for 
lowering sections of pipe into trenches.  Lay nonpressure pipe with the 
bell  ends in the upgrade direction.  Adjust spigots in bells  to give a 
uniform space all around.  Blocking or wedging between bells and spigots  
will not be permitted.  Replace by one of the proper dimensions, pipe or 
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fittings that do not allow sufficient space for installation of joint 
material.  At the end of each work day, close open ends of pipe 
temporarily with wood blocks or bulkheads.  Provide batterboards not more 
than  25 feet  apart in trenches for checking and ensuring that pipe invert 
elevations are as indicated.  Laser beam method may be used in lieu of 
batterboards for the same purpose.  Construct branch connections by use of 
regular fittings or solvent cemented saddles as approved. Provide saddles 
for PVC pipe conforming to Table 4 of ASTM D3034.

3.2.3   Special Requirements

3.2.3.1   Installation of PVC Piping

Install pipe and fittings in accordance with paragraph entitled "General 
Requirements for Installation of Pipelines" of this section and with the 
requirements of ASTM D2321 for laying and joining pipe and fittings.  Make 
joints with the gaskets specified for joints with this piping and assemble 
in accordance with the requirements of ASTM D2321 for assembly of joints.  
Make joints to other pipe materials in accordance with the recommendations 
of the plastic pipe manufacturer.

3.2.3.2   Installation of PVC Pressure Pipe

Unless otherwise specified, install pipe and fittings in accordance with 
AWWA C605.  AWWA C605 includes requirements such as excavation, 
installation, and placement of apputenances. 

3.2.3.2.1   Pipe Less Than  4 Inch  Diameter

3.2.3.2.1.1   Push-On Joints

Bevel the ends of pipe for push-on joints to facilitate assembly.  Mark 
pipe to indicate when the pipe is fully seated. Lubricate the gasket to 
prevent displacement.  Exercise care  to ensure that the gasket remains in 
proper position in the bell or coupling while making the joint.

3.2.3.2.2   Pipe  4 inch  Diameter And Larger

Make push-on joints with AWWA C900 pipe with intrgral elastomeric gasket  .  
For pipe-to-pipe push-on joint connections, use only pipe with push-on 
joint ends having factory-made bevel.  For push-on joint connections to 
fittings, use cut spigot end of pipe off square, marked to match the 
manufacturer's insertion line and beveled to match factory supplied bevel. .  
Use an approved lubricant recommended by the pipe manufacturer for push-on 
joints.  Assemble push-on joints for pipe-to-pipe joint connections in 
accordance with the requirements of AWWA C605.  Assemble push-on joints 
for connection to fittings in accordance with the requirements of AWWA C605
 for joining PVC pipe to fittings and accessories and with the applicable 
requirements of AWWA C600 for joint assembly.  Make mechanical-joints or 
flanged jointswith the gaskets, glands, bolts, nuts, and internal 
stiffeners specified for this type joint and assemble in accordance with 
the requirements of AWWA C605 for joining PVC pipe to fittings and 
accessories or with the applicable requirements of AWWA C600 for ductile 
iron joint assembly, and with the recommendations of Appendix A to 
AWWA C111/A21.11 .  Cut off spigot end of pipe for mechanical-joint or 
flanged jointconnections and do not bevel.
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3.2.3.2.3   Pipe Anchorage

Provide concrete thrust blocks (reaction backing) for pipe anchorage.  
Size and position thrust blocks as indicated.  Use concrete conforming to 
ASTM C94/C94M having a minimum compressive strength of  2,000 psi  at 28 
days; or use concrete of a mix not leaner than one part cement, 2 1/2 
parts sand, and 5 parts gravel, having the same minimum compressive 
strength.

3.2.3.3   Pipeline Installation Beneath Railroad Right-of-Way

Where pipeline passes under the right-of-way of a commercial railroad, 
install piping in accordance with the specifications for pipelines 
conveying nonflammable substances in AREMA Eng Man.

3.2.4   Concrete Work

Cast-in-place concrete is included in Section 03 30 00.00 10  CAST-IN-PLACE 
CONCRETE.  Support the pipe on a concrete cradle, or encased in concrete 
where indicated or directed.

3.2.5   Manhole Construction

Construct base slab of cast-in-place concrete or use precast concrete base 
sections.  Make inverts in cast-in-place concrete and precast concrete 
bases with a smooth-surfaced semi-circular bottom conforming to the inside 
contour of the adjacent sewer sections.  For changes in direction of the 
sewer and entering branches into the manhole, make a circular curve in the 
manhole invert of as large a radius as manhole size will permit.  For 
cast-in-place concrete construction, either pour bottom slabs and walls 
integrally or key and bond walls to bottom slab.  No parging will be 
permitted on interior manhole walls.  For precast concrete construction, 
make joints between manhole sections with the gaskets specified for this 
purpose; install in the manner specified for installing joints in concrete 
piping.  Parging will not be required for precast concrete manholes.  
Perform cast-in-place concrete work in accordance with the requirements 
specified under paragraph entitled "Concrete Work" of this section.  Make 
joints between concrete manholes and pipes entering manholes with the 
resilient connectors specified for this purpose; install in accordance 
with the recommendations of the connector manufacturer.  Where a new 
manhole is constructed on an existing line, remove existing pipe as 
necessary to construct the manhole.  Cut existing pipe so that pipe ends 
are approximately flush with the interior face of manhole wall, but not 
protruding into the manhole.  Use resilient connectors as previously 
specified for pipe connectors to concrete manholes.

3.2.6   Miscellaneous Construction and Installation

3.2.6.1   Connecting to Existing Manholes

Connect pipe to existing manholes such that finish work will conform as 
nearly as practicable to the applicable requirements specified for new 
manholes, including all necessary concrete work, cutting, and shaping.  
Center the connection on the manhole.  Holes for the new pipe are be of 
sufficient diameter to allow packing cement mortar around the entire 
periphery of the pipe but no larger than 1.5 times the diameter of the 
pipe.  Cut the manhole in a manner that will cause the least damage to the 
walls.
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3.2.7   Installations of Wye Branches

Install wye branches in an existing sewer using a method which does not 
damage the integrity of the existing sewer.  Do not cutinto piping for 
connections except when approved by the Contracting Officer.  When the 
connecting pipe cannot be adequately supported on undisturbed earth or 
tamped backfill, support on a concrete cradle as directed by the 
Contracting Officer.  Provide and install concrete required because of 
conditions resulting from faulty construction methods or negligence 
without any additional cost to the Government. Do not damage the existing 
sewer when installing wye branches in an existing sewer.  

3.3   FIELD QUALITY CONTROL

The Contracting Officer will conduct field inspections and witness field 
tests specified in this section.  Be able to produce evidence, when 
required, that each item of work has been constructed in accordance with 
the drawings and specifications.

3.3.1   Tests

Perform field tests and provide labor, equipment, and incidentals required 
for testing.  

3.3.1.1   Leakage Tests for Nonpressure Lines

Test lines for leakage by either infiltration tests and exfiltration 
tests.  When necessary to prevent pipeline movement during testing, place 
additional backfill around pipe sufficient to prevent movement, but 
leaving joints uncovered to permit inspection.  When leakage or pressure 
drop exceeds the allowable amount specified, make satisfactory correction 
and retest pipeline section in the same manner.  Correct visible leaks 
regardless of leakage test results.

3.3.1.1.1   Infiltration Tests and Exfiltration Tests

3.3.1.1.2   Negative Air Pressure Test

3.3.1.1.2.1   Precast Concrete Manholes

Test precast concrete sewer manhole test  in accordance with  ASTM C1244.  
The allowable vacuum drop is located in  ASTM C1244 Make calculations in 
accordance with the Appendix to  ASTM C1244.

3.3.1.1.3   Low-Pressure Air Tests

3.3.1.1.3.1   PVC Pipelines

Test PVC pipe in accordance with UBPPA UNI-B-6 .  The allowable pressure 
drop is located in UBPPA UNI-B-6 .  Make calculations in accordance with 
the Appendix to UBPPA UNI-B-6 .

3.3.1.2   Tests for Pressure Lines

Test pressure lines in accordance with the applicable standard specified 
in this paragraph, except for test pressures.  For hydrostatic pressure 
test, use a hydrostatic pressure  50 psi  in excess of the maximum working 
pressure of the system, but not less than  100 psi , holding the pressure 
for a period of not less than one hour.  For leakage test, use a 
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hydrostatic pressure not less than the maximum working pressure of the 
system.  Leakage test may be performed at the same time and at the same 
test pressure as the pressure test.

3.3.1.2.1   PVC Pressure Pipe

Test PVC pressure pipe in accordance with the requirements of AWWA C605 
for hydrostatic and leakage tests.  The quantity of water that must be 
supplied during testing is not to exceed the quantity of water calculated 
in accordance with AWWA C605 to maintain the specified test pressure 
within 5 psi .

3.3.2   Field Tests for Cast-In-Place Concrete

Field testing requirements are covered in Section 03 30 00.00 10  
CAST-IN-PLACE CONCRETE

3.3.3   Inspection

Check each straight run of pipeline for gross deficiencies by holding a 
light in a manhole; the light must show a practically full circle of light 
through the pipeline when viewed from the adjoining end of line.  

       -- End of Section --
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SECTION 33 71 02

UNDERGROUND ELECTRICAL DISTRIBUTION

PART 1   GENERAL

1.1   REFERENCES

The publications listed below form a part of this specification to the 
extent referenced.  The publications are referred to within the text by 
the basic designation only.
City Light & Power - Electric Service Connection Standards Manual 2016 
Edition R0

AMERICAN ASSOCIATION OF STATE HIGHWAY AND TRANSPORTATION OFFICIALS 
(AASHTO)

AASHTO HB-17 (2002; Errata 2003; Errata 2005, 17th 
Edition) Standard Specifications for 
Highway Bridges

AMERICAN CONCRETE INSTITUTE INTERNATIONAL (ACI)

ACI 318M (2014) Building Code Requirements for 
Structural Concrete & Commentary

ASTM INTERNATIONAL (ASTM)

ASTM B1 (2013) Standard Specification for 
Hard-Drawn Copper Wire

ASTM B3 (2013) Standard Specification for Soft or 
Annealed Copper Wire

ASTM B8 (2011) Standard Specification for 
Concentric-Lay-Stranded Copper Conductors, 
Hard, Medium-Hard, or Soft

ASTM C32 (2013) Standard Specification for Sewer 
and Manhole Brick (Made from Clay or Shale)

ASTM C478 (2015a) Standard Specification for Precast 
Reinforced Concrete Manhole Sections

ASTM C857 (2014) Standard Practice for Minimum 
Structural Design Loading for Underground 
Precast Concrete Utility Structures

ASTM C990 (2009; R 2014) Standard Specification for 
Joints for Concrete Pipe, Manholes and 
Precast Box Sections Using Preformed 
Flexible Joint Sealants
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INSTITUTE OF ELECTRICAL AND ELECTRONICS ENGINEERS (IEEE)

IEEE 48 (2009) Standard for Test Procedures and 
Requirements for Alternating-Current Cable 
Terminations Used on Shielded Cables 
Having Laminated Insulation Rated 2.5 kV 
through 765 kV or Extruded Insulation 
Rated 2.5 kV through 500 kV

IEEE C2 (2012; Errata 1 2012; INT 1-4 2012; Errata 
2 2013; INT 5-7 2013; INT 8-10 2014; INT 
11 2015) National Electrical Safety Code

IEEE Stds Dictionary (2009) IEEE Standards Dictionary: Glossary 
of Terms & Definitions

NATIONAL ELECTRICAL MANUFACTURERS ASSOCIATION (NEMA)

ANSI C119.1 (2011) Electric Connectors - Sealed 
Insulated Underground Connector Systems 
Rated 600 Volts

NEMA RN 1 (2005; R 2013) Polyvinyl-Chloride (PVC) 
Externally Coated Galvanized Rigid Steel 
Conduit and Intermediate Metal Conduit

NEMA TC 2 (2013) Standard for Electrical Polyvinyl 
Chloride (PVC) Conduit

NEMA TC 9 (2004) Standard for Fittings for Polyvinyl 
Chloride (PVC) Plastic Utilities Duct for 
Underground Installation

NATIONAL FIRE PROTECTION ASSOCIATION (NFPA)

NFPA 70 2017  National Electrical Code

SOCIETY OF CABLE TELECOMMUNICATIONS ENGINEERS (SCTE)

ANSI/SCTE 77 (2013) Specification for Underground 
Enclosure Integrity

U.S. GENERAL SERVICES ADMINISTRATION (GSA)

CID A-A-60005 (Basic; Notice 2) Frames, Covers, 
Gratings, Steps, Sump And Catch Basin, 
Manhole

UNDERWRITERS LABORATORIES (UL)

UL 1242 (2006; Reprint Mar 2014) Standard for 
Electrical Intermediate Metal Conduit -- 
Steel

UL 467 (2007) Grounding and Bonding Equipment

UL 486A-486B (2013; Reprint Feb 2014) Wire Connectors

UL 514B (2012; Reprint Nov 2014) Conduit, Tubing 
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and Cable Fittings

UL 6 (2007; Reprint Nov 2014) Electrical Rigid 
Metal Conduit-Steel

UL 651 (2011; Reprint May 2014) Standard for 
Schedule 40 and 80 Rigid PVC Conduit and 
Fittings

UL 83 (2014) Thermoplastic-Insulated Wires and 
Cables

UL 854 (2004; Reprint Nov 2014) Standard for 
Service-Entrance Cables

UL 94 (2013; Reprint Jul 2015) Standard for 
Tests for Flammability of Plastic 
Materials for Parts in Devices and 
Appliances

1.2   RELATED REQUIREMENTS

Section 26 08 00  APPARATUS INSPECTION AND TESTING applies to this section, 
with the additions and modifications specified herein.

1.3   DEFINITIONS

a.  Unless otherwise specified or indicated, electrical and electronics 
terms used in these specifications, and on the drawings, are as 
defined in IEEE Stds Dictionary .

b.  In the text of this section, the words conduit and duct are used 
interchangeably and have the same meaning.

c.  In the text of this section, "medium voltage cable splices," and 
"medium voltage cable joints" are used interchangeably and have the 
same meaning.

1.4   SUBMITTALS

Government approval is required for submittals with a "G" designation; 
submittals not having a "G" designation are   Submittals with an "S" are 
for inclusion in the Sustainability Notebook, in conformance to Section 
01 33 29  SUSTAINABILITY REPORTING.  Submit the following in accordance 
with Section 01 33 00  SUBMITTAL PROCEDURES:

SD-02 Shop Drawings

Precast underground structures ; G

SD-03 Product Data

Medium voltage cable ; G

Medium voltage cable joints ; G

Medium voltage cable terminations ; G

Precast concrete structures ; G
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Sealing Material

Pulling-In Irons

Manhole frames and covers ; G

Handhole frames and covers ; G

Composite/fiberglass handholes ; G

Cable supports  (racks, arms and insulators); G
SD-06 Test Reports

Medium voltage cable qualification and production tests ; G

Field Acceptance Checks and Tests ; G

Arc-proofing test  for cable fireproofing tape; G

Cable Installation Plan and Procedure ; G
SD-07 Certificates

Cable splicer/terminator ; G

Cable Installer Qualifications ; G

1.5   QUALITY ASSURANCE

CLP will be the owner/operator of the medium voltage electrical 
infrastructure immediately after CLP performs the installation.  CLP 
engineering will review and approve all infrastructure drawings.

1.5.1   Precast Underground Structures

1.5.2   Certificate of Competency for Cable Splicer/Terminator

1.5.3   Cable Installer Qualifications

1.5.4   Regulatory Requirements

In each of the publications referred to herein, consider the advisory 
provisions to be mandatory, as though the word, "must" had been 
substituted for "should" wherever it appears.  Interpret references in 
these publications to the "authority having jurisdiction," or words of 
similar meaning, to mean the Contracting Officer.  Equipment, materials, 
installation, and workmanship must be in accordance with the mandatory and 
advisory provisions of IEEE C2  and NFPA 70  unless more stringent 
requirements are specified or indicated.

1.5.5   Standard Products

Provide materials and equipment that are products of manufacturers 
regularly engaged in the production of such products which are of equal 
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material, design and workmanship.  Products must have been in satisfactory 
commercial or industrial use for 2 years prior to bid opening.  The 2-year 
period must include applications of equipment and materials under similar 
circumstances and of similar size.  The product must have been for sale on 
the commercial market through advertisements, manufacturers' catalogs, or 
brochures during the 2-year period.  Where two or more items of the same 
class of equipment are required, these items must be products of a single 
manufacturer; however, the component parts of the item need not be the 
products of the same manufacturer unless stated in this section.

1.5.5.1   Alternative Qualifications

Products having less than a 2-year field service record will be acceptable 
if a certified record of satisfactory field operation for not less than 
6000 hours, exclusive of the manufacturers' factory or laboratory tests, 
is furnished.

1.5.5.2   Material and Equipment Manufacturing Date

Products manufactured more than 3 years prior to date of delivery to site 
are not acceptable, unless specified otherwise.

PART 2   PRODUCTS

CLP is the medium voltage electrical utility owner/operator on Hill AFB>  
CLP will own/operate the medium voltage equipment immediately after CLP 
performs the installation.  CLP will follow CLP Construction Specifications 
and Equipment Specifications.

2.1   CONDUIT, DUCTS, AND FITTINGS

2.1.1   Rigid Metal Conduit

UL 6 .

2.1.1.1   Rigid Metallic Conduit, PVC Coated

NEMA RN 1, Type A40, except that hardness must be nominal 85 Shore A 
durometer, dielectric strength must be minimum  400 volts per mil  at 60 Hz, 
and tensile strength must be minimum  3500 psi .

2.1.2   Intermediate Metal Conduit

UL 1242 .

2.1.2.1   Intermediate Metal Conduit, PVC Coated

NEMA RN 1, Type A40, except that hardness must be nominal 85 Shore A 
durometer, dielectric strength must be minimum  400 volts per mil  at 60 Hz, 
and tensile strength must be minimum  3500 psi .

2.1.3   Plastic Conduit for Direct Burial and Riser Applications

UL 651  and NEMA TC 2, EPC-40.

2.1.4   Plastic Duct for Concrete Encasement

Provide Type EPC-40 per UL 651  and NEMA TC 2.
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2.1.5   Innerduct

Provide corrugated  polyethylene (PE) or PVC innerducts, or fabric-mesh 
innerducts, with pullwire.  Size as indicated.

2.1.6   Duct Sealant

UL 94 , Class HBF.  Provide high-expansion urethane foam duct sealant that 
expands and hardens to form a closed, chemically and water resistant, 
rigid structure.  Sealant must be compatible with common cable and wire 
jackets and capable of adhering to metals, plastics and concrete.  Sealant 
must be capable of curing in temperature ranges of  35 degrees F to 95 
degrees F .  Cured sealant must withstand temperature ranges of  -20 degrees 
F to 200 degrees F  without loss of function.

2.1.7   Fittings

2.1.7.1   Metal Fittings

UL 514B .

2.1.7.2   PVC Conduit Fittings

UL 514B , UL 651 .

2.1.7.3   PVC Duct Fittings

NEMA TC 9.

2.2   LOW VOLTAGE INSULATED CONDUCTORS AND CABLES

Insulated conductors must be rated 600 volts and conform to the 
requirements of NFPA 70 , including listing requirements.  Wires and cables 
manufactured more than 24 months prior to date of delivery to the site are 
not acceptable.  Service entrance conductors must conform to UL 854 , type 
USE.

2.2.1   Conductor Types

Cable and duct sizes indicated are for copper conductors and THHN/THWN 
unless otherwise noted.  Conductors No.  10 AWG and smaller must be 
solid.  Conductors No. 8 AWG and larger must be stranded.

2.2.2   Conductor Material

Unless specified or indicated otherwise or required by NFPA 70 , wires in 
conduit, other than service entrance, must be 600-volt, Type THWN/THHN 
conforming to UL 83 .  Copper conductors must be annealed copper complying 
with ASTM B3 and ASTM B8.

2.2.3   Cable Marking

Insulated conductors must have the date of manufacture and other 
identification imprinted on the outer surface of each cable at regular 
intervals throughout the cable length.

Identify each cable by means of a fiber, laminated plastic, or non-ferrous 
metal tags, or approved equal, in each manhole, handhole, junction box, 
and each terminal.  Each tag must contain the following information; cable 
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type, conductor size, circuit number, circuit voltage, cable destination 
and phase identification.

Conductors must be color coded.  Provide conductor identification within 
each enclosure where a tap, splice, or termination is made.  Conductor 
identification must be by color-coded insulated conductors, plastic-coated 
self-sticking printed markers, colored nylon cable ties and plates, heat 
shrink type sleeves,or colored electrical tape.  Control circuit 
terminations must be properly identified.  Color must be green for 
grounding conductors and white for neutrals; except where neutrals of more 
than one system are installed in same raceway or box, other neutrals must 
be white with a different colored (not green) stripe for each.  Color of 
ungrounded conductors in different voltage systems must be as follows:

a.  208/120 volt, three-phase

(1) Phase A - black

(2) Phase B - red

(3) Phase C - blue

b.  480/277 volt, three-phase

(1) Phase A - brown

(2) Phase B - orange

(3) Phase C - yellow

c.  120/240 volt, single phase:  Black and red

2.3   LOW VOLTAGE WIRE CONNECTORS AND TERMINALS

Must provide a uniform compression over the entire conductor contact 
surface.  Use solderless terminal lugs on stranded conductors.

a.  For use with copper conductors:  UL 486A-486B .

2.4   LOW VOLTAGE SPLICES

Provide splices in conductors with a compression connector on the 
conductor and by insulating and waterproofing using one of the following 
methods which are suitable for continuous submersion in water and comply 
with ANSI C119.1 .

2.4.1   Heat Shrinkable Splice

Provide heat shrinkable splice insulation by means of a thermoplastic 
adhesive sealant material applied in accordance with the manufacturer's 
written instructions.

2.4.2   Cold Shrink Rubber Splice

Provide a cold-shrink rubber splice which consists of EPDM rubber tube 
which has been factory stretched onto a spiraled core which is removed 
during splice installation.  The installation must not require heat or 
flame, or any additional materials such as covering or adhesive.  It must 
be designed for use with inline compression type connectors, or indoor, 
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outdoor, direct-burial or submerged locations.

2.5   MEDIUM VOLTAGE CABLE

2.5.1   Cable Configuration

2.5.2   Conductor Material

2.5.3   Insulation

2.5.4   Shielding

2.5.5   Neutrals

2.5.6   Jackets

Provide cables with a PVC jacket.

2.6   MEDIUM VOLTAGE CABLE TERMINATIONS

IEEE 48  Class 1; of the molded elastomer, prestretched elastomer, or 
heat-shrinkable elastomer.  Acceptable elastomers are track-resistant 
silicone rubber or track-resistant ethylene propylene compounds, such as 
ethylene propylene rubber or ethylene propylene diene monomer.  Separable 
insulated connectors may be used for apparatus terminations, when such 
apparatus is provided with suitable bushings. Terminations, where 
required, must be provided with mounting brackets suitable for the 
intended installation and with grounding provisions for the cable 
shielding, metallic sheath, or armor.  Terminations must be provided in a 
kit, including: skirts, stress control terminator, ground clamp, 
connectors, lugs, and complete instructions for assembly and 
installation.  Terminations must be the product of one manufacturer, 
suitable for the type, diameter, insulation class and level, and materials 
of the cable terminated.  Do not use separate parts of copper or copper 
alloy in contact with aluminum alloy parts in the construction or 
installation of the terminator.

2.6.1   Cold-Shrink Type

Terminator must be a one-piece design, utilizing the manufacturer's latest 
technology, where high-dielectric constant (capacitive) stress control is 
integrated within a skirted insulator made of silicone rubber.  
Termination must not require heat or flame for installation.  Termination 
kit must contain all necessary materials (except for the lugs).  
Termination must be designed for installation in low or highly 
contaminated indoor and outdoor locations and must resist ultraviolet rays 
and oxidative decomposition.
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2.6.2   Heat Shrinkable Type

Terminator must consist of a uniform cross section heat shrinkable 
polymeric construction stress relief tubing and environmentally sealed 
outer covering that is nontracking, resists heavy atmospheric 
contaminants, ultra violet rays and oxidative decomposition.  Provide heat 
shrinkable sheds or skirts of the same material.  Termination must be 
designed for installation in low or highly contaminated indoor or outdoor 
locations.

2.7   MEDIUM VOLTAGE CABLE JOINTS

2.7.1   Heat-Shrinkable Joint

2.7.2   Cold-Shrink Rubber-Type Joint

2.8   TELECOMMUNICATIONS CABLING

Provide telecommunications cabling in accordance with Section 33 82 00  
TELECOMMUNICATIONS OUTSIDE PLANT (OSP).

2.9   TAPE

2.9.1   Insulating Tape

2.9.2   Buried Warning and Identification Tape

2.9.3   Fireproofing Tape

2.10   PULL ROPE

2.11   GROUNDING AND BONDING

2.11.1   Driven Ground Rods

Provide copper-clad steel ground rods conforming to UL 467  not less than  
3/4 inch  in diameter by  10 feet  in length.  Sectional type rods may be 
used for rods 20 feet or longer.

2.11.2   Grounding Conductors

Stranded-bare copper conductors must conform to ASTM B8, Class B, 
soft-drawn unless otherwise indicated.  Solid-bare copper conductors must 
conform to ASTM B1 for sizes No. 8 and smaller.  Insulated conductors must 
be of the same material as phase conductors and green color-coded, except 
that conductors must be rated no more than 600 volts.  Aluminum is not 
acceptable.
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2.12   CAST-IN-PLACE CONCRETE

Provide concrete in accordance with Section 03 30 00.00 10  CAST-IN-PLACE 
CONCRETE.  In addition, provide concrete for encasement of underground 
ducts with  3000 psi  minimum 28-day compressive strength.  Concrete 
associated with electrical work for other than encasement of underground 
ducts must be  4000 psi  minimum 28-day compressive strength unless 
specified otherwise.

2.13   UNDERGROUND STRUCTURES

Provide precast concrete underground structures or standard type 
cast-in-place manhole types as indicated, conforming to ASTM C857 and  
ASTM C478.  Top, walls, and bottom must consist of reinforced concrete.  
Walls and bottom must be of monolithic concrete construction.  Locate duct 
entrances and windows near the corners of structures to facilitate cable 
racking.  Covers must fit the frames without undue play.  Form steel and 
iron to shape and size with sharp lines and angles.  Castings must be free 
from warp and blow holes that may impair strength or appearance.  Exposed 
metal must have a smooth finish and sharp lines and arises.  Provide 
necessary lugs, rabbets, and brackets.  Set pulling-in irons and other 
built-in items in place before depositing concrete.  Install a pulling-in 
iron in the wall opposite each duct line entrance.  Cable racks, including 
rack arms and insulators, must be adequate to accommodate the cable.

2.13.1   Cast-In-Place Concrete Structures

Concrete must conform to Section 03 30 00  CAST-IN-PLACE CONCRETE.

2.13.2   Precast Concrete Structures, Risers and Tops

Precast concrete underground structures may be provided in lieu of 
cast-in-place subject to the requirements specified below.  Precast units 
must be the product of a manufacturer regularly engaged in the manufacture 
of precast concrete products, including precast manholes.

2.13.2.1   General

Precast concrete structures  must have the same accessories and facilities 
as required for cast-in-place structures.  Likewise, precast structures 
must have plan area and clear heights not less than those of cast-in-place 
structures.  Concrete materials and methods of construction must be the 
same as for cast-in-place concrete construction, as modified herein.  
Slope in floor may be omitted provided precast sections are poured in 
reinforced steel forms.  Concrete for precast work must have a 28-day 
compressive strength of not less than  4000 psi .  Structures may be precast 
to the design and details indicated for cast-in-place construction, 
precast monolithically and placed as a unit, or structures may be 
assembled sections, designed and produced by the manufacturer in 
accordance with the requirements specified.  Structures must be identified 
with the manufacturer's name embedded in or otherwise permanently attached 
to an interior wall face.

2.13.2.2   Design for Precast Structures

ACI 318M .  In the absence of detailed on-site soil information, design for 
the following soil parameters/site conditions:
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a.  Angle of Internal Friction (phi) =  30 degrees

b.  Unit Weight of Soil (Dry) =  110 pcf , (Saturated)
=  130 pcf

c.  Coefficient of Lateral Earth Pressure (Ka) = 0.33

d.  Ground Water Level =  3 feet  below ground elevation

e.  Vertical design loads must include full dead, superimposed dead, and 
live loads including a 30 percent magnification factor for impact.  
Live loads must consider all types and magnitudes of vehicular 
(automotive, industrial, or aircraft) traffic to be encountered.  The 
minimum design vertical load must be for H20 highway loading per 
AASHTO HB-17.

f.  Horizontal design loads must include full geostatic and hydrostatic 
pressures for the soil parameters, water table, and depth of 
installation to be encountered.  Also, horizontal loads imposed by 
adjacent structure foundations, and horizontal load components of 
vertical design loads, including impact, must be considered, along 
with a pulling-in iron design load of  6000 pounds .

g.  Each structural component must be designed for the load combination 
and positioning resulting in the maximum shear and moment for 
thatparticular component.

h.  Design must also consider the live loads induced in the handling, 
installation, and backfilling of the manholes.  Provide lifting 
devices to ensure structural integrity during handling and 
installation.

2.13.2.3   Construction

Structure top, bottom, and wall must be of a uniform thickness of not less 
than  6 inches .  Thin-walled knock-out panels for designed or future duct 
bank entrances are not permitted.  Provide quantity, size, and location of 
duct bank entrance windows as directed, and cast completely open by the 
precaster.  Size of windows must exceed the nominal duct bank envelope 
dimensions by at least  12 inches  vertically and horizontally to preclude 
in-field window modifications made necessary by duct bank misalignment.  
However, the sides of precast windows must be a minimum of  6 inches  from 
the inside surface of adjacent walls, floors, or ceilings.  Form the 
perimeter of precast window openings to have a keyed or inward flared 
surface to provide a positive interlock with the mating duct bank 
envelope.  Provide welded wire fabric reinforcing through window openings 
for in-field cutting and flaring into duct bank envelopes.  Provide 
additional reinforcing steel comprised of at least two No. 4 bars around 
window openings.  Provide drain sumps a minimum of  12 inches  in diameter 
and  4 inches  deep for precast structures.

2.13.2.4   Joints

Provide tongue-and-groove joints on mating edges of precast components.  
Shiplap joints are not allowed.  Design joints to firmly interlock 
adjoining components and to provide waterproof junctions and adequate 
shear transfer.  Seal joints watertight using preformed plastic strip 
conforming to  ASTM C990.  Install sealing material  in strict accordance 
with the sealant manufacturer's printed instructions.  Provide 
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waterproofing at conduit/duct entrances into structures, and where access 
frame meets the top slab, provide continuous grout seal.

2.13.3   Manhole Frames and Covers

Provide cast iron frames and covers for manholes conforming to 
CID A-A-60005 .  Cast the words "ELECTRIC" or "TELECOMMUNICATIONS" in the 
top face of power and telecommunications manhole covers, respectively.

2.13.4   Handhole Frames and Covers

Frames and covers of steel must be welded by qualified welders in 
accordance with standard commercial practice.  Steel covers must be 
rolled-steel floor plate having an approved antislip surface.  Hinges must 
be of wrought steel,  5 by 5 inches  by approximately  3/16 inch  thick, 
without screw holes, and must be for full surface application by fillet 
welding.  Hinges must have nonremovable pins and five knuckles.  The 
surfaces of plates under hinges must be true after the removal of raised 
antislip surface, by grinding or other approved method.

2.13.5   Brick for Manhole Collar

Provide sewer and manhole brick conforming to ASTM C32, Grade MS.

2.13.6   Composite/Fiberglass Handholes  and Covers

ANSI/SCTE 77 .  Provide handholes and covers of polymer concrete, 
reinforced with heavy weave fiberglass with a design load (Tier rating) 
appropriate for or greater than the intended use.  All covers are required 
to have the Tier level rating embossed on the surface and this rating must 
not exceed the design load of the box.

2.14   CABLE SUPPORTS (RACKS, ARMS, AND INSULATORS)

The metal portion of racks and arms must be zinc-coated after fabrication.

2.14.1   Cable Rack Stanchions

The wall bracket or stanchion must be  4 inches  by approximately  1-1/2 inch 
by 3/16 inch  channel steel, or  4 inches  by approximately  1 inch  
glass-reinforced nylon with recessed bolt mounting holes,  48 inches  long 
(minimum) in manholes.  Slots for mounting cable rack arms must be spaced 
at  8 inch  intervals.

2.14.2   Rack Arms

Cable rack arms must be steel or malleable iron or glass reinforced nylon 
and must be of the removable type.  Rack arm length must be a minimum of  8 
inches  and a maximum of  12 inches .

2.14.3   Insulators

Insulators for metal rack arms must be dry-process glazed porcelain.  
Insulators are not required for nylon arms.

2.15   CABLE TAGS IN MANHOLES

Provide tags for each power cable located in manholes.  The tags must be 
polyethylene.  Do not provide handwritten letters.  The first position on 
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the power cable tag must denote the voltage.  The second through sixth 
positions on the tag must identify the circuit.  The next to last position 
must denote the phase of the circuit and include the Greek "phi" symbol.  
The last position must denote the cable size.  As an example, a tag could 
have the following designation:  "11.5 NAS 1-8(Phase A)500," denoting that 
the tagged cable is on the 11.5kV system circuit number NAS 1-8, 
underground, Phase A, sized at 500 kcmil.

2.15.1   Polyethylene Cable Tags

Provide tags of polyethylene that have an average tensile strength of  3250 
pounds per square inch ; and that are  0.08 inch  thick (minimum), 
non-corrosive non-conductive; resistive to acids, alkalis, organic 
solvents, and salt water; and distortion resistant to  170 degrees F .  
Provide  0.05 inch  (minimum) thick black polyethylene tag holder.  Provide 
a one-piece nylon, self-locking tie at each end of the cable tag.  Ties 
must have a minimum loop tensile strength of  175 pounds .  The cable tags 
must have black block letters, numbers, and symbols  one inch  high on a 
yellow background.  Letters, numbers, and symbols must not fall off or 
change positions regardless of the cable tags' orientation.
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2.16   MEDIUM VOLTAGE ABOVE GROUND CABLE TERMINATING CABINETS
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2.17   LOW VOLTAGE ABOVE GROUND TERMINATION PEDESTAL
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2.18   SOURCE QUALITY CONTROL
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2.18.1   Arc-Proofing Test  for Cable Fireproofing Tape
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2.18.2   Medium Voltage Cable Qualification and Production Tests
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PART 3   EXECUTION
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3.1   INSTALLATION

3.2   CABLE INSPECTION

3.3   CABLE INSTALLATION PLAN AND PROCEDURE

3.4   UNDERGROUND FEEDERS SUPPLYING BUILDINGS

3.5   UNDERGROUND STRUCTURE CONSTRUCTION

3.5.1   Precast Concrete Construction

3.5.2   Pulling-In Irons

3.5.3   Cable Racks, Arms and Insulators

3.5.4   Field Painting

3.6   UNDERGROUND CONDUIT AND DUCT SYSTEMS

3.6.1   Requirements

3.6.2   Treatment

3.6.3   Conduit Cleaning

3.6.4   Jacking and Drilling Under Roads and Structures

 

3.6.5   Multiple Conduits

3.6.6   Conduit Plugs and Pull Rope

3.6.7   Conduit and Duct Without Concrete Encasement

 .
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3.6.7.1   Encasement Under Roads and Structures

.  
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3.6.8   Duct Encased in Concrete
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3.6.8.1   Connections to Manholes
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3.6.8.2   Connections to Existing Underground Structures
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3.6.8.3   Connections to Existing Concrete Pads
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3.6.8.4   Connections to Existing Ducts
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3.6.8.5   Partially Completed Duct Banks
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3.6.9   Duct Sealing
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3.7   CABLE PULLING
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3.7.1   Cable Lubricants
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3.8   CABLES IN UNDERGROUND STRUCTURES
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3.8.1   Cable Tag Installation
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3.9   CONDUCTORS INSTALLED IN PARALLEL

3.10   LOW VOLTAGE CABLE SPLICING AND TERMINATING

3.11   MEDIUM VOLTAGE CABLE TERMINATIONS

3.12   MEDIUM VOLTAGE CABLE JOINTS

3.12.1   Joints in Shielded Cables

3.13   CABLE END CAPS

3.14   FIREPROOFING OF CABLES IN UNDERGROUND STRUCTURES

3.14.1   Fireproofing Tape

3.15   GROUNDING SYSTEMS

3.15.1   Grounding Electrodes

3.15.2   Grounding Connections

3.15.3   Grounding Conductors

3.15.4   Ground Cable Crossing Expansion Joints

3.15.5   Manhole Grounding

3.16   EXCAVATING, BACKFILLING, AND COMPACTING

.
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3.16.1   Reconditioning of Surfaces

3.16.1.1   Unpaved Surfaces

R

3.16.1.2   Paving Repairs

3.17   CAST-IN-PLACE CONCRETE

.

3.17.1   Concrete Slabs (Pads) for Equipment

3.17.2   Sealing

3.18   FIELD QUALITY CONTROL

3.18.1   Performance of Field Acceptance Checks and Tests

3.18.1.1   Medium Voltage Cables

3.18.1.2   Low Voltage Cables, 600-Volt

3.18.1.3   Grounding System

a.  

3.18.2   Follow-Up Verification

Upon completion of acceptance checks and tests, show by demonstration in 
service that circuits and devices are in good operating condition and 
properly performing the intended function.  As an exception to 
requirements stated elsewhere in the contract, the Contracting Officer 
must be given 5 working days advance notice of the dates and times of 
checking and testing.

....    -- End of Section --
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SECTION 33 82 00

TELECOMMUNICATIONS OUTSIDE PLANT (OSP)

PART 1   GENERAL

1.1   REFERENCES

The publications listed below form a part of this specification to the 
extent referenced.  The publications are referred to in the text by the 
basic designation only.

ASTM INTERNATIONAL (ASTM)

ASTM B1 (2013) Standard Specification for 
Hard-Drawn Copper Wire

ASTM B8 (2011) Standard Specification for 
Concentric-Lay-Stranded Copper Conductors, 
Hard, Medium-Hard, or Soft

ASTM D1557 (2012; E 2015) Standard Test Methods for 
Laboratory Compaction Characteristics of 
Soil Using Modified Effort (56,000 
ft-lbf/ft3) (2700 kN-m/m3)

ASTM D709 (2016) Laminated Thermosetting Materials

INSTITUTE OF ELECTRICAL AND ELECTRONICS ENGINEERS (IEEE)

IEEE 100 (2000; Archived) The Authoritative 
Dictionary of IEEE Standards Terms

IEEE C2 (2012; Errata 1 2012; INT 1-4 2012; Errata 
2 2013; INT 5-7 2013; INT 8-10 2014; INT 
11 2015; INT 12 2016) National Electrical 
Safety Code

INSULATED CABLE ENGINEERS ASSOCIATION (ICEA)

ICEA S-87-640 (2011) Optical Fiber Outside Plant 
Communications Cable; 4th Edition

ICEA S-98-688 (2012) Broadband Twisted Pair 
Telecommunication Cable, Aircore, 
Polyolefin Insulated, Copper Conductors 
Technical Requirements

ICEA S-99-689 (2012) Broadband Twisted Pair 
Telecommunication Cable Filled, Polyolefin 
Insulated, Copper Conductors Technical 
Requirements

NATIONAL ELECTRICAL MANUFACTURERS ASSOCIATION (NEMA)

ANSI C62.61 (1993) American National Standard for Gas 
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Tube Surge Arresters on Wire Line 
Telephone Circuits

NATIONAL FIRE PROTECTION ASSOCIATION (NFPA)

NFPA 70 2017  National Electrical Code

TELECOMMUNICATIONS INDUSTRY ASSOCIATION (TIA)

TIA-455-78-B (2002) FOTP-78 Optical Fibres - Part 
1-40:  Measurement Methods and Test 
Procedures - Attenuation

TIA-472D000 (2007b) Fiber Optic Communications Cable 
for Outside Plant Use

TIA-492E000 (1996; R 2002) Sectional Specification for 
Class IVd Nonzero-Dispersion Single-Mode 
Optical Fibers for the 1550 nm Window

TIA-526-14 (2015c) OFSTP-14A Optical Power Loss 
Measurements of Installed Multimode Fiber 
Cable Plant

TIA-526-7 (2015a) OFSTP-7 Measurement of Optical 
Power Loss of Installed Single-Mode Fiber 
Cable Plant

TIA-568-C.1 (2009; Add 2 2011; Add 1 2012) Commercial 
Building Telecommunications Cabling 
Standard

TIA-568-C.2 (2009; Errata 2010) Balanced Twisted-Pair 
Telecommunications Cabling and Components 
Standards

TIA-568-C.3 (2008; Add 1 2011) Optical Fiber Cabling 
Components Standard

TIA-569 (2015d) Commercial Building Standard for 
Telecommunications Pathways and Spaces

TIA-590 (1997a) Standard for Physical Location and 
Protection of Below Ground Fiber Optic 
Cable Plant

TIA-606 (2012b; Add 1 2015) Administration 
Standard for the Telecommunications 
Infrastructure

TIA-607 (2011b) Generic Telecommunications Bonding 
and Grounding (Earthing) for Customer 
Premises

TIA-758 (2012b) Customer-Owned Outside Plant 
Telecommunications Infrastructure Standard

TIA/EIA-455 (1998b) Standard Test Procedure for Fiber 
Optic Fibers, Cables, Transducers, 
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Sensors, Connecting and Terminating 
Devices, and Other Fiber Optic Components

TIA/EIA-455-204 (2000) Standard for Measurement of 
Bandwidth on Multimode Fiber

TIA/EIA-598 (2014d) Optical Fiber Cable Color Coding

U.S. DEPARTMENT OF AGRICULTURE (USDA)

RUS 1755 Telecommunications Standards and 
Specifications for Materials, Equipment 
and Construction

RUS Bull 1751F-630 (1996) Design of Aerial Plant

RUS Bull 1751F-640 (1995) Design of Buried Plant, Physical 
Considerations

RUS Bull 1751F-643 (2002) Underground Plant Design

RUS Bull 1751F-815 (1979) Electrical Protection of Outside 
Plant

RUS Bull 1753F-201 (1997) Acceptance Tests of 
Telecommunications Plant (PC-4)

RUS Bull 1753F-401 (1995) Splicing Copper and Fiber Optic 
Cables (PC-2)

RUS Bull 345-50 (1979) Trunk Carrier Systems (PE-60)

RUS Bull 345-65 (1985) Shield Bonding Connectors (PE-65)

RUS Bull 345-72 (1985) Filled Splice Closures (PE-74)

RUS Bull 345-83 (1979; Rev Oct 1982) Gas Tube Surge 
Arrestors (PE-80)

UNDERWRITERS LABORATORIES (UL)

UL 497 (2001; Reprint Jul 2013) Protectors for 
Paired Conductor Communication Circuits

UL 510 (2005; Reprint Jul 2013) Polyvinyl 
Chloride, Polyethylene and Rubber 
Insulating Tape

UL 83 (2014) Thermoplastic-Insulated Wires and 
Cables

1.2   RELATED REQUIREMENTS

Section 27 10 00 , BUILDING TELECOMMUNICATIONS CABLING SYSTEM, Section 
33 71 02 , UNDERGROUND ELECTRICAL DISTRIBUTIONapply to this section with 
additions and modifications specified herein. 1.3   DEFINITIONS

Unless otherwise specified or indicated, electrical and electronics terms 
used in this specification shall be as defined in TIA-568-C.1 , TIA-568-C.2 , 
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TIA-568-C.3 , TIA-569 , TIA-606 , and IEEE 100  and herein.

1.3.1   Campus Distributor (CD)

A distributor from which the campus backbone cabling emanates. 
(International expression for main cross-connect - (MC).)

1.3.2   Entrance Facility (EF) (Telecommunications)

An entrance to the building for both private and public network service 
cables (including antennae) including the entrance point at the building 
wall and continuing to the entrance room or space.

1.3.3   Entrance Room (ER) (Telecommunications)

A centralized space for telecommunications equipment that serves the 
occupants of a building.  Equipment housed therein is considered distinct 
from a telecommunications room because of the nature of its complexity.

1.3.4   Building Distributor (BD)

A distributor in which the building backbone cables terminate and at which 
connections to the campus backbone cables may be made.  (International 
expression for intermediate cross-connect - (IC).)

1.3.5   Pathway

A physical infrastructure utilized for the placement and routing of 
telecommunications cable.

1.4   SYSTEM DESCRIPTION

The telecommunications outside plant consists of cable, conduit, manholes, 
poles, etc. required to provide signal paths from the closest point of 
presence to the new facility, including free standing frames or 
backboards, interconnecting hardware, terminating cables, lightning and 
surge protection modules at the entrance facility.  The work consists of 
providing, testing and making operational cabling, interconnecting 
hardware and lightning and surge protection necessary to form a complete 
outside plant telecommunications system for continuous use.

1.5   SUBMITTALS

Government approval is required for submittals with a "G" designation; 
submittals not having a "G" designation are for Contractor Quality Control 
approval.  When used, a designation following the "G" designation 
identifies the office that will review the submittal for the Government.  
Submittals with an "S" are for inclusion in the Sustainability Notebook, 
in conformance to Section 01 33 29  SUSTAINABILITY REPORTING.  Submit the 
following in accordance with Section 01 33 00  SUBMITTAL PROCEDURES:

SD-02 Shop Drawings

Telecommunications Outside Plant ; G

Telecommunications Entrance Facility Drawings ; G

In addition to Section 01 33 00  SUBMITTAL PROCEDURES, provide shop 
drawings in accordance with paragraph SHOP DRAWINGS.
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SD-03 Product Data

Wire and cable ; G

Cable splices, and connectors ; G

Closures ; G

Building protector assemblies ; G

Protector modules ; G

Cross-connect terminal cabinets ; G
 

Spare Parts ; G
Submittals shall include the manufacturer's name, trade name, 
place of manufacture, and catalog model or number.  Submittals 
shall also include applicable federal, military, industry, and 
technical society publication references.  Should manufacturer's 
data require supplemental information for clarification, the 
supplemental information shall be submitted as specified in 
paragraph REGULATORY REQUIREMENTS and as required for certificates 
in Section 01 33 00  SUBMITTAL PROCEDURES.

SD-06 Test Reports

Pre-installation tests ; G

Acceptance tests ; G

Outside Plant Test Plan ; G

SD-07 Certificates

 Telecommunications Contractor  Qualifications; G

Key Personnel  Qualifications; G

Minimum Manufacturer's Qualifications ; G

SD-08 Manufacturer's Instructions

Building protector assembly installation ; G

Cable tensions ; G

Fiber Optic Splices ; G

 Submit instructions prior to installation.

SD-09 Manufacturer's Field Reports

Factory Reel Test Data ; G

SD-10 Operation and Maintenance Data

Telecommunications outside plant (OSP) , Data Package 5; G
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Commercial off-the-shelf manuals shall be provided for operation, 
installation, configuration, and maintenance of products provided 
as a part of the telecommunications outside plant (OSP).  Submit 
operations and maintenance data in accordance with Section 01 78 23 , 
OPERATION AND MAINTENANCE DATA and as specified herein not later 
than 2 months prior to the date of beneficial occupancy.  In 
addition to requirements of Data package 5, include the 
requirements of paragraphs TELECOMMUNICATIONS OUTSIDE PLANT SHOP 
DRAWINGS and TELECOMMUNICATIONS ENTRANCE FACILITY DRAWINGS.

SD-11 Closeout Submittals

Record Documentation ; G

In addition to other requirements, provide in accordance with 
paragraph RECORD DOCUMENTATION.

1.6   QUALITY ASSURANCE

1.6.1   Shop Drawings

Include wiring diagrams and installation details of equipment indicating 
proposed location, layout and arrangement, control panels, accessories, 
piping, ductwork, and other items that must be shown to ensure a 
coordinated installation.  Wiring diagrams shall identify circuit 
terminals and indicate the internal wiring for each item of equipment and 
the interconnection between each item of equipment.  Drawings shall 
indicate adequate clearance for operation, maintenance, and replacement of 
operating equipment devices.  Submittals shall include the nameplate data, 
size, and capacity.  Submittals shall also include applicable federal, 
military, industry, and technical society publication references.

1.6.1.1   Telecommunications Outside Plant  Shop Drawings

Provide Outside Plant Design in accordance with TIA-758 , RUS Bull 1751F-630
 for aerial system design, and RUS Bull 1751F-643  for underground system 
design.  Provide T0 shop drawings that show the physical and logical 
connections from the perspective of an entire campus, such as actual 
building locations, exterior pathways and campus backbone cabling on plan 
view drawings, major system nodes, and related connections on the logical 
system drawings in accordance with TIA-606 .  Drawings shall include wiring 
and schematic diagrams for fiber optic and copper cabling and splices, 
copper conductor gauge and pair count, fiber pair count and type, pathway 
duct and innerduct arrangement, associated construction materials, and any 
details required to demonstrate that cable system has been coordinated  
and will properly support the switching and transmission system identified 
in specification and drawings.  Provide Registered Communications 
Distribution Designer (RCDD) approved drawings of the telecommunications 
outside plant. The telecommunications outside plant (OSP)  shop drawings 
shall be included in the operation and maintenance manuals.

1.6.1.2   Telecommunications Entrance Facility Drawings

Provide T3 drawings for EF Telecommunications as specified in the 
paragraph TELECOMMUNICATIONS SPACE DRAWINGS of Section 27 10 00  BUILDING 
TELECOMMUNICATIONS CABLING SYSTEMS.  The telecommunications entrance 
facility shop drawings shall be included in the operation and maintenance 
manuals.
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1.6.2   Telecommunications Qualifications

Work under this section shall be performed by and the equipment shall be 
provided by the approved telecommunications contractor and key personnel.  
Qualifications shall be provided for:  the telecommunications system 
contractor, the telecommunications system installer, the supervisor (if 
different from the installer), and the cable splicing and terminating 
personnel.  A minimum of 30 days prior to installation, submit 
documentation of the experience of the telecommunications contractor and 
of the key personnel.

1.6.2.1   Telecommunications Contractor  Qualifications

The telecommunications contractor shall be a firm which is regularly and 
professionally engaged in the business of the applications, installation, 
and testing of the specified telecommunications systems and equipment.  
The telecommunications contractor shall demonstrate experience in 
providing successful telecommunications systems that include outside plant 
and broadband cabling within the past 3 years.  Submit documentation for a 
minimum of three and a maximum of five successful telecommunication system 
installations for the telecommunications contractor.  Each of the key 
personnel shall demonstrate experience in providing successful 
telecommunications systems in accordance with TIA-758  within the past 3 
years.

1.6.2.2   Key Personnel  Qualifications

Provide key personnel who are regularly and professionally engaged in the 
business of the application, installation and testing of the specified 
telecommunications systems and equipment.  There may be one key person or 
more key persons proposed for this solicitation depending upon how many of 
the key roles each has successfully provided.  Each of the key personnel 
shall demonstrate experience in providing successful telecommunications 
systems within the past 3 years.

Cable splicing and terminating personnel assigned to the installation of 
this system or any of its components shall have training in the proper 
techniques and have a minimum of 3 years experience in splicing and 
terminating the specified cables.  Modular splices shall be performed by 
factory certified personnel or under direct supervision of factory trained 
personnel for products used.

Supervisors and installers assigned to the installation of this system or 
any of its components shall have factory or factory approved certification 
from each equipment manufacturer indicating that they are qualified to 
install and test the provided products.

Submit documentation for a minimum of three and a maximum of five 
successful telecommunication system installations for each of the key 
personnel.  Documentation for each key person shall include at least two 
successful system installations provided that are equivalent in system 
size and in construction complexity to the telecommunications system 
proposed for this solicitation.  Include specific experience in installing 
and testing telecommunications outside plant systems, including broadband 
cabling, and provide the names and locations of at least two project 
installations successfully completed using optical fiber and copper 
telecommunications cabling systems.  All of the existing 
telecommunications system installations offered by the key persons as 
successful experience shall have been in successful full-time service for 
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at least 18 months prior to the issuance date for this solicitation.  
Provide the name and role of the key person, the title, location, and 
completed installation date of the referenced project, the referenced 
project owner point of contact information including name, organization, 
title, and telephone number, and generally, the referenced project 
description including system size and construction complexity.

Indicate that all key persons are currently employed by the 
telecommunications contractor, or have a commitment to the 
telecommunications contractor to work on this project.  All key persons 
shall be employed by the telecommunications contractor at the date of 
issuance of this solicitation, or if not, have a commitment to the 
telecommunications contractor to work on this project by the date that the 
bid was due to the Contracting Officer.

Note that only the key personnel approved by the Contracting Officer in 
the successful proposal shall do work on this solicitation's 
telecommunications system.  Key personnel shall function in the same roles 
in this contract, as they functioned in the offered successful 
experience.  Any substitutions for the telecommunications contractor's key 
personnel requires approval from The Contracting Officer.

1.6.2.3   Minimum Manufacturer's Qualifications

Cabling, equipment and hardware manufacturers shall have a minimum of 3 
years experience in the manufacturing, assembly, and factory testing of 
components which comply with, TIA-568-C.1 , TIA-568-C.2  and TIA-568-C.3 .  
In addition, cabling manufacturers shall have a minimum of 3 years 
experience in the manufacturing and factory testing of cabling which 
comply with ICEA S-87-640 , ICEA S-98-688 , and ICEA S-99-689 .

1.6.3   Outside Plant Test Plan

Prepare and provide a complete and detailed test plan for field tests of 
the outside plant including a complete list of test equipment for the 
copper conductor and optical fiber cables, components, and accessories for 
approval by the Contracting Officer.  Include a cut-over plan with 
procedures and schedules for relocation of facility station numbers 
without interrupting service to any active location.  Submit the plan at 
least 30 days prior to tests for Contracting Officer approval.  Provide 
outside plant testing and performance measurement criteria in accordance 
with TIA-568-C.1  and RUS Bull 1753F-201 .  Include procedures for 
certification, validation, and testing that includes fiber optic link 
performance criteria.

1.6.4   Standard Products

Provide materials and equipment that are standard products of 
manufacturers regularly engaged in the production of such products which 
are of equal material, design and workmanship and shall be the 
manufacturer's latest standard design that has been in satisfactory 
commercial or industrial use for at least 2 years prior to bid opening.  
The 2-year period shall include applications of equipment and materials 
under similar circumstances and of similar size.  The product shall have 
been on sale on the commercial market through advertisements, 
manufacturers' catalogs, or brochures during the 2-year period.  Products 
supplied shall be specifically designed and manufactured for use with 
outside plant telecommunications systems.  Where two or more items of the 
same class of equipment are required, these items shall be products of a 
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single manufacturer; however, the component parts of the item need not be 
the products of the same manufacturer unless stated in this section.

1.6.4.1   Alternative Qualifications

Products having less than a 2-year field service record will be acceptable 
if a certified record of satisfactory field operation for not less than 
3000 hours, exclusive of the manufacturers' factory or laboratory tests, 
is provided.

1.6.4.2   Material and Equipment Manufacturing Date

Products manufactured more than 3 years prior to date of delivery to site 
shall not be used, unless specified otherwise.

1.6.5   Regulatory Requirements

In each of the publications referred to herein, consider the advisory 
provisions to be mandatory, as though the word, "shall" had been 
substituted for "should" wherever it appears.  Interpret references in 
these publications to the "authority having jurisdiction," or words of 
similar meaning, to mean the Contracting Officer.  Equipment, materials, 
installation, and workmanship shall be in accordance with the mandatory 
and advisory provisions of NFPA 70  unless more stringent requirements are 
specified or indicated.

1.6.5.1   Independent Testing Organization Certificate

In lieu of the label or listing, submit a certificate from an independent 
testing organization, competent to perform testing, and approved by the 
Contracting Officer.  The certificate shall state that the item has been 
tested in accordance with the specified organization's test methods and 
that the item complies with the specified organization's reference 
standard.

1.7   DELIVERY, STORAGE, AND HANDLING

Ship cable on reels in  500 feet  length with a minimum overage of 10 
percent.  Radius of the reel drum shall not be smaller than the minimum 
bend radius of the cable.  Wind cable on the reel so that unwinding can be 
done without kinking the cable.  Two meters of cable at both ends of the 
cable shall be accessible for testing.  Attach permanent label on each 
reel showing length, cable identification number, cable size, cable type, 
and date of manufacture.  Provide water resistant label and the indelible 
writing on the labels.  Apply end seals to each end of the cables to 
prevent moisture from entering the cable.  Reels with cable shall be 
suitable for outside storage conditions when temperature ranges from minus 
40 degrees C to plus 65 degrees C, with relative humidity from 0 to 100 
percent.  Equipment, other than cable, delivered and placed in storage 
shall be stored with protection from weather, humidity and temperature 
variation, dirt and dust, or other contaminants in accordance with 
manufacturer's requirements.

1.8   MAINTENANCE

1.8.1   Record Documentation

Provide the activity responsible for telecommunications system maintenance 
and administration a single complete and accurate set of record 
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documentation for the entire telecommunications system with respect to 
this project.

Provide record documentation as specified in Section 27 10 00  BUILDING 
TELECOMMUNICATIONS CABLING SYSTEM.

1.9   WARRANTY

The equipment items shall be supported by service organizations which are 
reasonably convenient to the equipment installation in order to render 
satisfactory service to the equipment on a regular and emergency basis 
during the warranty period of the contract.

PART 2   PRODUCTS

2.1   MATERIALS AND EQUIPMENT

Products supplied shall be specifically designed and manufactured for use 
with outside plant telecommunications systems.

2.2   TELECOMMUNICATIONS ENTRANCE FACILITY

2.2.1   Building Protector Assemblies

Provide self-contained screw type unit supplied with a field cable stub 
factory connected to protector socket blocks to terminate and accept 
protector modules for 25 pairs of outside cable.  Building protector 
assembly shall have interconnecting hardware for connection to interior 
cabling at full capacity.  Provide manufacturers instructions for building 
protector assembly installation .  Provide copper cable interconnecting 
hardware as specified in Section 27 10 00  BUILDING TELECOMMUNICATIONS 
CABLING SYSTEM.

2.2.2   Protector Modules

Provide in accordance with UL 497  three-electrode gas tube or solid state 
type screw type rated for the application.  Provide gas tube protection 
modules in accordance with RUS Bull 345-83  and shall be heavy duty, 
A>10kA, B>400, C>65A where A is the maximum single impulse discharge 
current, B is the impulse life and C is the AC discharge current in 
accordance with ANSI C62.61 .  The gas modules shall shunt high voltage to 
ground, fail short, and be equipped with an external spark gap and heat 
coils in accordance with UL 497 .  Provide the number of surge protection 
modules equal to the number of pairs of exterior cable of the building 
protector assembly.

2.2.3   Fiber Optic Terminations

Provide fiber optic cable terminations as specified in 27 10 00  BUILDING 
TELECOMMUNICATIONS CABLING SYSTEM.

2.3   CLOSURES

2.3.1   Copper Conductor Closures

2.3.1.1   Aerial Cable Closures

Provide cable closure assembly consisting of a frame with clamps, a 
lift-off polyethylene cover, cable nozzles, and drop wire rings.  Closure 

SECTION 33 82 00  Page 14



CAPITAL PROJECT # 1043925 MAY 2022 HAFB 309th SWEG
KRSM200806 100% FINAL SUBMITTAL

shall be suitable for use on Figure 8 cables.  Closures shall be free 
breathing and suitable for housingstraight-through type  splices of 
non-pressurized communications cables and shall be sized as indicated.  
The closure shall be constructed with ultraviolet resistant PVC.

2.3.1.2   Underground Cable Closures

a.  Aboveground:  Provide aboveground closures constructed of ultraviolet 
resistant PVC and acceptable for pole mounting in accordance with 
RUS 1755 .910.  Closures shall be sized and contain a marker as 
indicated.  Covers shall  be secured to prevent unauthorized entry.

  
b.  Direct burial:  Provide buried closure suitable for enclosing a 

straight, butt, and branch splice in a container into which can be 
poured an encapsulating compound.  Closure shall have adequate 
strength to protect the splice and maintain cable shield electrical 
continuity in the buried environment.  Encapsulating compound shall be 
reenterable and shall not alter the chemical stability of the 
closure.  Provide filled splice cases in accordance  with 
RUS Bull 345-72 .

c.  In vault or manhole:  Provide underground closure suitable to house a 
straight, butt, and branch splice in a protective housing into which 
can be poured an encapsulating compound.  Closure shall be of suitable 
thermoplastic, thermoset, or stainless steel material supplying 
structural strength necessary to pass the mechanical and electrical 
requirements in a vault or manhole environment.  Encapsulating 
compound shall be reenterable and shall not alter the chemical 
stability of the closure.  Provide filled splice cases in accordance  
with RUS Bull 345-72 .

2.3.2   Fiber Optic Closures

 2.3.2.1   Aerial

Provide aerial closure that is free breathing and suitable for housing 
splice organizer of non -pressurized cables.  Closure shall be constructed 
from heavy PVC with ultraviolet resistance.

2.3.2.2   Direct Burial

Provide buried closure suitable to house splice organizer in protective 
housing into which can be poured an encapsulating compound.  Closure shall 
have adequate strength to protect the splice and maintain cable shield 
electrical continuity, when metallic, in buried environment.  
Encapsulating compound shall be reenterable and shall not alter chemical 
stability of the closure.

2.3.2.3   In Vault or Manhole

Provide underground closure suitable to house splice organizer in a 
protective housing into which can be poured an encapsulating compound.  
Closure shall be of thermoplastic, thermoset, or stainless steel material 
supplying structural strength necessary to pass the mechanical and 
electrical requirements in a vault or manhole environment.  Encapsulating 
compound shall be reenterable and shall not alter the chemical stability 
of the closure.
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2.4   PAD MOUNTED CROSS-CONNECT TERMINAL CABINETS

Provide in accordance with RUS 1755 .910 and the following:

a.  Constructed of 14 gauge steel or .

b.  Equipped with a double set of hinged doors with closed-cell foam 
weatherstripping.  Doors shall be locked and contain a marker as 
indicated.

c.  Equipped with spool spindle bracket, mounting frames, binding post log,
 and jumpering instruction label.

d.  Complete with cross connect modules to terminate number of pairs as 
indicated.

e.  Sized as indicated.

2.5   CABLE SPLICES, AND CONNECTORS

2.5.1   Copper Cable Splices

Provide single pair, in-line splices of a moisture resistant, three-wire  
insulation displacement connector held rigidly in place to assure maximum 
continuity in accordance with RUS Bull 1753F-401 .  Cables greater than 25 
pairs shall be spliced using multipair splicing connectors, which 
accommodate 25 pairs of conductors at a time.  Provide correct connector 
size to accommodate the cable gauge of the supplied cable.

2.5.2   Shield Connectors

Provide connectors with a stable, low-impedance electrical connection 
between the cable shield and the bonding conductor in accordance with 
RUS Bull 345-65 .

2.6   CONDUIT

Provide conduit as specified in Section 33 71 02  UNDERGROUND ELECTRICAL 
DISTRIBUTION.

 
2.7   PLASTIC INSULATING TAPE

UL 510 .

2.8   WIRE AND CABLE

2.8.1   Copper Conductor Cable

Solid copper conductors, covered with an extruded solid insulating 
compound.  Insulated conductors shall be twisted into pairs which are then 
stranded or oscillated to form a cylindrical core.  For special high 
frequency applications, the cable core shall be separated into 
compartments.  Cable shall be completed by the application of a suitable 
core wrapping material, a corrugated copper or plastic coated aluminum 
shield, and an overall extruded jacket.  Telecommunications contractor 
shall verify distances between splice points prior to ordering cable in 
specific cut lengths.  Gauge of conductor shall determine the range of 
numbers of pairs specified; 19 gauge (6 to 400 pairs), 22 gauge (6 to 1200 
pairs), 24 gauge (6 to 2100 pairs), and 26 gauge (6 to 3000 pairs).  
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Copper conductor shall conform to the following:

2.8.1.1   Underground

Provide filled cable meeting the requirements of ICEA S-99-689  and  
RUS 1755 .390.

2.8.1.2   Aerial

Provide filled cable meeting the requirements of ICEA S-99-689 , and 
RUS 1755 .390  except that it shall be suitable for aerial installation and 
shall be Figure 8 distribution wire with  6,000 pound  Class A galvanized 
steel or  6,000 pound  aluminum-clad steel strand.

2.8.1.3   Screen

Provide screen-compartmental core cable filled cable meeting the 
requirements of ICEA S-99-689  and RUS 1755 .390.

2.8.2   Fiber Optic Cable

Provide single-mode, 8/125-um, 0.10 aperture 1550 nm fiber optic cable in 
accordance with TIA-492E000 , TIA-472D000 , and ICEA S-87-640  including any 
special requirements made necessary by a specialized design.  Provide 12 
optical fibers.  Fiber optic cable shall be specifically designed for 
outside use with loose buffer construction.  Provide fiber optic color 
code in accordance with TIA/EIA-598

2.8.2.1   Strength Members

Provide non-central, non-metallic strength members with sufficient tensile 
strength for installation and residual rated loads to meet the applicable 
performance requirements in accordance with ICEA S-87-640 .  The strength 
member is included to serve as a cable core foundation to reduce strain on 
the fibers, and shall not serve as a pulling strength member.

2.8.2.2   Performance Requirements

Provide fiber optic cable with optical and mechanical performance 
requirements in accordance with ICEA S-87-640 .

2.8.3   Grounding and Bonding Conductors

Provide grounding and bonding conductors in accordance with RUS 1755 .200, 
TIA-607 , IEEE C2 , and NFPA 70 .  Solid bare copper wire meeting the 
requirements of ASTM B1 for sizes No. 8 AWG and smaller and stranded bare 
copper wire meeting the requirements of ASTM B8, for sizes No. 6 AWG and 
larger.  Insulated conductors shall have 600-volt, Type TW insulation 
meeting the requirements of UL 83 .

2.9   T-SPAN LINE TREATMENT REPEATERS

Provide as indicated.  Repeaters shall be pedestal mounted with 
non-pressurized housings, sized as indicated and shall meet the 
requirements of RUS Bull 345-50 .

 2.10   POLES AND HARDWARE

Provide poles and hardware as specified in Section 33 71 01  OVERHEAD 

SECTION 33 82 00  Page 17



CAPITAL PROJECT # 1043925 MAY 2022 HAFB 309th SWEG
KRSM200806 100% FINAL SUBMITTAL

TRANSMISSION AND DISTRIBUTION.

2.11   CABLE TAGS IN MANHOLES, HANDHOLES, AND VAULTS

Provide tags for each telecommunications cable or wire located in 
manholes, handholes, and vaults.  Cable tags shall be polyethylene and 
labeledin accordance with TIA-606 .  Handwritten labeling is unacceptable.

2.11.1   Polyethylene Cable Tags

Provide tags of polyethylene that have an average tensile strength of  3250 
pounds per square inch ; and that are  0.08 inch  thick (minimum), 
non-corrosive non-conductive; resistive to acids, alkalis, organic 
solvents, and salt water; and distortion resistant to  170 degrees F .  
Provide  0.05 inch  (minimum) thick black polyethylene tag holder.  Provide 
a one-piece nylon, self-locking tie at each end of the cable tag.  Ties 
shall have a minimum loop tensile strength of  175 pounds .  The cable tags 
shall have black block letters, numbers, and symbols  one inch  high on a 
yellow background.  Letters, numbers, and symbols shall not fall off or 
change positions regardless of the cable tags' orientation.

2.12   BURIED WARNING AND IDENTIFICATION TAPE

Provide fiber optic media marking and protection in accordance with TIA-590 .  
Provide color, type and depth of tape as specified in paragraph BURIED 
WARNING AND IDENTIFICATION TAPE in Section 31 00 00 , EARTHWORK.

2.13   GROUNDING BRAID

Provide grounding braid that provides low electrical impedance connections 
for dependable shield bonding  in accordance with RUS 1755 .200.  Braid 
shall be made from flat tin-plated copper.

2.14   MANUFACTURER'S NAMEPLATE

Each item of equipment shall have a nameplate bearing the manufacturer's 
name, address, model number, and serial number securely affixed in a 
conspicuous place; the nameplate of the distributing agent will not be 
acceptable.

2.15   FIELD FABRICATED NAMEPLATES

Provide laminated plastic nameplates in accordance with ASTM D709 for each 
patch panel, protector assembly, rack, cabinet and other equipment or as 
indicated on the drawings.  Each nameplate inscription shall identify the 
function and, when applicable, the position. Nameplates shall be melamine 
plastic,  0.125 inch  thick, white with black center core.  Surface shall be 
matte finish.  Corners shall be square.  Accurately align lettering and 
engrave into the core.  Minimum size of nameplates shall be  one by 2.5 
inches .  Lettering shall be a minimum of  0.25 inch  high normal block style.

2.16   TESTS, INSPECTIONS, AND VERIFICATIONS

2.16.1   Factory Reel Test Data

Test 100 percent OTDR test of FO media at the factory in accordance with 
TIA-568-C.1  and TIA-568-C.3 .  Use TIA-526-7  for single mode fiber and 
TIA-526-14  Method B for multi mode fiber measurements.  Calibrate OTDR to 
show anomalies of 0.2 dB minimum.  Enhanced performance filled OSP copper 
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cables, referred to as Broadband Outside Plant (BBOSP), shall meet the 
requirements of ICEA S-99-689 .  Enhanced performance air core OSP copper 
cables shall meet the requirements of ICEA S-98-688 .  Submit test reports, 
including manufacture date for each cable reel and receive approval before 
delivery of cable to the project site.

PART 3   EXECUTION

3.1   INSTALLATION

Install all system components and appurtenances in accordance with 
manufacturer's instructions IEEE C2 , NFPA 70 , and as indicated.  Provide 
all necessary interconnections, services, and adjustments required for a 
complete and operable telecommunications system.

3.1.1   Contractor Damage

Promptly repair indicated utility lines or systems damaged during site 
preparation and construction.  Damages to lines or systems not indicated, 
which are caused by Contractor operations, shall be treated as "Changes" 
under the terms of the Contract Clauses.  When Contractor is advised in 
writing of the location of a nonindicated line or system, such notice 
shall provide that portion of the line or system with "indicated" status 
in determining liability for damages.  In every event, immediately notify 
the Contracting Officer of damage.

3.1.2   Cable Inspection and Repair

Handle cable and wire provided in the construction of this project with 
care.  Inspect cable reels for cuts, nicks or other damage.  Damaged cable 
shall be replaced or repaired to the satisfaction of the Contracting 
Officer.  Reel wraps shall remain intact on the reel until the cable is 
ready for placement.

3.1.3   Direct Burial System

Installation shall be in accordance with RUS Bull 1751F-640 .  Under 
railroad tracks, paved areas, and roadways install cable in conduit 
encased in concrete.  Slope ducts to drain.  Excavate trenches by hand or 
mechanical trenching equipment.  Provide a minimum cable cover of  24 inches
 below finished grade.  Trenches shall be not less than  6 inches  wide and 
in straight lines between cable markers.  Do not use cable plows.  Bends 
in trenches shall have a radius of not less than  36 inches .  Where two or 
more cables are laid parallel in the same trench, space laterally at least  
3 inches  apart.  When rock is encountered, remove it to a depth of at least
 3 inches  below the cable and fill the space with sand or clean earth free 
from particles larger than  1/4 inch .  Do not unreel and pull cables into 
the trench from one end.  Cable may be unreeled on grade and lifted into 
position.  Provide color, type and depth of warning tape as specified in 
paragraph BURIED WARNING AND IDENTIFICATION TAPE in Section 31 00 00  
EARTHWORK.

3.1.3.1   Cable Placement

a.  Separate cables crossing other cables or metal piping from the other 
cables or pipe by not less than  3 inches  of well tamped earth.  Do not 
install circuits for communications under or above traffic signal 
loops.
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b.  Cables shall be in one piece without splices between connections 
except where the distance exceeds the lengths in which the cable is 
furnished.

c.  Avoid bends in cables of small radii and twists that might cause 
damage.  Do not bend cable and wire in a radius less than 10 times the 
outside diameter of the cable or wire.

d.  Leave a horizontal slack of approximately  3 feet  in the ground on each 
end of cable runs, on each side of connection boxes, and at points 
where connections are brought aboveground.  Where cable is brought 
aboveground, leave additional slack to make necessary connections.

3.1.3.2   Identification Slabs Markers

Provide a marker at each change of direction of the cable, over the ends 
of ducts or conduits which are installed under paved areas and roadways 
and over each splice.  Identification markers shall be of concrete, 
approximately  20 inches  square by  6 inches  thick.

3.1.3.3   Backfill for Rocky Soil

When placing cable in a trench in rocky soil, the cable shall be cushioned 
by a fill of sand or selected soil at least  2 inches  thick on the floor of 
the trench before placing the cable or wire.  The backfill for at least  4 
inches  above the wire or cable shall be free from stones, rocks, or other 
hard or sharp materials which might damage the cable or wire.  If the 
buried cable is placed less than  24 inches  in depth, a protective cover of 
concrete shall be used.

3.1.4   Cable Protection

Provide direct burial cable protection in accordance with NFPA 70  and as 
specified in Section 33 71 02  UNDERGROUND ELECTRICAL DISTRIBUTION.  
Galvanized conduits which penetrate concrete (slabs, pavement, and walls) 
shall be PVC coated and shall extend from the first coupling or fitting 
outside either side of the concrete minimum of  6 inches per 12 inches  
burial depth beyond the edge of the surface where cable protection is 
required; all conduits shall be sealed on each end.  Where additional 
protection is required, cable may be placed in galvanized iron pipe (GIP) 
sized on a maximum fill of 40 percent of cross-sectional area, or in 
concrete encased  4 inches  PVC pipe.  Conduit may be installed by jacking 
or trenching.  Trenches shall be backfilled with earth and mechanically 
tamped at  6 inches  lift so that the earth is restored to the same density, 
grade and vegetation as adjacent undisturbed material.

3.1.4.1   Cable End Caps

Cable ends shall be sealed at all times with coated heat shrinkable end 
caps.  Cables ends shall be sealed when the cable is delivered to the job 
site, while the cable is stored and during installation of the cable.  The 
caps shall remain in place until the cable is spliced or terminated.  
Sealing compounds and tape are not acceptable substitutes for heat 
shrinkable end caps.  Cable which is not sealed in the specified manner at 
all times will be rejected.

3.1.5   Underground Duct
 

Provide underground duct and connections to existing manholes,existing 
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ducts as specified in Section 33 71 02  UNDERGROUND ELECTRICAL DISTRIBUTION 
with any additional requirements as specified herein.

3.1.6   Reconditioning of Surfaces
 

Provide reconditioning of surfaces as specified in Section 33 71 02  
UNDERGROUND ELECTRICAL DISTRIBUTION.

3.1.7   Penetrations

Caulk and seal cable access penetrations in walls, ceilings and other 
parts of the building.  Seal openings around electrical penetrations 
through fire resistance-rated wall, partitions, floors, or ceilings in 
accordance with Section 07 84 00  FIRESTOPPING.

3.1.8   Cable Pulling

Test duct lines with a mandrel and swab out to remove foreign material 
before the pulling of cables.  Avoid damage to cables in setting up 
pulling apparatus or in placing tools or hardware.  Do not step on cables 
when entering or leaving the manhole.  Do not place cables in ducts other 
than those shown without prior written approval of the Contracting 
Officer.  Roll cable reels in the direction indicated by the arrows 
painted on the reel flanges.  Set up cable reels on the same side of the 
manhole as the conduit section in which the cable is to be placed.  Level 
the reel and bring into proper alignment with the conduit section so that 
the cable pays off from the top of the reel in a long smooth bend into the 
duct without twisting.  Under no circumstances shall the cable be paid off 
from the bottom of a reel.  Check the equipment set up prior to beginning 
the cable pulling to avoid an interruption once pulling has started.  Use 
a cable feeder guide of suitable dimensions between cable reel and face of 
duct to protect cable and guide cable into the duct as it is paid off the 
reel.  As cable is paid off the reel, lubricate and inspect cable for 
sheath defects.  When defects are noticed, stop pulling operations and 
notify the Contracting Officer to determine required corrective action.  
Cable pulling shall also be stopped when reel binds or does not pay off 
freely.  Rectify cause of binding before resuming pulling operations.  
Provide cable lubricants recommended by the cable manufacturer.  Avoid 
bends in cables of small radii and twists that might cause damage.  Do not 
bend cable and wire in a radius less than 10 times the outside diameter of 
the cable or wire.

3.1.8.1   Cable Tensions

Obtain from the cable manufacturer and provide to the Contracting Officer, 
the maximum allowable pulling tension.  This tension shall not be exceeded.

3.1.8.2   Pulling Eyes

Equip cables  1.25 inches  in diameter and larger with cable manufacturer's 
factory installed pulling-in eyes.  Provide cables with diameter smaller 
than  1.25 inches  with heat shrinkable type end caps or seals on cable ends 
when using cable pulling grips.  Rings to prevent grip from slipping shall 
not be beaten into the cable sheath.  Use a swivel of  3/4 inch  links 
between pulling-in eyes or grips and pulling strand.

3.1.8.3   Installation of Cables in Manholes, Handholes, and Vaults

Do not install cables utilizing the shortest route, but route along those 
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walls providing the longest route and the maximum spare cable lengths. 
Form cables to closely parallel walls, not to interfere with duct 
entrances, and support cables on brackets and cable insulators at a 
maximum of  4 feet .  In existing manholes, handholes, and vaults where new 
ducts are to be terminated, or where new cables are to be installed, 
modify the existing installation of cables, cable supports, and grounding 
as required with cables arranged and supported as specified for new 
cables.  Identify each cable with corrosion-resistant embossed metal tags.

3.1.9   Aerial Cable Installation

Pole installation shall be as specified in Section 33 71 01  OVERHEAD 
TRANSMISSION AND DISTRIBUTION.  Where physical obstructions make it 
necessary to pull distribution wire along the line from a stationary reel, 
use cable stringing blocks to support wire during placing and tensioning 
operations.  Do not place ladders, cable coils, and other equipment on or 
against the distribution wire.  Wire shall be sagged in accordance with 
the data shown.  Protect cable installed outside of building less than  8 
feet  above finished grade against physical damage.

3.1.9.1   Figure 8 Distribution Wire

Perform spiraling of the wire within 24 hours of the tensioning operation. 
Perform spiraling operations at alternate poles with the approximate 
length of the spiral being  15 feet .  Do not remove insulation from support 
members except at bonding and grounding points and at points where ends of 
support members are terminated in splicing and dead-end devices.  Ground 
support wire at poles to the pole ground.

3.1.9.2   Suspension Strand

Place suspension strand as indicated.  Tension in accordance with the data 
indicated.  When tensioning strand, loosen cable suspension clamps enough 
to allow free movement of the strand.  Place suspension strand on the road 
side of the pole line.  In tangent construction, point the lip of the 
suspension strand clamp toward the pole.  At angles in the line, point the 
suspension strand clamp lip away from the load.  In level construction 
place the suspension strand clamp in such a manner that it will hold the 
strand below the through-bolt.  At points where there is an up-pull on the 
strand, place clamp so that it will support strand above the 
through-bolt.  Make suspension strand electrically continuous throughout 
its entire length, bond to other bare cables suspension strands and 
connect to pole ground at each pole.

3.1.9.3   Aerial Cable

Keep cable ends sealed at all times using cable end caps.  Take cable from 
reel only as it is placed.  During placing operations, do not bend cables 
in a radius less than 10 times the outside diameter of cable.  Place 
temporary supports sufficiently close together and properly tension the 
cable where necessary to prevent excessive bending.  In those instances 
where spiraling of cabling is involved, accomplish mounting of enclosures 
for purposes of loading, splicing, and distribution after the spiraling 
operation has been completed.
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3.1.10   Cable Splicing

3.1.10.1   Copper Conductor Splices

Perform splicing in accordance with requirements of RUS Bull 1753F-401  
except that direct buried splices and twisted and soldered splices are not 
allowed.  Exception does not apply for pairs assigned for carrier 
application.

3.1.10.2   Fiber Optic Splices

Fiber optic splicing shall be in accordance with manufacturer's 
recommendation and shall exhibit an insertion loss not greater than 0.2 dB 
for fusion splices.

3.1.11   Surge Protection

All cables and conductors, except fiber optic cable, which serve as 
communication lines through off-premise lines, shall have surge protection 
installed at each end which meet the requirements of RUS Bull 1751F-815 .

3.1.12   Grounding

Provide grounding and bonding in accordance with RUS 1755 .200, TIA-607 , 
IEEE C2 , and NFPA 70 .  Ground exposed noncurrent carrying metallic parts 
of telephone equipment, cable sheaths, cable splices, and terminals.

3.1.12.1   Telecommunications Master Ground Bar (TMGB)

The TMGB is the hub of the basic telecommunications grounding system 
providing a common point of connection for ground from outside cable, CD, 
and equipment.  Establish a TMGB for connection point for cable stub 
shields to connector blocks and CD protector assemblies as specified in 
Section 26 20 00  INTERIOR DISTRIBUTION SYSTEM.

3.1.12.2   Incoming Cable Shields

Shields shall not be bonded across the splice to the cable stubs.  Ground 
shields of incoming cables in the EF Telecommunications to the TMGB.

3.1.12.3   Campus Distributor Grounding

a.  Protection assemblies:  Mount CD protector assemblies directly in the 
telecommunications cabinet.  Connect assemblies mounted on each 
vertical frame with No. 6 AWG copper conductor to provide a low 
resistance path to TMGB.

3.2   LABELING

3.2.1   Labels

Provide labeling for new cabling and termination hardware located within 
the facility in accordance with TIA-606 .  Handwritten labeling is 
unacceptable.  Stenciled lettering for cable and termination hardware 
shall be provided using thermal ink transfer process.

3.2.2   Cable Tag Installation

Install cable tags for each telecommunications cable or wire located in 
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manholes, handholes, and vaults including each splice.  The labeling of 
telecommunications cable tag identifiers shall bein accordance with TIA-606 .
  Do not provide handwritten letters.  Install cable tags so that they are 
clearly visible without disturbing any cabling or wiring in the manholes, 
handholes, and vaults.

3.2.3   Termination Hardware

Label patch panels, distribution panels, connector blocks and protection 
modules using color coded labels with identifiers in accordance with 
TIA-606 .

3.3   FIELD APPLIED PAINTING

3.4   FIELD FABRICATED NAMEPLATE MOUNTING

Provide number, location, and letter designation of nameplates as 
indicated.  Fasten nameplates to the device with a minimum of two 
sheet-metal screws or two rivets.

3.5   FIELD QUALITY CONTROL

Provide the Contracting Officer 10 working days notice prior to test.  
Provide labor, equipment, and incidentals required for testing.  Correct 
defective material and workmanship disclosed as the results of the tests.  
Furnish a signed copy of the test results to the Contracting Officer 
within 3 working days after the tests for each segment of construction are 
completed.  Perform testing as construction progresses and do not wait 
until all construction is complete before starting field tests.

3.5.1   Pre-Installation Tests

Perform the following tests on cable at the job site before it is removed 
from the cable reel.  For cables with factory installed pulling eyes, 
these tests shall be performed at the factory and certified test results 
shall accompany the cable.

3.5.1.1   Cable Capacitance

Perform capacitance tests on at least 10 percent of the pairs within a 
cable to determine if cable capacitance is within the limits specified.

3.5.1.2   Loop Resistance

Perform DC-loop resistance on at least 10 percent of the pairs within a 
cable to determine if DC-loop resistance is within the manufacturer's 
calculated resistance.

3.5.1.3   Pre-Installation Test Results

Provide results of pre-installation tests to the Contracting Officer at 
least 5 working days before installation is to start.  Results shall 
indicate reel number of the cable, manufacturer, size of cable, pairs 
tested, and recorded readings.  When pre-installation tests indicate that 
cable does not meet specifications, remove cable from the job site.

3.5.2   Acceptance Tests

Perform acceptance testing in accordance with RUS Bull 1753F-201  and as 

SECTION 33 82 00  Page 24



CAPITAL PROJECT # 1043925 MAY 2022 HAFB 309th SWEG
KRSM200806 100% FINAL SUBMITTAL

further specified in this section.  Provide personnel, equipment, 
instrumentation, and supplies necessary to perform required testing.  
Notification of any planned testing shall be given to the Contracting 
Officer at least 14 days prior to any test unless specified otherwise.  
Testing shall not proceed until after the Contractor has received written 
Contracting Officer's approval of the test plans as specified.  Test plans 
shall define the tests required to ensure that the system meets technical, 
operational, and performance specifications.  The test plans shall define 
milestones for the tests, equipment, personnel, facilities, and supplies 
required.  The test plans shall identify the capabilities and functions to 
be tested.  Provide test reports in booklet form showing all field tests 
performed, upon completion and testing of the installed system.  
Measurements shall be tabulated on a pair by pair or strand by strand 
basis.

3.5.2.1   Copper Conductor Cable

Perform the following acceptance tests in accordance with TIA-758 :

a.  Wire map (pin to pin continuity)

b.  Continuity to remote end

c.  Crossed pairs

d.  Reversed pairs

e.  Split pairs

f.  Shorts between two or more conductors
 
3.5.2.2   Fiber Optic Cable

Test fiber optic cable in accordance with TIA/EIA-455  and as further 
specified in this section.  Two optical tests shall be performed on all 
optical fibers: Optical Time Domain Reflectometry (OTDR) Test, and 
Attenuation Test.  In addition, a Bandwidth Test shall be performed on all 
multimode optical fibers.  These tests shall be performed on the completed 
end-to-end spans which include the near-end pre-connectorized single fiber 
cable assembly, outside plant as specified, and the far-end 
pre-connectorized single fiber cable assembly.

a.  OTDR Test:  The OTDR test shall be used to determine the adequacy of 
the cable installations by showing any irregularities, such as 
discontinuities, micro-bendings or improper splices for the cable span 
under test.  Hard copy fiber signature records shall be obtained from 
the OTDR for each fiber in each span and shall be included in the test 
results.  The OTDR test shall be measured in both directions.  A 
reference length of fiber,  66 feet  minimum, used as the delay line 
shall be placed before the new end connector and after the far end 
patch panel connectors for inspection of connector signature.  Conduct 
OTDR test and provide calculation or interpretation of results in 
accordance with TIA-526-7  for single-mode fiber and TIA-526-14  for 
multimode fiber.  Splice losses shall not exceed 0.3 db.

b.  Attenuation Test: End-to-end attenuation measurements shall be made on 
all fibers, in both directions, using a 1550 nanometer light source at 
one end and the optical power meter on the other end to verify that 
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the cable system attenuation requirements are met in accordance with 
TIA-526-7  for single-mode fiber optic cables.  The measurement method 
shall be in accordance with TIA-455-78-B .  Attenuation losses shall 
not exceed 0.5 db/km at 1310 nm and 1550 nm for single-mode fiber.  
Attenuation losses shall not exceed 5.0 db/km at 850 nm and 1.5 db/km 
at 1300 nm for multimode fiber.

c.  Bandwidth Test: The end-to-end bandwidth of all multimode fiber span 
links shall be measured by the frequency domain method.  The bandwidth 
shall be measured in both directions on all fibers.  The bandwidth 
measurements shall be in accordance with  TIA/EIA-455-204 .

3.5.3   Soil Density Tests

a.  Determine soil-density relationships for compaction of backfill 
material in accordance with ASTM D1557, Method D.     

    -- End of Section --
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SECTION 01 33 00 
 

SUBMITTALS 
 
 

PART 1:  GENERAL 
 
1.01 CONSTRUCTION SCHEDULE 
 

A. Prepare and submit detailed progress schedules, schedule of values and shop 
drawing and sample submittal schedules to American Water (AW).  The schedule 
shall be in bar graph form and shall include, as a minimum, the following separate 
activities: 
 
1. Physical construction (identifying mobilization, demobilization, setup time, 

lags, etc.). 
 
2. Issuance by Contractor of purchase orders for material and equipment and 

submittal of shop drawings and samples to the AW Project Manager. 
 
3. Review by  AW Project Manager for each submittal of samples and shop 

drawings.  Unless otherwise approved by the AW Project Manager, allow 
ten (10) working days for AW Project Manager to review each submittal. 

 
4. Fabrication time for materials and equipment. 
 
5. Delivery of materials and equipment. 
 
6. Installation of materials and equipment. 
 
7. Testing, start-up and training for individual pieces of equipment or entire 

systems as appropriate. 
 
8. Weather affected activities.  The Contractor schedule should explicitly 

indicate how many days are allocated to downtime due to inclement 
weather. 

 
9. Outages or interruptions of AW's facilities required to perform work. 
 
10. Demolition or removal work under this Contract. 

 
B. Activity durations shall represent the best estimate of elapsed time considering the 

scope of the Work involved in the activity and the resources planned for 
accomplishing the activity expressed in working days. 

 
C. Activity descriptions shall clearly define the scope of work associated with each 

activity.   
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D. Detail the construction work schedule to an extent that progress can be readily 
monitored on a weekly basis.  In general, the construction work shall be detailed 
such that no construction activity shall have duration greater than fifteen (15) work 
days.  As a minimum, each activity shall be coded by: 
 
1. Activity type (i.e., submittal,  AW Project Manager's review, material order 

material delivery, excavation, pilot hole drilling, well testing, pipeline 
installation, etc.). 

 
2. Responsibility (i.e., Contractor, Contractor A, Contractor B, AW, Engineer, 

etc.). 
 
3. Area (i.e., Pilot Wells, Production Wells, sitework, etc.). 

 
E. Develop the construction schedule as necessary to properly control and manage 

the project.  The above schedule development requirements are a minimum.   
 
F. The preliminary progress schedule shall be submitted in a bar graph format and 

shall include, as a minimum, a graphic representation of all significant activities 
and events involved in the construction of the project.  The graphic representation 
and statement must clearly depict and describe the sequence of activities planned 
by the Contractor, their interdependence and the time estimated to perform each 
activity. 
 

1.02 FINALIZING SCHEDULES 
 
A. Prepare to present and discuss at the preconstruction meeting, the schedules 

submitted in accordance with this specification.  Unless additional information is 
required to be submitted by the Contractor, the AW Project Manager will, within 15 
working days of the preconstruction conference, provide comments to the 
Contractor.  Then resubmit the affected schedules addressing the AW Project 
Manager's comments. 

 
B. Approval of the final schedules by the  AW Project Manager is advisory only and 

shall not relieve the Contractor of responsibility for accomplishing the work within 
the Contract Time.  Omissions and errors in the approved schedule shall not 
excuse performance less than that required by the Subcontract.  Approval by the  
AW Project Manager in no way makes AW an insurer of the success of those 
schedules or liable for time or cost overruns flowing from shortcomings in such 
schedules. 

 
1.03 REQUIREMENTS FOR CONFORMING TO SCHEDULE 
 

A. Take such steps as will be necessary to improve progress, if, in the opinion of the  
AW Project Manager, the Contractor falls behind the progress schedule.  AW 
Project Manager may require Contractor to increase the number of shifts and/or 
overtime operations, days of work, and/or the amount of construction planned, and 
to submit for approval such supplementary schedule or schedules as may be 
deemed necessary to demonstrate the manner in which the agreed rate of 
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progress will be regained, all without additional cost to AW.  An updated cash flow 
schedule will be required in this occurrence and will be provided with the 
supplementary schedules referenced above. 

 
1.04 UPDATING SCHEDULES 

 
A. Submit to the AW Project Manager monthly updates of the schedules required per 

this specification section.  Be prepared to discuss the monthly update at the 
subsequent monthly job meeting if such meetings are to be held. 

 
B. Progress and shop drawing schedule updates shall reflect the progress to date by 

providing actual start dates for activities started, actual finish dates for completed 
activities, and identifying out of sequence work, schedule logic changes and any 
circumstances or events impacting the current schedule.  The updates shall also 
contain the Contractor's best estimate of the remaining duration for activities not 
complete as of the date of the update.  All graphic presentations and other 
information required per the initial submittal of these schedules shall be provided 
with each update. 

 
C. The cash flow schedules shall be updated to reflect any changes. 
 

1.05 ADJUSTMENT OF PROGRESS SCHEDULE AND CONTRACT TIME 
 

A. If the Contractor desires to make changes in the method of operating which affect 
the approved progress schedule, notify the AW Project Manager in writing stating 
what changes are proposed and the reason for the change.  If the AW Project 
Manager approves these changes, revise and submit for approval, without 
additional cost to AW, all of the affected portions of the schedule. 

 
B. Shop drawings and samples which are not approved on the first submittal or within 

the schedule time shall be immediately rescheduled, as well as any work which 
fails to pass specified tests or has been rejected. 

 
C. The Contract Time will be adjusted only for causes specified in the General 

Conditions.  In the event the Contractor requests an adjustment of the Contract 
Time, furnish such justif ication and supporting evidence as the AW Project 
Manager may deem necessary for a determination as to whether the Contractor is 
entitled to an adjustment of Contract Time under the provisions of the General 
Conditions.  The AW Project Manager will, after receipt of such justif ication and 
supporting evidence, make findings of fact and will advise the Contractor in writing.  
If the AW Project Manager finds that the Contractor is entitled to any adjustment 
of the Contract Time, the AW Project Manager's determination as to the total 
number of days adjustment shall be based upon the currently approved progress 
schedule and on all data relevant to the adjustment.  The Contractor acknowledges 
and agrees that actual delays in activities which, according to the progress 
schedule, do not affect the Subcontract completion date shown by the critical path 
in the schedule will not be the basis for an adjustment of Contract Time. 
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D. From time to time it may be necessary for the progress schedule and/or Contract 
Time to be adjusted by AW to reflect the effects of job conditions, weather, 
technical diff iculties, strikes, unavoidable delays on the part of AW , and other 
unforeseeable conditions which may indicate schedule and/or Contract Time 
adjustments.  Under such conditions, the AW Project Manager shall direct the 
Contractor to reschedule the work and/or Contract Time to reflect the changed 
conditions.  Revise the construction schedule accordingly.  No additional 
compensation shall be made to the Contractor for such changes except as 
provided in the General Conditions.  Unless otherwise directed, take all possible 
actions to minimize any extension to the Contract Time and any additional cost to 
AW. 

 
1.06 PERFORMANCE EXECUTION PLAN (PEP) 
 

A. When required by AW, the Contractor shall prepare and submit a Project Execution 
Plan that provides specific details as to how the Contractor intends to perform the 
proposed scope of work.  At a minimum the PEP will provide the following details: 
 
1. A brief description of the proposed project. 

 
2. A narrative detailing the Contractor’s responsibilities and services. 

 
3. A narrative detailing the tasks that are the responsibility of AW. 

 
4. Details of any proposed deviations from AW standard specifications and 

details. 
 
5. List of Contractor’s exclusions. 

 
6. Key assumptions and clarif ications. 

 
7. Project administration, including a communications plan that provides 

details on how meetings, outage notices, change orders, and payment 
requests will be communicated. 

 
8. Project submittals 

 
9. Design and engineering plan, including permitting requirements. 

 
10. Construction plan. 
 
11. Vendor and subcontracting plan. 
 
12. Project schedule and preliminary milestone dates. 
 
13. Operational considerations, including system shut downs. 
 
14. Project budget. 
15. Safety considerations. 
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16. Project risks, including operational constraints, construction risks, safety 

risks, schedule risks, process risks, and cost overrun risks. 
 
17. Commissioning, start-up, and training plan. 

 
B. Upon review and approval by both the Contractor and AW, the PEP will be signed 

by both parties and work will be permitted to proceed. 
 

1.07 QA/QC PLAN 
 
A. When required by AW, the Contractor shall prepare and submit a Quality 

Assurance/Quality Control (QA/QC) Plan that provides specific details as to how 
the Contractor will monitor and evaluate the project to ensure compliance with the 
project plans and specifications.  The QA/QC plan shall be project specific  and 
shall include, but not be limited to, the following key elements:   
 
1. Quality Management and Responsibilities. 
 
2. Qualif ied Employees. 
 
3. Project Quality Plan. 
 
4. Inspections and Testing. 
 
5. Control and Prevention of Nonconformance. 
 
6. Training. 
 
7. Project Documentation. 
 
8. Project Closeout. 

 
B. The QA/QC Plan may be submitted as part of the PEP. 
 

 
1.08 SHOP DRAWINGS 

 
A. Contractor shall prepare and submit a Submittal Log for review and approval by 

AW. 
 
B. Promptly supply to the AW Project Manager for approval, shop drawings with 

details and schedules for all items as noted in the Drawings and/or Specifications 
and/or required by the AW Project Manager.  Submittals are required for all 
equipment and materials to be installed on the job.  Contractor shall assume that 
all submittals will be reviewed and returned by AW within 10 business days. 
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C. One (1) copy of all drawings, schedules and brochures shall be submitted for 
approval.  Each submittal shall have the job name on it.  Shop drawings may be 
submitted to AW electronically. 

 
D. Submittals smaller than 8-1/2 by 11-inches shall be secured to paper 8-1/2 by 11-

inches. 
 
1.09 SAMPLES 

 
A. When required by the AW Project Manager or where noted in other Sections of 

these Specifications, samples of materials shall be submitted for approval.  
 
1.10 PRE-CONSTRUCTION VIDEO/ELECTRONIC PHOTOS 

 
A. If required by AW, and prior to mobilization at the site, furnish to the AW  Project 

Manager on DVD a video  recording of all planned construction areas, material 
storage areas, areas adjacent to these areas, including but not limited to, streets, 
driveways, sidewalks, curbs, ditches, fencing, railing, visible utilities, retaining 
structures and adjacent building structures.  The purpose of the video is to 
document existing conditions and to provide a f air measure of required restoration.  
Care should be taken to record all existing conditions which exhibit deterioration, 
imperfections, structural failures or situations that would be considered 
substandard.  Notify the  AW Project Manager when the video is to be taken to 
provide the  AW Project Manager an option to be on site during the documenting 
of the project area.  

 
B. The video shall be high quality, color and in an approved electronic format.  

Temporary lighting shall be provided as necessary to properly video areas where 
natural lighting is insufficient (indoors, shadows, etc.).  The video shall include an 
audio soundtrack to provide the following information:   
 
1. Detailed description of location being viewed referenced to Contract          

Drawings (i.e., well location, building designation, pipeline route etc.) 
 
2. Direction (N, S, E, W, looking up, looking down, etc.) of camera view 
 
3. Date, time, temperature, environmental conditions during recording. 

 
4. Where required by  AW Project Manager, electronic photographs of specific 

locations shall be provided to supplement the electronic video. 
 

C. Any areas not readily visible by video/photo methods shall be described in detail.  
Unless otherwise approved by  AW Project Manager, video shall not be performed 
during inclement weather or when the ground is covered partially or totally with 
snow, ice, leaves, etc. 

 
D. As many recordings or photos as are necessary to satisfy the requirements of this 

section shall be prepared.  The original documents shall be submitted to the  AW 
Project Manager accompanied by a detailed log of the contents of each DVD.  The 
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log should include location descriptions with corresponding file name to facilitate 
the quick location of information contained on the DVDs.  The DVDs will be 
maintained by the  AW Project Manager during construction and may be viewed 
at any time by Contractor upon request.  Upon final acceptance, the DVDs will 
become the permanent property of AW . 

 
1.11 PROGRESS PAYMENTS 
 

A. The detailed arrangement for submittal of progress payments shall be discussed 
at the preconstruction meeting.  In general, progress payments shall be submitted 
monthly in AIA format to the  AW Project Manager.  The progress payment request 
shall be based on the unit prices and should provide the percentage of completion, 
total dollar value completed, dollar value completed prior to the current payment, 
and the amount requested for this progress payment for each line item contained 
in the schedule of values.   

 
Progress payment requests for material and/or equipment suitably stored but not 
yet incorporated into the work shall not be permitted by AW.  Payment will not be 
made to the Contractor if, upon inspection by the AW Project Manager, it is 
determined that the material and/or equipment does not conform to the 
requirements of the Contract Documents including proper storage, receipt of 
approved shop drawings, receipt of any special guarantees, bonds, insurance 
coverage, any evidence of damage or imperfections, etc. 

 
CONTRACTOR’S DAILY REPORTS 
 

B. If requested by the  AW Project Manager or the AW Representative, prepare and 
submit daily reports containing the following information: 
 
1. The number of craftsmen and hours worked of each Contractor, 
 
2. The number of hours worked by each trade, 
 
3. The number of hours worked of each type of equipment, 
 
4. A description of work activities performed, 
 
5. A description of any material or equipment deliveries, 
 
6. Description of obstructions encountered, 
 
7. The temperature and weather conditions. 
 
8. Downtime due to equipment failure. 
 
9. Detail cause for work delays. 
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C. The daily reports shall be submitted on a daily basis, by the end of the next 
business day. 

 
D. Information provided on the daily report shall not constitute notice of delay or any 

other notice required by the Contract Documents.  Notice shall be as required 
therein. 

 
1.12 OPERATING AND MAINTENANCE INSTRUCTION MANUALS 
 

A. Prepare complete written maintenance and operating instructions covering any 
equipment provided under this Contract.  Divide the operating instructions into 
basic sections according to type of equipment. 

 
B. Instructions shall describe all equipment and controls, their purpose, and their 

operation and use.  Include maintenance checklists for use by AW 's personnel 
and a complete listing of replacement parts with pertinent information relative to 
ordering such parts. 

 
C. Submit instructions in duplicate draft form for review by the AW Project Manager 

at least eight weeks prior to initial operation and in final form within thirty days after 
return of one copy of the draft with the  AW Project Manager's notations. 

 
D. Prior to release of Final Payments, revise and resubmit copies of the instructions 

to accord with any changes in procedures or equipment made during start -up or 
initial operation.  Resubmittals are also required for changes made during the 
guarantee period. 

 
 
PART 2:  PRODUCTS 
  
2.01 TESTING DATA CERTIFICATES 
 

A. Product testing shall comply with all respective AWWA or ASTM standards. The 
certif icates of compliance shall be electronically scanned and submitted by E-mail 
to the  AW Project Manager or by submitting the hard copy originals to the  AW 
Project Manager. 

 
 
PART 3:  EXECUTION 
 

(Not Used) 
 

END OF SECTION 01 33 00 



 

 Standard Specifications
 Project Closeout 
 

 

Revised June 2013  01 77 00-1 
 

 
SECTION 01 77 00 

 
PROJECT CLOSEOUT 

 
 
PART 1:  GENERAL 
 
1.01 TESTING OF FACILITIES 
 

A. All work shall be tested under operating conditions and pressures and any leaks 
or malfunctions shall be repaired to the satisfaction of the AW Project Manager at 
no additional expense to AW. 

 
1.02 CLOSEOUT PROCEDURES 

 
A. Submit written certif ication that Contract Documents have been reviewed, Work 

has been inspected, and that Work is complete in accordance with Contract 
Documents and ready for AW Project Manager's inspection.  Provide submittals 
to AW Project Manager that are required by governing or other authorities.  
Submit Application for final payment identifying total adjusted Contract sum, 
previous payments, and sum remaining due. 

 
1.03 PROGRESS CLEANING AND FINAL CLEANING 
 

A. Periodically, or as directed during the progress of the Work, remove and properly 
dispose of the resultant dirt and debris and keep the premises reasonably clear.  
Upon completion of the Work, remove all temporary construction facilities and 
unused materials provided for the Work and put the premises in a neat and clean 
condition and do all cleaning required by the Specifications.  Trash and combust -
ible materials shall not be allowed to accumulate in construction locations.  

 
B. Execute final cleaning prior to final inspection.  Clean interior and exterior 

surfaces exposed to view; remove temporary labels, stains and foreign 
substances.  Clean equipment and fixtures to a sanitary condition.  The project 
site shall be clear of any debris.  The project site shall be cleaned: sweep paved 
areas; and rake clean landscape surfaces.  Remove waste and surplus 
materials, rubbish, and construction facilities from the site. 

 
1.04 PROJECT RECORD DOCUMENTS 
 

A. Maintain on site, one set of the following record documents;  record actual 
revisions to the Work: 
 
1. Contract drawings 
 
2. AW Standard Specifications and Technical Specification for the Work. 
 
3. Addenda 
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4. Change Orders and other modifications to the Contract 
 
5. Reviewed shop drawings, product data, and samples 

 
6. Record information concurrent with construction progress. 

 
a. Store record documents separate from documents used for 

construction. 
 

B. Specifications:  Legibly mark and record at each product section description of 
actual products installed, including the following: 
 
1. manufacturer's name and product model and number 
 
2. product substitutions or alternates utilized 
 
3. changes made by addenda and modifications 

 
C. Record Documents and Shop Drawings:  Legibly mark each item to record actual 

construction including but not limited to the following: 
 

1. Measured well depths, screen, casing, and pump types and dimensions 
in relation to finished ground elevation. 

 
2. Measured site location of well, vault and any other structures. 
 
3. Measured horizontal and vertical locations of underground utilities and 

appurtenances, referenced to permanent surface improvements. 
 
4. Field changes of dimension and detail. 
 
5. Details not on original Drawings. 

 
D. Submit documents to AW Project Manager with final Application for Payment. 
 

1.05 ENGINEERING CERTIFICATION 
 
A. Where required by regulation, the Contractor’s engineer shall prepare a 

document certifying that the project was constructed in accordance with the 
approved Contract Documents. Such an engineer shall be license to practice as 
a Professional Engineer in the State where the Work is performed. This 
Engineer’s Certif ication shall be submitted to the appropriate regulatory agency 
with one (1) copy provided to AW. 

 
1.06 SPARE PARTS AND MAINTENANCE MATERIALS 
 

A. Contractor Purchased Material 
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1. Provide products, spare parts, maintenance and extra materials in 
quantities specified in individual specification sections. 

 
2. Deliver to project site and place in location as directed; obtain receipt 

prior to final payment.  
 
B. AW Purchased Material 
 

1. Return excess AW material to a location(s) specified by the AW Project 
Manager within three (3) days of job completion. 

 
1.07 GUARANTEES AND WARRANTIES 

 
A. The Contractor expressly warrants that all workmanship and materials performed 

or furnished under this Contract will conform to AW Specifications, Drawings, 
samples and other applicable descriptions furnished or adopted by AW and with 
all applicable laws, provisions and requirements of the Contract Documents.  
Remedy any defects due to faulty materials or workmanship which are 
discovered within a period of one (1) year from the date of acceptance of the 
Work, or more if indicated in the contract documents, in this project  and pay f or 
any damage resulting from faulty materials or workmanship.  AW shall give 
notice of observed defects with reasonable promptness.  The Contractor 
warranty hereunder is in addition to, and not in limitation of, any obligations found 
elsewhere in the Contract Documents, any special guarantees provided by the 
Contractor or Contractor suppliers, and any obligations imposed by law. 

 
B. In addition to the above requirements, assign material and equipment guarantees 

and warranties from all manufacturers and suppliers to AW and deliver copies of  
such guarantees and warranties and the necessary assignments to AW in order 
to assure AW of the full benefit of such guarantees and warranties. 

 
1.08 PUNCH LIST 

 
A. AW will prepare a final punch list upon Contractor’s completion of Work.  

Contractor shall address all punch list item to the satisfacton of the AW Project 
Manager prior to leaving the site.  

 
1.09 RESTORATION 

 
A. Restore and/or replace paving, curbing, sidewalks, gutters, shrubbery, fences, 

sod or other disturbed surfaces and structures to a condition equal to or better 
than that before the Work began and to the satisfaction of the AW Project 
Manager and furnish all labor and materials incidental thereto.  In restoring 
improved surfaces, new pavement is required.   

 
B. No permanent bituminous top paving shall be placed within twenty (20) days, or 

other specified time frame required by law, after the backfilling shall have been 
completed, except by order of  AW.  Temporary paving will be installed prior to 
the placement of permanent surfaces when required by the AW Project Manager  
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or by any Federal, State or local governing body having jurisdiction over the site 
where the Work is being performed.  In any event, all permanent bituminous top 
paving shall be placed as required by law, after the backfill has been completed 
unless otherwise ordered by the AW Project Manager. 

 
1.010 MAINTENANCE OF SURFACES 
 

A. Following the certif ication of completion by the Engineer, maintain the surfaces of 
paved and unpaved trenches and adjacent curbs and gutters, sidewalks, fencing, 
sod and other disturbed surfaces for a period of one (1) year thereafter or as 
required by State, county or local authorities unless otherwise stipulated by the 
Engineer.  Supply all material and labor required for the maintenance of the 
trench surfaces and structures and perform the work in a manner satisf actory to 
the Engineer.   

 
B. This requirement does not apply to ongoing, routine maintenance that may be 

required for landscaping purposes, i.e., cutting of grass, or watering of vegetation 
once it has been accepted as complete. 

 
PART 2:  PRODUCTS 
 

(Not Used) 
 
PART 3:  EXECUTION 
 

(Not Used) 
 

END OF SECTION 01 77 00 
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SECTION 01 78 29 
 

AS-BUILT DOCUMENTATION 
 
 

PART 1:  GENERAL 
 
1.01 AS-BUILTS 

 
Where identif ied as a product of the Work, provide as-built drawings adhering to the 
criteria provided here and in the special conditions.  

 
A. Recording the Information – Provide the Record As-Built information in both 

Electronic and Hardcopy mediums, with the exception of the Field Sketches. The 
Field Sketches are not required to be in the electronic format. The electronic 
medium format shall be specified by American Water in the RFP or during the 
preconstruction meeting.     

  
B. Coordinate System and Datum – Specified in RFP. Provide the required survey 

coordinates captured through traditional survey or post-processed or RTK GPS 
(survey or GIS mapping grade).  GPS locations captured with a recreational GPS 
receiver that does not allow for post-processed or real time correction will not be 
acceptable.  The drawing features included shall be as noted herein. 

 
C. Submitting the Information – When the Record information is ready, submit 

Electronic and Hardcopies of all the information, including sketches to the AW 
Project Manager for approval.  All f iles associated with the post-processing of 
GPS data including raw and post-processed GPS data shall be included in the 
submitted deliverable to AW (if required).  These files can include but not be 
limited to: .ssf GPS data, import files, export f iles, and correction files. 

 
A GIS Mapping As-Built may have predetermined milestone project deliverables.  
The delivery schedule shall be determined by AW Project Manager during the 
preconstruction meeting. 

 
The electronic information shall be burned on a CD (CD-RW).  The CD shall be 
labeled with the following information: 

 
American Water (State and District)  
Facility (Installation Name) 
Project   (Name) 
(Street) and (Town) 

   
D. The Information Process - The AW Project Manager will approve the submission 

and ‘red line’ any information needing to be corrected or added, and return it f or 
resubmission.  When the submittal is approved by the AW Project Manager , the 
contractor shall provide two CD-RW’s each containing all approved Record As-
Built information in a clear face hard plastic CD jacket and one hardcopy of all 
approved Record As-Built information  (binder clipped together, not bound)  
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Initial submission must be provided within (14) calendar days of the ‘Construction 
Completion’ date, not including the restoration work.  The AW Project Manager 
will return the submission within (7) calendar days of receipt.  The approved final 
submission must be provided within twenty-eight (28) calendar days from the 
‘Construction Completion’ date, not including the restoration work. 
  

PART 2:  PRODUCTS 
 

2.01 Types of As-Built Formats  
 
Type of work performed will determine which as-built format deliverable is 
required.  Format will be indicated in the RFP. 

 
A. Red-line Markups (field sketches) – Required on smaller projects 

where all project information can fit on one drawing (i.e. service 
connection to a building). 

 
1. Markups drawn on an AW basemap or drawing provided by Base 

DPW/ACE. If no map provided, a GPS coordinate located on 
drawing of general project area and nearby streets and buildings 
clearly noted for reference. 

 
2. Red-line drawing not required to be to scale. 
 
3. North Arrow on drawing. 
 
 
4. Measurements in feet from known fixed locations (i.e. building 

corners, curbs) to all valves, fittings, hydrants or manholes. 
 
5. AW Project name, project ID, date, contractor name and 

contractor contact information provided on drawing. 
 
6. Provided in Adobe .pdf format in either A size (8.5 x 11 in) or B 

size (11 x 17 in) page. 
 

B. Construction Drawing Set – Required for most non-phased construction 
projects. 

 
1. Signed and sealed drawings supplied in AutoCAD 2010 or newer  

version specified in RFP. The base drawing shall be drawn in 
Model Space at a scale of 1 to 1, in real world coordinates and all 
plotting, labeling and dimensioning shall be drawn from Paper 
Space. Templates shall not be modified or resized due to Optical 
Scanning requirements. The layering convention and color 
scheme shall follow the samples provided. 
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2. Number of hard copy drawing set(s) delivered to be determined at 
preconstruction meeting (minimum of 1) 

 
3. All asset locations (including but not limited to mains, sewer lines, 

hydrants, valves, fittings and junctions) collected through 
traditional survey or GPS survey (mapping or survey grade).  All 
GPS locations shall be collected with real-time correction orpost 
processed with differential correction software, i.e. Trimble 
Pathfinder Office (most current version). 

 
4. All assets taken out of service and abandoned or demolished shall 

be clearly denoted and labeled as such on the plans. 
 
5. All assets (including but not limited to mains, sewer lines, 

hydrants, valves, fittings and junctions) shall be clearly 
represented on drawings with coordinates and top of surface 
and/or invert elevations (when applicable) labeled on drawing. 

 
6. As-builts shall be provided with +/- 1’ horizontal accuracy and +/- 

0.1’ for vertical accuracy unless otherwise specified in the RFP or 
during the preconstruction meeting. 

 
7. Output GPS files (.ssf), import logs and correction files, including 

raw and post-processed data of each GPS survey, shall be 
included in deliverable. 

 
8. Coordinate system and horizontal and vertical datums of 

deliverable specified in RFP. 
 
9. Drawing set meets the “Plan Review and Approval Requirements” 

of the American Water Design Guide for Water and Wastewater 
Facilities. 

 
C. GIS Mapping Format As-Builts – Required for multi-phased projects 

constructed over large areas of the military installation over several 
months or years.  These projects require coordination between AW and 
the contractor to deliver accurate as-builts that adhere to the military 
requirements and meet AW quality standards. 

 
1. Deliverable comprised of construction drawing set, derived from GIS 

in .pdf format, and GIS data in a file geodatabase format including 
.mxd map project (and associated map files, i.e. .lyr f iles) files for all 
maps in the construction set. Hard copies of the drawing set shall be 
provided with the deliverable. Number of copies determined during the 
preconstruction meeting or as specified in the RFP. 

 
2. All GIS deliverables created and delivered in most current ArcGIS 

version, unless specified by AW. 
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3. All asset locations (including but not limited to mains, sewer lines, 
hydrants, valves, fittings and junctions) collected through traditional 
survey, mapping or survey grade GPS.  All GPS locations shall be 
collected with real-time correction, and post processed with differential 
correction software, i.e. Trimble Pathfinder Office (most current 
version). 

 
4. All assets taken out of service and abandoned or demolished shall be 

clearly denoted and labeled as such within the GIS mapping system 
as a separate layer. 

 
5. As-builts shall be provided with +/- 1’ horizontal accuracy and +/- 0.1’ 

for vertical accuracy. 
 
6. Output GPS files (.ssf), import logs and correction files, including raw 

and post-processed data of each GPS survey, shall be included in 
deliverable. 

 
7. Coordinate system and horizontal and vertical datums of deliverable 

specified in RFP. 
 
8. Attribute data format outlined at pre-construction meeting.  Format will 

follow Department of Defense SDSFIE 3.0 unless otherwise specified 
by AW during the preconstruction meeting.  Required asset details will 
be specified in a GIS As-Built Scope of Work document which will be 
finalized by the AW Project Manager after the preconstruction 
meeting. 

 
9. Delivery schedule of GIS data determined at pre-construction 

meeting. 
 
10. FGDC compliant metadata included using AW template provided. 
 
11. Drawing set meets the “Plan Review and Approval Requirements” of 

the AW Design Guide for Water and Wastewater Facilities. 
 
PART 3:  EXECUTION 

3.01 General information required – At a minimum, all As-Built record drawings shall 
contain the following information: 

 
1. North Arrow with North at the top of the drawing. 
 
2. Face of curb lines, easement lines, edge of pavement (EOP) or r ight -of-

way lines. 
 

3. All objects located shall be referenced to other objects with (3) 
perpendicular measurements. All such measurements shall be from 
permanent existing structures, such as catch basins, manholes, buildings, 
etc. (no utility poles). 



 

 Standard Specifications
 As-Built Documentation 

 

  

Revised July 2014  01 78 29-5 
 

 
4. The proposed pipeline ‘line’ designation shall be shown in bold or heavier 

line style per template and sample. 
 

3.02 Additional information required – At a minimum, all As-Built record drawings shall 
contain the following information: 
 

1. Title Sheet (including American Water location, Project Name, Design 
Consultant Engineering Company name, Project date, County and Town. 

 
2. Each drawing shall include only the work along one street block 

(transmission mains excluded), and the intersecting street corners with 
the distance to the center line of each intersection.  Include Match Lines if 
multiple drawings are required. 

 
3. If more than one drawing is required, include an overall site plan of the 

whole project with a drawing key. 
 
4. Pipe diameter and material 
 
5. Bill of Materials with arrow identifying where installed 
 
6. Date the water main was put ‘In-service’ (data provided by AW Project 

Manager or Utility Manager) 
 
7. Include valve, hydrant and tap/service identifying numbers for each.  

Numbering system data to be furnished by AW during the design and/or 
review process. 

 
8. Reference the Point of Connection where the new main pipeline connects 

to existing AW facilities and provide dimensions to nearest existing 
appurtenance. 

 
9. If project continues from an existing stub, a dimension from the center line 

of the nearest street intersection and existing line valve shall be included.  
Provide coordinates for the referenced existing valve.  

 
10. If the project is a continuation of a previous project, reference the 

previous project reference number. 
 
11. All valves, tees, manholes, vaults, hydrants, lift stations, 

horizontal/vertical bends, restraint locations, and the start and end of  the 
new water main and sewer lines shall be located with coordinates in the 
specified format and identif ied and labeled on the Drawings.  

 
12. All rim and invert elevations for manholes shall be labeled on the as-builts 

unless specified by AW Project Manager to not be collected. 
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13. The invert in, invert out, and slope of all gravity sewers shall be labeled 
on the as-builts unless specified by AW Project Manager to not be 
collected. 

 
14. All connections, wet cuts and fittings not required to have coordinates 

shall be dimensionally located. 
 
15. Indicate abandoned pipe with type of material and length (if applicable).  
 
16. Indicate and locate buried valves (if applicable) with coordinates in the 

specified format. 
 
17. Contractor shall provide a GPS or traditional survey line location every 

100 LF, unless otherwise specified by AW Project Manager. 
 
18. At abrupt changes in pipe elevation, provide a referenced drawing 

showing the profile of the work and list the material used. 
 
19. Provide the depth from finish grade to top of pipe every 300 lf, and at the 

start and end of a new main. 
 
20. Name of Contractor and Construction Inspector (full last name) on the 

project (locate in title block) 
 
21. For projects where buildings are constructed, as-built plans shall include 

detailed mechanical drawings of all interior appurtenances, including 
mechanical piping, pumps, valves, and electrical boxes. 

 
22. Projects involving the construction of lift stations shall have as-builts that 

denote the quantity and location of valves, piping, and all other 
appurtenances.  In addition, the wet well operating levels shall be 
included on the as-built plan. 

 
END OF SECTION 01 78 29 
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SECTION 03 30 00 
 

CAST-IN-PLACE CONCRETE 
 

 
PART 1: GENERAL 
 
 1.01 SCOPE OF WORK 
 

Provide concrete for structures such as water pump stations, wastewater lift 
station, storage tanks, underground junction boxes, thrust blocking, manhole 
bases, pipe encasement, curbs, sidewalks and pavement in accordance with this 
Specification Section.  This section in not applicable to flowable fill. 
 

 1.02 SUBMITTALS 
 

Subcontractor shall submit a certif ication from the concrete producer, as well as 
supporting data, stating that the cement concrete conforms to the compressive 
strength needed for the proposed project. 

 
PART 2: PRODUCTS 
 
 2.01 MATERIALS 
 

A. Portland Cement shall be Type I or Type III and conform to "Specification 
for Portland Cement" ASTM C150. 

 
B. Air-Entraining Agent from approved manufacturer shall be added in 

accordance with manufacturer's directions to the normal Portland cement 
to entrain 4½ percent air ± 1 percent with all other ingredients and 
strength as specified.  Air-entraining admixtures shall conform to 
"Specifications for Air-Entraining Admixtures for Concrete" ASTM C260. 

 
C. Concrete Aggregates shall conform to "Specifications for Concrete 

Aggregates" ASTM C33.  Coarse aggregates shall be a maximum of 1½-
inches in size in footings and plain concrete.  Pea gravel shall be used for 
sections 3-inches or less in thickness. 

 
D. Water used in mixing concrete shall be clean and free from injurious 

amounts of oils, acids, alkalis, organic materials, or other deleterious 
substances.  In effect, the water used shall be potable water. 

 
E. Reinforcing Bars shall be billet steel grade (60,000 psi minimum yield) 

conforming to the requirements of ASTM A615, Grade 60.  Reinforcing 
bars shall be new stock, free from rust, scale, or other coatings that tend 
to destroy or reduce bonding. 
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F. Welded Wire Mesh shall conform to "Specif ications for Welded Steel Wire 
Fabric for Concrete Reinforcements" ASTM A185. 

 
G.  Premolded Expansion Joint Material shall be provided where shown on 

the Drawings or directed by the AW Project Manager.  This non-extruding 
compressible joint material shall conform to the requirements of 
"Preformed Expansion Joint Fillers for Concrete Paving and Structural 
Construction", ASTM D1751. 

 
2.02 CONCRETE MIXES 

 
Ready-mixed concrete shall conform to "Specifications for Ready-Mixed 
Concrete", ASTM C94. 

 
A. All concrete mixes shall produce a dense durable concrete.  The 

minimum 28-day compressive strength of the concrete shall be: 
 

1.  3,000 psi - thrust blocking, sidewalks, curbs and pipe encasement.   
2.  4,000 psi - manhole bases, manhole channels, road pavement, walls 
and slabs for pump stations, meter vaults, foundations for water storage 
tanks, and the like. 

 
B. Water/cement ratio for the concrete shall not exceed a maximum as 

shown in Table 4.4 of the ACI Standard 318 latest edition, Building Code 
Requirements For Reinforced Concrete, when strength data from field 
experience or trial mixtures are not available.  A workable concrete with 
minimum slump of 3-inches and a maximum slump of 5-inches shall be 
produced without exceeding the water/ cement ratio. 

 
PART 3:  EXECUTION 
 
 3.01 FORMWORK 
 

A. Build all forms mortar tight and of sufficient rigidity to prevent distortion 
due to the pressure of the concrete and other loads incidental to the 
construction operations.  Construct and maintain forms so as to prevent 
warping and the opening of joints. 

 
B. The forms shall be substantial and unyielding. Design the forms so that 

the finished concrete conforms to the proper dimensions and contours.  
Design the forms to take into account the effect of the vibration of 
concrete during placement. 

 
 3.02 PLACING REINFORCING STEEL 
 

A. Place all steel reinforcement accurately in the positions shown on the 
Drawings. Secure the steel reinforcement firmly in place during the 
placing and setting of concrete.  When placed in the work, it shall be f ree 
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from dirt, detrimental rust, loose scale, paint, oil or other foreign material.  
When spacing between crossing bars is greater than one foot, tie all bars 
at all intersections.  When spacing is less than one foot in each direction , 
tie alternate intersections of bars. 

 
B. Maintain distances from the forms by means of stays, blocks, ties, 

hangers or other approved supports.  Continuous high chairs will not be 
permitted. Furnish all reinforcement in full lengths as indicated on the 
Drawings.  Splicing of bars will not be permitted without the approval of 
the AW Project Manager, except where shown on the Drawings.  Stagger 
splices as far apart as possible.  Unless otherwise shown on the 
Drawings, bars shall be lapped 36 diameters to make the splice. 

 
C. Lap welded wire mesh at least 1½ meshes plus end extension of wires 

but not less than 12-inches in structural slabs.  Lap welded wire mesh at 
least ½ mesh plus end extension of wires but not less than 6-inches in 
slabs on the ground. 

 
  3.03 CONVEYING AND PLACING CONCRETE 
 

A. Concrete placement is not permitted when weather conditions prevent 
proper placement and consolidation unless approved by AW. 

 
B. When concrete is mixed and/or delivered by a truck mixer, the concrete 

shall be delivered to the project site for ultimate discharge with in 90 
minutes. 

 
C. Convey concrete from the mixer to the forms as rapidly as practical by 

approved methods which will prevent segregation and loss of ingredients. 
 

D. Clean formwork of dirt and construction debris, drain water, and remove 
snow and ice.  After the forms have been inspected, deposit the concrete 
in approximately horizontal layers to avoid flowing along the forms.  Place 
all concrete in the dry free from standing water.  Deposit all concrete 
continuously or in layers of a thickness such that no concrete will be 
deposited on concrete which has hardened sufficiently to cause the 
formation of seams and planes of weakness within the sections. Place the 
concrete to create a monolithic structure the component parts of which 
are securely bonded together. Compact the concrete during placement by 
suitable means. Work the concrete around the reinforcement and 
embedded fixtures and into corners and angles of forms, taking care to 
avoid overworking which may result in segregation. 

 
E. Do not drop concrete into forms from a height greater than 5 feet.  Use a 

spout to deposit concrete from a greater height; or, provide openings in 
the forms limit the height of drop.  Obtain the approval of AW before using 
any other method of placing concrete from a height greater than 5 feet.  
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F. Direct concrete through chutes to prevent it from striking reinforcement or 
sides of the form above the level of placement.  Avoid segregation and 
coating of the surfaces with paste which may dry before concrete reaches 
its level. 

 
G. Submit a concrete mix design to AW for approval prior to placing any 

concrete by pumping. 
 
 3.04 THRUST BLOCKING 
 

A. See the thrust blocking details.  Notify AW whenever field conditions are 
noted which are more restrictive than the thrust block design data 
included on details. 

 
B. Construct blocking against the vertical face of undisturbed earth or 

sheeting left in place.  Prevent the concrete from enclosing more than half 
the circumference of the pipe unless it is a straddle block. Keep the 
concrete away from joints or bolts in the piping. 

 
C. If thrust blocks are employed, place thrust blocking for hydrants to allow 

the hydrant to drain. 
 
 

3.05 PLACING CONCRETE IN COLD WEATHER 
 

A. Follow the provisions of ACI 306R-10, ACI 308 and Paragraph 8-5 of 
USACE, Standard Practice For Concrete For Civil Works Structures, 
when the ambient temperature is less than 40°F at time of  placement or 
expected to be less than 40°F during the curing period. 

 
B. Control concrete setting time with the use of accelerating admixtures as 

required to facilitate placing and finishing operations.  Do not use calcium 
chloride in excess of 2% by weight in the concrete free of steel 
reinforcement.  Where steel reinforcement is employed and concrete with 
calcium chloride is permitted, Contractor must use galvanized or coated 
steel satisfactory to the AW Project Manager. 

 
C. Exposed subgrade, formwork and reinforcing shall be warmer than 33°F 

prior to placement of concrete. 
 
D. The temperature of the concrete during placing shall be between 55°F 

and 75°F.  Maintain the temperature of the concrete between 55°F and 
75°F for a minimum of 5 days by providing insulating blankets, heated 
enclosures, or other methods of thermal protection.  Provide a means of  
maintaining atmospheric moisture when dry heat is used. Provide proper 
curing for a minimum of days or as approved by the AW Project Manager. 
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E. In case of low air temperatures (below 40°F), submit a plan to comply 
with this section.  AW may, at their discretion, raise the minimum limiting 
temperatures for water, aggregates and mixed concrete when 
temperatures drop below 40°F.   

 
F. Protect all earth-supported concrete from damage due to frost heave. 

  
END OF SECTION 03 30 00 
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SECTION 33 01 10.13 
 

PRESSURE AND LEAKAGE TESTS 
 

 
PART 1: GENERAL 
 
1.01  SCOPE OF WORK 
 

A. Test all piping, valves, and appurtenances installed under this Contract.  Testing 
shall be performed concurrent with installation. Do not install more than 1,000 
feet of pipe without being tested, unless approved by AW. 

 
1.02 SUBMITTALS 
 

A. Prepare and submit schedules and procedures to AW for testing of all parts of 
the water main installed in accordance with this Contract.  Submit the schedule at 
least seven days prior to any testing. 

 
PART 2: PRODUCTS 
 
2.01  EQUIPMENT 
 

A. Furnish the pump, pipe connections, and all necessary apparatus for the 
pressure and leakage tests including gauges and metering devices. AW reserves 
the option to furnish the gauges and metering devices for the tests. Excavate, 
backfill, and furnish all necessary assistance for conducting the tests. 
 

B. Pressure gauges used for testing shall have no greater than 5 psi increment 
markings or shall be as directed by the AW Project Manager for the satisf actory 
evaluation of the required testing. 

 
PART 3 EXECUTION 
 
3.01   GENERAL 
 

A. Leakage Tests must be in accordance with ASTM C969 and C1244.  Leakage 
test are required for all gravity lines.  Perform hydrostatic pressure tests in 
accordance with AWWA C600, Section 5.2 - Hydrostatic Testing after the pipe or 
section of pipe has been laid, thrust blocking cured (min. 5 days), and the trench 
is completely or partially backfilled. Where practical, testing shall be performed 
fully isolated from the active distribution system. 

 
B. Contractor may, at his option, completely backfill the trench or partially backfill 

the trench over the center portion of each pipe section to be tested.  However, 
AW may direct the Contractor to completely backfill the trench if local traffic or 
safety conditions require. 
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C. For system operating pressures of 200 psi or less, perform the hydrostatic test at 
a pressure of no less than 100 psi above the normal operating pressure  without 
exceeding the rating of the pipe and appurtenances.  For system operating 
pressures in excess of 200 psi, perform the hydrostatic test at a pressure that is 
1.5 times the normal operating pressure, but no more than the design rating of 
the pipe and appurtenances.  

 
D. Valves shall not be operated in either direction at a differential pressure 

exceeding the rated valve working pressure. A test pressure greater than the 
rated valve working pressure can result in trapped test pressure between the 
gates of a double-disc gate valve. For tests exceeding the rated valve working 
pressure, the test setup should include a provision, independent of the valve, to 
reduce the line pressure to the rated valve working pressure on completion of the 
test. The valve can then be opened enough to equalize the trapped pressure with 
the line pressure, or the valve can be fully opened if desired. 

 
E. The test pressure shall not exceed the rated working pressure or differential 

pressure of the valves when the pressure boundary of the test section includes 
closed, resilient-seated gate valves or butterfly valves. 

 
F. Contractor shall attach a tapping sleeve and valve assembly to the main, and 

pressure test the assembly prior to making the tap.  The required test pressure 
shall be determined in the same manner as for pipe. The test is acceptable if 
there is no pressure drop in 15 minutes at test pressure. 

 
3.02 FILLING AND TESTING 
 

A. Slowly fill each segregated section of pipeline with water ensuring that all air is 
expelled.  Extreme care must be taken to ensure that all air is expelled during the 
filling of pipe.  The line shall stand full of water for at least twenty-four hours prior 
to testing to allow all air to escape.  If necessary, tap the main at points of highest 
elevation to expel air as the pipe is filled.  Remove the corporation stops and plug 
the taps after successfully filling the pipeline and expelling all air as approved by 
AW. 

 
B. Apply the specified test pressure, measured at the point of lowest elevation, 

using a suitable pump connected to the pipe in a manner satisfactory to the AW 
Project Manager.  If the elevation of the high point of the pipeline being tested is 
such that the pressure during testing will be below 85% of the required test 
pressure, AW will require a separate test to be performed on this section of 
pipeline.  In lieu of a separate test, the test pressure measured at the lowest 
elevation may be increased, within the pressure rating of the pipeline material, 
such that the resulting pressure at the highest point exceeds 85% of the required 
test pressure.  The test will be conducted for at least two (2) hours at the required 
test pressure ± 5 psi. 

 
C. Conduct a leakage test concurrently with the pressure test.  Leakage is def ined 

as the volume of water that must be supplied into the newly laid pipeline to 
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maintain pressure within ± 5 psi of the test pressure after it is filled and purged of  
air.  Measure the volume of water using a calibrated container or meter. 

 
D. No pipeline installation will be accepted by AW if the leakage is greater than that 

shown in the following table:  
  

Allowable Leakage per 1000 ft. of Pipeline*---gph 
__________________________________________________________________ 
 

 
 
___________________________________________________________________ 
*If the pipeline under test contains sections of various diameters, the allowable 
 leakage will be the sum of the computed leakage for each size.   
 

  The table has been generated from the formula:   
000,148

* PDS
L =   

  Where:  
  L is the allowable leakage in gallons per hour,                 

S is the length of pipe in feet,  
D is the nominal pipe diameter in inches, and  
P is the average test pressure in psig.  
 

E. Should any test disclose damaged or defective materials or leakage greater than 
that permitted, the Contractor shall, at the Contractor’s expense, locate and 
repair and/or replace the damaged or defective materials.  Materials used for 
repair must be approved by AW and meet the relevant specifications.  Repeat 
the tests until the leakage is within the permitted allowance and is satisfactory to 
AW. 

 
 

END OF SECTION 33 01 10.13 
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SECTION 33 01 10.15 
 

DISINFECTING PIPELINES 
 

 
PART 1         GENERAL 
  

1.01  SCOPE OF WORK 
 

A. Flush and disinfect all pipelines installed under this Contract as indicated in the 
Drawings.  This would include furnishing the necessary labor, tools, 
transportation, and other equipment for the operation of valves, hydrants, and 
blowoffs during chlorination.  Install, and if directed by the AW Project Manager , 
remove all chlorination taps required for disinfection.  Disinfection will be 
performed under the supervision of AW. 

  
1.02  WORK BY AW 

 
A. AW reserves the option to provide/furnish the chlorine and chlorination 

equipment.  AW will furnish water for testing, flushing and disinfecting pipelines.  
AW will also reserve the right to perform bacteriological testing and may collect 
the sample.   

 
1.03  PROTECTION 
 

A. Chlorine disinfection and dechlorination shall be under the direct supervision of 
someone familiar with the physiological, chemical, and physical properties of the 
form of chlorine used.  They shall be trained and equipped to handle any 
emergency that may arise. All personnel involved shall observe appropriate 
safety practices to protect working personnel and the public. 

 
B. The forwards of AWWA Standards B300 and B301 contain information and 

additional reference material regarding the safe handling of hypochlorites and 
liquid chlorine.  The Contractor shall familiarize himself with this information prior 
to performing any disinfection work. 

 
1.04 SUBMITTAL 

  
A. Conform to the requirements of Section – Submittal Procedures 

 
1.05        RELATED WORK 

  
A. Observe the precautions described in Section – Piping – General Provisions to 

avoid contamination during installation of the pipeline. 
 



 

 Standard Specifications
 Disinfecting Pipelines 

 
 
 

Revised January 2017  33 01 10.15-2 

 

1.06  REFERENCES 
 

A. Refer to current AWWA Standard C651 for Disinfecting Water Mains. 
 

PART 2        PRODUCTS 
 

2.01  MATERIALS AND EQUIPMENT 
 

A. Furnish liquid chlorine and/or calcium hypochlorite and injection equipment as 
needed to disinfect all pipelines and appurtenances.  

 
B. Liquid chlorine contains 100% available chlorine and is packaged in  steel 

containers, usually of 100 lb, 150 lb, or 1 ton net chlorine weight.  Liquid chlor ine 
shall be furnished in accordance with AWWA B301. 

 
C. Calcium hypochlorite is available in granular form or in approximately 5-g tablets, 

and contains approximately 65% available chlorine by weight.  The material 
should be stored in a cool, dry, and dark environment to minimize its 
deterioration.  Do not use calcium hypochlorite intend for swimming pool 
disinfection, as this material (containing trichloroisocyanuric acid) has been 
sequestered and is extremely difficult to eliminate from the pipe after the desired 
contact time had been achieved. 

 
D. Calcium hypochlorite must conform to AWWA B300. 

 
PART 3 EXECUTION 
 

3.01  PREPARATION 
 

A. All pipelines shall be pressure and leak tested, flushed, and cleaned of debris 
and dirt prior to application of the disinfectant.  Flushing shall continue until the 
volume in the newly installed main has turned over at least one time unless AW 
determines that conditions do not permit the required volume to be safely 
discharged to waste. 

 
3.02  APPLICATION OF DISINFECTANT 

   
A. Methods to be used for disinfection are those detailed in ANSI/AWWA C651 

Disinfecting Water Mains. 
  

3.03  WATER MAINS 
  

Three methods of chlorination are described below.  The third method, using 
tablets of hypochlorite, is only permitted by expressed approval of AW and under 
no circumstance allowed for projects of 2000 feet or more.  Otherwise, 
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information in the forward of AWWA Standard C651 will be helpful in determining 
the best method to be used.   

 
A. Continuous Feed Method 

 
1. Set-up 

 
a. The continuous feed method consists of completely filling the main with 

potable water to remove all air pockets, flushing the completed main to 
remove particulates, and then refilling the main with potable water that 
has been chlorinated to 25mg/l. After a 24-hour holding period in the 
main, there shall be a free chlorine residual of not less than 10 mg/L in 
collected samples. 

 
b. Chlorine can be applied in advance of preliminary flushing by swabbing 

joints with bleach or placing calcium hypochlorite granules in the pipe in 
areas where contamination is suspected.  In any such case, the 
Contractor shall make sure and take appropriate action to make sure that 
the flushed water is dechlorinated.    

 
c. Preliminary flushing - Prior to being chlorinated, fill the main to eliminate 

air pockets and flush to remove particulates.  The flushing velocity in the 
main shall be not less than 3 ft/sec unless the AW Project Manager 
determines that conditions do not permit the required flow to be 
discharged to waste.  Table 1 below shows the rates of flow required to 
produce a velocity of 3 ft/sec in pipes of various sizes. 

  
  NOTE:  Flushing is no substitute for preventive measures during construction.  

Certain contaminants such as caked deposits resist f lushing at any feasible 
velocity. 
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TABLE 1 
Required Flow and Openings to Flush Pipelines 

(40 psi Residual Pressure in Water Main)* 
 

Pipe 
Diameter 
(inches) 

Flow Required to 
Produce 3 ft/sec 
velocity in main 

(gpm) 

Size of Tap, (inches) Number of 2½-
inch Hydrant 

Outlets to Use 1 1-1/2 2 
Number of taps on 

Pipe † 
4 120 1 - - 1 

6 260 - 1 - 1 

8 470 - 2 - 1 

10 730 - 3 2 1 

12 1060 - - 3 2 

16 1880 - - 5 2 

*With a 40 psi pressure in the main with the hydrant flowing to 
atmosphere, a 2½-inch hydrant outlet will discharge approximately 1 ,000 
gpm and a 4½-inch hydrant outlet will discharge approximately 2,500 
gpm. 
   
† Number of taps on pipe based on discharging through 5 feet of 
galvanized iron pipe with one 90° elbow. 
 

d. In mains of 24-inches or larger diameter, an acceptable alternative to 
flushing is to broom-sweep the main, carefully removing all sweepings 
prior to chlorinating the main. 
 
OSHA requirements for confined space need to be addressed prior to 
entering a pipeline. 

 
2. Chlorinating the Main 

 
a. Potable water may be supplied from a temporary backflow-protected 

connection to the existing distribution system or other supply approved 
sources. The cross connection control device shall be consistent with the 
degree of hazard for backflow protection of the active distribution system.  
The flow shall be at a constant, measured rate into the newly installed 
water main. In the absence of a meter, approximate the rate by placing a 
Pitot gauge in the discharge or measuring the time to fill a container of 
known volume. The main should undergo hydrostatic pressure testing prior 
to disinfection. 

 
b. At a point not more than 10 feet downstream from the beginning of the new 

main, dose the water entering the new main with chlorine fed at a constant 
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rate such that the water will have not less than 25 mg/L free chlorine.  
Measure the chlorine concentration at regular intervals to ensure that this 
concentration is provided. Measure chlorine in accordance with the 
procedures described in the current edition of the AWWA Manual M12 or of  
Standard Methods for the Examination of Water and Wastewater . 

 
c. Table 2 below gives the amount of chlorine required for each 100 feet of 

pipe of various diameters.  Solutions of 1 percent chlorine may be prepared  
with calcium hypochlorite.  The solution requires 1 pound of calcium 
hypochlorite in 8 gallons of water. 

 
TABLE 2 

Chlorine Required to produce 25 mg/L 
Concentration in 100 feet of Pipe by Diameter 

 
Pipe Diameter    

(inches) 
100% Chlorine 

(lb) 
1% Chlorine Solution 

(gallons) 

4 0.013 0.16 
6 0.030 0.36 

8 0.054 0.65 
10 0.085 1.02 

12 0.120 1.44 
16 0.217 2.60 

 
 

d. During the application of chlorine, position valves so that the strong chlorine 
solution in the main being treated will not flow into water mains in active 
service.  Do not stop the chlorine application until the entire main is filled 
with heavily chlorinated water. Keep the chlorinated water in the main for at 
least 24 hours. During this time, operate all valves and hydrants in the 
section treated in order to disinfect the appurtenances.  At the end of this 
24-hour period, the treated water in all portions of the main shall have a 
residual of not less than 10 mg/L free chlorine. 

 
e. Hypochlorite solution may be applied to the water main with a gasoline or 

electrically powered chemical feed pump designed for feeding chlorine 
solutions.  Feed lines shall be of such material and strength as to safely 
withstand the corrosion caused by the concentrated chlorine solutions and 
the maximum pressures that may be created by the pumps.  Check all 
connections for tightness before the solution is applied to the main.   

 
f. If gaseous chlorine in solution is permitted by the AW Project Manager  and 

proposed by the Contractor, the preferred equipment for the gas application 
employs a feed vacuum-operated chlorinator to mix the chlorine gas, in 
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combination with a booster pump for injecting the chlorine gas solution 
water into the main to be disinfected.  Direct feed chlorinators cannot be 
used. (A direct feed chlorinator is one which operates solely from the 
pressure in the chlorine cylinder.)   
 

B. Slug Method 
 

1. Set-up 
  

a. The slug method consists of placing calcium hypochlorite granules in the 
main during construction; completely filling the main to eliminate all air 
pockets, flushing the main to remove particulates, and slowly flowing a slug 
of water containing 100 mg/L of free chlorine through the main so that all 
parts of the main and its appurtenances will be exposed to the highly 
chlorinated water for a period of not less than 3 hours. 

 
2. Chlorinating the main. 

 
a.  Potable water may be supplied from a temporary backflow-protected 

connection to the existing distribution system or other supply approved 
sources. The cross connection control device shall be consistent with the 
degree of hazard for backflow protection of the active distribution system.  
The flow shall be at a constant, measured rate into the newly installed 
water main. In the absence of a meter, approximate the rate by placing a 
Pitot gauge in the discharge or measuring the time to fill a container of 
known volume. The main should undergo hydrostatic pressure testing prior 
to disinfection. 

 
b. At a point not more than 10 feet downstream from the beginning of the new 

main, dose the water entering the new main with chlorine fed at a constant 
rate such that the water will have not less than 100 mg/L free chlorine.  
Measure the chlorine concentration at regular intervals to ensure that this 
concentration is provided.  Measure chlorine in accordance with the 
procedures described in the current edition of the AWWA Manual M12 or of  
Standard Methods for the Examination of Water and Wastewater .  The 
chlorine shall be applied continuously and for a sufficient period to develop 
a solid column or "slug" of chlorinated water that will, as it moves through 
the main, expose all interior surfaces to a concentration of approximately 
100 mg/L for at least 3 hours. 

 
c. The free chlorine residual shall be measured in the slug as it moves 

through the main.  If at any time it drops below 50 mg/L, stop the flow, 
relocate the chlorination equipment to the head of the slug, and as flow is 
resumed, apply chlorine to restore the free chlorine in the slug to not less 
than 100 mg/L. 
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d. As the chlorinated water flows past fittings and valves, operate related 

valves and hydrants so as to disinfect appurtenances and pipe branches. 
 

C. Tablet Method 
 

1. Set-up 
 

a. The tablet method consists of adhering calcium hypochlorite tablets in the 
water main as it is being installed and then filling the main with potable 
water when installation is completed.  This method may be used only if  the 
pipes and appurtenances are kept clean and dry during construction  and 
with permission by AW for short main installations. 

 
2. Chlorinating the Main 

 
a. Placing of Calcium Hypochlorite Tablets -. During construction, 5-g calcium 

hypochlorite tablets shall be placed in each section of pipe. Also, one such 
tablet shall be placed in each hydrant, hydrant branch, and other 
appurtenance. The number of 5-g tablets required for each pipe section 
shall be 0.0012 d²L rounded to the next higher integer, where d is the inside 
pipe diameter, in inches, and L is the length of the pipe section, in feet. 
Table 3 below shows the number of tablets required for commonly used 
sizes of pipe. The calcium hypochlorite tablets shall be attached by an  
adhesive meeting the NSF/ANSI 61 requirements. There shall be no 
adhesive on the tablet except on the broadside attached to the surface of 
the pipe and no adhesive applied or spilled on the pipe surface.  Excess 
adhesive must be removed immediately using mechanical means or an 
NSF-approved adhesive solvent.  Attach all the tablets inside and at the top 
of the main, with approximately equal numbers of tablets at each end of a 
given pipe length. If the tablets are attached before the pipe section is 
placed in the trench, their position shall be marked on the section so it can 
be readily determined that the pipe is installed with the tablets at the top.  
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TABLE 3 

Number of 5-g Calcium Hypochlorite Tablets required for dose of 25 mg/L * 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
* Based on 3.25g available chlorine per tablet. 
 

b. Filling and Contact - When installation has been completed, the main shall 
be filled with water at a rate such that water within the main will f low at a 
velocity no greater than 1 ft/sec. Precautions shall be taken to ensure that 
air pockets are eliminated. Fill rate must be carefully controlled to ensure 
tablets do not come loose from the pipe. This water shall remain in the pipe 
for at least 24 hours. If the water temperature is less than 41°F (5°C), the 
water shall remain in the pipe for at least 48 hours. A detectable free 

chlorine residual (≥0.2 mg/l) shall be found at each sampling point after the 
24 or 48 hr period. 
  

D. Spray Disinfection For Large Transmission Main 
 

For very large transmission mains(where equipment and personnel may safely 
enter the main), spray disinfection may be appropriate and efficient means of 
achieving disinfection. For this meathod, refer to ANSI/AWWA C652, Sec. 4.3.2 
(Disinfection of Water Storage Facilities; Chlorination Meathod 2.) In general, 
once the pipe is cleaned, spray a 200 mg/l free chlorine solution on all surf aces. 
After 30 min, fill line and sample as described in Sec 3.05. 
 

3.04 DISPOSAL OF HEAVILY CHLORINATED WATER 
 

A. Do not keep heavily chlorinated water in contact with pipe for more than 48 hours 
after the applicable retention period.  In order to prevent damage to the pipe 
lining or corrosion damage to the pipe itself, f lush the heavily chlorinated water 

 Length of Pipe Section, ft 

Pipe 
Diameter 

 

13 or 
less 

18 20 30 40 

inches 
 

Number of 5-g Calcium Hypochlorite Tablets 

4 1 1 1 1 1 

6 1 1 1 2 2 

8 1 2 2 3 4 

10 2 3 3 4 5 

12 3 4 4 6 7 

16 4 6 7 10 13 
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from the main fittings, valves, and branches until chlorine measurements show 
that the concentration in the water leaving the main is no higher than that 
generally prevailing in the distribution system or is acceptable for domestic use.   
Take all steps necessary to dechlorinate water where required per Paragraph 
3.04B and 3.04C below.  Contact the local sewer department to arrange for 
disposal of the heavily chlorinated water to the sanitary sewer if applicable or 
permissible. 

 
B. Neutralize the chlorine residual of the water being disposed of by treating with 

one of the chemicals listed in Table 4 below.  Select an alternative disposal site i f  
a sanitary sewer system is unavailable for disposal of the chlorinated water.  

 
C. The proposed alternative disposal site shall be inspected and approved by AW.  

Apply a reducing agent to the chlorinated water to be wasted to completely 
neutralize the chlorine residual remaining in the water.  (See Table 4 for 
neutralizing chemicals. Do not overdose neutralizing chemicals as this may result 
in adverse environmental impacts. Only dose the amount required to neutralize 
the amount of chlorine present).  Contact Federal, State and local regulatory 
agencies, where necessary, to determine special provisions for the disposal of 
heavily chlorinated water. 

 
TABLE 4 

Pounds of chemicals required to neutralize various 
residual chlorine concentrations in 100,000 gallons of water 

 
Residual 
Chlorine 

Concentration 
mg/L 

Sulfur 
Dioxide 
(SO2) 

lb 

Sodium 
Bisulfite 

(NaHSO3) 
lb 

Sodium 
Sulfite 

(Na2SO3) 
lb 

Sodium Thiosulfate 
(Na2S2O3 · 5H2O) 

lb 

Ascorbic 
Acid 

(C6O8H6) 
lb 

1 0.8 1.2 1.4 1.2 2.1 

2 1.7 2.5 2.9 2.4 4.2 

10 8.3 12.5 14.6 12.0 20.9 

50 41.7 62.6 73.0 60.0 104.0 

 
D. Test for chlorine residual throughout the disposal process to be sure that the 

chlorine is neutralized. 
 

E. Submit a plan of disposal of flushed water to AW for approval 
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3.05 BACTERIOLOGICAL TESTING 
 

A. Standard conditions for new mains. 
 
It should be recognized that the primary means of ensuring the sanitary integrity 
of a main are the sanitary handling of materials, the practices during 
construction, and continual inspection of  work. After disinfection and final f lushing 
such that typical system chlorine residuals are present, if the system operates 
with a residual, samples shall be collected as follows: 
 
a. For new mains, the purchaser has two options for the bacteriological  testing 

for total coliform analysis. 
 

Option A: Before approving a main for release, take an initial set of 
samples and then resample again after a minimum of 16 hr using the 
sampling site procedures outlined. Both sets of samples must pass for the 
main to be approved for release. 

  
Option B: Before approving a main for release, let it sit for a minimum of 16 
hr without any water use. Then collect, using the sampling site procedures 
outlined and without flushing the main, two sets of samples a minimum of  
15 min apart while the sampling taps are left running. Both sets of samples 
must pass for the main to be approved for release. 
 

 A set of samples includes all samples collected along the length of the 
pipeline, as described below: 
i. For new mains, sets of samples shall be collected every 1,200 ft (370 m) 

of the new water main, plus one set from the end of the line and at least 
one from each branch greater than one pipe length.  
 

ii. If trench water has entered the new main during construction or if , in the 
opinion of the purchaser, excessive quantities of dirt or debris have 
entered the new main, bacteriological samples shall be taken at intervals 
of approximately 200 ft (61 m), and the sampling location shall be 
identif ied (see Sec. 5.1.3 for sampling location details). Samples shall be 
taken of water that has stood in the new main for at least 16 hr after f inal 
f lushing has been completed. 

 
iii. A standard heterotrophic plate count (HPC) test may be required at the 

option of the purchaser because new mains do not typically contain 
coliform bacteria but often contain HPC bacteria. If sample results show 
HPC greater than 500 CFU/mL, flushing should resume and another set 
of HPC and coliform samples collected until no coliform are present and 
the HPC is less than 500 CFU/mL. 
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b. Standard conditions for repaired mains. 
 

For repaired mains that were depressurized and/or wholly or partially  
dewatered, one set of samples may be required, and depending upon the  
sanitary conditions, the line may be reactivated prior to the completion of 
bacteriological testing. Samples shall be collected downstream of the repair 
site and at intervals of approximately 200 ft (61 m) within the length of pipe 
that was shut down. If direction of flow is not known, samples shall be 
collected on either side of  the repair site.  

 
B. Samples shall be collected by a person knowledgeable in collecting samples f or 

bacteriological sampling or arrange for AW to collect the sample.  Coordinate 
with AW and submit samples to AW for testing of bacteriological (chemical and 
physical) quality.  Testing will be in accordance with Standard Methods of the 
Examination of Water and Wastewater.  Samples shall show the absence of 
coliform organisms; and the presence of a chlorine residual. Samples shall also 
be tested for turbidity, pH, and standard heterotrophic plate count (HPC).  HPC 
levels must be consistent with levels normally found in the distribution system to 
which the new main is connected.   

 
C. Bacteriological tests must show complete absence of coliforms and acceptable 

HPCs.  If tests show the presence of coliform or unacceptable HPCs, perform 
additional flushing and disinfection of the pipeline until acceptable tests are 
obtained, all at no cost to AW. The Contractor will not be charged for the 
additional testing performed by AW. 

 
3.06 RETESTING AND TESTING SOURCE WATER 

 
A. At the time of initial f lushing the main to remove material and test for air pockets, 

Contractor may request AW to continue flushing until the desired chlorine 
residual is met at the discharge point.  Notif ication must be provided in advance 
and the Contractor shall be prepared to test for chlorine at intervals of no more 
than five minutes as the water clears.   This will provide the Contractor with some 
assurance that the source water is chlorinated. 

 
B. If the subsequent tests for bacteriological contamination conducted by the 

Contractor fail, the Contractor may request AW to continue flush from the source 
water into the new pipe system until a chlorine residual is found at the discharge 
point.  Notif ication must be provided in advance and the Contractor shall be 
prepared to test for chlorine at intervals of no more than five minutes as the water 
clears.   The operation of all existing system valves shall be by AW at the 
Contractor’s expense and the discharge point must be opened prior to opening 
existing valves to avoid contamination.  This will provide the Contractor with 
some assurance that the source water is chlorinated for subsequent tests. 
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3.07 DISINFECTION PROCEDUCES FOR CUTTING INTO OR REPAIRING 
EXISTING MAIN 

 
The planned, unplanned, or emergency repair of a water main or appurtenance 
(e.g., valve) is time sensitive—an important goal is to minimize the disruption of 
water service to customers. Nonetheless, the repair work needs to be 
accomplished using sanitary and safe procedures by well-trained crews with 
proper supervision and guidance. 
 

A. Basic disinfection. 
 
Work should follow basic disinfection and contamination prevention procedures: 
 
1. Preventing contaminants from entering the existing pipe during the repair  

such as by maintaining positive pressure in the leaking pipe until the repair 
site on the pipe is fully exposed, by maintaining a dewatered trench, and by 
keeping all pipe materials being used in the repair in a clean and sanitary 
condition. 
 

2. Inspecting and cleaning, followed by disinfection of spraying or swabbing with 
a minimum 1 percent chlorine solution: 
• Exposed portions of existing pipe interior surfaces 

• Pipe materials used in the repair 

• Handheld materials and tools used to make the repair 
 

3. As appropriate, advising af fected customers to adequately flush their service  
lines upon return to service. 

 
B. Selection of disinfection procedure.  

 
The disinfection procedure selected should be determined by the conditions and 
severity of the main break. Many leaks or breaks can be repaired under 
controlled conditions without depressurizing the water main, such as when 
applying a clamp to a small crack or hole, thus preventing contaminants from 
entering the water system. In most other situations, the water main can be 
maintained pressurized until the break site is secured and the pipe is fully 
exposed. Some circumstances (e.g., severe erosion of the local environment or 
icing of the roadway) that impact public safety may require that water pressure 
be substantially reduced prior to exposing the pipe in the area of  the leak. In 
some cases, situations become catastrophic where there is a pipe blowout and a 
loss of water pressure prior to shutdown, requiring disinfection procedures 
equivalent to those of a new main installation.  
 
The procedures below describe the contamination risks and the associated 
disinfection and sampling requirements for different scenarios of pipeline repair .  
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Specific situations not captured below need to be evaluated and the appropriate  
disinfection and sampling methods followed.  
 

I. Controlled pipe repair without depressurization.  
 
In this situation, activities are well controlled and a full shutdown is not 
needed, thus maintaining positive pressure to the area of shutdown and 
around the break site at all times. The repair site is exposed and the 
trench is adequately dewatered so that the repair site can be cleaned and 
disinfected by spraying or swabbing with a minimum 1 percent chlorine 
solution. The water main is then returned to service with flushing to obtain 
three volumes of water turnover, making sure that the flushed water is 
visually clear. No bacteriological testing is necessary.  
 

II. Controlled pipe repair with depressurization after shutdown.  
 
In this situation, after the repair site has been exposed and secured from 
trench soil/ water contamination, the water main is depressurized by a 
shutdown to complete the repair. The repair site should be cleaned and 
disinfected by spraying or swabbing with a minimum 1 percent chlorine 
solution. The water main is then returned to service with flushing to scour 
the pipe and obtain three volumes of water turn- over, making sure that 
the flushed water is visually clear. It is advisable to check for a typical 
system chlorine residual, and if not found, to continue flushing until 
residuals are restored to levels maintained in the distribution system by 
the water utility—if the system operates with a disinfectant residual. When 
the existing pipe has to be opened and the interior surfaces of the water  
system exposed to the environment, additional procedures need to be 
followed. The existing pipe should be inspected and cleaned with the help 
of flushing water into the trench, where possible, until the flush water runs 
visually clear. The repair site should be accessible and the trench 
adequately dewatered so that the repair site can be cleaned and 
disinfected by spraying or swabbing with a minimum 1 percent chlorine 
solution. Additionally, any accessible upstream and downstream interior 
of the existing pipe should be disinfected by swabbing or spraying with a 
minimum 1 percent chlorine solution. If the repair requires a full pipe 
section replacement, the new pipe should be inspected, cleaned, and 
disinfected from both ends by swabbing with a minimum 1 percent 
chlorine solution. The water main may then be returned to service after 
flushing to scour the pipe and obtain three volumes of water turnover.  The 
flushed water should run visually clear, have measurable chlorine residual 
if the system operates with a residual, and be checked with 
bacteriological testing. The pipeline may be returned to service prior to 
obtaining bacteriological results.  
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III. Uncontrolled pipe break with a likelihood of water contamination or loss of 
sanitary conditions during repair.  
 
In situations in which the existing main to be repaired could not be 
protected and kept free of contamination and there are obvious signs of 
contamination (e.g., muddy trench water flowing into the broken pipe and 
a leaking sewer pipe in the trench, or catastrophic pipe failure where pipe 
is open and there is a likelihood that contamination was drawn into the 
active system) or when a controlled repair situation turns into a situation 
in which the internal pipe and water have become contaminated, the 
procedures outlined under Section 3.03 should be followed where 
practical. These methods specify chlorine doses of 25–300 mg/L; 
however, such levels may present greater harm if the line or services 
cannot be reliably isolated or shut down and exposure of customers to 
high concentrations of chlorine cannot be controlled. Free chlorine 
residuals up to 4 mg/L (based on annual averages) are allowed by federal 
drinking water regulations; therefore this level is suggested as a minimum 
to be maintained for at least 16 hr in conjunction with flushing, coliform 
sampling, and associated customer education. 

 
C. Flushing – Thorough flushing is the most practical means of removing 

contamination introduced during repairs.  If valve and hydrant location permit, 
f lushing toward the work location from both directions is recommended.  Flushing 
shall be started as soon as the repairs are completed and shall be continued until 
discolored water is eliminated. 
 

D. Slug Chlorination – Where practical, in addition to flushing, the section of the 
main in which the break is located shall be isolated, all service connections shut 
off, and the section flushed and chlorinated as described in Paragraph 3.03B 
above (Slug Method).  The dose may be increased to as much as 300 mg/L and 
the contact time reduced to as little as 15 minutes.  After chlorination, flushing 
shall be resumed and continued until discolored water is eliminated and the 
chlorine concentration in the water exiting the main is no higher than the 
prevailing water in the distribution system or that which is acceptable  for 
domestic use. 
 

E. Bacteriological Samples – Bacteriological samples following procedures in 
Paragraph 3.05 above shall be taken after repairs are completed to provide a 
record for determining the procedure’s effectiveness.  If the direction of f low is 
unknown, then samples shall be taken on each side of the main break.  If positive 
bacteriological samples are recorded, then the situation shall be evaluated by 
AW to determine corrective action.  Daily sampling shall be continued until two 
consecutive negative samples are recorded. 

 
ND OF SECTION 33 01 10.15 
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SECTION 33 01 30.13 

ACCEPTANCE TESTING FOR SANITARY SEWERS  

PART 1: GENERAL 

1.01 PERFORMANCE REQUIREMENTS 

A. Gravity flow sanitary sewers are required to have straight alignment and unif orm 
grade between manholes. 

B. All new sanitary sewers shall be Mandrel Tested. If the Mandrel Test is failed, the 
pipe shall also be televised in accordance with the requirements outlined in this 
Specification. All pipe must pass Mandrel Test before final acceptance. 

C. Laser Light Profiling in accordance with the requirements outlined in this 
Specification is acceptable in lieu of Mandrel Test. 

D. Flexible pipe, including "semi-rigid" pipe, is required to show no more than 5 
percent deflection. Test pipe using Standard Mandrel no sooner than 30 days 
after backfilling and compacting of line segment but prior to final acceptance to 
verify that installed pipe is within specified deflection tolerances. 

E. Gravity sewer pipelines may be tested using Infiltration or Exfiltration Test 
method or Low Pressure Air Test.  

F. Maximum allowable leakage for Infiltration or Exfiltration 

1. The total exfiltration, as determined by hydrostatic head test, shall not 
exceed 50 gallons per inch diameter per mile of pipe per 24 hours at 
minimum test head of 2 feet above crown of pipe at upstream manhole or 
2 feet above groundwater elevation, whichever is greater. 

2. When pipes are installed more than 2 feet below groundwater level, use 
infiltration test in lieu of exfiltration test. Total infiltration shall not exceed 
50 gallons per inch diameter per mile of pipe per 24 hours. Groundwater 
elevation must be at least 2 feet above crown of pipe at upstream 
manhole. 

3. Refer to Table 1 at the end of this section, for water test allowable 
leakage in sewers. Perform leakage testing to verify that leakage criteria 
are met. 

G. Perform Low Pressure Air Test in accordance with requirements of this 
Specification and the any State or local environmental agency requirements.  

1. Refer to Table 2 at the end of this section, for time allowed f or pressure 
loss from 3.5 psig to 2.5 psig; 

2. Refer to Table 3 at the end of this section, for minimum testing times  
vacuum test; and 

3. Refer to Table 4 at the end of this section, for Average ID and minimum 
Mandrel diameter sizes. 
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H. Lines will not be accepted until they pass all required tests. 

1.02 SUBMITTALS 

A. Conform to requirements of Section - Submittals. 

B. Test Plan: Test plan shall be submitted to the AW Project Manager for review two 
weeks prior to testing. Test plan shall include testing procedures, methods, 
equipment, and tentative schedule. Contractor shall obtain advance written 
approval for deviations from Drawings and Specifications. 

C. Test Reports: Submit test reports for each test on each segment of sanitary 
sewer. 

D. Video television records shall be provided on DVD medium. 

1.03 GRAVITY SANITARY SEWER QUALITY ASSURANCE 

A. Repair, correct, and retest manholes or sections of pipe which fail to meet 
specified requirements when tested. 

B. Provide testing reports and/or video of television inspection as directed by AW 
Project Manager. 

C. Upon completion of testing reports and/or video televising reviews by the AW 
Project Manager, Contractor will be notif ied regarding final acceptance of  sewer 
segment. 

1.04 SEQUENCING AND SCHEDULING 

A. Contractor shall perform testing as work progresses.   

B. Coordinate testing schedules with the AW Project Manager. Perform testing 
under observation of the AW Project Manager. 

1.05 TELEVISION INSPECTION 

Pipe shall be televised in accordance with the following requirements if it fails Mandrel 
Test or as directed my AW Project Manager. 

A. Quality Assurance:  Submit one example video DVD of previous sewer 
inspection work that shows operational and structural defects in sewers, 
complete with audio commentary and inspection log(s).   

1. Video and inspection logs will be reviewed to determine if quality of CCTV 
image is acceptable, and if defects were properly identif ied and 
documented. 

2. Modify equipment and/or inspection procedures to achieve report material 
of acceptable quality.   
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3. Do not commence work prior to approval of report by the AW Project 
Manager. 

B. Inspection Logs:  Unless otherwise indicated, submit inspection logs that include 
the following as a minimum: 

1. Project title 
2. Name of American Water 
3. Time of day 
4. System map number 
5. Manhole to manhole pipe section 
6. Pipe segment length 
7. Pipe material 
8. Line size 
9. Compass direction of viewing 
10. Direction of camera’s travel 
11. Pipe depth 
12. Operator name 
13. Tape counter reading at beginning and end of each manhole to manhole 

pipe segment. 

C. Video DVD’s:  Submit completed video DVD’s after sanitary sewer main 
installation, cleaning and/or rehabilitation.   

D. Maintain copy of all inspection documentation (DVD’s, databases, and logs) for 
duration of Work and warranty period. 

PART 2: PRODUCTS 

2.01 DEFLECTION MANDREL 

A. Mandrel Sizing. Rigid mandrel shall have OD equal to 95 percent of inside ID of  
pipe. ID of pipe, for purpose of determining OD of mandrel, shall be average OD 
minus two minimum wall thicknesses for OD controlled pipe and average ID for 
ID controlled pipe, dimensions shall be per appropriate standard. Statistical or 
other "tolerance packages" shall not be considered in mandrel sizing. 

B. Mandrel Design. Rigid mandrel shall be constructed of metal or rigid plastic 
material that can withstand 200 psi without being deformed. Mandrel shall have 
nine or more "runners" or "legs" as long as total number of legs is odd number. 
Barrel section of mandrel shall have length of at least 75 percent of ID of pipe. 
Rigid mandrel shall not have adjustable or collapsible legs which would allow 
reduction in mandrel diameter during testing. Provide and use proving ring for 
modifying each size mandrel. 

C. Proving Ring. Furnish "proving ring" with each mandrel. Fabricate ring of 1/2-
inch-thick, 3-inch-wide bar steel to diameter 0.02 inches larger than approved 
mandrel diameter. 

D. Mandrel Dimensions (5 percent allowance). Average ID and minimum mandrel 
diameter are specified in Table 4, Pipe vs. Mandrel Diameter, at end of this 



 

 Standard Specifications
 Acceptance Testing for Sanitary Sewers 

 

 

Revised January 2017  33 01 30.13-4 
 

Section. Mandrels for higher strength, thicker wall pipe or other pipe not listed in 
table may be used when approved by AW Project Manager. 

2.02 EXFILTRATION TEST 

A. Test Equipment: 

1. Pipe plugs. 

2. Pipe risers where manhole cone is less than 2 feet above highest point in 
pipe or service lead. 

2.03 INFILTRATION TEST 

A. Test Equipment: 

1. Calibrated 90 degree V-notch weir.  

2. Pipe plugs. 

2.04 LOW PRESSURE AIR TEST 

A. Minimum Requirement for Equipment: 

1. Control panel 

2. Low-pressure air supply connected to control panel. 

3. Pneumatic plugs: Acceptable size for diameter of pipe to be tested; 
capable of withstanding internal test pressure without leaking or requiring 
external bracing. 

4. Air hoses from control panel to:  

1. Air supply. 

2. Pneumatic plugs.  

3. Sealed line for pressuring. 

4. Sealed line for monitoring internal pressure. 

 

B. Testing Pneumatic Plugs: Place pneumatic plug in each end of length of pipe on 
ground. Pressurize plugs to 25 psig; then pressurize sealed pipe to 5 psig. Plugs 
are acceptable when they remain in place against test pressure without external 
aids. 

C. Pressure gauges used for testing shall have no greater than 1 psi increment 
marking or as directed by the AW Project Manager for the satisfactory evaluation 
of the required testing. 

2.05 GROUND WATER DETERMINATION 

A. Equipment: Pipe probe or small diameter casing for ground water elevation 
determination.  

2.06 SMOKE TESTING 
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A. Equipment: 

1. Pneumatic plugs. 

2. Smoke generator.  

3. Blowers producing 2500 scfm minimum. 

2.07 TELEVISION INSPECTION MATERIALS AND EQUIPMENT 

A. DVD: Standard size medium usable in laptop and television DVD players.   

1. Audio portion of composite DVD shall be sufficiently free from electrical 
interference and background noise to provide complete intelligibility of 
oral report.   

2. Identify each tape with tape labels showing Project Name, Contractor’s 
name, and each manhole-to-manhole pipe segment of sewer line 
represented on tape. 

B. Television Inspection Camera(s):  Equipped with rotating head, capable of 90 -
degree rotation from horizontal and 360-degree rotation about its centerline.   

1. Minimum Camera Resolution:  400 vertical lines and 460 horizontal lines.   

2. Camera Lens:  Not less than 140 degree viewing angle, with automatic or 
remote focus and iris controls.   

3. Focal Distance:  Adjustable through range of 6 inches (152 mm) to 
infinity.   

4. Camera(s) shall be intrinsically safe and operative in 100 percent 
humidity conditions. 

5. Lighting Intensity:  Remote-controlled and adjusted to minimize reflective 
glare.   

6. Lighting and Camera Quality: Provide clear, in-focus picture of entire 
inside periphery of sewer. 

C. Footage Counter:  Measures distance traveled by camera in sewer, accurate to 
plus or minus 2 feet in 1,000 feet . 

D. Video Titling:  Video equipment shall include genlocking capabilities to extent that 
computer generated data (such as footage, date, and size as determined by 
SDR), can be overlaid onto video, and be indicated on television monitor and 
permanently recorded on inspection DVD. 

2.08  FORCEMAIN TESTING 

A. For system operating pressures of 200 psi or less, perform the hydrostatic test at 
a pressure of no less than 100 psi above the normal operating pressure without 
exceeding the rating of the pipe and appurtenances. For system operating 
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pressures in excess of 200 psi, perform the hydrostatic test at a pressure that is 
1.5 times the normal operating pressure, but no more than the design rating of 
the pipe and appurtenances.  
 

B. The test pressure shall not exceed the rated working pressure or differential 
pressure of the valves when the pressure boundary of the test section. 

 
C. Comply with hydrostatic testing requirements as outlined in Specification Section 

33 01 10.13 Pressure And Leakage Tests 
 

2.08LASER LIGHT PROFILING 

A. Laser profiling assessment shall identify and quantify deformation, physical 
damage, and other pipe anomalies after installation, providing valuable means and 
methods for determining the quality of workmanship and compliance with project 
specifications.  

B. Contractors accredited as CCTV operators must demonstrate to AW Project 
Manager’s satisfaction that they have undergone training in the use of the Laser 
Light profiler and are competent in its use. 

C. The laser light profiling practice shall be in accordance with all applicable ASTM 
Standards (ASTM F3080, ASTM F3095, etc). The Laser Light profiling equipment 
shall be regularly serviced and certif ied per ASTM standards. 

D. The viewing and analysis of outputs shall be completed to AW Project Managers’ 
satisfaction. 

PART 3: EXECUTION 

3.01 PREPARATION 

A. Provide labor, equipment, tools, test plugs, risers, air compressor, air hose, 
pressure meters, pipe probe, calibrated weirs, or any other device necessary f or 
proper testing and inspection. 

B. Determine selection of test methods and pressures for gravity sanitary sewers 
based on ground water elevation. Determine ground water elevation using 
equipment and procedures conforming to Control of Ground Water and Surf ace 
Water. 

3.02 MANDREL TESTING FOR GRAVITY SANITARY SEWERS 

A. Perform deflection testing on flexible and semi-rigid pipe to confirm pipe has no 
more than 5 percent deflection. Mandrel testing shall conform to ASTM D3034.   
Perform testing no sooner than 30 days after backfilling of line segment, but prior 
to final acceptance testing of line segment. 

B. Pull approved mandrel by hand through sewer sections. Replace any section of  
sewer not passing mandrel.  Mandrel testing is not required for stubs. 
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C. Retest repaired, replaced, re-excavated, or re-compacted  sewer sections. 

3.03 LEAKAGE TESTING FOR GRAVITY SANITARY SEWERS  

A. Test Options: 

1. Test gravity sanitary sewer pipes for leakage by either exfiltration or 
infiltration methods, as appropriate, or with low pressure air testing. 

2. Test new or rehabilitated sanitary sewer manholes with water or vacuum 
test. Manholes tested with low pressure air shall undergo physical 
inspection prior to testing. 

3. Perform leakage testing after backfilling of line segment, and prior to tie-in 
of service connections. 

4. If no installed piezometer is within 500 feet of sewer segment, provide 
temporary piezometer for this purpose. 

B. Compensating for Ground Water Pressure: 

1. Where ground water exists, install pipe nipple at same time sewer line is 
placed. Use 1/2-inch capped pipe nipple approximately 10-inches long. 
Make installation through manhole wall on top of sewer line where line 
enters manhole. 

2. Immediately before performing line acceptance test, remove cap, clear 
pipe nipple with air pressure, and connect clear plastic tube to nipple. 
Support tube vertically and allow water to rise in tube. After water stops 
rising, measure height in feet of water over invert of pipe. Divide this 
height by 2.3 ft/psi to determine ground water pressure to be used in line  
testing. 

C. Exfiltration test: 

1. Determine ground water elevation. 

2. Plug sewer in downstream manhole. 

3. Plug incoming pipes in upstream manhole. 

4. Install riser pipe in outgoing pipe of upstream manhole when highest point 
in service lead (house service) is less than 2 feet below bottom of 
manhole cone. 

5. Fill sewer pipe and manhole or pipe riser, when used, with water to point 
2-1/2 feet above highest point in sewer pipe, house lead, or ground water 
table, whichever is highest. 

6. Allow water to stabilize for one to two hours.  Take water level reading to 
determine drop of water surface, in inches, over one-hour period, and 
calculate water loss (1 inch of water in 4 feet diameter manhole equals 
8.22 gallons) or measure quantity of water required to keep water at 
same level.  Loss shall not exceed that calculated from allowable leakage 
according to Table 1. 
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D. Infiltration test:  Ground water elevation must be not less than 2 feet above 
highest point of sewer pipe or service lead (house service). 

1. Determine ground water elevation. 

2. Plug incoming pipes in upstream manhole. 

3. Insert calibrated 90 degree V-notch weir in pipe on downstream manhole.  

4. Allow water to rise and flow over weir until it stabilizes. 

5. Take five readings of accumulated volume over period of 2 hours and use 
average for infiltration. Average must not exceed that calculated for 2 
hours from allowable leakage according to Table 1. 

E. Low Air Pressure Test: When using this test conform to ASTM C 828, ASTM C 
924, or ASTM F1417, as applicable, with holding time not less than that listed in 
Table 2 below. 

1. Air testing for sections of pipe shall be limited to lines less than 27-inch 
average inside diameter. Larger pipe diameters can be low pressure air 
tested if the testing protocol is designed by a local P.E and if approved by  
AW Project Manager. 

2. Lines 27-inch average inside diameter and larger shall be tested at each 
joint. Minimum time allowable for pressure to drop from 3.5 pounds per 
square inch gauge to 2.5 pounds per square inch during joint test shall be 
10 seconds, regardless of pipe size. 

3. For pipe sections less than 27-inch average inside diameter:  

a. Determine ground water level. 

b. Plug both ends of pipe. For concrete pipe, flood pipe and allow 2 
hours to saturate concrete. Then drain and plug concrete pipe. 

c. After manhole-to-manhole section of sanitary sewer main has been 
sliplined and prior to any service lines being connected to new liner, 
plug liner at each manhole with pneumatic plugs. 

d. Pressurize pipe to 4.0 psig. Increase pressure 1.0 psi for each 2.3 feet 
of ground water over highest point in system. Allow pressure to 
stabilize for 2 to 4 minutes. Adjust pressure to start at 3.5 psig (plus 
adjustment for ground water table). See Table 2. 

e. To determine air loss, measure time interval for pressure to drop to 
2.5 psig. Time must exceed that listed in Table 2  for pipe diameter 
and length. For sliplining, use diameter of carrier pipe. 

 

F. Retest: Repair and retest any section of pipe which fails to meet requirements.  

3.04 TEST CRITERIA TABLES 

A. Exfiltration and Infiltration Water Tests: Refer to Table 1 , for water test allowable 
leakage. 

B. Low Pressure Air Test: 
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1. Time in Table 2, allowed for pressure loss from 3.5 psig to 2.5 psig, are 
based on equation from Texas Commission on Environmental Quality 
(TCEQ) Design Criteria 217.57(a)(1).  If the State where the project is 
being completed has more stringent times, the local state’s requirements 
will apply. 

  T = 0.0850(D)(K)/(Q) 

where: T =  
Time for pressure to drop 1.0 pounds per square inch 
gauge in seconds 

 K = 0.000419 DL, but not less than 1.0 

 D = Average inside diameter in inches 

 L =  Length of line of same pipe size in feet 

 Q = Rate of loss, 0.0015 ft³ /min./sq.ft. internal surface 

2. Since K value of less than 1.0 shall not be used, there are minimum 
testing times for each pipe diameter as given in Table 2, for minimum 
testing times for low pressure air test. 

Notes: 
1. When two sizes of pipe are involved, compute time by ratio of lengths 

involved. 

2. If joint test is used, perform visual inspection of joint immediately after testing. 

3. Testing may be terminated if no pressure loss has occurred during the first 
25% of the calculated testing time as described in this section. 

4. For joint test, pipe is to be pressurized to 3.5 psi greater than pressure 
exerted by groundwater above pipe. Once pressure has stabilized, time 
allowable for pressure to drop from 3.5 pounds psi gauge to 2.5 psi gauge 
shall be a minimum of 10 seconds. 

3.05 LEAKAGE TESTING FOR MANHOLES 

A. After completion of manhole construction, wall sealing, or rehabilitation, test 
manholes for water tightness using hydrostatic or vacuum testing procedures.  

B. Plug influent and effluent lines, including service lines, with suitably-sized 
pneumatic or mechanical plugs. Ensure plugs are properly rated for pressures 
required for test; follow manufacturer's safety and installation recommendations. 
Place plugs minimum of 6 inches outside of manhole walls. Brace inverts to 
prevent lines from being dislodged when lines entering manhole have not been 
backfilled. 

C. Vacuum testing: 

1. Install vacuum tester head assembly at top access point of manhole and 
adjust for proper seal on straight top section of manhole structure. 
Following manufacturer's instructions and safety precautions, inflate 
sealing element to recommended maximum inflation pressure; do not 
over-inflate. 

2. Evacuate manhole with vacuum pump to 10-inches mercury (Hg), 
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disconnect pump, and monitor vacuum for time period specified in Table -
3, Vacuum Test Time Table.  

3. If drop in vacuum exceeds 1- inch Hg over specified time period tabulated 
in Table - 3, locate leaks, complete repairs necessary to seal manhole 
and repeat test procedure until satisfactory results are obtained. 

D. Perform hydrostatic exfiltration testing as follows: 

1. Seal wastewater lines coming into manhole with internal pipe plug. Then 
fill manhole with water and maintain it full for at least one hour. 

2. The maximum leakage for hydrostatic testing shall be 0.025 gallons per 
foot diameter per foot of manhole depth per hour. 

3. If water loss exceeds amount tabulated above, locate leaks, complete 
repairs necessary to seal manhole and repeat test procedure until 
satisfactory results are obtained. 

3.06 SMOKE TEST PROCEDURE FOR POINT REPAIRS 

A. Application: Perform smoke test to: 

1. Locate points of line failure for point repair. 

2. Determine when point repairs are properly made. 

3. Determine when service connections have been reconnected to 
rehabilitated sewer. 

4. Check integrity of connections to newly replaced service taps to liners 
and to existing private service connections. 

B. Limitations: Do not backfill service taps until completion of this test. Test only 
those taps in single manhole section at one time. Keep number of open 
excavations to minimum. 

C. Preparation: Prior to smoke testing, give written notices to area residents no 
fewer than 2 days, nor more than 7 days, prior to proposed testing. Also give 
notice to local police and fire departments 24 hours prior to actual smoke testing.  

D. Isolate Section: Isolate manhole section to be tested from adjacent manhole 
sections to keep smoke localized. Temporarily seal annular space at manhole for 
sliplined sections. 

E. Smoke Introduction: 

1. Operate equipment according to manufacturer's recommendation and as 
approved by AW Project Manager. 

2. Conduct test by forcing smoke from smoke generators through sanitary 
sewer main and service connections. Operate smoke generators for 
minimum of 5 minutes. 

3. Introduce smoke into upstream and downstream manhole as appropriate. 
Monitor tap/connection for smoke leaks. Note sources of leaks. 
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F. Repair and Retest: Repair and replace taps or connections noted as leaking and 
then retest. Taps and connections may be left exposed in only one manhole 
section at time. When repair or replacement, testing or retesting, and backf illing 
of excavation is not completed within one work day, properly barricade and cover 
each excavation as approved by AW Project Manager. 

G. Service Connections: On houses where smoke does not issue from plumbing 
vent stacks to confirm reconnection of sewer service to newly installed liner pipe, 
perform dye test to confirm reconnection. Introduce dye into service line through 
plumbing fixture inside structure or sewer cleanout immediately outside structure 
and flush with water. Observe flow at service reconnection or downstream 
manhole. Detection of dye confirms reconnection. 

3.07 TELEVISION INSPECTION PROCEDURES 

 A. SEWER FLOW REQUIREMENTS 

1. Do not exceed depth of flow shown in Table below for respective pipe 
sizes as measured in manhole when performing TV inspection. 

2. When depth of flow at upstream manhole of sewer line section being 
worked is above maximum allowable for TV inspection, reduce flow to 
level shown in table below, by plugging or blocking of flow, or by pumping 
and bypassing of flow as specified. 

Maximum Depth of Flow for TV Inspection 

Nominal Pipe Diameter Maximum Depth of Flow 

6” - 10” 20 percent of pipe diameter 

12” - 24” 25 percent of pipe diameter 

 

B. SEQUENCE OF WORK 

 Perform Work in the following sequence: 

 1. Clean sewer lines and manholes in accordance with requirements of 
Specifications”. 

 2. Perform TV inspection to comply with requirements of this specification. 

C. INSPECTION REQUIREMENTS 

1. Access:  AW shall have access to observe monitor and other   
 operations at all times. 

2. DVD Commentary:  Record the following information on audio track of  
DVD inspection tape:  narrative of location, direction of view, manhole 
numbers, pipe diameter and material, date, time of inspection, and 
location of laterals and other key features 
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a. DVD shall visually display this information at beginning and end of 
each manhole-to-manhole pipe segment. 

b. DVD between manholes shall visually display length in feet from 
starting point of given segment. 

3. Sewer Identif ication: DVD and inspection documentation shall include 
sewer line and manhole identif iers shown on Drawings.  After installation 
of liner, use upstream manhole as identif ier in conjunction with distance 
meter. 

4. Image Perspective:  Camera image shall be down center axis of pipe 
when camera is in motion.   

a. Provide 360-degree sweep of pipe interior at points of interest, to 
more fully document existing condition of sewer.   

b. Points of interest may include, but are not limited to the following: 
defects, encrustations, mineral deposits, debris, sediment, and any 
location determined not to be clean or part of proper liner installation, 
and defects in liner that include, but are not limited to bumps, folds, 
tears, and dimples. 

c. Cabling system employed to transport camera and transmit its signal 
shall not obstruct camera’s view. 

 5. Sewer Reach Length:  Physically measure and record length of each 
sewer reach from centerline of its terminal manholes. 

 6. Inspection Rate:  Camera shall be pulled through sewer in either 
direction, but both inspections are to be in same direction.  Maximum rate 
of travel shall be 30 feet (9 m) per minute when recording. 

D. FIELD QUALITY CONTROL 

 1. AW will review DVD’s and logs to ensure lines are clean and free of 
visible defects. 

 2. If sewer line, in sole opinion of AW, is not adequately clean, and free of 
visual defects it shall be re-cleaned and CCTV-inspected by Contractor at 
no additional cost. 
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TABLE 1 
WATER TEST ALLOWABLE LEAKAGE 

DIAMETER OF 
RISER OR 
STACK IN 
INCHES 

VOLUME PER INCH OF 
DEPTH 

ALLOWANCE LEAKAGE* 

INCH GALLONS 
PIPE SIZE IN 

INCHES 
GALLONS/MINUTE 

PER 100FT. 

1 0.7854 .0034 6 0.0039 

2 3.1416 .0136 8 0.0053 
2.5 4.9087 .0212 13 0.0066 
3 7.0686 .0306 12 0.0079 

4 12.5664 .0306 15 0.0099 
5 19.6350 .0544 18 0.0118 

6 28.2743 .1224 21 0.0138 
8 50.2655 .2176 24 0.0158 

   27 0.0177 
   30 0.0197 
   36 0.0237 

   42 0.0276 
For other diameters, multiply square of diameters by 
value of 1” diameter 

Equivalent to 50 gallons per inch of inside 
diameter per mile per 24 hours 

 
* Allowable leakage rate shall be reduced to 10 gallons per inch of inside diameter per mile per 

24 hours, when sewer is identif ied as located within 25-year flood plain
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TABLE 2 
ACCEPTANCE TESTING FOR SANITARY SEWERS 

 LOW PRESSURE AIR TEST 
TIME ALLOWED FOR PRESSURE LOSS FROM 3.5 PSIG TO 2.5 PSIG 

Pipe  
(In) 

Specification Time for Lengths Below (Min:Sec) Time for 
Longer 

Length (Sec) 100 ft 150 ft 200 ft 250 ft 300 ft 350 ft 400 ft 450 ft 500 ft 550 ft 600 ft 

6 5:40 5:40 5:40 5:40 5:40 5:40 5:42 6:25 7:07 7:50 8:33 0.854 x L (f t) 

8 7:33 7:33 7:33 7:33 7:36 8:52 10:08 11:24 12:40 13:56 15:12 1.519 x L (f t) 

10 9:27 9:27 9:27 9:54 11:52 13:51 15:50 17:48 19:47 21:46 23:45 2.374 x L (f t) 

2 11:20 11:20 11:20 14:15 17:06 19:57 22:48 25:39 28:30 31:20 34:11 3.419 x L (f t) 

15 14:10 14:10 17:48 22:16 26:43 31:10 35:37 40:04 44:31 48:58 53:25 5.342 x L (f t) 

18 17:00 19:14 25:39 32:03 38:28 44:52 51:17 57:42 64:06 70:31 76:56 7.692 x L (f t) 

21 19:50 26:11 34:54 43:38 52:21 61:05 69:48 78:32 87:15 95:59 104:42 10.47 x L (f t) 

24 22:48 34:11 45:35 56:59 68:23 79:47 91:10 102:34 113:58 125:22 136:46 13.67 x L (f t) 

27 28:51 43:16 57:42 72:07 86:33 100:58 115:24 129:49 144:14 158:40 173:05 17.3 x L (f t) 

30 35:37 53:25 71:14 89:02 106:51 124:39 142:28 160:16 178:05 195:53 213:41 21.36 x L (f t) 

33 43:06 64:38 86:11 107:44 129:17 150:50 172:23 193:55 215:28 237:01 258:34 25.85 x L (f t) 
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TABLE 3 

MINIMUM TESTING TIMES FOR SANITARY MANHOLES – 

 VACCUM  TEST TIME TABLE 

 
DEPTH IN FEET 

TIME IN SECONDS BY PIPE DIAMETER  

 48” 60” 72” 

4 10 13 16 

8 20 26 32 

12 30 39 48 

16 40 52 64 

20 50 65 80 

24 60 78 96 

* 5.0 6.5 8.0 

*Add T times for each additional 2-foot depth. 
 

 
 



 

 Standard Specifications
 Acceptance Testing for Sanitary Sewers 

 

 

Revised June 2013  33 01 30.13-16 
 

TABLE 4 
PIPE VS. MANDREL DIAMETER 

Material and 
Wall Construction 

Nominal 
Size 

(Inches) 

Average 
I.D 

(Inches) 

Minimum Mandrel 
Diameter 
(Inches) 

PVC-Solid (SDR 26)6 6 5.764 5.476 
 8 7.715 7.329 
 10 9.646 9.162 
    
PVC-Solid (SDR 35)12 12 11.737 11.150 
 15 14.374 13.655 
 18 17.629 16.748 
 21 20.783 19.744 
 24 23.381 22.120 
 27 26.351 25.033 
    
PVC-Truss 8 7.750 7.363 
 10 9.750 9.263 
 12 11.790 11.201 
 15 14.770 14.032 
    
PVC-Profile (ASTM F794) 12 11.740 11.153 
 15 14.370 13.652 
 18 17.650 16.768 
 21 20.750 19.713 
 24 23.500 22.325 
 27 26.500 25.175 
 30 29.500 28.025 
 36 35.500 33.725 
 42 41.500 39.425 
 48 47.500 45.125 
    
HDPE-Profile 18 18.000 17.100 
 21 21.000 19.950 
 24 24.000 22.800 
 27 27.000 25.650 
 30 30.000 28.500 
 36 36.000 34.200 
 42 42.000 39.900 
 48 48.000 45.600 
 54 54.000 51.300 
 60 60.000 57.000 
    
Fiberglass 12 12.85 11.822 
(Class SN 46) 18 18.66 17.727 
 20 20.68 19.646 
 24 24.72 23.484 
 30 30.68 29.146 
 36 36.74 34.903 
 42 42.70 40.565 
 48 48.76 46.322 
 54 54.82 52.079 
 60 60.38 57.361 

END OF SECTION 33 01 30.13 
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SECTION 33 05 27 
 

TRACER WIRE 
 
PART 1: GENERAL 
 
1.01  SCOPE 
 

A.  Install electrically continuous tracer wire with access points as described herein 
to be used for locating pipe with an electronic pipe locator after installation.  
Tracer wire shall be installed on all water mains and services, all wastewater 
lines and sewer mains and services and all wastewater force mains. 

 
1.02 SUBMITTALS 
 

A. Submit shop drawings and manufacturer's literature to the Engineer for approval 
in accordance with Specification Section 01 33 00. 

 
PART 2: PRODUCTS 
 
2.01 TRACER WIRE MATERIAL 
 

A. Tracer wire shall meet minimum State requirements. 
 

B. Tracer wire to be twelve gauge minimum solid copper with thermoplastic 
insulation recommended for direct burial. Wire connectors to be 3M DBR, or 
approved equal, and shall be watertight to provide electrical continuity. 

  
C. Tracer wire color shall be blue for all water construction and green for all 

wastewater construction. 
 
2.02 TRACER WIRE ACCESS BOXES 
 

For locations where valve boxes are not present, the tracer wire access point shall be 
composed of one SnakePit Tracer Wire Access Box, or approved equal, installed at 
each proposed access point. 

 
2.03 TESTING REQUIREMENTS 

 
A. Contractor shall perform a continuity test on all tracer wire in the presence of AW 

or AW’s representative. If the tracer wire is found to be not continuous after 
testing, Contractor shall repair or replace the failed segment of the wire at their 
own expense. 



 

 Standard Specifications
 Tracer Wire 

 
 

Revised January 2016  33 05 27-2 
 

 

 
PART 3: EXECUTION 
 
3.01  INSTALLATION - GENERAL REQUIREMENTS 
 

A. Tracer wire shall be installed on all water and sewer mains and services.  The 
wire shall be installed in such a manner as to be able to properly tracer all mains 
without loss or deterioration of signal or without the transmitted signal migrating 
off the tracer wire. 

 
B. Marking tape shall be installed in the same trench pipe during pipe installation. It 

shall be laid in the trench 12-inches above the pipe,to ensure that it is not 
damaged during future repair operations.  

 
C. The tracer wire shall be securely bonded together at all wire joints with an 

approved watertight connector to provide electrical continuity, and it shall be 
accessible at all tracer wire access points. 

 
D. Tracer wire access points shall in general be no more than five-hundred feet and 

at every proposed concrete valve box collar (or manhole where required). 
Concentrations of multiple proposed valves near pipe intersections, i.e. tees or 
crosses, may require more than one access point assembly in each concrete 
valve box collar. Tracer wire access points shall be within public right-of-way or 
public utility easements. 

 
E. At each valve location, (including fire hydrant isolation valves), a loop of wire is to 

be brought up the outside of the valve box and looped inside the box through a hole 
drilled 2-inch below the bottom of the lid. 

 
F. At the point of connection between cast or ductile iron mains, with any non-iron 

main, the tracer wire shall be properly connected to the iron pipe with a cad weld 
or approved equivalent. Tracer wire welds shall be completely sealed with the 
use of an approved mastic type sealer specifically manufactured for underground 
use. Mastic shall be applied in a thick coat a minimum of 2 inches thick and shall 
be protected from contamination by the backfill material with the use of a plastic 
membrane. 

 
G. Tracer wire shall be laid flat and securely affixed to the pipe at 10 foot intervals. 

The wire shall be protected from damage during the execution of the Work. No 
breaks or cuts in the tracer wire or tracer wire insulation shall be permitted. At 
service saddles, the tracer wire shall not be allowed to be placed between the 
saddle and the main. 

 
H. Except for approved spliced-in connections, tracer wire shall be continuous and 

without splices from each tracer wire access point. Where any approved spliced-
in connections occur, 3M DBR water tight connectors, or approved equal, shall 
be used to provide electrical continuity. 

 



 

 Standard Specifications
 Tracer Wire 

 
 

Revised January 2016  33 05 27-3 
 

 

I. At all main end caps, a minimum of 6 feet of tracer wire shall be extended 
beyond the end of the pipe, coiled and secured for future connections. The end 
of the tracer wire shall be spliced to the wire of a six pound zinc anode and is to 
be buried at the same elevation as the water main. 

 
J. For directional drilling, auguring or boring installations, two #12 tracer wires shall 

be installed with the pipe and connected to the tracer wire at both ends, or cad 
welded to the existing iron pipe at both ends or cad welded to the steel casing 
pipe at both ends. 

 
K. Spliced connections between the main line tracer wire and branch connection 

tracer wire shall only be allowed at water main tees, crosses or at iron or copper 
water services where a portion of the branch connection water main or water 
service is replaced with non-iron or non-copper material. The branch connection 
tracer wire shall be a single tracer wire properly spliced to the main line tracer 
wire. Where the existing branch connection is neither iron nor copper, then the 
new branch connection tracer wire shall be properly spliced to the existing tracer 
wire on the branch connection. 

 
L. At all repair locations where there is existing tracer wire, the tracer wire shall be 

properly reconnected and spliced as outlined above. 
 
 

END OF SECTION 33 05 27 
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SECTION 33 11 00.11 
 

POLYVINYL CHLORIDE (PVC) PIPE 
 
 
PART 1: GENERAL 
 
1.01 SECTION INCLUDES 
 

PVC pressure pipe and fabricated fittings in nominal sizes 4-inches through 12-inches 
with cast iron pipe equivalent outside diameters.   

 
1.02 SUBMITTALS 
 

Submit manufacturer’s product data, installation instructions and certif ication for all 
materials to be furnished in accordance with Specification Section 01 33 00.  Submit 
classification and gradation test results for embedment and pipe backfi ll material. 

 
PART 2: PRODUCTS 
 
Research has documented that certain pipe materials (such as polyvinyl chloride, polyethylene, 
and polybutylene) and certain elastomers (such as those used in gasket material) may be 
subject to permeation by lower-molecular weight organic solvents or petroleum products.  
Products supplied under this Section assume that petroleum products or organic solvents will 
not be encountered.  If during the course of pipeline installation the Contractor identif ies, or 
suspects the presence of petroleum products or any unknown chemical substance, notify AW 
immediately.  Stop installing piping in the area of suspected contamination until direction is 
provided by AW Project Manager.. 
 
PVC Schedule 40 or 80 is not permitted for conveying wastewater or potable water within 
distribution or collection systems.  However, it may be used in other applications, such as 
conveying chemicals or for drainage. 
 
2.01  PIPE MATERIALS – WATER DISTRIBUTION 
 

All PVC pipe shall be PVC 1120 pressure pipe made from class 12454 material as 
defined by ASTM D1784 with outside diameter dimensions of steel or cast iron pipe. The 
PVC compounds shall be treated or certif ied suitable for potable water products by the 
National Sanitation Foundation Testing Laboratory (NSF Standard No. 61). PVC pipe to 
be used for potable water shall be blue in color. 
 
PVC Pipe 4-inch through 12-inch:  
AWWA Standard C900, DR14 and where permitted DR18.  DR25 pipe will not be 
allowed.  PVC pipe has recently been upgraded by pressure class, however American 
Water does not allow pipe in its system to be fully subject to the revised pressures in 
AWWA C900.  DR14 shall not be subjected to pressures exceeding 250 psi.  DR18 shall 
not be subjected to pressures exceeding 200 psi. 
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2.02 GRAVITY SEWER PIPE 

A. PVC gravity sanitary sewer pipe shall be green in color and in accordance with 
provisions in following table except where specified differently on the Drawings: 

B.  

Type of service Acceptable Materials 

Gravity Mains with depth 
of cover < 10 feet 

PVC SDR 35  

Gravity Mains with depth 
of cover 10-15 feet 

PVC SDR 26 

Gravity Mains with depth 
of cover > 15 feet 

Ductile Iron Pipe 

 

C. When solid wall PVC pipe 18-inches to 27-inches in diameter is required in SDR 26, 
provide pipe conforming to ASTM F679, except provide wall thickness as required for 
SDR 26 and pipe strength of 115 psi. 

D. For sewers up to 12-inch diameter crossing over water lines, or crossing under water lines 
with less than 2-feet separation, provide minimum 150 psi pressure rated pipe 
conforming to ASTM D2241 with suitable PVC adapter couplings. 

E. Joints: Spigot and integral wall section bell with solid cross section elastomeric or rubber 
ring gasket conforming to requirements of ASTM D3212 and ASTM F477, or ASTM 
D3139 and ASTM F477. Gaskets shall be factory-assembled and securely bonded in place 
to prevent displacement. Manufacturer shall test sample from each batch conf orming 
to requirements ASTM D2444 

F. Fittings: Provide PVC gravity sewer sanitary bends, tee, or wye fittings for new sanitary 
sewer construction. PVC pipe fittings shall be full-bodied, either injection molded or 
factory fabricated. Saddle-type tee or wye fittings are not acceptable. 

G. Pipe Stiffness. Determine pipe stiffness at 5 percent deflection in accordance with Test 
Method D 2412. Minimum pipe stiffness shall be 46 psi. For diameters 4-inches through 
18-inches, test three specimens, each a minimum of 6-inches (150 mm) in length. For 
diameters 21-inch through 36-inch, test three specimens, each a minimum of 12-inch (300 
mm) in length. 

H. Flattening. Flatten three specimens of pipe, prepared in accordance with Paragraph 
2.04F, in suitable press until internal diameter has been reduced to 60 percent of 
original inside diameter of pipe. Rate of loading shall be uniform. Test specimens, 
when examined under normal light and with unaided eye, shall show no evidence of 
splitting, cracking, breaking, or separation of pipe walls or bracing profiles. Perform the 
flattening test in conjunction with pipe stiffness test. 

I. Joint Tightness. Test for joint tightness in accordance with ASTM D3212, except that 
joint shall remain watertight at minimum deflection of 5 percent. Manufacturer will be 



 

 Standard Specifications
 Polyvinyl Chloride Pipe 

 
 

Revised January  2020  33 11 00.11-3 

 

required to provide independent third party certification for joint testing each diameter 
of storm sewer pipe. 

J. Purpose of Tests. Flattening and pipe stiffness tests are intended to be routine quality 
control tests. Joint tightness test is intended to qualify pipe to specified level of 
performance. 

2.03 SANITARY SEWER FORCE MAIN PIPE 

A. PVC sanitary sewer force main pipe shall be green in color. Provide approved PVC 
pressure pipe conforming to requirements for water service pipe, and conforming to 
minimum working pressure rating specified in Section 33 34 00 - Sanitary Sewer 
Force Mains. 

B. Acceptable pipe joints are integral bell-and-spigot, containing a bonded-in 
elastomeric sealing ring meeting requirements of ASTM F477. In designated areas 
requiring restrained joint pipe and fittings, use approved joint restraint device 
conforming to UNI-B-13, for PVC pipe 12-inch diameter and less. 

C. Fittings: Provide ductile iron fittings as per Section - Ductile Iron Pipe and Fittings, 
except furnish fittings with one of following approved internal linings: 

1. Nominal 40 Mils (35 Mils minimum) virgin polyethylene complying with 
ASTM D 1248, heat fused to interior surface of fitting 

2. Nominal 40 Mils (35 Mils minimum) polyurethane 

3. Nominal 40 Mils (35 Mils minimum) ceramic epoxy 

4. Nominal 40 Mils (35 Mils minimum) fusion bonded epoxy 

D. Exterior Protection: Provide polyethylene wrapping of ductile-iron fittings as required 
by Section 33 11 00.17 - Polyethylene Wrap. 

E. Hydrostatic Tests: Hydrostatically test pressure rated pipe in accordance with 
Specifications. 

 
2.04  RECEIVING, HANDLING AND STORAGE 

A. Inspect pipe and appurtenances for defects prior to installation in the trench.  Set 
aside and clearly mark defective, damaged or unsound material and hold material for 
inspection by AW. 

 
B. Load and unload all materials in accordance with the manufacturer’s 

recommendations and in such a manner as to prevent damage. Do not drop pipe 
and accessories or handle them in a rough manner. 

 
C. Provide safe storage for all materials.  Cover stored pipe that will be exposed to 

sunlight for periods longer than 6 months. Cover with canvas or other opaque 
material with provision for adequate air circulation. PVC pipe shall not be stored 
close to heat sources, such as heaters, boilers, steam lines, or engine exhaust.  
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PART 3: EXECUTION 
 

3.01 INSTALLATION 
 

Follow the provisions of Section - Piping - General Provisions, and Sanitary Sewer Force 
Mains in addition to the following requirements: 

 
A. Remove all dirt and foreign matter from pipe before lowering it into the trench. Do 

not place debris, hand tools, clothing or other materials in the pipe. Keep pipe 
clean during and after laying. 

 
B. Lay pipe with the bell end pointing in the direction of work progress.  Do not roll, 

drop or dump pipe or appurtenances into the trench. 
 
C. Assemble push-on joints in accordance with the pipe manufacturer’s 

recommendations.  Assemble mechanical joints in accordance with the fitting 
manufacturer’s recommendations. 

 
D. Cut pipe with pipe saws, circular saws, handsaws, or similar equipment.  Provide 

a smooth end at a right angle to the longitudinal axis of the pipe.   Deburr, bevel, 
and re-mark insertion line on spigot ends. Match factory bevel length and angle 
for field bevels.  When connecting to certain shallow depth bells, such as those 
on some cast iron fittings and valves, cut off the factory bevel and prepare a 
deburred, square cut end with a slight outer bevel. 

 
E. Clean the sealing surface of the spigot end, the pipe bell, the coupler or fitting, 

and the elastomeric gaskets immediately before assembly.  Do not remove 
factory installed gaskets for cleaning.  Keep the joint free of dirt, sand, grit, 
grease or any foreign material.  Apply approved lubricant when assembling 
gasketed joints in accordance with the pipe manufacturer’s requirements.  The 
use of improper lubricants can damage gaskets. Excessive lubricant use can 
make disinfection more difficult and cause taste and odor problems when the line 
is placed in service. 

 
F. Good pipe alignment is essential for proper joint assembly. Align the spigot to the 

bell and insert the spigot into the bell until it contacts the gasket uniformly. Do not 
swing or “stab” the joint; that is, do not suspend the pipe and swing it into the 
bell. The spigot end of the pipe is marked by the manufacturer to indicate the 
proper depth of insertion.  Avoid metal to plastic contact with the pushing the pipe 
home (use wood or other material to cushion moving the pipe.   

 
G. Assemble pipe using the following types of joints: 

 
1. Gasketed bell joint – Integral with the pipe or fitting 

2. Gasketed coupling – A double gasketed coupling 

3. Mechanical joint – Any of the several joint designs that have gaskets and 
bolts manufactured in accordance with AWWA standards. 
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H. Tracer Wire 
 

1. Place tracer wire in accordance with Section - Tracer Wire. 
 

2. The wire shall be contiguous except at test stations, valve boxes, and 
where splicing is required.  All splices shall be encased with a 3M DBR  
or approved equal. 
 

I. All pressure and leakage testing shall be done in accordance with Specification 
Section 33 01 10.13 – Pressure and Leakage Tests 

 
J. PVC pipe fittings shall employ ductile iron pipe fittings per Specifications 15105.  

See detail drawings for transitions between different pipe materials.  
 

K. Gaskets - Gaskets shall be as provided or recommended by the manufacturer 
and satisfy AWWA standard C111 in all respects.  Where ductile iron pipe and 
PVC pipe are directly connected, the appropriate gasket material for this purpose 
shall be employed.  As noted in the products section of this specification, some 
gasket materials are prone to permeation of certain hydrocarbons which may 
exist in the soil (see Part 2).  Under these conditions and at the discretion of 
AW’s Project Manager, Contractor shall require contractor to provide FKM (Viton, 
Flourel) gasket material in areas of concern. 

 
3.02 SERVICE CONNECTIONS   

 
A. Install service connections in accordance with AWWA Standard C605 and the 

manufacturer’s recommendations using the following methods: 
 

1. Tapping is only permitted through the use of service clamps or saddles. 

2. Using injection molded couplings with threaded outlets. 

3. Tapping with large service connections through appropriately sized tang 
sleeves and valves. 

4. Direct tapping of 1-inch and smaller service connections is not permitted.  
Use service saddles only for AWWA Standard C900 pipe, for nominal 
pipe sizes 6-inch through 12-inch.  Corporation stops shall be threaded 
and conform to AWWA Standard C800.  

5. The distance between the PVC pipe joint and a service tap (2-inchs and 
smaller) shall be a minimum of 3 feet.  The distance between the PVC 
pipe joint and a service tap (4-inchs and larger) shall be a minimum of 4 
feet.  Where necessary, excavate along the pipe to confirm the 
acceptable distance before starting the tap.    

 
END OF SECTION 33 11 00.11 
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SECTION 33 12 16.11 
 

GATE VALVES 
 
PART 1: GENERAL 
 
1.01   SCOPE 
 

Furnish, install, and test all gate valves shown on the Drawings. 
 
1.02 SUBMITTALS 
 

Submit shop drawings and manufacturer's literature to the AW Project Manager for 
approval in accordance with Section 01 33 00. 

 
1.03 APPLICATION 
 

All valves shall be resilient-seated type gate valves.  
 
PART 2: PRODUCTS 
 
2.01 REDUCTION OF LEAD IN DRINKING WATER ACT COMPLIANCE 
 

A. The Contractor shall comply with the requirements and standards of the Reduction of 
Lead in Drinking Water Act.  

 
B. Any pipe, fitting or fixture (e.g. corp stops, curb valves, gate valves less than 2 inches in 

diameter, backflow prevention devices, water meters, hose bibs, etc.), solder and flux  
installed or requiring replacement as of January 4, 2014 must be “lead free”.  The 
Contractor shall be responsible to comply with the State, local laws, ordinances, codes, 
rules, and regulations governing the Reduction of Lead in Drinking Water Act that may 
have additional limitations or requirements."  

 
C. The definition of 'lead free' is as follows: 

 
1. Not containing more than 0.2 percent lead when used with respect to 

solder and flux; and 
 
2. Not more than a weighted average of 0.25 percent lead when used with 

respect to the wetted surfaces of pipes, pipe fittings, plumbing fittings, 
and fixtures. 

 
2.02 GATE VALVES 
 

A. All gate valves, shall be iron body, resilient-seated, nut-operated, non-rising stem gate 
valves suitable for buried service.  The valve interior and exterior shall be epoxy coated at 
the factory by the valve manufacturer in accordance with AWWA Standard C550 (6-8 mil 
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average, 4 mil minimum). Valves shall be designed to operate in the vertical position.   All 
valves shall open left (CCW).  
 

B. Valves shall comply fully with AWWA Standard C509 or with AWWA C515 for reduced-
wall, resilient seated ductile-iron valves.  Valve ends shall be restrained mechanical joint 
or as shown on the plans or approved in writing in accordance with AWWA Standard 
C111.  Stems shall be made of a low zinc alloy in accordance with AWWA C509.  Stem 
seals shall be double O-ring stem seals.  Square operating nuts conforming to AWWA 
Standard C509 shall be used.  Valves shall open left in accordance with AW standard. All 
valve materials shall meet the requirements of NSF 61. 
 

C. For exposed piping, valves shall be flanged joint.  
 

D. Valves shall have mechanical joint ends unless otherwise designated on the Drawings or 
approved by AW.  
 

E. Test valves (Operation Test and Hydrostatic Tests) at the manufacturer’s plant in 
accordance with AWWA Standard C509.  Provide AW with certified copies of all tests prior 
to shipment.  AW reserves the right to observe all tests.  
 

F. The valves shall be designed for a minimum differential pressure of 150 psi and a 
minimum internal test pressure of 300 psi, unless otherwise noted on the Drawings. Make 
all valves tight under their working pressures after they have been placed and before the 
main is placed in operation. Defective parts shall be replaced at the Contractor's expense. 

 
2.03 VALVE EXTENSIONS 

 
A. Valve extensions will be required on any gate valve where the distance from the finished 

grade to the top of the operating nut exceeds 4 foot. Extension shall be of a locking type to 
prevent it from coming off the valve. Top of extension will be no deeper than 1 foot from 
finished grade. 

 
PART 3: EXECUTION 
 
3.01 INSTALLATION 
 

A. Install the valves in strict accordance with the requirements contained in Section 33 11 00 
and detail Drawings.  All valves shall be restrained. 

 
3.02 PROTECTION 
 

A. After field installation of the valve all external bolts except the operating nut shall receive a 
layer of tape coating or approved rubberized-bitumen based spray-on undercoating 
applied before backfill. All buried valves shall be encased in polyethylene encasement 
prior to backfill. The polyethylene encasement shall be installed up to the operating nut 
leaving the operating nut exposed and free to be operated.  Valve box shall be installed 
per Specification Section 33 11 00. 

END OF SECTION 33 12 16.11 
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SECTION 33 12 16.17 
 

TAPPING SLEEVES AND VALVES 
 
PART 1: GENERAL 
 
1.01 SCOPE 
 

Furnish, install and test all tapping sleeves, tapping valves, and tapping saddles as 
shown on the Drawings. 

 
1.02 RELATED WORK 
 
 Specification Section 33 11 00 - Piping - General Provisions 
 
1.03 SUBMITTALS 
 

Submit shop drawings and manufacturer's literature to the Engineer for approval in 
accordance with Specification Section 01 33 00. 

 
PART 2: PRODUCTS 
 
2.01 GENERAL 
 

All tapping sleeves, saddles and valves shall be designed for  a working pressure of at 
least 250 psig for 12-inch and smaller.  The valves shall be designed for a minimum 
differential pressure of 250 psi and a minimum internal test pressure of  500 psi unless 
otherwise noted on the plans.   
 
For size on size tapping applications up to 12” x 12”, use ductile iron or stainless steel 
tapping sleeves. For applications greater than 12” x 12” a tapping sleeve and valve is not 
permitted. The tee and valve(s) shall be cut in to the existing main on  applications 
larger than 12” x 12”. 
 
 

2.02 DUCTILE IRON TAPPING SLEEVES 
 

A. Verify the type of existing pipe and the outside diameter of the pipe on which the 
 tapping sleeve is to be installed. 
 
B. Tapping sleeves shall be ductile iron dual compression type unless otherwise 
 specified on the Drawings. The Drawings may require the use of corrosion 
 resistant tapping sleeves in addition to polywrap in areas with corrosive soils.  
 The sleeves shall be made in two halves which can be assembled and bolted 
 around the main. Sleeves shall meet the requirements of NSF 61. Outlet flange s 
 shall conform to the flange requirements of AWWA C110.  All valves furnished 
 shall open left in accordance with the AW’s standard.   

 
 



 

 Standard Specifications
 Tapping Sleeves and Valves 

 
 

Revised January 2016  33 12 16.17-2 

 

 
2.03 TAPPING VALVES 
 

A. The horizontal tapping valve shall conform to the applicable requirements of 
AWWA Standard C509.  All tapping valves, 3 inches through 12 inches  NPS, shall be 
ductile iron body, resilient-seated, nut-operated, non-rising stem  gate valves suitable 
for buried service.  The valve interior and exterior shall  be epoxy coated at the 
factory by the valve manufacturer in accordance  with  AWWA Standard C550 (6-8 
mil average, 4 mil minimum).  The tapping valves  shall have flanged inlets with 
mechanical joint outlets, enclosed bevel gears,  bypass valve, rollers, tracks and 
scrapers.  All valves furnished shall open left in  accordance with the AW’s standard.   

   
2.04 STAINLESS STEEL TAPPING SLEEVES 
 

A. The stainless steel band flange shall be manufactured in compliance with AWWA  
C207, Class D ANSI B.16.1 drilling, recessed for tapping valve MSS-SP60. 
Mechanical Joint tapping sleeve outlet shall meet or exceed all material 
specifications as listed below and be suitable for use with standard mechanical 
joint by mechanical joint resilient wedge gate valves per ANSI/AWWA C509-94 
and be NSF 61 approved.  

  
B. Tapping sleeves to be attached to 4” through 12” nominal pipe diameter shall 

meet the following minimum requirements.  
 

1.  The entire fitting shall be stainless steel type 304 (18-8). The body, lug, 
and gasket armor plate shall be in compliance with ASTM A240. The 
Flange shall be cast stainless steel in compliance with ASTM A743. The 
MJ outlet shall be one-piece casting made of stainless steel. The test plug 
shall be ¾” NPT in compliance with ANSI B2.1 and shall be lubricated or 
coated to prevent galling. All metal surfaces shall be passivated after 
fabrication in compliance with ASTM A-380.  

 
2.  The gasket shall provide a 360-sealing surface of such size and shape to 

provide and adequate compressive force against the pipe after assembly, 
to affect a positive seal under the combinations of joint and gasket 
tolerances. The materials used shall be vulcanized natural or vulcanized 
synthetic rubber with antioxidant and antiozonant ingredients to resist set 
after installation. No reclaimed rubber shall be used. A heavy-gauge-type 
304-stainless armor plate shall be vulcanized into the gasket to span the 
lug area.    

 
3.  The lugs shall be heliarc welded (GMAW) to the shell. The lug shall have 

a pass-through-bolt design to avoid alignment problems and allow 
tightening from either side of the main. Bolts shall NOT BE integrally 
welded to the sleeve. Finger Lug designs are not approved; it is the intent 
of these specifications to allow a tapping sleeve that has a lug design 
similar to the approved models.  
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4.  Bolts and nuts shall be type 304 (18-8) stainless steel and Teflon coated 
or as specified in the bolt section below at the discretion of the Engineer . 
Bent or damaged units will be rejected.  

 
5.  Quality control procedures shall be employed to insure that the shell, Lug, 

(4” and Larger Nominal Pipe Diameter) armor plate, gasket and  related 
hardware are manufactured to be free of any visible defects. Each unit, 
after proper installation, shall have a working-pressure rating up to 250 
psi.  

 
6.  The sleeve construction shall provide a positive means of preventing 

gasket cold flow and/or extrusion.  
 

7.  Each sleeve shall be stenciled, coded or marked in a satisfactory manner 
to identify the size range. The markings shall be permanent type, water 
resistant, that will not smear or become illegible.  

 
C.  Tapping sleeves attached to 16” and larger nominal pipe diameter shall meet the  

following minimum requirements:  
 

1.  The body shall be in compliance with ASTM A285, Grade C or ASTM 
A36.  The test plug shall be ¾” NPT conforming to ANSI B2.1.  

 
2.  The gasket shall provide a watertight sealing surface of such size and 

shape to provide an adequate compressive force against the pipe. After 
assembly, the gasket will insure a positive seal under all combinations of  
joint and gasket tolerances. Gaskets shall be formed from vulcanized 
natural or vulcanized synthetic rubber with antioxidant ingredients to 
resist set after installation. No reclaimed rubber shall be used.  

 
3. Bolts and nuts shall be high strength, corrosion resistant, low alloy, pre 

AWWA C111, ANSI A21.11 and as specified in the subsection on bolts in 
this specification.  

 
4.  Quality control procedures shall be employed to insure that the shell, 

gaskets, and related hardware area are manufactured to be free of visible 
defects. Each unit, after proper installation, shall have a working-pressure 
rating up to 200 psi.  

 
5.  Unless otherwise noted, unit shall be protected by electrostatically applied 

baked epoxy or polyurethane.  
 

6.  Units for concrete, steel cylinder pipe shall be furnished with load bearing 
setscrews on the gland flange to transfer loads on the outlet away from 
the steel cylinder and onto the sleeve. Epoxy –coated tapping sleeves do 
not require grout seal cavity (AWWA M-9 Manual).  
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7.  Each sleeve shall be stenciled, coded or marked in a satisfactory manner 
to identify the size range. The marking shall be permanent type, water 
resistant, that will not smear or become illegible. 

 
 
2.05 FABRICATED STEEL TAPPING SLEEVE 

 
The fabricated steel tapping sleeve shall be manufactured in compliance with AWWA 
C207.  Sleeves shall be fabricated of minimum three-eights (3/8) inch carbon steel 
meeting ASTM A285 Grade C. Outlet flange shall meet AWWA C-207, Class "D" ANSI 
150 lb. drilling and be properly recessed for the tapping valve. Bolts and nuts shall be 
high strength low alloy steel to AWWA C111 (ANSI A21.11). Gasket shall be vulcanized 
natural or synthetic rubber. Sleeve shall have manufacturer applied fusion bonded epoxy 
coating, minimum 12 mil thickness, Class D ANSI B.16.1 drilling, recessed for tapping 
valve MSS-SP60. Mechanical Joint tapping sleeve outlet shall meet or exceed all 
material specifications as listed below and be suitable for use with standard mechanical 
joint by mechanical joint resilient wedge gate valves per ANSI/AWWA C509-94 and be 
NSF 61 approved.  

 
2.06 TAPPING SADDLES 
 

Unless otherwise specified by the Drawings, tapping saddles conform to the 
requirements of AWWA Standard C800 for the High Pressure class tapping saddles. 
Tapping saddles shall consist of ductile iron outlet castings, attached to the pipeline with 
high strength stainless steel straps.  Castings shall be sealed to pipeline with O-ring 
seals.  Saddles shall have ANSI A21.10 flanged outlets counterbored for use with 
tapping valves and tapping equipment. 

 
2.07 BOLTS 

 
All bolts shall have American Standard heavy unfinished hexagonal head and nut 
dimensions all as specified in ANSI B18.2.  Bolts shall be Xylan or FluoroKote #1 
suitable for direct bury in corrosive soils. 

 
 
PART 3: EXECUTION 
 
3.01 INSTALLATION 
 

Install the tapping sleeves, saddles, and valves in strict accordance with the 
requirements of Specification Section 33 11 00. Install the tapping sleeves, tapping 
saddles, and tapping valves in accordance with the manufacturer’s instructions.  The 
tapping procedure is to be in accordance with the tapping machine manufacturer's 
instructions. 
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SECTION 33 31 00.11 

GRAVITY SANITARY SEWERS 

PART 1: GENERAL 

1.01 SCOPE 

A. Gravity sanitary sewers and appurtenances.  

1.02 SUBMITTALS 

A. Conform to requirements of Section 01 33 00 Submittals. 

B. Submit proposed methods, equipment, materials and sequence of operations f or 
sewer construction. Plan operations to minimize disruption of utilities to occupied 
facilities or adjacent property. 

C. Test Reports: Submit test reports and inspection videos as specified in Part 3 of  
this Section. Videos become property of AW. 

1.03 QUALITY ASSURANCE 

A. Qualif ications. Install sanitary sewer that is watertight both in pipe-to-pipe joints 
and in pipe-to-manhole connections. Perform testing in accordance with Section 
33 01 30.12 - Acceptance Testing for Sanitary Sewers. 

B. Regulatory Requirements. 

1. Install sewer lines to meet minimum State mandated separation distance 
from potable water lines. Separation distance is defined as distance 
between outside of water pipe and outside of sewer pipe. Install new 
sanitary sewers no closer to water lines than 10 feet in all horizontal 
directions. Where water and sanitary sewer lines cross, a minimum 
vertical separation in accordance with State and/or local standards is 
required when the water line passes above the sanitary sewer main.  
Where separation distance cannot be achieved, sanitary sewers shall be 
constructed of ductile iron sanitary sewer piping or encased in reinforced 
concrete (as detailed on the Drawings) for a minimum distance of 10 f eet 
either side of the crossing.  

2. Notify AW Project Manager immediately when water lines are uncovered 
during sanitary sewer installation where minimum separation distance 
cannot be maintained. 

3. Lay gravity sewer lines in straight alignment and grade. 
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1.04 PRODUCT DELIVERY, STORAGE, AND HANDLING 

A. Inspect pipe and fittings upon arrival of materials at job site. 

B. Handle and store pipe materials and fittings to protect them from damage due to 
impact, shock, shear or free fall. Do not drag pipe and fittings along ground. Do 
not roll pipe unrestrained from delivery trucks. 

C. Use mechanical means to move or handle pipe. Employ acceptable clamps, rope 
or slings around outside barrel of pipe and fittings. Do not use hooks, bars, or 
other devices in contact with interior surface of pipe to lift or move lined pipe.  

PART 2: PRODUCTS  

2.01 PIPE 

A. Provide piping materials for gravity sanitary sewers of sizes and types indicated 
on Drawings or as specified. 

B. Unlined reinforced concrete pipe is not acceptable. 

2.02 PIPE MATERIAL SCHEDULE 

A. Unless otherwise shown on Drawings, use pipe materials that conform to 
requirements specified in one or more of following Sections: 

1. Section 33 11 00.15 - Ductile Iron Pipe and Fittings. 

2. Section 33 11 00.11 - Polyvinyl Chloride Pipe. 

B. Where shown on Drawings, provide pipe meeting minimum class, dimension 
ratio, or other criteria indicated. 

C. Pipe materials other than those listed above shall not be used for gravity sanitary 
sewers.  

2.03 APPURTENANCES 

A. Laterals. Conform to requirements of Section 33 31 00.15 - Sanitary Sewer 
Service Laterals. 

B. Service Connections. Conform to requirements of Section 33 31 00.15 - Sanitary 
Sewer Service Laterals. 

C. Roof, street or other type of surface water drains shall not be connected or 
reconnected into sanitary sewer lines. 
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2.04 BEDDING AND BACKFILL MATERIAL 

A. Bedding and Backfill: Conform to requirements of Section 31 23 33 - Excavation 
and Backfill for Utilities and Section 31 23 23 - Utility Backfill Materials. 

PART 3: EXECUTION 

3.01 PREPARATION 

A. Prepare traffic control plans and set up street detours and barricades in 
preparation for excavation when construction will affect traffic. Conform to 
requirements of MUTCD, and/or local standards where applicable. 

B. Provide barricades, flashing warning lights, and warning signs for excavations. 
Conform to requirements MUTCD and/or local standards where applicable. 
Maintain barricades and warning lights where work is in progress or where traffic 
is affected. 

C. Perform work in accordance with OSHA standards. Employ trench safety system 
for excavations over 5 feet deep. 

D. Immediately notify agency or company owning utility line which is damaged, 
broken or disturbed. Obtain approval from AW Project Manager and agency or 
utility company for repairs or relocations, either temporary or permanent.  

E. Remove old pavements and structures including sidewalks and driveways in 
accordance with installation and DPW requirements. 

F. Install and operate dewatering and surface water control measures in 
accordance with Contract Document requirements. 

G. Do not allow sand, debris or runoff to enter sewer system. 

3.02 DIVERSION PUMPING 

A. All diversion and bypass pumping shall be performed in accordance with Section 
33 01 30.51 – Pumping and Bypassing. 

3.03 EXCAVATION 

A. Earthwork. Conform to requirements of Section 31 23 33 - Excavation and 
Backfill for Utilities. Use bedding as indicated on Drawings. 

B. Line and Grade. Establish required uniform line and grade in trench from 
benchmarks identif ied by AW Project Manager. Maintain this control for minimum 
of 100 feet behind and ahead of pipe-laying operation. Use laser beam 
equipment to establish and maintain proper line and grade of work. Use of 
appropriately sized grade boards which are substantially supported is also 
acceptable. Protect boards and location stakes from damage or dislocation.  

C. Trench Excavation. Excavate pipe trenches to depths shown on Drawings and as 
specified in Section 31 23 33 - Excavation and Backfill for Utilities. 
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3.04 PIPE INSTALLATION BY OPEN CUT 

A. Install pipe in accordance with pipe manufacturer's recommendations and as 
specified in following paragraphs. 

B. Install pipe only after excavation is completed, bottom of trench fine graded, 
bedding material is installed, and trench has been approved by AW Project 
Manager. 

C. Install pipe to line and grade indicated. Place pipe so that it has continuous 
bearing of barrel on bedding material and is laid in trench so interior surfaces of 
pipe follow grades and alignment indicated. Provide bell holes where necessary.  

D. Install pipe with spigot ends toward downstream end of flow such that water flows 
into bell and out the spigot. 

E. Form concentric joint with each section of adjoining pipe so as to prevent offsets. 

F. Keep interior of pipe clean as installation progresses. Remove foreign material 
and debris from pipe 

G. Provide lubricant, place and drive home newly laid sections with come-a-long 
winches so as to eliminate damage to sections. Install pipe to "home" mark 
where provided. Use of back hoes or similar powered equipment will not be 
allowed unless protective measures are provided and approved in advance by 
Project Manager. 

H. Keep excavations free of water during construction and until f inal inspection. 

I. When work is not in progress, cover exposed ends of pipes with approved plug to 
prevent foreign material from entering pipe. 

J. Where gravity sanitary sewer is to be installed under existing water line with 
separation distance of less than 2 feet, construct new sewer pipe so that 20 f eet 
of ductile iron pipe is centered on water line crossing or encase the sewer line 
with reinforced concrete encasement as detailed on the plans.  If gravity sanitary 
sewer is to be installed above existing water line, construct new sewer pipe so 
that 20 feet of ductile iron pipe is centered on water line crossing or encase the 
sewer line with reinforced concrete encasement. . 

K. Where gravity sanitary sewer is to be installed under existing water line, install 
new sewer using ductile iron or encased in reinforced concrete encasement as 
shown on Drawings. Maintain minimum 2-feet separation distance. 

L. Where the length of the stub is not indicated, install the stub to the r ight -of-way 
line and seal the free end with an approved plug. 

3.05 PIPE INSTALLATION OTHER THAN OPEN CUT 

A. For installation of pipe by directional drilling, conform to requirements of 
specification sections on directional drilling as appropriate. 
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3.06 INSTALLATION OF APPURTENANCES 

A. Service Connections. Install service connections to conform to requirements of  
Section 33 31 00.15- Sanitary Sewer Laterals. 

B. Construct manholes to conform to requirements of Section 03 48 10 - Precast 
Concrete Manholes.  

3.07 INSPECTION AND TESTING 

A. Visual Inspection: Check pipe alignment in accordance with Section 33 01 30.13 
- Acceptance Testing for Sanitary Sewers. 

B. Mandrel Testing. Use Mandrel Test to test flexible pipe for deflection. Refer to 
Section 33 01 30.13 - Acceptance Testing for Sanitary Sewers. 

C. Pipe Leakage Test. After backfilling line segment and prior to tie-in of service 
connections, visually inspect gravity sanitary sewers where feasible, and test f or 
leakage in accordance with Section 33 01 30.13 - Acceptance Testing for 
Sanitary Sewers.  

3.08 BACKFILL AND SITE CLEANUP 

A. Backfill and compact soil in accordance with Section 31 23 33 - Excavation and 
Backfill for Utilities. 

B. Backfill trench in specified lifts only after pipe installation is approved by AW 
Project Manager. 

C. Repair and replace removed or damaged pavement, curbs, gutters, and 
sidewalks as specified by local base regulations..  

 

END OF SECTION 33 31 00.11 
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SECTION 33 31 00.15 

SANITARY SEWER LATERALS 

PART 1: GENERAL 

1.01 SECTION INCLUDES 

A. Installation of service laterals in sanitary sewers serving areas where sanitary 
sewer service did not previously exist. 

B. Reconnection of existing service connections along parallel, replacement, or 
rehabilitated sanitary sewers. 

1.02 PERFORMANCE REQUIREMENTS 

A. Accurately locate in field all proposed service laterals along new sanitary sewer 
main. 

B. Accurately locate in field existing service connections and proposed service 
laterals along alignment of new parallel or replacement sewer main. 

1.03 SUBMITTALS 

A. Conform to requirements of Section 01 33 00 - Submittals. 

B. Submit product data for each pipe product, f itting, coupling and adapter.  

C. Show reconnected services on record drawings. Give exact distance f rom each 
service connection to nearest downstream manhole. 

PART 2: PRODUCTS 

2.01 PVC SERVICE CONNECTION 

A. Use SDR 35 PVC sewer pipe conforming to ASTM D1784 and ASTM D3034.  
For depths greater than 10’, use SDR 26.  

B. PVC pipe shall be gasket jointed with gasket conforming to ASTM D3212. 

C. Provide service connection pipe in sizes shown on Drawings. For reconnection of 
existing services, select service connection pipe diameter to match existing 
service diameter. Reconnections to rehabilitated sanitary sewer mains shall be 
limited to following maximum service connection diameter: 

Sewer Diameter Maximum Service Connection Diameter 

8” or less 4” 

10” or less 6” 
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D. Subject to above limits, provide 6-inch service connection when more than one 
service discharges into single pipe. 

E. Connect service laterals to new, parallel, or replacement sewer mains with 
prefabricated, full-bodied tee or wye fittings conforming to specifications for 
sewer main pipe material as specified in other Sections for sewers less than 10 
inches in diameter.  

F. Where sewers are installed using pipe augering or tunneling, or where sewer is 
10 inches or greater in diameter, use an inserta tee to connect service to sewer 
main. 

2.02 PIPE SADDLES 

A. Use pipe saddles only on existing sanitary sewer mains.  Comply with Paragraph 
2.01E for new, parallel, and replacement sanitary sewer mains. 

B. Supply one-piece prefabricated saddle, either polyethylene or PVC, with 
neoprene gasket to accomplish complete seal. Use saddle fabricated to fit 
outside diameter of connecting pipe. Protruding lip of saddle must be at least 5/8-
inch long with grooves or ridges to retain stainless steel band clamps. 

C. Use 1/2-inch stainless steel band clamps for securing saddles to liner pipe. 

2.03 COUPLINGS AND ADAPTERS 

A. For connections between new PVC pipe stubouts and existing service, 4-, 6-, or 
8-inch diameter, use flexible adapter coupling consisting of neoprene gasket and 
stainless steel shear rings with 1/2-inch stainless steel band clamps: 

B. For connections between new PVC pipe stubout and new service, use rubber -
gasket adapter coupling: 

2.04 PLUGS AND CAPS 

C. Seal upstream end of unconnected sewer service stubs with rubber gasket plugs 
or caps of same pipe type and size.  

2.05 CLEANOUTS 

A. Use SDR 35 PVC sewer pipe conforming to ASTM D1784 and ASTM D3034. 

B. PVC pipe shall be gasket jointed with gasket conforming to ASTM D3212. 

C. Cleanouts to be provided every 75 LF, and at all changes of direction along the 
sanitary sewer lateral. 

D. Concrete collars to be provided on all new cleanout installations. 

E. Install double single cleanout on all new individual service connections in 
accordance with AW standard details. 
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PART 3: EXECUTION 

3.01 PERFORMANCE REQUIREMENTS 

A. Provide minimum of 72 hours notice to customers whose sanitary sewer service 
will potentially be interrupted. 

B. Accurately field locate service connections, whether in service or not, along 
rehabilitated sanitary sewer main. For parallel and replacement sewers, service 
connections may be located as pipe laying progresses from downstream to 
upstream. 

C. Properly disconnect existing connections from sewer and reconnect to 
rehabilitated liner, as described in this Section. 

D. Reconnect service connections, including those that go to unoccupied or 
abandoned buildings or to vacant lots, unless directed otherwise by AW Project 
Manager. 

E. Complete reconnection of  service lines within 24 hours after cured-in-place liner 
installation and within 72 hours after disconnection for sliplining, parallel, or 
replacement sanitary sewer mains. 

F. Reconnect services on cured-in-place liner at 12 feet depth or less by excavation 
method. AW Project Manager reserves right to require service connections by 
excavation when remote cut service connection damages lines. 

G. Reconnection by excavation method shall include fittings and required pipe 
length to reconnect service line. 

H. Connect services 8 inches in diameter and larger to sewer by construction of 
manhole. Refer to appropriate Specification on manholes for construction. 

3.02 PROTECTION 

A. Provide barricades, warning lights, and signs for excavations created for service 
connections. 

B. Do not allow sand, debris, or runoff to enter sewer system.  

3.03 PREPARATION 

A. Determine existing sewer locations and number of existing service connections 
from closed circuit television (CCTV) inspection DVDs or from field survey. 
Accurately field locate existing service connections, whether in service or not. 
Use existing service locations to connect or reconnect service lines or liner.  

B. For rehabilitated sanitary sewer mains, allow liner to normalize to ambient 
temperature and recover from imposed stretch. For cured-in-place liners, ver ify 
that liner is completely cured. 

C. For new parallel and replacement sanitary sewer mains, complete testing and 
acceptance of downstream sewers as applicable.  
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3.04 EXCAVATION AND BACKFILL 

A. Excavate in accordance with Section 31 23 33 - Excavation and Backfill for 
Utilities. 

B. Perform work in accordance with OSHA standards.  

C. Install and operate necessary ground water and surface water control measures 
in accordance with requirements of the Contract Documents. 

D. Determine locations where limited access, buildings or structure preclude use of 
mechanical excavation equipment. Obtain approval from AW Project Manager for 
hand excavation. 

 

3.05 RECONNECTION BY EXCAVATION METHOD 

A. Remove portion of existing sanitary sewer main or carrier pipe to expose liner 
pipe. Provide sufficient working space for installing prefabricated pipe saddle.  

B. Carefully cut liner pipe making hole to accept stubout protruding from underside 
of saddle. 

C. Strap on saddle using stainless steel band on each side of saddle. Tighten bands 
to produce watertight seal of saddle gasket to liner pipe. 

D. Remove and replace cracked, offset, or leaking service line for up to 5 feet, 
measured horizontally, from center of new liner. 

E. Make up connection between liner and service line using PVC sewer pipe and 
approved fittings and couplings. 

F. Encase entire service connection in cement stabilized sand as shown on 
Drawings. 

G. Test service connections before backfilling. 

3.06 RECONNECTION BY REMOTE METHOD 

A. Make service reconnections using remote-operated cutting tools on cured-in-
place liners at depth greater than 12 feet. 

B. Employ method and equipment that restore service connection capacity to not 
less than 90 percent of original capacity. 

C. Immediately open missed connections and repair holes drilled in error using 
method approved by AW Project Manager. 

3.07 RECONNECTION ON PARALLEL OR REPLACEMENT SEGMENTS 

A. Install service connections on sewer main. 

B. Remove and replace cracked, offset or leaking service line for up to 5 feet, 
measured horizontally, from centerline of sanitary sewer main. 
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C. Make up connection between main and existing service line using PVC sewer 
pipe and approved couplings, as shown on Drawings. 

D. Test service connections before backfilling. 

E. Embed service connection and service line as specified for sanitary sewer main 
as shown on Drawings. Place and compact trench zone backfill in compliance 
with Section 31 23 33 - Excavation and Backfill for Utilities. 

3.08 INSTALLATION OF NEW SERVICE LATERALS 

A. Install service connections on sanitary sewer main for each service connection. 
Provide length of lateral indicated on Drawings. Install plug or cap on upstream 
end of service lateral as needed. 

B. Test service connections before backfilling. 

C. Embed service connection and service line as specified for sanitary sewer main, 
and as shown on Drawings. Place and compact trench zone backfill in 
compliance with Section 31 23 33 - Excavation and Backfill for Utilities. Install 
minimum 2-foot length of magnetic locating tape along axis of service stub and 9 
inches to 12 inches above crown of pipe, at end of stub. 

D. Install dual direction cleanouts at the point of demarcation or as otherwise shown 
on Drawings. 

3.09 TESTING 

A. Test service reconnections and service laterals. Follow applicable procedures 
given in Section 33 01 30.13 - Acceptance Testing for Sanitary Sewers to 
perform smoke testing to confirm reconnection. 

B. Perform post installation CCTV inspection as specified in the Contract 
Documents. Cleaning and television inspection to show locations of service 
connection. 

3.10 CLEANUP 

A. Backfill excavation as specified in Section 31 23 33 - Excavation and Backf ill f or 
Utilities. 

B. Replace pavement or sidewalks removed or damaged by excavation.  In 
unpaved areas, bring surface to grade and slope surrounding excavation. 
Restore all disturbed paved and lawn areas in accordance with local base and 
DPW regulations. 

 

END OF SECTION 33 31 00.15 
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