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Terracon Consultants, Inc.      10841 S. Ridgeview Road     Olathe, KS 66061 
P (407) 446 2527     terracon.com 

August 26, 2021

Terracon Company
6949 S Highland Dr. 
Midvale, UT 840047

Attn: Mr. Kristopher Powell
E:  kristopher.powell@terracon.com

Re: SPT Automatic Hammer Energy Measurement Report
Drill Rig DR#478; GeoProbe 3100GT
Project Number: HWXX0500 

Dear Mr. Kristopher Powell:

This report provides the Energy Transfer Ratio (ETR) for the SPT automatic hammer found on 
drill rig model 3100GT; Drill Rig Asset Number DR#478 (Serial Number: 3100GT201001).

Table 1: Hammer Measurement Summary

Drill Rig Model Serial No. Drill Rig Year Drill Rig No.
Energy 

Transfer Ratio 
(ETR)

Hammer 
Efficiency 

Correction (CE)

3100GT 3100GT201001 2020 DR#478 96.6% ± 4.3% 1.61

If you have any questions concerning this summary, or if we may be of further service, please 
contact us.

Sincerely,
Terracon Consultants, Inc.

James Smith      Marie Maher, P.G.
National Exploration Manager                Regional Exploration Manager

Attachments:
Exhibit A:    Measurement Information
Exhibit B:    PDA SPT Analyzer Results
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Exhibit A      
Measurement Information 
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MEASUREMENT INFORMATION 

ITEM DESCRIPTION

Drill Rig Identification
Drill Rig Model: GP 3100GT Drill Rig Year: 2020
Drill Rig Asset No.: DR#478; Serial No. 3100GT201001

Drill Rig Owner Terracon Salt Lake City, UT

Drill Rig Operator Marshall Wayment; Terracon Salt Lake City Exploration

Testing Date 08/24/2021

Testing Location Ogden project site

Boring Identification B-1

Hammer Type 140 pounds (automatic)

Boring Method Rotary Wash

Drill Rods
AWJ
1 3/4” outside diameter
3/16” wall thickness

Testing Equipment
2 foot AWJ rod instrumented w/ 2 strain gauges and 2 accelerometers
Model SPT Analyzer™ (PDA)

ASTM Methods Used ASTM D1586, Standard Test Method for Standard Penetration Test and Split-
Barrel Sampling of Soils
 
ASTM D4633-16, Standard Method for Energy Measurement for Dynamic 
Penetrometers

Personnel Jim Smith – National Exploration Manager - Terracon Consultants, Inc.
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Exhibit B     
PDA SPT ANALYZER RESULTS 
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SPT Analyzer Results PDA-S Ver. 2018.24 - Printed: 8/24/2021

HW478 5-6.5
Jim Smith Test date: 8/24/2021
AR: 1.19 in^2 SP: 0.492 k/ft3
LE: 9.50 ft EM: 30000 ksi
WS: 16807.9 ft/s

Depth: (5.00 - 6.50 ft], displaying BN: 12
F@9.50 ft (50 kips)
V@9.50 ft (23.5 ft/s)

A1,2
F3,4

Vend: 3.0 feet/second

F3 : [454AWJ2] 204.95 PDICAL (1) FF1 A1 (PR): [K4484] 361.048 mv/6.4v/5000g (1) VF1
F4 : [454AWJ1] 206.01 PDICAL (1) FF1 A2 (PR): [K10492] 421.636 mv/6.4v/5000g (1) VF1

FMX: Maximum Force EFV: Maximum Energy
VMX: Maximum Velocity ETR: Energy Transfer Ratio - Rated
BPM: Blows/Minute

BL# BC FMX VMX BPM EFV ETR
/6" kips ft/s bpm ft-lb %

1 2 33 20.1 1.9 353 100.7
2 2 34 21.0 47.8 338 96.4
3 5 36 22.3 48.3 337 96.3
4 5 36 22.6 48.5 318 90.9
5 5 36 22.7 48.3 320 91.4
6 5 34 21.2 48.6 325 92.9
7 5 35 21.9 48.2 311 88.8
8 7 34 21.5 48.2 345 98.7
9 7 34 21.1 48.4 331 94.7

10 7 34 21.6 48.4 340 97.1
11 7 34 21.5 48.4 340 97.0
12 7 31 19.6 48.6 321 91.8
13 7 34 21.8 48.0 309 88.4
14 7 31 19.2 48.5 305 87.0

Average 34 21.4 48.4 325 92.9
Std Dev 2 1.0 0.2 13 3.7

Maximum 36 22.7 48.6 345 98.7
Minimum 31 19.2 48.0 305 87.0

N-value: 12

Sample Interval Time: 18.59 seconds.
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SPT Analyzer Results PDA-S Ver. 2018.24 - Printed: 8/24/2021

HW478 5-6.5
Jim Smith Test date: 8/24/2021
AR: 1.19 in^2 SP: 0.492 k/ft3
LE: 44.50 ft EM: 30000 ksi
WS: 16807.9 ft/s

Depth: (40.00 - 41.50 ft], displaying BN: 27
F@44.50 ft (50 kips)
V@44.50 ft (23.5 ft/s)

A1,2
F3,4

Vend: 3.0 feet/second

F3 : [454AWJ2] 204.95 PDICAL (1) FF1 A1 (PR): [K4484] 361.048 mv/6.4v/5000g (1) VF1
F4 : [454AWJ1] 206.01 PDICAL (1) FF1 A2 (PR): [K10492] 421.636 mv/6.4v/5000g (1) VF1

BL# BC FMX VMX BPM EFV ETR
/6" kips ft/s bpm ft-lb %

15 5 35 22.1 1.9 339 96.9
16 5 34 21.5 48.0 339 97.0
17 5 35 22.3 48.2 341 97.5
18 5 35 22.3 48.2 346 98.8
19 5 34 22.0 48.4 347 99.2
20 5 36 22.5 48.3 343 98.0
21 5 33 21.2 48.3 331 94.6
22 5 35 22.2 48.6 334 95.4
23 5 35 22.2 48.3 344 98.2
24 5 32 21.2 48.3 338 96.5
25 5 33 21.3 48.3 343 97.9
26 5 34 22.0 48.3 342 97.6
27 5 33 21.9 48.4 349 99.6
28 5 33 22.0 47.9 346 99.0
29 5 32 21.4 48.6 345 98.6

Average 34 21.8 48.3 341 97.5
Std Dev 1 0.4 0.2 5 1.5

Maximum 36 22.5 48.6 349 99.6
Minimum 32 21.2 47.9 331 94.6

N-value: 10

Sample Interval Time: 19.94 seconds.
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HW478 5-6.5
Jim Smith Test date: 8/24/2021
AR: 1.19 in^2 SP: 0.492 k/ft3
LE: 54.00 ft EM: 30000 ksi
WS: 16807.9 ft/s

Depth: (50.00 - 51.50 ft], displaying BN: 38
F@54.00 ft (50 kips)
V@54.00 ft (23.5 ft/s)

A1,2
F3,4

Vend: 3.0 feet/second

F3 : [454AWJ2] 204.95 PDICAL (1) FF1 A1 (PR): [K4484] 361.048 mv/6.4v/5000g (1) VF1
F4 : [454AWJ1] 206.01 PDICAL (1) FF1 A2 (PR): [K10492] 421.636 mv/6.4v/5000g (1) VF1

BL# BC FMX VMX BPM EFV ETR
/6" kips ft/s bpm ft-lb %

30 1 36 23.1 28.3 397 113.5
31 4 33 21.2 47.3 340 97.2
32 4 32 21.2 48.0 357 102.0
33 4 30 20.4 48.7 332 94.7
34 4 32 20.8 6.5 336 96.1
35 6 32 20.9 47.9 352 100.5
36 6 32 21.0 48.0 356 101.8
37 6 35 22.2 48.1 371 106.0
38 6 36 22.4 7.2 362 103.5
39 6 31 20.7 47.5 345 98.7
40 6 32 21.1 48.2 352 100.6

Average 33 21.2 39.7 350 100.1
Std Dev 2 0.6 16.4 12 3.3

Maximum 36 22.4 48.7 371 106.0
Minimum 30 20.4 6.5 332 94.7

N-value: 10

Sample Interval Time: 28.75 seconds.
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UNIFIED SOIL CLASSIFICATION SYSTEM

UNIFIED SOI L CLASSI FICATI ON SYSTEM

Criteria for Assigning Group Symbols and Group Names Using Laboratory Tests A
Soil Classification

Group
Symbol Group Name B

Coarse-Grained Soils:
More than 50% retained
on No. 200 sieve

Gravels:
More than 50% of
coarse fraction
retained on No. 4 sieve

Clean Gravels:
Less than 5% fines C

Cu t 4 and 1 d Cc d 3 E GW Well-graded gravel F

Cu � 4 and/or [Cc<1 or Cc>3.0] E GP Poorly graded gravel F

Gravels with Fines:
More than 12% fines C

Fines classify as ML or MH GM Silty gravel F, G, H

Fines classify as CL or CH GC Clayey gravel F, G, H

Sands:
50% or more of coarse
fraction passes No. 4
sieve

Clean Sands:
Less than 5% fines D

Cu t 6 and 1 d Cc d 3 E SW Well-graded sand I

Cu � 6 and/or [Cc<1 or Cc>3.0] E SP Poorly graded sand I

Sands with Fines:
More than 12% fines D

Fines classify as ML or MH SM Silty sand G, H, I

Fines classify as CL or CH SC Clayey sand G, H, I

Fine-Grained Soils:
50% or more passes the
No. 200 sieve

Silts and Clays:
Liquid limit less than 50

Inorganic:
PI ! 7 and plots on or above “A”
li J

CL Lean clay K, L, M

PI � 4 or plots below “A” line J ML Silt K, L, M

Organic:
Liquid limit - oven dried

� 0.75 OL Organic clay K, L, M, N

Liquid limit - not dried Organic silt K, L, M, O

Silts and Clays:
Liquid limit 50 or more

Inorganic:
PI plots on or above “A” line CH Fat clay K, L, M

PI plots below “A” line MH Elastic Silt K, L, M

Organic:
Liquid limit - oven dried

� 0.75 OH Organic clay K, L, M, P

Liquid limit - not dried Organic silt K, L, M, Q

Highly organic soils: Primarily organic matter, dark in color, and organic odor PT Peat
A Based on the material passing the 3-inch (75-mm) sieve.
B If field sample contained cobbles or boulders, or both, add “with cobbles

or boulders, or both” to group name.
C Gravels with 5 to 12% fines require dual symbols:  GW-GM well-graded

gravel with silt, GW-GC well-graded gravel with clay, GP-GM poorly
graded gravel with silt, GP-GC poorly graded gravel with clay.

D Sands with 5 to 12% fines require dual symbols:  SW-SM well-graded
sand with silt, SW-SC well-graded sand with clay, SP-SM poorly graded
sand with silt, SP-SC poorly graded sand with clay.

E Cu = D60/D10     Cc =
6010

2
30

DxD

)(D

F If soil contains t 15% sand, add “with sand” to group name.
G If fines classify as CL-ML, use dual symbol GC-GM, or SC-SM.

H If fines are organic, add “with organic fines” to group name.
I If soil contains t 15% gravel, add “with gravel” to group name.
J If Atterberg limits plot in shaded area, soil is a CL-ML, silty clay.
K If soil contains 15 to 29% plus No. 200, add “with sand” or “with

gravel,” whichever is predominant.
L If soil contains t 30% plus No. 200 predominantly sand, add

“sandy” to group name.
MIf soil contains t 30% plus No. 200, predominantly gravel, add

“gravelly” to group name.
NPI t 4 and plots on or above “A” line.
OPI � 4 or plots below “A” line.
P PI plots on or above “A” line.
QPI plots below “A” line.


