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1.0 INTRODUCTION 
 
 
This report summarizes field activities performed during drilling, sampling, and 
decommissioning of 11 direct pushes in the area around Tank 241-A-104 (A-104) and 
Tank 241-A-105 (A-105) in Waste Management Area (WMA) A-AX.  Field characterization 
will support development of a Resource Conservation and Recovery Act of 1976 facility 
investigation (RFI)/corrective measure study (CMS) work plan, which will present the 
preliminary conceptual site model and provide context for risk-informed tank waste retrieval at 
WMA A-AX. 
 
WMA A-AX is part of the Hanford single-shell tank (SST) system; A-AX is located in the 
200 East Area of the Hanford Site.  AX Farm consists of four-, and A Farm consists of 
six 100 series SSTs, each with 1,000,000 gallon capacity.  The A-AX Farm includes an extensive 
waste transfer system of pipelines (transfer lines), diversion boxes, vaults, valve pits, and other 
structures (above and below grade).  Tanks A-104 and A-105 are both approximately 75-feet (ft) 
in diameter with a 44-ft depth and constructed with a carbon steel liner within a cylindrical 
reinforced concrete shell.  The tanks were designed for the storage of boiling waste generated 
from irradiated fuel reprocessing at the Plutonium-Uranium Extraction Plant.  Multiple drywells 
surround each of the tanks for leak detection.  Tanks A-104 and A-105 are both designated as 
“confirmed leakers” and the area surrounding the tanks is identified as WMA A-AX Focus 
Area 1.  
 
Work consisted of using the hydraulic hammer system for direct push of temporary casing 
(tubing) advancement, geophysical logging, electrical resistivity tomography (ERT) sensor 
installation, and vadose zone soil sample collection in WMA A-AX Focus Area 1.  Atkins 
Energy Federal EPC, Inc. (Atkins) performed the field activities, under direction of Washington 
River Protection Solutions, LLC (WRPS).  
 
 
1.1 PURPOSE, SCOPE, AND GENERAL INFORMATION 
 
This document summarizes the observations and measurements made during the performance of 
the WMA A-AX Focus Area 1 vadose zone direct push campaign.  Technical requirements and 
detailed descriptions of the intended scope of work for this project are provided in 
PL-5166670-EG-0001, Description of Work: 241-A Tank Farm Direct Push Vadose 
Characterization FY 2018/2019, Rev. 2 (Appendix A).  Atkins was responsible for providing 
equipment and personnel to conduct direct push activities, geophysical logging services, soil 
sample collection, safety oversight, and technical support.  
 
Documentation of work activities are provided in this report.  The following appendices contain 
copies of documentation generated during the performance of the above work scope:  
 
Appendix A. PL-5166670-EG-0001, Description of Work: 241-A Tank Farm Direct Push   

Vadose Characterization FY 2018/2019, Rev. 2   
Appendix B. Drilling and Sampling Daily Work Records  
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Appendix C. Direct Push Photographs 
Appendix D. Characterization Deviation Forms 
Appendix E. Washington State Department of Ecology Documents 
Appendix F. Geophysical Logging Results for WMA A-AX Focus Area 1 (Tanks 241-A-104 

and 241-A-105) 
Appendix G. Sample Interval Selection Meeting Minutes 
Appendix H. Direct Push Location Information 
Appendix I. Safety Documentation. 
 
Additionally, guidance documentation and preparation for control of field activities were 
completed with the release of the following documents: 
 

• Description of Work: 241-A Tank Farm Direct Push Vadose Characterization 
FY 2018/2019, (PL-5166670-EG-0001 Rev. 2). 

• WRPS Work Package, Vadose Perform Angle Direct Push at 241-A Tank Farm 
(TFC-WO-377428). 

• WRPS Job Hazard Analysis Checklist, Direct Push Operations 
• Sampling and Analysis Plan for WMA A-AX Focus Area 1 (Tanks 241-A-104 and 

241-A-105) (RPP-PLAN-62041)  
• Radiological Work Permit AX-063 Rev. 04 (241-A Vadose) 
• Respiratory Protection Form TFC-ESHQ-IH-STD-07 Rev. 12 
• Industrial Hygiene Sample Plans IHSP-RETR-A-11 Rev. 4 
• Hanford Site Excavation Permit DAN18-0125 
• Engineering Change Notice ECN-714221 Rev. 01 

 
 
 

2.0 DIRECT PUSH FIELD WORK 
 
 
Field work began on June 7, 2018, with the mobilization and staging of a direct push rig and 
associated equipment inside 241-A Tank Farm.  Work was completed on August 29, 2019 with 
the radiological release survey and demobilization of the direct push rig.  There were 252 
working field days.  Delays (or downtime) of approximately 60 days were caused primarily by 
respiratory equipment issues, lack of resources, and technical issues such as: safety pauses and 
meetings, equipment problems, weather-related shutdowns, construction and administrative 
issues. 
 
Five locations were planned to investigate WMA A-AX Focus Area 1.  The direct push locations 
around Tanks A-104 and A-105 were selected for soil sampling based on information related to 
tank releases including possible leak locations.  In accordance with DOW PL-5166670-EG-0001, 
Rev. 2, the placement of pushes was accomplished using a hydraulic hammer system.  The 
lightweight hydraulic rotary hammer advances or “pushes” the drill-string into the ground (the 
“push” method eliminates soil cuttings that are brought to the surface with other drilling 
methods).  Holes were pushed, using a 6.35 cm (2.5-in.) outside diameter by 4.45 cm (1.75-in.) 
inside diameter steel tubing, at predetermined locations to specified depths, or refusal.   

RPP-ENV-61860 Rev.00 3/26/2020 - 9:33 AM 14 of 617



RPP-ENV-61860, Rev. 0 

9 

 
Each location required two direct pushes, the first for geophysical logging and ERT sensor 
installation and the second push for soil sample collection.  The five locations selected for soil 
sampling required four angled direct pushes and one vertical direct push.  The ten pushes were 
completed as planned (an eleventh push was advanced and used as a replacement for a push with 
damaged casing).  Figure 2-1 shows the five locations investigated for Focus Area 1. 
 
The work scope consisted of using a hydraulic hammer system to drive eight angled and two 
vertical direct pushes.  The angled pushes varied in dip from 75° to 21° (measured from 
horizontal).  The longest pushes (four angled) were advanced for a distance of approximately 
298 ft (measured in ‘pipe run’).  Direct pushes of these lengths are considered the maximum 
range for this equipment, which can create operational challenges.  Table 2-1 summarizes the 
planned and final measurements of the 11 WMA A-AX Focus Area 1 pushes. 
 
Appendices B and C provide information on day to day activities (i.e., Drilling and Sampling 
Daily Work Records and Direct Push Photographs, respectively).  Appendices D and E provide 
documentation of work activities which deviated from RPP-PLAN-62041 and state requirements 
(Characterization Deviation Forms and Washington State Department of Ecology [Ecology] 
Documents, respectively).  This section is organized in the following subsections: 
 

• Section 2.1 Geophysical Logging 
• Section 2.2 Soil Sampling 
• Section 2.3 Decommissioning and Resistivity Sensor Placement 
• Section 2.4 Challenges and Lessons Learned 

 
2.1 GEOPHYSICAL LOGGING 
 
Atkins and Three Rivers Scientific conducted the geophysical logging data collection.  For the 
geophysical logging, a portable small diameter logging system was used to collect spectral 
gamma, moisture, and temperature data from the bottom of the hole to the ground surface.  
Appendix F contains copies of the collected and processed geophysical logging data with data 
observations and conclusions.   
 
Geophysical logging performed on the exploratory holes included collecting spectral gamma 
data using a combination cerium bromide/bismuth germanium oxide instrument and collecting 
neutron-neutron moisture and temperature data.  Electrical Resistivity Tomography assemblies 
were installed in the four angled exploratory holes as they were decommissioned.  Section 2.3 of 
this report contains additional details regarding ERT sensor placement and completion of those 
exploratory pushes.  
 
A slim-hole borehole gyroscope was utilized to provide actual trajectory data for each angled 
direct push.  The gyroscope log was run twice in each push.  The initial run was conducted once 
the drive tubing had been advanced to a vertical depth of approximately 45 ft below ground 
surface (bgs). The purpose of this initial log was to verify the trajectory was within the specified 
target window that would ensure the push tubing would pass safely by the SST footing.  The 
second gyroscope log was run at total depth of each push and data collected was plotted to 
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provide the actual trajectory of each push.  The gyroscope data from the exploratory pushes was 
correlated with the geophysical log data to calculate target depths for sample picks.  After 
collection of the samples from the sampling pushes, the gyroscope data was used to calculate the 
actual depths for samples collected.  Gyroscope survey plots are provided in Appendix F. 
 
2.2 SOIL SAMPLING 
 
In accordance with DOW PL-5166670-EG-0001, Rev. 2, soil sampling was accomplished with 
a dual-wall sampling system.  The sampling system consisted of a 6.67 cm (2.625-in.) outside 
diameter, 4.76 cm (1.875-in.) inside diameter outer sample barrel, which holds a 4.13 cm 
(1.625-in.) outside diameter inner sample barrel that is 48.63 cm (18.75-in.) long.  The inner 
sample barrel houses three 3.18 cm (1.25 in) outside diameter, 2.7 cm (1.06 in) inside diameter, 
15.24 cm (6 in.) long stainless-steel sample liners.  The outer sample barrel is attached to 
6.67 cm (2.625-in.) outside diameter, 4.76 cm (1.875-in.) inside diameter drive tubing.  The inner 
barrel is attached to 2.54 cm (1 in.) outside diameter inner rod.  The inner barrel is 
interchangeable with a removable drive tip.  The drive tubing with the drive tip in place is driven 
to the target sample depth, then removed and replaced with the inner sample barrel.  The 
sampling system is typically driven 0.61 meters (2 ft), then removed to retrieve the sample.  The 
drive tip is then reinserted and the drive tubing advanced to the next target sample depth and the 
process repeated.  
 
Five sample holes were pushed adjacent to each exploratory push.  Sample selection meetings 
were held to determine the intervals to be sampled.  Geophysical logs, from relevant exploratory 
holes, were used to assist in determining sample depths by evaluating areas of increased 
moisture, temperature, and/or gamma readings.  Meeting minutes for sample depth selection are 
provided in Appendix G.  Samples were collected, processed, and then delivered to the 222-S 
Laboratory and analyzed per RPP-PLAN-62041.  Refer to Table 2-2 for sample locations, 
numbers and depths of samples. 
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Figure 2-1.  Surface Location of WMA A-AX Focus Area 1 Direct Pushes 

 
Note: Push C9391A had pipe separation and could not be geophysically logged. The push was replaced by C9391.  Push C9383 is part of the 2014/2105 
campaign and is included for reference purposes. 
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Table 2-1.  Planned and Final Measurements of the WMA A-AX Focus Area 1 Direct Pushes 

Direct Push 
ID 

Planned Azimuth  
(degrees from  

true North) 

Final Azimuth  
(degrees from  

true North) 

Planned Dip  
(degrees from 
Horizontal)b 

Final Dip  
(degrees from 
Horizontal) 

Planned 
Depth 

(ft pipe run) 

Final Depth 
(ft pipe run) 

Planned Depth  
(ft bgs) 

Final Depth 
(ft bgs) 

C9385 0 -a 90 -a 285b 285.5 285b 285.5 

C9386 277c 277.0 277c 277.0 

C9387 150 109 55 33 295b 298.0 242b 217.3 

C9388 132 21 292c 292.0 216c 190.2 

C9391 195 169 60 46 279b 278.7 241b 226.7 

C9391A -a -a 279.7 -a 

C9392 169 25 268c 268.0 219c 183.7 

C9393 180 208 75 63 295b 295.1 285b 271.0 

C9394 150 59 295c 295.0 273c 277.2 

C9395 180 198 45 32 197b 196.8 139b 126.6 

C9396 159 31 178c 178.0 115c 113.2 

a. A gyroscope survey was not performed at this location. 
b. RPP-PLAN-62041, Sampling and Analysis Plan for WMA A-AX Focus Area 1 (Tanks 241-A-104 and 241-A-105) 
c. Based on depth of final selected sample interval. See Appendix D for sample depth meeting notes. 
 
ft bgs = feet below ground surface 
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Table 2-2.  Sample Intervals 

Direct Push 
ID 

Depth 
(ft pipe run unless 
otherwise noted) 

Sample Numbers Approximate Percent 
Recovery 

C9386 
(Vertical) 

Surface B3L2V4 NA 
Surface Duplicate B3L2V6 NA 

7-9 ft bgs B3K515, B3K512, B3K513, 
B3K514 

94 

12-14 ft bgs B3K522, B3K519, B3K520, 
B3K521 

88 

53-55 ft bgs B3K529, B3K526, B3K527, 
B3K528 

88 

Equipment Blank B3M4C9, B3K585 NA 
75-77 ft bgs B3K536, B3K533, B3K534, 

B3K535 
94 

Field Blank B3M4D0, B3K584 NA 
132-134 ft bgs B3K543, B3K540, B3K541, 

B3K542 
94 

210-212 ft bgs B3K550, B3K547, B3K548, 
B3K549 

100 

263-265 ft bgs B3K557, B3K554, B3K555, 
B3K556 

100 

273-275 ft bgs B3K564, B3K561, B3K562, 
B3K563 

100 

275-277 ft bgs B3K571, B3K568, B3K569, 
B3K570 

80 

C9388 
(Angled) 

Surface B3M4N5 NA 
9-11 B3M4D6, B3M4D3, 

B3M4D4, B3M4D5 
100 

15-17 B3M4F3, B3M4F0, B3M4F1, 
B3M4F2 

100 

63-65 B3M4H0, B3M4F7, B3M4F8, 
B3M4F9 

100 

124-126 B3M4H7*, B3M4H4, 
B3M4H5, B3M4H6 

56 

141-143 B3M4J4, B3M4J1, B3M4J2, 
B3M4J3 

100 

161-163 B3M4K1, B3M4J8, B3M4J9, 
B3M4K0 

100 

184-186 B3M4K8, B3M4K5, 
B3M4K6, B3M4K7 

70 

203-205 B3M4L5, B3M4L2, B3M4L3, 
B3M4L4 

100 

Field Blank B3M4N1, B3M4N2 NA 
Equipment Blank B3M4N3, B3M4N4 NA 

290-292 B3M4M2, B3M4L9, 
B3M4M0, B3M4M1 

94 

C9392 
(Angled) 

Surface B3M4R7 NA 
8-10 B3M4D1, B3K586, B3K587, 

B3L2V8 
78 

14-16 B3M4W2, B3M4V9, 
B3M4W0, B3M4W1 

81 

54-56 B3M4W9, B3M4W6, 
B3M4W7, B3M4W8 

98 
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Table 2-2.  Sample Intervals 

Direct Push 
ID 

Depth 
(ft pipe run unless 
otherwise noted) 

Sample Numbers Approximate Percent 
Recovery 

60-62 B3M4X6, B3M4X3, 
B3M4X4, B3M4X5 

94 

113-115 B3M4Y3, B3M4Y0, 
B3M4Y1, B3M4Y2 

100 

158-160 B3M500, B3M4Y7, B3M4Y8, 
B3M4Y9 

90 

190-192 B3M507, B3M504, B3M505, 
B3M506 

90 

254-256 B3M514, B3M511, B3M512, 
B3M513 

92 

262-264 B3M521, B3M518, B3M519, 
B3M520 

90 

266-268 B3M528, B3M525, B3M526, 
B3M527 

93 

C9394 
(Angled) 

Surface B3M595 100 
7-9 B3M5B7, B3M5B5, B3M546, 

B3M5B6 
69 

12-14 B3M5C4, B3M5C1, B3M5C2, 
B3M5C3 

99 

107-109 B3M5D1, B3M5C8, 
B3M5C9, B3M5D0 

94 

146-148 B3M5D8, B3M5D5, 
B3M5D6, B3M5D7 

100 

164-166 B3M5F5, B3M5F2, B3M5F3, 
B3M5F4 

90 

177-179 B3M5H2, B3M5F9, B3M5H0, 
B3M5H1 

80 

196-198 B3M5H9, B3M5H6, 
B3M5H7, B3M5H8 

94 

288-290 B3M5J6, B3M5J3, B3M5J4, 
B3M5J5 

83 

293-295 B3M5K3, B3M5K0, 
B3M5K1, B3M5K2 

88 

C9396 
(Angled) 

Surface B3M5M8 NA 
Surface Duplicate B3M5N1 NA 

10-12 B3M5P1, B3M5N8, 
B3M5N9,B3M5P0 

85 

17-19 B3M5P8, B3M5P5, B3M5P6, 
B3M5P7 

82.5 

78-80 B3M5R5, B3M5R2, B3M5R3, 
B3M5R4 

94 

97-99 B3M5T2, B3M5R9, B3M5T0, 
B3M5T1 

94 

99-101 B3M5T9, B3M5T6, B3M5T7, 
B3M5T8 

90 

105-107 B3M5V6, B3M5V3, 
B3M5V4, B3M5V5 

90 

Field Blank B3M5N4, B3M5N5 NA 
Equipment Blank B3M5N6, B3M5N7 NA 
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Table 2-2.  Sample Intervals 

Direct Push 
ID 

Depth 
(ft pipe run unless 
otherwise noted) 

Sample Numbers Approximate Percent 
Recovery 

162-164 B3M5W3, B3M5W0, 
B3M5W1, B3M5W2 

90 

176-178 B3M5X0, B3M5W7, 
B3M5W8, B3M5W9 

90 

*No soil was recovered from the shoe  
ft bgs = feet below ground surface 
ID  = identification 
NA = not applicable 

 

2.3 DECOMMISSIONING AND RESISTIVITY SENSOR PLACEMENT 
 
Decommissioning of the sampling pushes was conducted in accordance with the Washington 
Administrative Code (WAC) 173-160 requirements.  To decommission the sample pushes, the 
tubing was back pulled while granular bentonite was simultaneously added to the tubing until it 
reached the surface. 
 
The exploratory (logging) pushes have not been decommissioned in accordance with 
WAC-173-160-460; they are considered instrumentation wells.  With the exception of the 
vertical push (C9385), decommissioning was accomplished by knocking the drive tip out of the 
bottom of the tubing then back pulling the tubing approximately 6 ft.  With the aid of a long 
fiberglass rod and ½ in. polyethylene tubing, a multi-sensor ERT electrode was inserted to the 
bottom of the push.  The fiberglass rod was then removed, leaving the sensor and tubing in place.  
A 68/32 percent mixture of pumice powder and Portland cement was then mixed to a thin slurry 
and pumped down through the ½ in. tubing to the bottom of the hole.  Extraction of piping and 
tubing were done simultaneously while additional batches of pumice/cement was pumped down 
the hole, encasing the entire sensor from bottom, to ground surface.  Each ERT array contains 32 
separate electrodes.  A protective steel casing was then buried in place approximately 60.96 cm 
(24 in.) deep at the surface to protect the protruding sensor wiring.  The protective steel casing 
was then identified with Ecology well tags and brass tags, each stamped with a unique well 
identifier. Coordinates and elevations for each sensor is included in Appendix F. Documentation 
required by WAC 173-160 was submitted to Ecology and is provided, for informational 
purposes, in Appendix E. 
 
The depths at which the bottom sensor was set and the length of sensor separation in each push is 
identified below: 
 

• C9385, no sensors placed. 
• C9387, bottom sensor at approximately 295.6 ft pipe run, with sensor every 9 ft. 
• C9391A, no sensors placed. 
• C9391, bottom sensor at approximately 276.4 ft pipe run, with sensor every 8.5 ft. 
• C9393, bottom sensor at approximately 292.7 ft pipe run, with sensor every 9 ft. 
• C9395, bottom sensor at approximately 194.8 ft pipe run, with sensor every 6 ft. 
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2.4 CHALLENGES AND LESSONS LEARNED 
 
One of the major challenges associated with this field work was that the vadose zone tank farm 
field program was shut down in 2015 with a hiatus until the summer of 2018.  Due to the length 
of the shutdown, the entire program needed to be re-started, which takes re-training and 
time.  Additionally, the specialized equipment and drill rigs needed to perform work in tank 
farms were not in use during the shutdown, which can negatively affect functionality. 
 
Work in A Farm for Focus Area 1 surpassed any work ever performed in tank farms because 
deeper depths were pushed.  Initially, some breaks in tubing occurred as it was discovered that 
re-using tubing from previous field investigations, which had been left exposed to the weather, 
compromised the integrity of the carbon steel tubing.  This caused it to fail when pushing to 
these deeper depths.  After this, new tubing was purchased, as needed.  These breaks in tubing 
did not cause any significant delays.   
 
In addition, there were two specific issues which occurred at logging holes (C9385 and 
C9391).  As identified in meeting notes in Appendix G, push tubing breaks occurred at two 
direct push locations, first at vertical location C9385 and then at angled location C9391, 72 ft bgs 
and 180 ft pipe run, respectively.  These were the first two locations pushed for the field 
effort.  Additionally, the High Energy Resolution gamma logging tool with the cerium bromide 
crystal was damaged while logging at C9385. 
 
Meeting notes contain an email dated September 20, 2018 from Mike Barnes (Ecology) 
providing concurrence that C9385 did not need to be re-pushed because moisture and 
temperature profiles of C9385 and C9383, a vertical location approximately 2 ft away, were 
consistent (refer to Figure 2-1 for location of pushes). 
 
It was also identified in September 2018, that it would be problematic to install ERT sensors in 
C9385.  Ecology verbally identified that they were not necessary due to the close proximity to 
C9383, which has ERT sensors. C9385 was decommissioned using bentonite granules to fill the 
push cavity, while abandoning approximately 218 ft of broken off push tubing in the ground.   
 
When the push tubing broke while driving at C9391, Mike Barnes also indicated that it should be 
re-pushed because: 
 

• It would not be possible to determine where moisture zones are present or if thin 
beds are located deep in the subsurface.  

• The surface geophysical exploration data shows a highly conductive area and the 
drywells 10-05-09, 10-04-04, and 10-04-05 all show high temperature anomalies.   

• It is very important to have the logging information to assist with selecting the deep 
sampling intervals.  

 
Based upon this recommendation and agreement by DOE, WRPS directed a second, replacement 
push to be advanced approximately 2 ft east of the original location.  The original C9391 push 
was decommissioned using bentonite crumbles to fill the push cavity, while abandoning 
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approximately 102 ft of broken off push tubing in the ground.  The original push designation 
then became C9391A and the final push became C9391 (refer to Figure 2-1). 
 
Overall, equipment factors included gyroscope issues and equipment cart issues.  Both of these 
equipment issues occurred due to the equipment being idle during the shutdown period.  Both 
issues have been since resolved by having obtained back-up gyroscope and equipment cart.   
 
 

3.0 GLOBAL POSITIONING SATELLITE SURVEYING 
 
 
In accordance with PL-5166670-EG-0001, Rev. 2, a professional land surveyor (Rogers 
Surveying, Inc.), marked the original locations of the exploratory holes using a Trimble1 5800 
Global Positioning Satellite Survey system, or equivalent.  At the beginning of the project, the 
locations were marked using paint and stakes.  After locations were decommissioned, the direct 
push holes were surveyed to obtain final coordinates and elevations.  The final survey report is 
provided in Appendix H. 
 
 
 

4.0 ENVIRONMENTAL, SAFETY, AND HEALTH 
 
 
There was no safety surveillance performed during these 241-A and 241-AX Tank Farm field 
activities.  The work scope conducted under the subject Statement of Work was completed with 
no lost time, reportable Occupational Safety and Health Act of 1970 injuries, or first aid cases, 
and there were no incidences of equipment or personnel radiological contamination.  Associated 
safety documentation is provided in Appendix I. 
 
 

5.0 REFERENCES 
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1 Trimble is a registered trademark of Trimble Navigation Ltd., Sunnyvale, California. 
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 INTRODUCTION AND BACKGROUND 

 INTRODUCTION 

Atkins Energy Federal EPC, Inc. (Atkins) is tasked with conducting vadose investigations within 
the 241-A Tank Farm (A-Farm). This Description of Work (DOW) focuses on the planned 
characterization efforts at A-Farm. The overall objective of this effort is for characterizing the 
geology in and around the Tank Farms and optimizing the installation of deep electrodes for 
electrical resistivity imaging. 

This DOW provides the work instructions for conducting characterization and sampling efforts 
for direct push soil investigation in A -Farm as described in RPP-PLAN-62041, Sampling and 
Analysis Plan for Waste Management Area A-AX Focus Area 1 (241-A-104 and 241-A-105) and 
summarized in Table 1-1. The scope of work includes: providing equipment and personnel to 
conduct direct push activities; supporting soil sample collection by Washington River Protection 
Solutions, LLC (WRPS) sampling personnel; providing safety oversight; providing geophysical 
logging services; attending meetings and planning sessions; and providing a written report 
documenting field activities and data collection at the conclusion of the work. 

 

Table 1-1.  Description of Work 

Drilling 
Method 

No. of  
Sites Vertical or Angle 

Completion  
Depth (ft.) 

No. and Type 
of 

Soil Samples 
Geophysical  

Logging 

Direct Push 5 1 Vertical 
4 Angle 

127 ft - 285 ft ~50 split spoon 
soil samples 

Gyrometer,  
Gross Gamma,  
Spectral Gamma, 
Neutron-Moisture, 
and Temperature 

 BACKGROUND 

There are 177 large, underground tanks located at the Hanford Site, 149 of them are 
single-shelled. These tanks and their associated facilities are grouped into 12 “Tank Farms”. 
The tanks were used for storage of some of the most dangerous and hazardous waste 
produced during the processing of irradiated fuel to obtain plutonium. Tank Farms were located 
downhill from chemical separations plants so that the waste would gravity-flow to the tanks. 

The U.S. Department of Energy (DOE) assigned the River Protection Project (RPP) Single-Shell 
Tank Program the tasks of transferring waste from the single-shell tanks (SST) to double-shell 
tanks and developing and implementing a strategy to retrieve SST and miscellaneous 
underground storage tank waste. WRPS was given responsibility for collecting and providing 
subsurface data from the SST farm facilities. This contributes to preparation for the retrieval of 
the tank waste. The intent of the characterization program is to collect and analyze samples to 
provide an understanding of the distribution and movement of contaminants in the vadose zone 
under and adjacent to the Tank Farms. 

This plan documents the sampling and analysis activities that will be conducted for exploration 
boreholes used to characterize and evaluate the vadose zone in the A Farm as well as the 
adjacent sampling boreholes. Near-surface soils at the A farm may be contaminated from past 
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waste releases. Data obtained from the analysis of the geophysical well logs, the soil samples, 
and the emplaced electrical resistivity probes in these boreholes, will help to determine the 
geographic extent of vadose contamination at the A Farm. 

 A TANK FARM BACKGROUND 

The A-Farm is part of the A-AX Waste Management Area (WMA), which encompasses two 
Tank Farms (A and AX) containing a total of ten tanks (tanks A-101 through A-106, and tanks 
AX 101 through AX-104) located in the east central portion of the 200 East Area (Figure 1-1). 

 

Figure 1-1.  241-A and 241-AX Tank Farm Location Map 
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The A-Farm was constructed in 1955. Each tank is 75-ft diameter and 30-ft deep with a capacity 
of one million gallons. The tanks were connected by overflow lines but did not cascade. The 
tanks were underlain by laterals connected to caissons as a leak detection system because the 
Tank Farm was designed to store boiling waste. The tanks in A Farm received waste generated 
by essentially all the major chemical processing operations that occurred at Hanford including 
bismuth phosphate fuel processing, uranium recovery, plutonium-uranium extraction plant fuel 
processing, fission product recovery, and Tank Farm interim stabilization and isolation activities. 

 GEOLOGICAL SETTING 

The tanks in WMA A-AX were constructed in excavations into the near-surface sediments that 
overlie the Columbia River Basalt Group. The Columbia River basalt forms the basement 
bedrock. From oldest to youngest, these deposits include the following: 

 Columbia River Basalt Group 

 Undifferentiated Plio-Pleistocene silt and gravels  

 Hanford Formation – lower gravelly sequence (H3 subunit)  

 Hanford Formation – lower fine sand and silt sequence (H2 subunit)  

 Hanford Formation – middle coarse sand and gravel sequence, upper fine sand and top 
gravelly sand sequence (H1 sub-unit)  

 Recent deposits and/or backfill. 

The thickness of the vadose zone, comprising the formations from ground surface to top of 
ground water is about 295-ft in the A-Farm. The unconfined aquifer lies mostly within the 
undifferentiated Plio-Pleistocene silt and gravels. 

 

 WORK SCOPE 

This DOW addresses five push sites located in A-Farm. Planned locations and specific strategy 
for each push location is provided in RPP-RPT-60227, Data Quality Objectives for Vadose Zone 
Characterization at Waste Management Area A-AX (DQO), and RPP-PLAN-62041, Sampling 
and Analysis Plan for WMA A-AX Focus Area 1 (Tanks 241-A-104 and 241-A-105 (SAP). These 
sites are shown in Figure 2-1, Direct Push Location Map, Tanks A-104 and A-105. Table 2-1, 
Direct Push Location Strategy for WMA A-AX Focus Area 1, Tanks A-104 and A-105 provides 
the specific strategy for each push location. 
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Figure 2-1.  Direct Push Location Map, Tanks A-104 and A-105 
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Table 2-1. Direct Push Location Strategy for WMA A-AX Focus Area 1, Tanks A-104 and A-105 

Location # 

(DQO 
Designation) Borehole ID 

Approximate 
Location 

Input Factors Associated with Location 

______________________________________ 

Reason for Sampling 

Target 
Depth 
(bgs)1 Angle2 

Pipe 
Run 

Minimum 
Distance 

from 
Tank 

1 below ground surface (bgs). 
2 Angle is defined as degrees from vertical (i.e., 90 degrees minus dip). 

1 C9387/C9388 Northwest of 
TankA-104 

 

(Angle push going 
southeast and 

directly under the 
tank) 

 Tank A-104 designated as a leaker 
(~2,000 gallons) 

 Possible leak location area 

 Higher temperature and gross gamma 
readings in laterals (14-04-01 and 14-04-02) 

 Higher temperature and gross gamma 
readings in drywells (10-04-04 and 
10-04-05) 

 Higher SGE conductivity area 

Assess Tank A-104 - magnitude and 
pathway of contamination for modeling, 
risk, and nature and extent.  

241.35 ft 35 278.69 ft 28 ft 

2 C9385/C9386 North and between 
Tanks A-104 and 

A-105 

 

(Vertical push) 

 Tanks A-104 and A-105 designated as a 
leaker (~2,000 gallons and ~2,000 to 
40,000 gallons, respectively) 

 Direct push log at Location C9383, 
temperature of ~120 ºF, ~50 ft bgs 

 Possible location for deep push ~285 ft bgs  

Assess Tanks A-104 and A-105 - magnitude 
and pathway of contamination for modeling, 
risk, and nature and extent. 

285 ft None 285 ft 54 ft 

RPP-ENV-61860, Rev. 0

A-10

RPP-ENV-61860 Rev.00 3/26/2020 - 9:33 AM 36 of 617



  
PL-5166670-EG-0001 

Rev: 2 
Page 11 of 27 

 

 

Location # 

(DQO 
Designation) Borehole ID 

Approximate 
Location 

Input Factors Associated with Location 

______________________________________ 

Reason for Sampling 

Target 
Depth 
(bgs)1 Angle2 

Pipe 
Run 

Minimum 
Distance 

from 
Tank 

1 below ground surface (bgs). 
2 Angle is defined as degrees from vertical (i.e., 90 degrees minus dip). 

3 C9391/C9392 North of Tank A-105 

 

(Angle push towards 
southwest side of 

tank 

 Tanks A-104 and A-105 designated as a 
leaker (~2,000 gallons and ~2,000 to 
40,000 gallons, respectively) 

 Possible leak location area 

 Higher temperature and gross gamma 
readings in laterals (14-05-01,14-05-02, and 
14-05-03 

 Higher temperature readings in drywells 
(10-05-09, 10-04-04 and 10-04-05) 

 Drywell 10-05-10 indicated casing corrosion 
(~ 64 ft bgs) 

 Higher SGE conductivity area 

Assess Tanks A-105 and A-104 - magnitude 
and pathway of contamination for modeling, 
risk, and nature and extent. 

241 ft 30 279 ft 27 ft 
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Location # 

(DQO 
Designation) Borehole ID 

Approximate 
Location 

Input Factors Associated with Location 

______________________________________ 

Reason for Sampling 

Target 
Depth 
(bgs)1 Angle2 

Pipe 
Run 

Minimum 
Distance 

from 
Tank 

1 below ground surface (bgs). 
2 Angle is defined as degrees from vertical (i.e., 90 degrees minus dip). 

4 C9395/C9396 Northeast of 
Tank A-105 

 

(Angle push going 
south and under the 

east-side of tank) 

 Tank A-105 designated as a leaker 
(~2,000 to 40,000 gallons) 

 Possible leak location area 

 Higher temperature and gross gamma 
readings in laterals (14-05-01,14-05-02, and 
14-05-03) 

 Higher temperature readings in drywell 
(10-05-05) 

 Drywell 10-05-02 indicated casing corrosion 
(~ 64 ft bgs) 

Assess Tank A-105 - magnitude and 
pathway of contamination for modeling, 
risk, and nature and extent. 

139 ft 45 197 ft 12 ft 

5 C9393/C9394 North of Tank A-105 

(Angle push going 
under the north side 

of tank 

 Tank A-105 designated as a leaker 
(~2,000 to 40,000 gallons) 

 Higher temperature and gross gamma 
readings in laterals (14-05-01,14-05-02, and 
14-05-03) 

 Corrosion observed at drywells 10-05-02 
and 10-05-10 

Assess Tank A-105 - magnitude and 
pathway of contamination for modeling, 
risk, and nature and extent. 

285 ft 15 295 ft 31 ft 
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Table 2-1 was excerpted from the SAP. During the development of the SAP, the values for 
direct push target depths, angles, pipe run lengths, and distances from the tank identified in 
Table 2-1 were modified from those identified in the DQO Report to accommodate existing 
infrastructure and planned retrieval program needs. Data from these modified direct pushes will 
meet the objectives identified for this focus area. Further modifications may be required after 
field walk downs are conducted, during work package development, and/or if an obstruction 
occurs during pushing. Changes in direct push locations will require notification and approval of 
the WRPS Project Manager or designee. If a borehole meets refusal prior to achieving total 
depth, Atkins will temporarily suspend work and will contact the WRPS Technical Lead. The 
WRPS Technical Lead will determine the appropriate path forward. All changes/modifications to 
the planned scope will be documented in the final Completion Report. 

For the A-Farm characterization activities, Atkins will utilize direct push technology for borehole 
installations. The WRPS Technical Lead will determine the sequence for push location 
selection. An initial exploration borehole will be pushed at a pre-selected location and 
geophysical logging conducted. Analysis of the geophysical logs will provide sample picks for an 
adjacent sampling push borehole. At the direction of WRPS, subsurface electrical resistivity 
tomography (ERT) assemblies may be placed in the exploration borehole, and the borehole 
completed in accordance with the State of Washington, Department of Ecology (Ecology) 
required well applications, the Washington State Administrative Code (WAC) 173-160, Minimum 
Standards for Construction and Maintenance of Wells. 

 BOREHOLE PLACEMENT 

The method selected to construct the boreholes is a hydraulic hammer-driven push system on a 
tractor or track-mounted type carrier. For this application, the locations for investigation 
(exploration) are selected through an iterative process as outlined in Section 2.5, “Location of 
Boreholes”. Data from the moisture and gamma logs collected from the exploration borehole will 
be used to determine sampling locations in the adjacent sampling push location. 

A total of 5 push locations are planned, with one Exploratory and one Sampling borehole to be 
pushed at each location. Four of the locations will have angled boreholes pushed and one 

location will have vertical boreholes pushed. Borehole coordinates are provided in Table 2-2. 
Planned borehole trajectories (including Azimuths, Dip angles, depths, pipe runs and horizontal 

distances) are provided in  

Table 2-3. 

 

Table 2-2.  A-Farm Borehole Coordinates 

Borehole # Easting Northing Elevation 

C9385/C9386 575332.62 136087.015 210.87 

C9387/C9388 575305.04 136097.04 211.02 

C9391/C9392 575349.04 136102.45 210.63 

C9393/C9394 575355.23 136102.515 210.58 
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C9395/C9396 575363.23 136104.44 210.52 

 

Table 2-3. A-Farm Borehole Trajectories 

Borehole # 

Azimuth 
(degrees from 

true North) 

Dip Angle 
(from 

Vertical) 

Target 
Depth  
(ft bgs) 

Pipe Run  
(ft) 

Horizontal 
Distance (ft) 

C9385/C9386 0 90 285.25 285.25 0 

C9387/C9388 150 55 242.00 295.00 169.25 

C9391/C9392 195 60 241.35 278.69 139.34 

C9393/C9394 180 75 285.03 295.08 76.37 

C9395/C9396 180 45 139.10 196.72 139.10 

NOTE:  Exploration boreholes are identified with an odd number (i.e., C9385) and the sampling 
boreholes are identified with an even number (i.e., C9386). 

 

 EXPLORATION BOREHOLES 

Exploration boreholes are identified with an odd number (i.e., C9385). 

The exploratory activities will be initiated by placement of a single tubing string that is 2.5-in. 
outside diameter (OD) x 1.75-in. inside diameter (ID) (e.g., the exploratory borehole). This tubing is 

advanced to the target depth or refusal. Target depths are provided in  

Table 2-3. Geophysical logging will then be conducted in this borehole within the push tubing. 
Gamma information, volumetric water content, and soil formation temperature data will be 
collected with standard logging suites. These logging suites consist of a combination tool of 
cerium bromide and bismuth germinate oxide (CeBr3/BGO) for gross gamma and spectral 
gamma analysis, a neutron-neutron detector for moisture, and an infrared casing temperature 
device. 

The logging data is reviewed by WRPS and Atkins technical personnel to determine targets for 
sample collections to be taken from separate pushes located approximately 2-3 ft from the 
exploration boreholes. Should it be determined by WRPS that further use of the exploration 
borehole is not required, it will be decommissioned per applicable WAC 173-160 requirements 
(e.g., filled with bentonite or bentonite/cement grout as required) as the push tubing is extracted. 

 Electrical Resistivity Tomography Probe Installation 

At the direction of WRPS, Electrical Resistivity Tomography (ERT) equipment may be installed 
in the exploration boreholes as part of the borehole decommissioning process. Multi level 
resistivity probes have previously been installed at the DOE Hanford Tank Farms during the 
decommissioning of the boreholes, or as Resource Protection Wells when installed with wetting 
tubes for keeping the electrodes wetted. Due to a continued effort to improve the performance 
of the equipment for collecting consistent, reliable and useful data, the design for the installation 
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and materials has been modified. These newly designed ERT assemblies consist of a cable 
with multiple stainless-steel mesh electrodes spaced at a predetermined distance. The specific 
design for the 241-A Tank Farm Focus Area 1 ERT installations has 32 equally spaced 
electrodes along the cable. Each electrode is 12 inches in length. Specifics for the ERT 
assemblies for each exploratory borehole where installations are planned are provided in Table 
2-4. 

 

Table 2-4. ERT Specification by Borehole 

Borehole ID Borehole Total 
Depth (ft. of 
angled pipe 

run) 

Cable length (feet) Electrode 
Spacing 

(feet) 

Total of 
Electrodes 

Overall Lead in 

C9387 295 305 26 9   32 

C9391 278.7 289 25.5 8.5 32 

C9393 295.1 305 26 9 32 

C9395 196.8 207 19 6 32 

 

A custom grout mixture has been developed to provide high-strength, low-permeability, and low 
conductivity. This grout mixture consists of a blend of 32% Type 1 Portland Cement, 68% DS-
325 Hess Pozzolan (ground Pumice) with an approximate 0.55 water to grout ratio. This custom 
grout mixture has been approved by the Washington Department of Ecology for use in these 
ERT installations. 

The installation process will be as follows: 

1. The expendable drive tip for the direct push tubing will be knocked out at total depth. 

2. The drive casing will be pulled back approximately 1-2 feet. The distance back-pulled 
will depend on ERT placement requirements, the experience of the driller and the 
competency of the formation. 

3. The borehole specific ERT assembly will be lowered down the drive tubing, out the tip 
holder and positioned based on pre-set electrode locations.  A poly tremie tube will be 
attached to the ERT assembly as it is placed. A coiled fiberglass rod will be used to 
assist in lowering and positioning the assembly. (Note:  A weight may be attached to 
bottom of ERT to assist in installation and maintaining positioning). 

4. Once the assembly with the attached tremie tube is in position, the coiled fiberglass rod 
will be removed. 

5. Approximately 20 to 30 ft. of drive tubing will then be extracted, taking care to ensure 
the ERT assembly and tremie tube remain in position. 
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6. The custom grout mixture will be pre-mixed and ready to be pumped.  The grout 

mixture will be placed from the bottom up by pumping a calculated volume thru the 
tremie tubing, ensuring the grout mixture remains below the drive tubing tip holder. 

7. The tremie tubing will be extracted to 2-3 ft. below the bottom of the tip holder and 
flushed with approximately 1 tubing volume of water. 

8. Repeat steps 5 thru 7 until the grout mixture is brought to ground surface. 

9. Should the grouting process extend over multiple work shifts, or an extended pause in 
activities occurs, ensure the tremie tubing and drive tubing is flushed with water and 
both are back-pulled approximately 20 ft from top of grout level in the borehole to 
ensure tubing strings do not become cemented-in between lifts. 

10. Grout volumes, water additions, footages, and durations for each grout lift shall be 
recorded. 

The ERT installation and grouting process, including length of lifts, may be modified by the 
Driller or at the direction of the WRPS Technical Lead as necessary to ensure proper 
installation. Factors that may influence the process include but are not limited to stability of the 
borehole as the drive tubing is extracted, weather, Tank Farm Operations, and equipment. 

Cement seals and surface protection will be placed to protect the ERT wire leads at ground 
surface. The installation process and materials used may be modified at the direction of WRPS. 

By approved Variance with Ecology, these boreholes with the ERT assemblies grouted in place 
are considered decommissioned boreholes in accordance with WAC-173-160-460. When 
determined to no longer be needed, the ERT leads will be cut off at or below ground surface. 

 SAMPLE BOREHOLE 

Sampling boreholes are identified with an even number (i.e., C9386). A second borehole 
adjacent to the exploratory borehole will be driven for collecting soil samples. The exact location 
and global positioning system (GPS) coordinates of this sample borehole will be determined by 
WRPS. Sampling is conducted with outer push tubing that is 2.625-in. OD x 1.875 in. ID and 
inner tubing that is 1.5-in. OD x 1.0-in. ID. The dual wall system with a “dummy” tip is advanced 
to the predetermined sample depth. When the targeted sampling depth is achieved, the entire 
tubing string (inner and outer casing) is back-pulled between 2- to 5-in. to relieve pressure from 
the drive shoe and tip. The removable tip is removed by extracting the inner rods. When the 
inner string of tubing has been removed, a sampler is attached to the inner string and returned 
to the bottom of the outer casing/push tubing and positioned against the inner receiver face of 
the drive shoe. The inner and outer tubing strings are “locked” together by use of a proprietary 
method, and the entire assembly is advanced through the targeted sample interval. 

The sampler body holds three stainless steel liners that are 1.25 in. OD x 1.08 in. ID. After the 
sampler is advanced approximately 2 ft, the entire tubing string (inner and outer casing) is again 
back-pulled between 2- to 5-in. to relieve pressure, and the inner string is released and retrieved 
to surface. The liners are removed from the sampler body and surveyed. 

If opening of the retrieved sampler would result in more than the allowable dose rates permitted 
by the Radiation Work Permit, the sampler will be placed in a transportation container and 
opened under controlled conditions at the designated laboratory, or as directed by the Radiation 
Control organization. Otherwise, trained WRPS sampling personnel document recovery, sample 
condition, and volume recovery percent; then the samples are packaged and transported to the 
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selected laboratory for analysis in accordance with approved procedures. The samples will be 
analyzed on a “quick-turnaround” basis for moisture content, nitrate, technetium, pH, and 
conductivity. 

After the samples are retrieved, the “dummy” tip is reattached to the inner string and returned to 
the bottom and placed in the casing shoe, and the entire assembly is then advanced to the next 
designated sample depth. This process is repeated until all requested samples have been 
collected or the tubing meets refusal. 

Upon completion of the final sample extraction or upon meeting refusal, the dummy tip or 
sampler is removed and the borehole is decommissioned in accordance with WAC 173-160 
requirements. 

 PLACEMENT OF ANGLE BOREHOLES 

Four of the five planned push locations will require angle pushes. Table 2-2 and  

Table 2-3 provide the coordinates, angles, azimuths, target depths and pipe runs for each angle 
push. For an angle borehole, the borehole location will be staked by use of GPS equipment and 
verified by a licensed land surveyor. The designated bearing azimuth from true north will be 
staked for the borehole. A 3 ft x 3.5 ft plate with the required angled footplate stop will be placed 
to act as a guide device to control the angle of the borehole as it is advanced. It is secured to 
the ground by driving 2.5-in. diameter casing 4.5 ft into the ground at each corner. The 
alignment of the plate to the designated bearing, and the leveling of the plate, will be completed 
and verified before the plate is secured and tubing is driven. If any unusual or unexpected 
activities are identified during the push or anchoring of the plate, work will stop until the 
discovery can be properly evaluated. 

When the angle casing has been driven a run length of 45 ft into the ground, a gyroscope 
survey will be performed and results reviewed by Atkins and WRPS before borehole 
advancement is resumed. Continuation of borehole advancement must be authorized by 
WRPS. Additional gyroscope surveys at specified intervals and total depth (TD) of the borehole 
will be conducted as directed by the WRPS Project Manager. Refer to Section 3.2 for additional 
information on the gyroscope survey. 

Upon conclusion of the exploration borehole logging and placement of resistivity electrodes, the 
surface plate will be moved approximately 2-3 ft off the site of the first borehole (as directed by 

WRPS) and re-staked to the ground. The plate will be moved until it is parallel to the original 
azimuth direction of the exploration borehole, as provided in  

Table 2-3, and the sample borehole will be driven. 

 LOCATION OF BOREHOLES 

Borehole locations were selected through an iterative process using ground penetrating radar 
(GPR), electrical ground scans, site walk downs, and a review of as-built infrastructure 
drawings. The final coordinates of the selected sites were then plotted with computer-aided 
drafting. The borehole location will be staked by use of GPS equipment and verified by a 
licensed land surveyor. 

As previously discussed, Table 2-1 provides the direct push location strategy; the location 
number (DQO designation), borehole identification, approximate location, input factors 
associated with the identified location and the reason for sampling, target depth (bgs), angle in 
degrees from vertical, pipe run, and minimum distance from tank. This information is provided 

RPP-ENV-61860, Rev. 0

A-17

RPP-ENV-61860 Rev.00 3/26/2020 - 9:33 AM 43 of 617



  
PL-5166670-EG-0001 

Rev: 2 
Page 18 of 27 

 

 
as a guidance in the DQO and is subject to change based on field conditions and final directions 
by the WRPS Technical Lead. 

Table 2-2 contains the direct push borehole coordinates and borehole numbers (Well ID’s) 
assigned by the Hanford Site Well Coordinator for the A-Farm direct push activities discussed in 
this DOW. 

All exploratory and sampling push location activities are tracked and documented on Field 
Activity Reports by referencing the borehole number as provided in Table 2-2, or assigned 
during progress of the work. When sample collection is attempted, a unique borehole number 
will be used to track the push location on the Field Activity Report. The identification for a 
sample borehole is one number greater than the corresponding exploration borehole (e.g., if a 
zone or zones of interest are identified at exploration borehole C9395, the borehole number of 
the subsequent sampling push is C9396. The sample will be identified using the borehole 
number on the sample label and the shipping documentation. 

Both the exploration and sampling borehole Well ID’s and locations are assigned by the Hanford 
Site Well Coordinator and will be tracked and documented on the Field Activity Reports. In 
addition to the location, the push borehole depth, sample depths, geophysical log data, and 
other pertinent information derived during the activity (e.g., depth of contamination as identified 
from geophysical log interpretation or the degree of contamination observed on push rods 
during extraction) is included in the Field Activity Reports. 

 

 WORK TASKS 

 SITE SETUP 

The push equipment will be mobilized, and a controlled work area will be set up surrounding the 
preselected and marked location. A radiological pre-survey of the direct push rig and equipment 
will be conducted (per WRPS procedure) prior to moving the equipment into the work zone. As 
noted above, ground-penetrating radar scans and as-built drawing reviews and comparisons 
have been completed to properly select the borehole locations. The equipment consists of a 
track-mounted mobile unit with a hydraulically powered rotational hammer and mast system. 

Support equipment to be used during field activities will be mobilized into the work area as 
needed. A forklift will transport needed support equipment to and from the borehole locations. 
Tank Farm personnel will provide support as necessary, for guiding the equipment onto location 
and for subsequent movement of the unit to the listed borehole locations. 

WRPS Radiological Control Technicians, Nuclear Chemical Operators, and Industrial Hygiene 
Technicians will be onsite to support work activities. Contamination control measures will 
consist of laying spill protection material beneath the equipment. Spill protection consists of 
placement of felt and plastic sheeting below and around the direct push unit when necessary 
and prudent. This spill protection also aids in controlling radiation contamination exposure to the 
direct push equipment. Control of the work area and control of potential contamination are aided 
by restricting site entries from non-essential personnel. WRPS Health Physics personnel will 
provide direction and support to ensure radiological protection is maintained for all personnel 
associated with the work. 
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 PRECAUTIONARY MEASURES 

All activities using the hammer unit will conform to the manufacturer’s operating manual, 
applicable procedures, and Work Package instructions that relate to the specific phase of work. 
As the push rods are extracted from the exploratory and sampling boreholes, the onsite Health 
Physics Technician will monitor for radiological contamination. WRPS Tank Farm Qualified 
Nuclear Chemical Operators will perform any decontamination required. 

During advancement of the boreholes, casing (push rods) will be driven into the subsurface by 
use of the hydraulic hammer impact system. The borehole locations have been positioned to 
avoid impacting known/mapped structures. Careful observation of the push advance rates and 
resistance will be observed to preclude damage to any Tank Farm infrastructures should the as-
built drawings be erroneous. If push rod advancement indicates that obstructions are present, 
push advance will stop, the direct push equipment and work area will be placed in safe 
condition, and the WRPS Technical Lead (or his designee) and the WRPS Field Work 
Supervisor will be notified. If during push operations a borehole is deemed to be “at refusal” as 
determined by trained operators of the direct push equipment (refusal is defined as a minimum 
of 1-in. of advance per minute of impact operations), the length of tubing driven will be noted in 
the Field Activity Report and the WRPS Technical Lead will be contacted for further instructions. 

 Angles Push Trajectory Verification 

During pushing activities on angle drives, a gyroscope will be used to verify that the tubing is on 
the planned trajectory. Based on previous experience, one intermediate depth location has been 
identified to verify this trajectory. After the casing is driven to a depth of 45 ft bgs (vertical pipe 
run will be longer for angle borehole), a gyroscope run will be performed, and results reviewed 
by the Atkins and WRPS Technical Leads before advancing the borehole.  

Table 3-1 provides the three-dimensional location (xyz - northing, easting, and mean sea level 
elevation) of the center path of the tubing for the angle exploration boreholes in the A Tank 
Farm. 

The three-dimensional locations (xyz) of the center path of the tubing for the sample boreholes 
will be the same as their paired exploratory boreholes or as otherwise determined by the WRPS 
Technical Lead following completion of the exploration boreholes. 

The data will be plotted and reviewed at each location to confirm that the center point of the 
tubing path is within a 2.5 ft (0.76 m) radius of the three-dimensional locations (xyz) listed in  

Table 3-1, and before the borehole can be advanced. The WRPS Technical Lead will provide the 
final decision for advancement of the borehole beyond the data collection point listed. If the data 
indicates that the borehole path is not within the 2.5 ft radius but is not directed toward the tank, 
the WRPS Technical Lead may direct that the borehole be advanced. A final gyroscope run will 
be conducted at total depth to plot the trajectory of the entire borehole to provide spatial data for 
samples collected. Additional gyroscope runs may be conducted at specified intervals as 
directed by the WRPS Technical Lead. 

The angle borehole will be advanced approximately 0.8 ft past the pipe run lengths noted in the 
fourth column of  

Table 3-1 before a gyroscope run is performed. The additional length is necessary to allow for 
the gyroscope tool inside the casing to be at the midpoint of the gyroscope itself, and at the 
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desired distance for data collection points in the pipe run lengths noted above. The last column 
of  

Table 3-1 shows the actual measured pipe length that must be pushed for the gyroscope survey 
in the borehole. 

NOTE:  Total depth/pipe run for both the exploration and sampling boreholes may be altered 
based on decisions and direction provided by WRPS Technical Lead.  These changes will be 
documented in the Work Package, in the Field Activity Report and in the Completion Report. 

Table 3-1.  Gyroscope Data Collection Points for Exploratory Boreholes 

Well ID Northing Easting Elevation (msl) m 

Data 
collection 

point 
length from 

surface 

Total pipe 
length 
from 

surface 

C9387 

136097.04 575305.04 210.94 m (692.09 ft) -0-surface N/A 

136088.73 575309.84 197.22 m (647.08 ft) 
13.72 m 
(45.0 ft) 

16.74 m 
(54.93 ft) 

136052.34 575330.85 137.22 m (450.21 ft) 
73.72m 

(241.88 ft) 
90 m 

(295.28 ft) 

C9391 

136102.45 575349.04 210.63 m (691.04 ft) -0-surface N/A 

136094.87 575346.8 196.91 m (645.61 ft) 
13.72 m 
(45.0 ft) 

15.84 m 
(51.93 ft) 

136061.51 575337.65 137.14 m (449.64 ft) 
73.612 m 
(241.35 ft) 

85 m 
(278.69 ft) 

C9393 

136102.52 575355.23 210.58 m (690.43 ft) -0-surface N/A 

136098.97 575355.23 196.86 m (645.44 ft) 
13.72 m 
(45.0 ft) 

14.20 m 
(46.56 ft) 

136079.19 575354.87 123.64 m (405.38 ft) 
86.93 m 

(285.03 ft) 
90 m 

(295.08 ft) 

C9395 

136104.44 575363.23 210.52 m (690.23 ft) -0-surface N/A 

136090.86 575363.07 196.8 m (645.26 ft) 
13.72 m 
(45.0 ft) 

19.40 m 
(63.62 ft) 

136062 575362.86 168.15 m (551.31 ft) 
42.43 m 

(139.10 ft) 
60 m 

(196.72 ft) 

 

Assuming a straight push, the boreholes will pass the tank footing by a calculated margin of 9 ft 
(2.74 m).  The required minimum safety margin to allow the probe to continue past the tank 
footer is 5 ft (1.52 m) of clearance. 

 Push Tubing Integrity Verification 
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Prior to use for each push hole, all push tubing and tooling will be visually inspected for defects; 
such as cracks at the tool joints, burrs or deformation of the threads or other heavy rust or 
grease buildup on the threads. If defects are found that render the tooling unacceptable or risky 
for use, the item(s) will be segregated and disposed. When appropriate, items will be repaired or 
cleaned in a manner making them acceptable for use (e.g.; file off burrs, clean with solvent or 
approved cleaner, remove rust on threads, etc.). 

Push tubing in use will be rotated between push holes to result in a reversal of the sequence in 
which they were last run. Number of runs for each tubing string (push rods used on a single 
push hole) will be documented. Each tubing string will be segregated in individual pipe racks 
and documentation on use maintained. The maximum number of runs for a given tubing string 
will be established by the WRPS Technical Lead. 

During driving operations, inspection of the internal surfaces of the push tubing, focusing on the 
tool joints, will be conducted using a borehole camera. These inspections will be performed prior 
to running any tooling down the tubing, specifically prior to conducting gyro surveys or 
geophysical logging. Camera surveys may also be conducted at the discretion of the rig 
operator or the WRPS Technical Lead at any point during the driving operations. The purpose of 
the camera surveys is to identify any deformations of the tubing, debris or separation/breaks at 
the tool joints and to visually determine any areas within the casing where restrictions may 
cause the gyro or logging tools to hang up or become stuck. Should a condition be observed 
that is determined to present a risk to running tools in the tubing, The WRPS and Atkins 
Technical Leads will evaluate options and make a decision as to a path forward. 

If during push operations it is determined that the push tubing has parted and no further 
activities are planned to be conducted (e.g.; sampling, logging, resistivity probe installation, 
etc.), the borehole condition will be reported to the Ecology. Upon evaluation of the borehole 
conditions and with discussions with Ecology, the WRPS Technical Lead and Atkins personnel; 
a determination will be made as to whether to attempt to retrieve the parted tubing or to 
decommission in place. Decommissioning will be conducted in accordance with WAC 173-160 
requirements. 

 GEOPHYSICAL LOGGING 

At refusal or target depth of the exploration borehole, Atkins will conduct logging operations to 
gather geophysical information. These geophysical investigations will be conducted in 
conformance with Atkins procedure, AE-FO-PR-001, Geophysical Logging. Logging parameters 
may change and/or log suites may be added or deleted based on technical needs of the WRPS 
project, as determined by the WRPS Technical Lead. The following logging suites are currently 
planned: 

1. Ce3Br/BGO @ 100 seconds/0.5 ft. 

2. Neutron-neutron detector with a client-provided (i.e., WRPS) Americium Beryllium 
source for moisture logging @ 15 seconds/0.25 ft. 

3. Temperature logging with an infrared sensor that continuously records borehole wall 
temperature as the instrument moves up the borehole. 

Logging data will be collected from the total depth of the borehole to the surface. The logging 
analyst, Atkins personnel, and the WRPS Technical Lead will review the field log data to 
determine the number and location of samples to be collected. The log data will be processed, 
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and field plots will be generated to permit selection of sampling intervals. A completion report 
with the processed and analyzed log data will then be generated. 

 SAMPLING 

After review of the geophysical logging data, and after the sampling zones have been selected, 
the push equipment will be relocated approximately 2-3 ft away from the exploration borehole 
and the sampling will be performed. An initial surface sample will be collected. The sampling 
borehole will be pushed as described in Section 2.3.  
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 Quality Control Samples 

Field duplicates for surface samples, field equipment rinsate blanks, and field blanks will be 
required to be collected per the SAP. The collection of these quality control samples is the 
responsibility of WRPS. 

 CLEANING 

The WAC 173-160-440 states that, “When drilling in known or potential areas of contamination, 
steam clean the drill rig derrick and all drilling equipment on site before and after well 
construction. If the equipment is used to drill in radioactive areas, you must develop a 
decontamination plan and the department must approve that plan prior to the equipment being 
removed from the drill site.” Additionally, WAC 173-160-440 states, “All well construction 
materials to include casing, screen(s), and filter pack material must be free of contaminants 
prior to installation.” Cleaning of direct push equipment and tooling will be performed in 
accordance with these requirements and the approved variance request submitted to Ecology. 
This variance provides the following process and background information regarding equipment 
cleaning and decontamination on the Hanford Site. 

Prior to moving the equipment onto the site, the equipment used for push advance purposes 
(e.g., drill rig, push rods, tips, etc.) will be high temperature / high-pressure washed using an 
approved non-phosphate cleaner. After the push activity, if it is not possible to remove the push 
equipment from the Tank Farm for cleaning in a potentially radiologically contaminated area; 
Ecology has granted a variance to allow for hand cleaning and wiping of the rods to meet WAC 
cleaning requirements. Thus, after the push activities, the equipment will be radiologically 
surveyed and be visibly free of dirt, grease, and other possible contamination which would 
potentially provide for cross-contamination of retrieved samples. 

The radiological survey and release is conducted under the WRPS Radiological Program 
and in accordance with a Release Plan written by the WRPS radiological organization. At 
this time, due to current radiation survey methodologies and release criteria, a “free” release 
(release of equipment that has been surveyed and found free of radiological contamination) 
cannot be given for tubular goods (e.g., drill pipe, push tubing, etc.) as the interior surfaces 
of the tubular goods cannot be surveyed directly. Therefore, these tubular goods are 
designated as “potentially radiologically contaminated”. 

There is currently no facility at Hanford where steam cleaning of potentially radiologically 
contaminated materials can be performed. Under current radiation control requirements at 
the Hanford Site, the tubular goods can be bagged and transported out of a Tank Farm but 
must remain within the confines of the Hanford Site, as “potentially radiologically 
contaminated” materials, and must be handled and stored in accordance with radiation 
control procedures. The radiological controlled tubular goods may be reused for 
investigation within other Hanford Tank Farms following field cleaning. 

The field cleaning involves wiping down the exterior and interior of the tubing using a 
cleaning agent (e.g., Simple Green®). A Variance to WAC-173-160-440 has been approved by 
Ecology to provide an exemption from the requirement to steam clean the non-releasable 
tubular goods prior to re-use within a radiological contaminated area. 

Quality control requires that all sampling equipment (e.g., sample liners, sample caps) used for 
the performance of sampling activities will be cleaned using U.S. Environmental Protection 
Agency guidelines/specifications as referenced in the Resource Conservation and Recovery 
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Act (RCRA) and the WAC. Cleaning of samplers, liners, etc., is the responsibility of the 222S 
Laboratory personnel. WRPS Nuclear Chemical Operators will transport the clean sampling 
equipment to the job site. 

After being cleaned, the equipment will be protected from unwanted contamination from surface 
chemicals and push operation-related chemicals. This protection will be accomplished by 
covering the materials with plastic or other acceptable materials, if necessary. The cleaned and 
protected equipment will be documented by use of cleaning certification documentation. 

 REGULATORY REQUIREMENTS 

The boreholes constructed during the scope of this work are regulated by WAC 173-160. 
Documentation required to meet this regulation includes: 

 Notice of Intent to Construct a Soil Boring or Soil Sampling or Vapor Sampling Well 
(Start Card) 

 Notice of Intent to Construct a Resource Protection Well 

 Notice of Intent to Decommission a Well 

 Resource Protection Well Reports 

 Variance Request Documentation 

 Decontamination Plan 

This documentation is submitted to Ecology and included in the field work completion report. 
Each exploratory borehole and sampling borehole will be filled with bentonite, a bentonite slurry, 
and/or grout (neat cement or cement-bentonite mixture) as the push tubing is extracted. At the 
direction of WRPS, subsurface resistivity probes may be placed in the exploratory boreholes. 
Placement of the resistivity instrumentation and the type of completion materials used will be 
documented on the daily Field Activity Report and Resource Protection Well Reports. 

 

 ENVIRONMENTAL, SAFETY, AND HEALTH PROGRAM 

The primary concern for Atkins and WRPS is the safety of personnel assigned to perform 
activities related to the A Tank Farm work. WRPS has provided a comprehensive list of DOE, 
WRPS, and Hanford Site-specific requirements and procedures for conducting work within the 
confines of the A Tank Farm. While executing the work scope detailed in this DOW, Atkins will 
comply with all applicable directives and orders (requirements) from the resulting DOE, WRPS, 
and Hanford Site procedures. These specific requirements and procedures are provided in the 
applicable WRPS work package prepared for this work scope. 

 INTEGRATED SAFETY MANAGEMENT SYSTEM 

Atkins subscribes to the Integrated Safety Management System (ISMS) and implements an 
ISMS approach into all work tasks (AE-SH-PO-0002, Integrated Safety Management Policy). 
These requirements flow down, not only internally to Atkins employees, but also to Atkins 
subcontractors. All of the following are in effect and will be observed, enforced and followed: 

 WRPS safety and health standards, procedures, and permits 

 10 CFR 851 
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 WAC 173-160, as amended 

 Occupational Safety and Health Act of 1970 

 Atkins safety and health standards, procedures, and permits 

 Atkins generated Job Hazard Analysis specific procedures for safe operation of Direct 
Push equipment 

 Integrated Safety Management System Core Functions 

The ISMS program encompasses environment, safety, and health, including pollution 
prevention and waste minimization. All work for this project will be analyzed in accordance with 
the five core functions of the Atkins ISMS: 

 Define the scope of work 

 Identify the work hazards and Environmental, Safety, and Health (ES&H) requirements 

 Analyze the work hazards and implement controls 

 Perform the work activity within the developed controls 

 Provide feedback on the adequacy of controls and safety management improvement 

 Integrated Safety Management System Key Elements 

The ISMS guiding principles describe the environment or context for work activities in that most 
principles apply to each and every ISMS core function. The guiding principles are: 

 Line management is responsible for the protection of employees, the public, and the 
environment 

 Clear and unambiguous lines of authority and responsibility for ensuring ES&H are 
established and maintained at all organizational levels 

 Personnel have “stop work” authority 

 Personnel possess the experience, knowledge, skills, and abilities that are necessary to 
discharge their responsibilities 

 Resources are effectively allocated to address ES&H, programmatic, and operational 
considerations. Protecting employees, the public, and the environment is a priority 
whenever activities are planned and performed 

 Before work is performed, the associated hazards are evaluated and an agreed-upon set 
of ES&H standards and requirements is established which, if properly implemented; 
provides adequate assurance that employees, the public, and the environment are 
protected from adverse consequences 

 Administrative and engineering controls to prevent and mitigate hazards are tailored to 
the work being performed and associated hazards. Emphasis should be on designing 
the work and/or controls to reduce or eliminate the hazards and to prevent accidents, 
unplanned releases, and exposures 
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 JOB HAZARDS ANALYSIS 

WRPS has prepared the General Hazard Analysis (GHA) that applies to all personnel employed 
by WRPS or subcontracted to WRPS on the Hanford Site. This hazard analysis identifies 
routine industrial safety hazards where employee training and knowledge are considered 
sufficient to implement skill-based controls. 

In addition to the GHA, Atkins has coordinated with WRPS Industrial Hygiene and Safety 
oversight to prepare SJHA-0080, Standing Job Hazard Analysis for Vadose Direct Push 
Activities, located inside/around WRPS Tank Farms, which encompasses the hydraulic hammer 
unit direct push activities to be conducted during this scope of work. Atkins personnel 
performing these activities have been provided the appropriate training and instruction to 
mitigate the hazards associated with the identified activities. The requirements of the WRPS 
GHA and SJHA are communicated to everyone associated with the project, including visitors. 

 SAFETY AND HEALTH COMPLIANCE OVERSITE 

Both Atkins Safety personnel and WRPS Tank Farm Industrial Hygiene and Safety personnel 
may survey the job site for safety and health compliance.  Atkins safety representatives, in 
coordination with WRPS Tank Farm Industrial Hygiene and Safety personnel, will provide onsite 
inspections and visits during the drilling, sampling, and decommissioning/construction activities 
to ensure compliance with health and safety regulations and WRPS health and safety 
procedures.  Routine inspection reports will be provided to WRPS. 

 

 QUALITY ASSURANCE 

All work performed for the WRPS shall be based on the requirements of: 

 Title 10 of the Code of Federal Regulations, Part 830, Subpart A (10 CFR 830, Subpart 
A), Quality Assurance Requirements 

 DOE Order 414.1D, Quality Assurance, for facilities and projects with the scope of work 

 ASME NQA-1-2008, Quality Requirements for Nuclear Facility Applications 

Atkins will conduct work in accordance with ET-QA-PN-001, Quality Assurance Program Plan, 
to specific work procedures, and to this work plan 

 

 REFERENCES 

10 CFR 830, Subpart A, “Nuclear Safety Management, Quality Assurance Requirements,” Code 
of Federal Regulations, as amended 

10 CFR 851, “Worker Safety and Health Program,” Code of Federal Regulations, as amended 

AE-SH-PO-0002, Integrated Safety Management Policy, Atkins Energy Americas, Atkins 
Nuclear Secured Holdings 

ASME NQA-1-2008 Edition, Quality Assurance Requirements for Nuclear Facility Applications, 
the American Society of Mechanical Engineers, New York, New York 
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DOE-0344, Rev 4-1, 2016, Hanford Site Excavating, Trenching, and Shoring Procedure 

(HSETSP), U.S. Department of Energy, Richland, Washington 

DOE Order 414.1D, 2011, Quality Assurance, U.S. Department of Energy, Washington, D.C 

ET-QA-PN-001, Quality Assurance Program Plan, Atkins Energy Federal EPC, Inc., Richland, 
Washington 

AE-FO-PR-001, Geophysical Logging, Atkins Energy Federal EPC, Inc., Richland, Washington 

Occupational Safety and Health Act of 1970, 29 USC 651 et seq 

Resource Conservation and Recovery Act of 1976, 42 USC 6901 et seq 

RPP-ENV-58747, Fiscal Years 2014/2015 Completion Report for the 241-A and 241-AX Tank 
Farms Direct Push Characterization, Washington River Protection Solutions, LLC, 
Richland, Washington. 

RPP-PLAN-62041, Sampling and Analysis Plan for WMA A-AX Focus Area 1 (Tanks 241-A-104 
and 241-A-105), Washington River Protection Solutions, LLC, Richland, Washington 

RPP-RPT-60227, Data Quality Objectives for Vadose Zone Characterization at Waste 
Management Area A-AX, Washington River Protection Solutions, LLC, Richland, 
Washington 

WAC 173-160, “Minimum Standards for Construction and Maintenance of Wells,” Washington 
Administrative Code, as amended 
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APPENDIX C 

DIRECT PUSH PHOTOGRAPHS 
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This page intentionally left blank 
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C-1 
 

 

Setting an angle plate and driving the base retaining pins. 
 

 

 

Driving retaining pin on C9394 angle base plate. 
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C-2 
 

 

Moving the Hydraulic Hammer Unit (HHUXL) to continue driving additional base retaining pins 
on C9395. 
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C-3 
 

 

Beginning to drive on C9387. 
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C-4 
 

 

Side by side logging and sampling angle plates. C9387 and C9388.  C9387 tubing driven to 
ground surface for inoperable crane removal purposes. 

 

Set up and preparation to start sampling at C9386. 
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C-5 
 

 

Recovering probe in C9385. 
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C-6 
 

 

Setting up on C9395, 45° push. 
 

Driving on C9393. 
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C-7 
 

 

Driving at a 45° angle on C9396. 

 

 

 

 
Driving to depth on C9387. 
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C-8 
 

 

Total depth achieved on C9393. 
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C-9 
 

 

Performing a camera survey on C9391. 
 

 
Performing a camera survey on C9393. 
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C-10 
 

 

Preparation for a gyroscope survey on C9395. 
 

Gyroscope surveying C9385. 
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C-11 
 

 

Geophysical logging of C9391. 
 
 

Geophysical logging of C9393. Driving on C9395. 
 

RPP-ENV-61860 Rev.00 3/26/2020 - 9:33 AM 329 of 617



RPP-ENV-61860, Rev. 0 
 

C-12 
 

 

Recovered damaged logging tool from C9385. 
 

Gamma probe retrieval using a spooled duct rod on C9387. 
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C-13 
 

 

Electrical Resistivity Tomography sensor identifier. 

 

 

 
Electrical Resistivity Tomography sensor installation in C9395. 
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Broken drive tubing C9385. 
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Broken inner string drive tubing. 
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Sealed sampler received from 222-S Lab after their cleaning process. 
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Radiation surveying of inner string during sample retrieval. 
 

 

Sample obtained from the sampler drive shoe from C9386, 75 to 77 ft. 
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Direct push sample liner with fine-grained, moist material collected at 273 to 277 ft. from 
C9386. 
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Quality control field blank water sample obtained for C9386, 75 to 77 ft. 
 

Surface soil sampling at C9386. 
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Surface soil sampling at C9386. 

 

Tagging depth of bentonite in C9386. 
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Pulling angle plate base retaining rods on C9387. 
 

 

 

Pulling angle plate base retaining rods. 
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+  
Installation of C9395 Electrical Resistivity Tomography sensor surface protective casing. 

 

RPP-ENV-61860 Rev.00 3/26/2020 - 9:33 AM 340 of 617



RPP-ENV-61860, Rev. 0 
 

C-23 
 

 

 
C9387 Electrical Resistivity Tomography sensor surface protective casing. 
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Location of C9387 and C9388 in relation to the crane drive path. 

 
 
 
 
 

Completed installation of surface protective casing at C9387. 
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LIST OF ACRONYMS 

ASCII American Standard Code for Information Interchange 
BGO Bismuth Germanium Oxide 
bgs below ground surface 
CeBr Cerium Bromide 
cps counts per second 
eRa equivalent radium 
ERT Electrical Resistivity Tomgraphy 
ft bgs feet below ground surface 
FT Foot 
HE High Efficiency 
HER High Energy Resolution 
HPGe High Purity Germanium 
ID Identification 
IR Infrared 
KeV Kilo electrotro Volts 
KUT Potassium, Uranium, and Thorium 
µCi Micro Curies 
MCNP Monte Carlo Neutron Progression 
ms micro second 
NA Non-Applicable 
NIST National Institute of Standards and Technology 
pCi/g pico Curies per gram 
RSICC Radiation Safety Information Computational Center 
WMA Waste Management Area 
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2 

1.0    INTRODUCTION 

Atkins Energy Federal EPC, Inc. and Three Rivers Scientific, LLC provided small diameter 
(direct push) gyroscope deviation and geophysical logging in support of field activities in the 
area around Tank 241-A-104 (A-104) and Tank 241-A-105 (A-105) in Waste Management Area 
(WMA) A-AX (Focus Area 1).  Gyroscope data were collected from nine angle direct pushes, 
which included four logging pushes, four sampling pushes, and one failed logging push.  
Geophysical logging obtained from five direct pushes included gamma, moisture, and 
temperature data.  Data from the logging pushes were used to assist with identifying areas to 
sample in the corresponding sample push.  Table 1 provides a summary of data collected at 
WMA A-AX Focus Area 1. 

The Washington State plane coordinates for the 11 direct pushes are provide in Appendix H of 
this completion report.  Logging pushes are assigned an odd number identification (ID) (e.g., 
C9391), and the sampling pushes are assigned even number ID (e.g., C9392). 

This report includes the coordinate location information of sensors deployed in four angled 
pushes, coordinate location information for samples collected at four angled sampling pushes, 
geophysical logging results from five direct pushes, and calibration certificates. This information 
is included in the following Attachments:  

• Attachment A, Sample and ERT Location Information Based on Gyroscope Results
• Attachment B, Geophysical, Temperature, and Gyroscope Logging Results
• Attachment C, Calibration Certificates

Table 1.  Summary of Data Collected for WMA A-AX Focus Area 1 

Direct Push ID 
Confirmation of Trajectory 
Gyroscope Logging Depth  

(ft pipe run) 

Gyroscope Logging 
Total Depth 
(ft pipe run) 

KUT, Temperature, 
Moisture, Total Gamma, 
and Cesium-137 Logging 

Performed 
C9385a  
(vertical, logging) 

NA NA Yes 

C9386a 
(vertical, sampling) 

NA NA No 

C9387  
(angle, logging) 

26.0 and 58.0 294.5 Yes 

C9388  
(angle, sampling) 

26.0 and 59.0 291.0 No 

C9391 
(angle, logging) 

51.0 278.0 Yes 

C9391Ab

(angle, logging) 
45.0 Not Logged No 

C9392  
(angle, sampling) 

54.0 266.0 No 

C9393  
(angle, logging) 

45.0 292.0 Yes 

C9394  
(angle, sampling) 

47.5 295.0 No 

C9395  
(angle, logging) 

45.0 197.0 Yes 
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Table 1.  Summary of Data Collected for WMA A-AX Focus Area 1 

Direct Push ID 
Confirmation of Trajectory 
Gyroscope Logging Depth  

(ft pipe run) 

Gyroscope Logging 
Total Depth 
(ft pipe run) 

KUT, Temperature, 
Moisture, Total Gamma, 
and Cesium-137 Logging 

Performed 
C9396  
(angle, sampling) 

46.0 and 66.0 177.0 No 

a. Vertical direct push, gyroscope logging was not performed at this location.
b. Due to broken tubing, unable to perform KUT logging or gyroscope logging of total depth. This location was
replaced by C9391.
ID = identification
KUT = background gamma activity from potassium-40, uranium-238, and thorium-232
NA = not applicable

Performance of direct push at an angle required the use of directional control of the angle pushes. 
It also required the use of a gyroscope for tracking the subsurface path of the tubing and for 
documenting the precise northing, easting, and elevation of sampling performed during angle 
pushes.  Table 2-1 in the completion report describes the planned and final measurements of the 
WMA A-AX Focus Area 1 direct pushes. See Tables A1 through A4 in Attachment A for angle 
direct push sample-related location information.  Sample depth information for vertical direct 
push C9386 is included in the completion report (Table 2-2).  Electrical resistivity tomography 
(ERT) sensors were installed in the four angle direct pushes (i.e., C9387, C9391, C9393, and 
C9395 – Refer to Tables A5 and A6 in Attachment A). 

Geophysical and gyroscope logging were performed from the bottom of the direct push to the 
ground surface (i.e., zero depth reference).  For angle pushes, initial measurements were reported 
in feet (ft) of pipe run from ground surface then converted to ft below ground surface (bgs) after 
completion of the gyroscope logging.  A daily repeat measurement was acquired to verify the 
geophysical logging instrument repeatability.  The main geophysical log and repeat intervals are 
presented on the same plot.  The computed results of the main and repeat intervals were 
reviewed and the results agree within the uncertainty of the measurement counting statistics. 
Logging results for each direct push are presented in Attachment B. The geophysical logging 
plots are in numeric order of the direct push IDs: C9385, C9387, C9391, C9393, and C9395. 
Gyroscope logging results for all angle pushes (logging and sampling holes) are also provided in 
Attachment B (C9387/C9388, C9391/C9392, C9393/C9394, C9395/C9396), after each locations 
geophysical logging information. 

Hoist calibrations were performed using a deep well (699-48-77A) to collect the data 
(certificates located in Attachment C). Initial analysis of the deeper data showed a line stretch 
effect for the plastic coated cable. More data were collected and analyzed to produce a line 
stretch connection to be calculated after normal logging operations. All direct push log data sets 
had this line stretch error. Therefore, the WMA A-AX logs were reanalyzed to correct for this 
line stretch. Attachment B contains the reanalyzed logs.  Depths reported for the geophysical and 
the gyroscope logs were taken directly from the depths recorded by the computer from the depth 
encoder.  These depths may not match exactly with the pipe run depths as measured by the 
driller.  
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2.0 LOGGING EQUIPMENT 

Logging was conducted with three detectors: bismuth germanium oxide (BGO) and cerium 
bromide (CeBr) (both scintillation), and a neutron moisture tool.  The BGO and CeBr detectors 
were run in combination during the logging run, and spectral gamma data were recorded for 
both. The High Energy Resolution (HER) gamma CeBr detector was used because the energy 
resolution is better than the BGO detector. The CeBr detector analyzed for species and 
concentrations of radionuclides in soil adjacent to the direct push. The High Efficiency (HE) 
gamma BGO detector was used with only modest energy resolution but superior gamma 
detection efficiency. This detector analyzed for gross gamma and KUT concentrations. KUT 
refers to the naturally occurring isotopes of potassium-40, uranium-238, and thorium-232. The 
concentrations of these naturally occurring isotopes can be used to infer the geologic conditions 
of the vadose zone near the direct pushes.  The neutron moisture tool is used to analyze for 
volume % moisture of the surrounding soils. This instrument uses a neutron source housed 
within the tool and a thermal neutron detector also housed within the tool.  

The logging system is a portable unit powered by either an on-site generator (120V AC), or 
site-supplies power. A laptop computer allocated to the logging unit was used to monitor encoder 
depth positions, control the winch monitor, and record detector responses. 

2.1 GROSS GAMMA LOGGING AND CALIBRATION 

The gross gamma is obtained using the efficiency superior BGO response. The settings of the 
detector components are fixed (i.e. set up during assembly, prior to calibration) and are not 
adjustable by the field logging engineer. The detector gain and lower threshold are set to record 
gamma ray activity with energies between 20 and 3000 keV.  By comparison, the highest gamma 
ray from naturally occurring radionuclides is from thorium-232 and occurs at 2614 keV.  A 
nominal 1 µCi cobalt-60 source was used as a field verifier at the beginning and ending of each 
day’s logging activities to check detector resolution (integrity) and energy calibration (amplifier 
gain). 

The BGO detector was calibrated in gross gamma borehole calibration models located at the 
Hanford Site near Richland, Washington. Calibration data were collected in the two most 
appropriate (lowest concentration) gross gamma calibration models designated as SBA and SBU. 
The detector was covered with a 2 ft long section of the push tubing (0.37-in. thick) to mimic 
logging conditions in the push. The calibration data are summarized in Table 2. The calibration 
units are pCi/g of equivalent radium-226 (eRa-226). See Attachment C for the calibration 
certificates.  

Table 2.  Gross Gamma Calibration Data 
Calibration Model 

Designation 
Concentration eRa-226 

(pCi/g) 
SBA 61.2 
SBU 185.0 
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The BGO/CeBr gamma logging were logged at 0.5 ft depth increments and 100 seconds per 
increment. A spectrum of 1024 channels was collected each 0.5 ft from the bottom of the push to 
the surface.  The spectra were recorded in comma delimited format with all spectra per file.  
Detector cound rates were dead-time corrected and the gamma logging results were processed as 
gross gamma response to determine the concentration of equivalent radium-226 (eRa-226) in 
pCi/g. 

The dead-time correction is a noparalyzable relationship (Knoll, 1979) and described by the 
following equation: 

𝐶𝐶𝑡𝑡 =
𝐶𝐶𝑜𝑜𝑜𝑜𝑜𝑜

1 − 𝜀𝜀 ∙ 𝐶𝐶𝑜𝑜𝑜𝑜𝑜𝑜
Where Ct is the true or dead-time corrected count rate in counts per second (cps), Cobs is the 
observed count rate in cps, and ɛ is the dead-time factor of 1.8 µs. 

2.2 SPECTRAL GAMMA LOGGING AND CALIBRATION 

Calibration of the BGO logging system was performed in the four spectral gamma borehole 
calibration models located at the Hanford Site near Richland, Washington and according to 
Hanford Site procedures for scintillation type spectral gamma ray borehole detectors (Randall & 
Stromswold). The four calibration models contain elevated concentrations of naturally occurring 
radionuclides (KUT). The radionuclide concentrations are tracable to National Institute of 
Standards and Technology (NIST) standards (Steele & George). Table 3 lists the radionuclide 
concentration in each of the gamma calibration models. The uncertainty is quoted as the 2-sigma 
(95%) confidence level. See Attachment C for the calibration certificates. 

Table 3.  Hanford Calibration Model Values for KUT 
Calibration 

Model Designation 
Potassium-40 

(pCi/g) 
Radium-226 

(pCi/g) 
Thorium-232 

(pCi/g) 
SBK 53.5 1.16 0.11 
SBU 10.72 190.52 0.66 
SBT 10.63 10.02 58.11 
SBM 41.78 125.79 39.12 

Calibration was performed with a section of the steel drill tubing (2 ft long) (0.37-in. thick 
[2.5-in. outer diameter]) installed over detector (4-in. long) during calibration measurements.  
Performing the calibration with the casing installed over the detector is more rigorous than 
performing the calibration in an open hole and later applying a casing correction to the hole 
logging.  

During logging, the gamma peak at 1461 keV from potassium-40 is almost always present as the 
dominant peak in each spectra. The second best peak is the 2614 keV peak from thorium-232. 
Both of these leaks are used to monitor for spectra gain changes.  During data processing the 
spectra gain is adjusted to track the reference gamma peaks. 
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Spectra (100 seconds each) logging was performed and measured every 0.5 ft between the 
selected depth intervals in a move-stop-acquire logging mode.  The results are presented on the 
plot for each logging push. 

2.3 CERIUM BROMIDE SPECTRAL PHOTO PEAK LOGGING AND 
CALIBRATION 

The CeBr spectral data are processed differently than the BGO data, and thus the CeBr 
calibration is different.  The CeBr calibration is performed in the same manner that the high 
purity Germanium (HPGe) log data are calibrated (Randall) and log data processed.  The basic 
concept involves the non-linear least square fitting of a linear background plus a Gaussian photo 
peak over a small region of the spectra containing the target gamma ray. The discussion in this 
report will cover the target gamma ray of cesium-137 (661 keV), but the same technique can be 
applied to any other gamma ray. 

The SBU calibration model was used to measure the CeBr detector efficiency for the 609 keV 
peak from a daughter product of uranium-238.  The gamma ray detection efficiency of CeBr is a 
function of energy, thus a method of correcting the measured efficiency at 609 to the efficiency 
at 661 keV was developed.  The Monte Carlo Neutron Progression (MCNP) code developed by 
the Radiation Safety Information Computational Center (RSICC) for making Monte Carlo 
gamma transport calculations was used to compute the ratio of detector efficiencies between 609 
and 661 keV.  This ratio was then applied to the measure efficiency at 609 keV to obtain the 
cesium-137 gamma ray efficiency.  The tool geometry of the modeling was the same used in the 
SBU calibration, and the source was set to both 609 and 661 keV distributed throughout an SBU 
matrix. 

The dead-time for the CeBr instrument was measured to be 1.065 µs.  The measurement adjusted 
detector efficiency for the 661 keV is 0.689 cps per pCi/g. The measured Full Width at Half 
Mass % (FWHM) for the cesium-137 photo peak is 5.7% at 661 keV. See Attachment C for the 
calibration certificates. 

The log data processing for cesium-137 is performed using a MathCada  file. The steps to data 
processing are the following: 

1. The energy calibration is established.
2. Based upon the 661 keV energy, the predicted channel is computed from the energy

calibration.
3. A MathCad file is used to fit a linear background plus Gaussian (with the energy

computed centroid, and established peak width) to each spectral record.
4. Within the same  MathCad file the photo peak count rate is computed, dead-time

corrected, and calibration coefficients applied and the cesium-137 concentrations and
depths output to a comma delimited file.

5. Logging plots are made with only those computed cesium-137 that are above the
minimum detect levels, which is conservatively set at 0.7 pCi/g, based upon statistical
merits of the fittings.

a MathCad is a commercial software program produce by the PTC corporation. 
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2.4 INFRARED TEMPERATURE LOGGING 

The temperature of a vadose zone soil yields a typical geothermal gradient given that no source 
of heat, such as a highly contaminated zone, is present. If a source of heat is present, the 
temperature change in the vadose zone soil is dependent upon the intensity of the source. A 
radioactive zone with high levels of contamination generates more heat the higher the level of 
radionuclide concentration. Due to the high levels of contaminants present around many of the 
known leaking tanks, the heat signature (increase in temperature over the normal geothermal 
gradient) can be detected hundreds of feet from the plume resulting from the leak. 

Because of the high heat conductivity in soils and the resultant large distances that the 
temperature increases can be seen, null readings of temperature are important. Null temperature 
readings in this context are the expected normal geothermal gradients. These null readings help 
to identify the location and boundaries of a contaminant plume. 

Historical measurements of drywell, direct push, and borehole temperatures have demonstrated 
the soil heating effect of the presence of high levels of contamination through deviation from 
normally observed geothermal gradient profiles. In the past, the temperature of vadose zone soil 
was measured with instruments that measured the air temperature surrounding the instrument 
inside the casing or direct push tubing. This approach provided inconsistent results because the 
ambient temperature inside the casing or direct push tubing was changed by the data collection 
process (e.g. the effects of opening the well to the atmosphere and the movement of the logging 
tool into and out of the borehole). To overcome this interference, an infrared (IR) temperature 
sensor was deployed that measures the casing temperature, thus mitigating the effects of air 
temperature changes during the logging process. Direct reading of the casing temperature more 
closely measures the equilibrium temperature of the vadose zone soil in contact with the casing 
and is not affected by the logging process. 

2.5 GYROSCOPE LOGGING AND CALIBRATION 

The gyroscope logging instrument was used to analyze for the actual trajectory of the angled 
pushes.  Gyroscope logs were not conducted on the vertical pushes.  The purpose of the 
gyroscope logging is three fold.  The deviation data collected is initially used to ensure the path 
of the drive tubing does not intersect with any subsurface structure, specifically the underground 
tanks  Secondly, the data is used to correlate with the geophysical log data collected to select 
target depths for sample collections (the geophysical log data collected along the pipe run was 
recalculated for depth based on the gyroscope data collected along the same pipe run).  Finally, 
the data is used to calculate the actual depths for samples collected. 

The initial gyroscope run is performed when the drive tubing has been advanced to a depth of 
approximately 45 ft bgs.  The gyroscope data is analyzed and the path extraplated to determine if 
the path of the push is on target to avoid (miss) the underground tank footer.  Once the data is 
reviewed a decision is made to continue the advancement of the push or to decommission and re-
start.  Advancement of the push is not permitted until the go/no-go decision is made. 
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Two gyroscope instruments were used.   The BGO-02 Dual Gyroscope and Tiltmeter 
manufactured by IFG Corporation was used to collect gyroscope data from all but one push.  The 
IFG gyroscope ceased collecting data while logging push C9388.  The gyroscope required return 
to the manufacturer for repair.  A Reflex EZ-Gyroscope was leased from Reflex Technology 
International Pty Ltd as a temporary replacement to allow push operations to continue.  The 
Reflex gyroscope was used to collect gyroscope data from push C9388.  

The IFG gyroscope measures the rate of change within a borehole in a continuous mode with 
data being transmitted directly thru the logging cable to a computer at surface.  When logging 
with the IFG Gyroscope, a minimum of 3 passes were performed.  The data is collected by the 
computer and require processing.  The data was averaged and the log run nearest the average was 
selected for use in the data set.  The Reflex gyroscope collects data on a stop and acquire mode.  
It has two settings, one for collecting a single reading (standard mode) and one for collecting 3 
readings (optimized mode) spaced over a few minutes.  The Reflex gyroscope was run in the 
optimized mode.  This gyroscope collects and stores the data.  The data is downloaded to a 
dedicated laptop and is automatically processed by the installed software. These readings are 
automatically averaged and the average readings were used as the data set.  

Both instruments are calibrated by the manufacturers at their facilities. 

Gyroscope logging results depicted as a plan view of the tubing path, along with the planned 
trajectory of each push are provided in Attachment B. 

2.6 DEPTH MEASUREMENTS 

A small hoist is mounted on a four-wheeled wagon. There is communication electronics, encoder 
wheel and electronics for depth measurements and a laptop that communicates with the 
instruments over the logging cable. The computer simply reads the signal over the logging cable 
and places the raw data into an ASCII file for later processing. MathCad and Excelb are used to 
apply the calibrations to each set of raw data and produce the concentrations and % moisture by 
volume and the IR temperature of the casing. 

2.7 NEUTRON MOISTURE LOGGING AND CALIBRATION 

The neutron moisture tool combines the Atkins provided thermal neutron detector and a DOE-
owned sealed neutron source (50 mCi americium-beryllium).  The DOE-owned neutron source 
was used because it was already on the Hanford Site and was managed by the DOE radiation 
management program.  The neutron source is an integral component of a neutron moisture 
detector, manufactured by Instrotek.   

The integrity of the sealed neutron source was always maintained when it was used in calibration 
activities and in direct push logging activities.  Source integrity was achieved by inserting the 
Atkins provided neutron detector module into the housing containing the sealed neutron source. 
Calibration was performed in six calibration models (Meisner and Randall 1995). Three models 
have 6-in. casing size and three models have 8-in. casing size.  The moisture content of each 

b Excel is part of the software package Office produced by Microsoft corporation. 
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model in a set of three models is different (5%, 12%, or 20% by volume).  The detector count 
rate in each of the six calibration models is summarized in Table 4.  See Attachment C for the 
calibration certificates. 

Table 4.  Moisture Calibration Data 
Moisture Content % Volume 

Fraction 
6-in. Models*

(cps)
8-in. Models*

(cps)
0.050 1.76 1.76 
0.117 1.74 NA 
0.119 NA 1.76 
0.197 NA 1.70 
0.198 1.70 NA 

*Count rates are mean of 10 sample measurements at 60 seconds each.
cps = counts per second 
NA = not applicable 

The push tubing size for this project was 2.5 in. outer diameter, therefore, the moisture 
calibration was extrapolated to the correct tubing size.  The moisture calibration certificates for 
the 2.5 in. outer diameter push tubing are in Attachment C.  

The moisture logging was collected at one-foot per minute. Processing of the moisture logging 
data requires that the direct push logging data be normalized to the thickness of the push tubing 
present in the calibration models (0.325 in.).  Given that the push tubing thickness is 0.37 in., a 
correction factor of 1.055 is required to increase (normalize) the observed detector count rate to 
the conditions of the calibration model (Meisner et at. 1996). 

3.0 CONCLUSIONS 

Within A Farm, scintillation gross gamma, spectral gamma, any identified man-made 
radionuclides, IR temperature, and volume % moisture were measured in five logging pushes.  
The sampling and logging pushes were advanced to depths between approximately 178.0 ft pipe 
run (113.2 ft bgs at angle direct push C9396) and 285.5 ft bgs (at vertical direct push C9385).  
Table 5 lists a summary of each direct push and conditions. 

The following are general conclusions from the field geophysical logging effort (refer to 
Attachment B for specific push conclusions): 

• Man-made radionuclides were detected in four of the pushes logged, the majority at or
within 24 ft of surface.  A detection was observed at 99 ft pipe run (66 ft bgs) in C9395.
Near-surface detections were low concentrations, typically less than 15 pCi/g.

• All five logging pushes show temperature deviations from normal geothermal gradient.
The maximum temperature is 122.2 °F at approximately 62 ft bgs. C9395 had the highest
temperature and is therefore closest to the contaminant that is at the bottom of the tanks
or just below tanks.  These elevated temperatures are due to high levels of radioactivity at
large distance from the direct push.  There were documented high gamma and high
temperatures observed in the A Farm laterals logged in 2005 (Randall & Price 2005).
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• Very high moisture readings (>50%) were recorded (more than possible with water and
normal soils). Elements of high capture cross-section are suspected as the cause. One
such element or compound is nitrates, which has been observed in vadose zone soil
samples at previous pushes.

• Push hole deviation was observed in all of the angle pushes.  The direct push method of
advancing pipe does not allow for maintaining a planned trajectory or correcting
deviation as the tubing is advanced.  The direction of the observed deviation is not
consistent between pushes and is influenced by the geology of the subsurface.       

Table 5.  Summary of Results at Logging Direct Pushes 

Direct 
Push ID 

Log 
Interval 

(pipe 
run) 

Cesium-137 
Interval  

Maximum 
Cesium-137 

(pCi/g) 
Maximum Moisture 

(% and ~depth) 
Maximum 

Temperature 
(°F and ~depth) 

C9385 282 ft - gs 24 ft bgs to gs <15 40 from 270 to 274 ft 
bgs 

120.6 at 48 ft bgs 

C9387 291 ft - gs None identified None identified 27.5 at 16.5 ft bgs 114.8 at 60 ft bgs 
C9391 275 ft - gs 2 ft pipe run (0.5 

ft bgs) to gs 
14 22 at 3.5 ft bgs 116.6 at 63 ft bgs 

C9393 288 ft - gs gs <15 52 at 266.0 ft bgs 100.9 at 65 ft bgs 
C9395 194 ft - gs 4 and 99 ft pipe 

run (1 and 66 ft 
bgs) 

<15 18 at 105 ft bgs 122.2 at 61.6 ft bgs 

gs = ground surface 
ft bgs = feet below ground surface 
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Attachment A:  Sample and ERT Location Information Based on Gyroscope Results 

Performance of direct push at an angle required the use of a gyroscope to track the subsurface 
path of the push tubing and document the precise northing, easting, and elevation of each sample 
that is collected.  The gyroscope measured the change in northing and easting with respect to 
ground surface along the angled length of push tubing.  This relative changes in northing and 
easting can then be converted to Washington State Plane South coordinates so sample locations 
and elevation can be directly compared to other vadose zone soil samples.  Tables A1 through 
A4 include the original gyroscope measuremements as changes in northing, easting, and depth 
with the final coordinates in Washington State Plane South.  A gyroscope survey was not 
performed at the vertical direct push (C9386), sample depth information is included in the 
completion report (refer to Table 2-2).   

Electrical resistivity tomography (ERT) sensors were installed in the four angle direct pushes for 
logging. The the depth, northing, easting and elevation of each ERT sensor at pushes C9387 and 
C9391 are identified in Table A5.  The depth, northing, easting and elevation of each ERT sensor 
at pushes C9393 and C9395 are identified in Table A6. 
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Table A1.  Sample Location Information for Direct Push C9388 

Sample Depth 
(ft pipe run) 

Change 
in 

Northinga 
(ft) 

Change 
in 

Eastinga 
(ft) 

Change in 
Elevationa 

(ft) 

Change 
in 

Northinga 
(m) 

Change 
in 

Eastinga 
(m) 

Change in 
Elevationa 

(m) 

Sample Depth 
Mid-point  

(ft pipe run) 

Northing 
(m) 

Easting 
(m) 

Elevation 
(m) 

Surface - - - - - - - 136097.19 575305.76 211.10 
9-11 -2.397 1.4268 4.14943 -0.73 0.43 1.26 10 136096.46 575306.19 212.36 
15-17 -4.81026 2.8771 8.28128 -1.47 0.88 2.52 16 136095.72 575306.64 213.62 
63-65 -29.5396 18.291 48.9071 -9.00 5.58 14.91 64 136088.19 575311.34 226.01 
124-126 -61.0571 39.653 95.2419 -18.61 12.08 29.03 125 136077.58 575317.85 240.13 
141-143 -69.1555 45.897 106.214 -21.08 13.99 32.65 142 136076.11 575319.75 243.47 
161-163 -83.0449 57.405 123.51 -25.31 17.50 37.65 162 136071.88 575323.26 248.75 
184-186 -94.5523 67.466 136.405 -28.82 20.56 41.58 185 136068.37 575326.32 252.68 
203-205 -143.174 104.19 148.693 -43.64 31.76 45.32 204 136053.55 575337.52 256.42 
290-292 -195.177 156.47 190.192 -59.49 47.69 57.97 291 136037.70 575353.45 269.07 
a. Measurement from gyroscope Reflex EZ Gyroscope, “Approved” pass data.
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Table A2.  Sample Location Information for Direct Push C9392
Sample 
Depth 
(ft pipe 

run) 

Change 
in 

Northinga 
(ft) 

Change 
in 

Eastinga 
(ft) 

Change in 
Elevation

a (ft) 

Change 
in 

Northinga 
(m) 

Change 
in 

Eastinga 
(m) 

Change in 
Elevationa 

(m) 

Sample Depth 
Mid-point  

(ft pipe run) 

Northing 
(m) 

Easting 
(m) 

Elevation 
(m) 

Surface - - - - - - - 136103.76 575351.57 210.60 
8-10 -4.45 -1.16 -7.82 -1.36 -0.35 -2.38 9 136102.40 575351.22 208.22 
14-16 -7.56 -1.88 -13.10 -2.30 -0.57 -3.99 15 136101.46 575351.00 206.61 
54-56 -28.58 -5.80 -46.60 -8.71 -1.77 -14.20 55 136095.05 575349.80 196.40 
60-62 -31.94 -6.26 -51.74 -9.73 -1.91 -15.77 61 136094.03 575349.66 194.83 
113-115 -64.19 -8.07 -93.49 -19.57 -2.46 -28.50 114 136084.19 575349.11 182.10 
158-160 -96.02 -5.56 -125.38 -29.27 -1.69 -38.22 159 136074.49 575349.88 172.38 
190-192 -120.02 -0.30 -145.77 -36.58 -0.09 -44.43 191 136067.18 575351.48 166.17 
254-256 -173.16 11.34 -178.95 -52.78 3.46 -54.54 255 136050.98 575355.03 156.06 
262-264 -180.40 12.80 -181.88 -54.98 3.90 -55.44 263 136048.78 575355.47 155.16 
266-268 -183.99 13.52 -183.30 -56.08 4.12 -55.87 267 136047.68 575355.69 154.73 
a. Measurement made by gyroscope using raw data from pass 3.
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Table A3.  Sample Location Information for Direct Push C9394
Sample Depth 
(ft pipe run) 

Change in 
Northinga 

(ft) 

Change in 
Eastinga 

(ft) 

Change in 
Elevationa 

(ft) 

Change in 
Northinga 

(m) 

Change in 
Eastinga 

(m) 

Change in 
Elevationa 

(m) 

Sample Depth 
Mid-point  

(ft pipe run) 

Northing 
(m) 

Easting 
(m) 

Elevation 
(m) 

Surface - - - - - - - 136102.79 575354.67 210.60 
7-9 -2.18 -0.02 -7.44 -0.66 -0.01 -2.27 8 136102.13 575354.66 208.33 
12-14 -3.62 -0.04 -12.37 -1.10 -0.01 -3.77 13 136101.69 575354.66 206.83 
107-109 -29.65 1.61 -103.76 -9.04 0.49 -31.62 108 136093.75 575355.16 178.98 
146-148 -39.55 2.73 -141.53 -12.05 0.83 -43.14 147 136090.74 575355.50 167.46 
164-166 -45.44 3.49 -158.59 -13.85 1.06 -48.34 165 136088.94 575355.73 162.26 
177-179 -49.75 4.28 -170.71 -15.16 1.30 -52.03 178 136087.63 575355.97 158.57 
196-198 -55.69 5.52 -188.76 -16.97 1.68 -57.54 197 136085.82 575356.35 153.06 
288-290 -91.28 20.15 -271.91 -27.82 6.14 -82.88 289 136074.97 575360.81 127.72 
293-295 -93.55 21.45 -276.21 -28.51 6.54 -84.19 294 136074.28 575361.21 126.41 
a. Measurement made by gyroscope using raw data from pass 3.
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Table A4.  Sample Location Information for Direct Push C9396 

Sample Depth 
(ft pipe run) 

Change 
in 

Northinga 
(ft) 

Change 
in 

Eastinga 
(ft) 

Change in 
Elevation

a (ft) 

Change 
in 

Northing 
(m) a 

Change 
in Easting 

(m) a 

Change 
in 

Elevation 
(m) a 

Sample Depth 
Mid-point  

(ft pipe run) 

Northing 
(m) 

Easting  
(m) 

Elevation 
(m) 

Surface - - - - - - - 136104.23 575362.66 210.60 
10-12   -8.10 -0.04 -7.65 -2.47 -0.01 -2.33 11 136101.76 575362.65 208.33 
17-19   -13.06 -0.01 -12.38 -3.98 -0.00 -3.77 18 136100.25 575362.66 206.83 
78-80   -57.25 1.75 -54.40 -17.45 0.53 -16.58 79 136086.78 575363.19 194.02 
97-99   -71.30 2.97 -67.27 -21.73 0.91 -20.50 98 136082.50 575363.57 190.10 
99-101   -72.90 3.13 -68.64 -22.22 0.96 -20.92 100 136082.01 575363.62 189.68 
105-107   -77.24 3.61 -72.37 -23.54 1.10 -22.06 106 136080.69 575363.76 188.54 
162-164   -121.05 13.20 -107.29 -36.90 4.02 -32.70 163 136067.33 575366.68 177.90 
176-178   -132.20 16.59 -114.86 -40.30 5.06 -35.01 177 136063.93 575367.72 175.59 
a. Measurement made by gyroscope using raw data from pass 2. 
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Table A5.  ERT Sensor Location Information for Direct Pushes C9387 and C9391 
C9387 C9391 

ERT Sensor 
(ft pipe run) 

Northing 
(m)a

Easting 
(m)a

Elevation 
(m)a

ERT Sensor 
(ft pipe run) 

Northing 
(m)b

Easting 
(m)b

Elevation 
(m)b

7 136095.47 575305.95 209.24 4 136101.11 575349.36 209.34 
17 136094.13 575306.77 206.93 13 136099.81 575349.03 207.11 
25 136092.85 575307.57 204.72 21 136098.53 575348.72 204.91 
35 136091.49 575308.48 202.35 30 136097.20 575348.41 202.65 
44 136090.19 575309.39 200.10 38 136095.91 575348.12 200.49 
53 136088.96 575310.27 197.94 47 136094.57 575347.83 198.28 
62 136087.64 575311.21 195.63 55 136093.20 575347.55 196.07 
71 136086.35 575312.15 193.38 64 136091.84 575347.30 193.87 
80 136085.05 575313.11 191.18 72 136090.48 575347.06 191.70 
89 136083.75 575314.12 188.99 81 136089.09 575346.83 189.55 
98 136082.47 575315.15 186.81 90 136087.65 575346.60 187.33 
107 136081.21 575316.24 184.57 98 136086.27 575346.39 185.23 
115 136080.06 575317.30 182.49 106 136084.85 575346.17 183.09 
124 136078.87 575318.46 180.28 115 136083.36 575345.95 180.92 
134 136077.70 575319.67 178.05 124 136081.89 575345.73 178.79 
143 136076.60 575320.89 175.89 132 136080.45 575345.53 176.70 
152 136075.52 575322.20 173.70 140 136078.97 575345.36 174.53 
161 136074.41 575323.66 171.70 149 136077.50 575345.23 172.43 
170 136073.29 575325.22 169.65 157 136076.00 575345.12 170.29 
179 136072.20 575326.76 167.71 166 136074.52 575345.04 168.18 
187 136071.12 575328.31 165.83 174 136073.02 575344.99 166.08 
197 136069.97 575329.97 163.89 183 136071.51 575344.97 163.99 
205 136068.88 575331.60 162.02 191 136069.97 575344.97 161.89 
214 136067.82 575333.32 160.14 200 136068.45 575344.99 159.80 
224 136066.80 575335.10 158.28 208 136066.92 575345.04 157.71 
233 136065.81 575336.97 156.45 217 136065.31 575345.15 155.69 
242 136064.88 575338.79 154.73 225 136063.67 575345.28 153.69 
251 136063.96 575340.71 153.00 234 136062.02 575345.43 151.71 
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Table A5.  ERT Sensor Location Information for Direct Pushes C9387 and C9391 
C9387 C9391 

ERT Sensor 
(ft pipe run) 

Northing 
(m)a

Easting 
(m)a

Elevation 
(m)a

ERT Sensor 
(ft pipe run) 

Northing 
(m)b

Easting 
(m)b

Elevation 
(m)b

259 136063.06 575342.66 151.31 242 136060.34 575345.61 149.72 
269 136062.18 575344.69 149.66 251 136058.64 575345.81 147.76 
278 136061.32 575346.79 148.01 259 136056.94 575346.06 145.83 
287 136060.51 575348.87 146.49 268 136055.20 575346.35 143.93 
296 136059.73 575351.07 145.01 276 136053.44 575346.67 142.07 
a. Measurement made by gyroscope using raw data from pass 3.
b. Measurement made by gyroscope using raw data from pass 1.
ERT = Electrical resistivity tomography
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Table A6. ERT Sensor Location Information for Direct Pushes C9393 and C9395 

C9393 C9395 

ERT Sensor 
(ft pipe run) 

Northing 
(m)a

Easting 
(m)a

Elevation 
(m)a

ERT Sensor 
(ft pipe run) 

Northing 
(m)b

Easting 
(m)b

Elevation 
(m)b

5 136101.76 575355.28 209.36 3 136102.97 575363.27 210.11 
14 136100.91 575355.31 206.71 9 136101.64 575363.32 208.91 
23 136100.07 575355.33 204.13 15 136100.29 575363.36 207.69 
32 136099.21 575355.35 201.52 21 136098.93 575363.37 206.47 
41 136098.33 575355.36 198.93 27 136097.55 575363.36 205.22 
50 136097.42 575355.35 196.30 33 136096.22 575363.34 204.00 
59 136096.51 575355.35 193.71 39 136094.87 575363.30 202.76 
68 136095.59 575355.39 191.13 45 136093.53 575363.24 201.52 
77 136094.69 575355.43 188.57 51 136092.16 575363.17 200.27 
86 136093.80 575355.39 185.96 57 136090.85 575363.09 199.12 
95 136092.87 575355.26 183.38 63 136089.45 575362.98 197.89 
104 136091.92 575355.10 180.84 69 136088.04 575362.86 196.63 
113 136090.93 575354.91 178.27 75 136086.72 575362.73 195.45 
122 136089.89 575354.73 175.74 81 136085.35 575362.58 194.20 
131 136088.82 575354.54 173.23 87 136083.98 575362.43 192.96 
140 136087.71 575354.36 170.72 93 136082.68 575362.26 191.77 
149 136086.58 575354.17 168.23 99 136081.31 575362.06 190.54 
158 136085.52 575353.98 165.71 105 136079.88 575361.83 189.41 
167 136084.47 575353.76 163.19 111 136078.47 575361.60 188.29 
176 136083.40 575353.54 160.64 117 136077.06 575361.35 187.17 
185 136082.34 575353.29 158.12 123 136075.64 575361.09 186.02 
194 136081.26 575353.03 155.63 129 136074.22 575360.82 184.87 
201 136080.41 575352.83 153.68 135 136072.84 575360.55 183.74 
212 136079.10 575352.49 150.63 141 136071.45 575360.27 182.59 
221 136077.99 575352.20 148.11 147 136069.98 575359.97 181.50 
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Table A6. ERT Sensor Location Information for Direct Pushes C9393 and C9395 

C9393 C9395 

ERT Sensor 
(ft pipe run) 

Northing 
(m)a

Easting 
(m)a

Elevation 
(m)a

ERT Sensor 
(ft pipe run) 

Northing 
(m)b

Easting 
(m)b

Elevation 
(m)b

230 136076.89 575351.89 145.63 153 136068.52 575359.67 180.44 
239 136075.79 575351.52 143.15 159 136067.06 575359.36 179.38 
248 136074.70 575351.14 140.67 165 136065.63 575359.03 178.32 
257 136073.61 575350.73 138.15 171 136064.21 575358.68 177.25 
266 136072.55 575350.32 135.67 177 136062.78 575358.31 176.18 
275 136071.49 575349.89 133.18 183 136061.35 575357.93 175.09 
284 136070.44 575349.43 130.68 189 136059.92 575357.51 174.00 
293 136069.39 575348.89 128.22 195 136058.53 575357.07 172.94 
a. Measurement made by gyroscope using raw data from pass 1.
b. Measurement made by gyroscope using raw data from pass 2.
ERT = Electrical resistivity tomography
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Attachment B:  Geophysical, Temperature, and Gyroscope Logging Results  
Geophysical, temperature, and gyroscope logging results along with volume % moisture are provided in 
this attachment. Each logging direct push has a header page and plot containing logging information.  
The header page identifies the tools used, general obeservations and conclusions along with calibration 
file information.  The following pages contain plots of gross gamma, volume % moisture, any identified 
man-made radionuclides, IR temperature, and KUT values.  After these pages, there is a single page plot 
of the temperature.  The last page for each of the four angle push locations contains two charts with 
gyroscope results, one for the logging direct push hole and one for the sampling direct push hole.  The 
gyroscope charts show, in planar view, the planned plan and the actual trajectory of each direct push’s 
tubing path. 
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A-Farm C9385 Header Information
Small Diameter –Moisture/Gamma Survey 

Log Dates:  July 25 - Oct 16, 2018 Depth Ref: Ground Surface 

Observations 

A combination High Energy Resolution gamma CeBr and High Efficiency gamma detector BGO-1 tool 
was used for the gamma logging.  At a depth of 100 feet below ground surface (ft bgs), the combination 
tool hung up on the push tubing and separated from the logging cable, dropping to the bottom of the 
direct push hole.  Upon retrieval, the combination tool was found to be damaged beyond repair.  The 
combination tool successfully collected data from 282 to 100 ft bgs. A backup High Efficiency gamma 
detector BGO tool, BGO-3, was used for the remainder of the log (100 ft bgs to surface).  There was no 
spare CeBr crystal available for a new High Energy Resolution gamma detector tool assembly.  Cs-137 
is visible from the BGO-3 data from 24 ft bgs to surface. No CeBr data is available over this interval for 
Cs-137 concentration.  The BGO tool is only calibrated for Gross gamma and KUT.  The concentration 
of Cs-137 observed is estimated to be less than 15 pCi/g at maximum value with the highest 
concentrations of Cs-137 at the surface, as observed with the BGO-3 data. 

The moisture measurement is derived from an instrument manufactured by Instro Tek Corporation. The 
instrument contains a neutron source and a thermal neutron detector. The gauge responds primarily to 
the surrounding hydrogen, hence water.  Moisture values range from 5 to 40%. 

The temperature measurement is derived from the Omega Smart IR Temperature probe and run with the 
moisture tool.  This probe measures the surface temperature of a solid or liquid without contact and can 
measure between -70 to 380°C (-94 to 716°F).  Temperature values range from 25.8 ℃ (78.4 ℉) to 49.2 
℃ (120.6 ℉) with the maximum temperature recorded is 49.2 °C (120.6 °F) at a depth of 48 ft bgs. 

This is a vertical direct push, therefore there was no gyroscope deviation survey conducted. 

Conclusions 

The low KUTa readings at the single depth of 72 ft bgs is due to a very strong magnetic-field gain-drop 
(instantaneous). The 40% moisture values are unreasonable, and not possible from water filled pore 
structure. It is thought that there is a high neutron capture cross section element (such as nitrates) over 
the depth interval 268 to 278 ft bgs, where the 40% values are reached. The temperature does not show 
normal geologic gradient. The temperature profile is indicative of a highly radioactive heat source 
remote from the direct push.  

Calibration Certificates 
Moisture 
Date:  Jun 20, 2018 
Electronic File: Moist-2_2013-v1.zip 

Gamma BGO 
Date:  Jun 11, 2018 BGO-1 and Oct 11, 2018 BGO-3 
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Electronic File: BGO-1_Jun2018-v1.zip and BGO-3_Oct2018-v1.zip 

CeBr 
Date:  June 11, 2018 
Electronic File: CeBr-1_Jun2018-v1.zip 
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A-Farm C9387 Header Information
Small Diameter –Moisture/Gamma Survey 

Log Date: May 13 - Jun 6, 2019 Depth Ref: Ground Surface 

Observations 

A combination High Energy Resolution gamma CeBr and High Efficiency gamma detector BGO-3 tool 
was used for the gamma logging from 291 to 181 feet (ft) pipe run.  The tool became separated from the 
logging cable causing damage to the CeBr tool.  For the remaining of the logging, 181 ft pipe run to 
surface, the High Efficiency gamma detector BGO-3 tool was used for the gamma logging.  There was 
not a spare CeBr crystal to assemble a new High Energy Resolution gamma detector tool.  Two sets of 
KUTa plots are provided; one in ft pipe run and one in ft below ground surface (ft bgs).  Cs-137 is not 
observed.  

The moisture measurement is derived from an instrument manufactured by Instro Tek Corporation. The 
instrument contains a neutron source and a thermal neutron detector. The gauge responds primarily to 
the surrounding hydrogen, hence water.  Moisture values range from 5.7 to 27.5%.  Moisture values 
show many thin stringers from 20 to 80 ft pipe run with one lens at 163 ft pipe run.  

The temperature measurement is derived from the Omega Smart IR Temperature probe and run with the 
moisture tool.  This probe measures the surface temperature of a solid or liquid without contact and can 
measure between -70 to 380°C (-94 to 716°F).  Temperature values range from 20.4 ℃ (68.7 ℉) to 46 
℃ (114.8 ℉) with the maximum temperature recorded is 46 °C (114.8 °F) at a depth of near 65 ft pipe 
run.  

Plan view plots of direct push gyroscope deviation results from the geophysical logging push and 
sampling push are also included (C9387 and C9388, respectively). 

Conclusions 

The temperature does not show normal geologic gradient. The temperature profile is indicative of a 
highly radioactive heat source remote from the direct push. 

Calibration Certificates 

Moisture 
Date:  Oct 11, 2018 
Electronic File: Moist-1_2018-v1.zip 

Gamma BGO  
Date:  Oct 11, 2018 BGO-3 
Electronic File: BGO-3_Oct2018-v1.zip 

CeBr 
Date:  Jan 21, 2019 
Electronic File: CeBr-1_Jan2019-v1.zip 
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C9387 Gyroscope Deviation Plot 

 

 

The path veered to the east and dip angle decreases with depth. 
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C9388 Gyroscope Deviation Plot 

 

 

 

The path veered to the east and dip angle decreases with depth. 
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A-Farm  C9391 Header Information 
Small Diameter –Moisture/Gamma Survey 

 
Log Date: Jan 16 - April 3, 2019   Ref: Ground Surface 
 

Observations 
 
A combination High Energy Resolution gamma CeBr and High Efficiency gamma detector BGO-3 tool 
was used for the gamma logging (a new CeBr High Resolution gamma detector tool was assembled and 
calibrated for use in this combination tool).  Two sets of KUTa plots are provided; one in feet (ft) pipe 
run and one in ft below ground surface (ft bgs).  The CeBr tool shows a concentration of 14 pCi/g of Cs-
137 at 0.5 ft below ground surface. The gross gamma threshold is set at 50 keV and therefore responsive 
to the presence of Cs-137 near the surface.  

 
The moisture measurement is derived from an instrument manufactured by Instro Tek Corporation. The 
instrument contains a neutron source and a thermal neutron detector. The gauge responds primarily to 
the surrounding hydrogen, hence water.  Moisture values range from 3 to 22%. Moisture values show 
many thin stringers from 112 to 162 ft pipe run.   
 
The temperature measurement is derived from the Omega Smart IR Temperature probe and run with the 
moisture tool.  This probe measures the surface temperature of a solid or liquid without contact and can 
measure between -70 to 380°C (-94 to 716°F).  Temperature values range from 9.3 ℃ (48.7 ℉) to 47 °C 
(116.6 °F) with the maximum temperature recorded is 47 °C (116.6 °F) at a depth of 72 ft pipe run.  
 
Plan view plots of direct push gyroscope deviation results from the geophysical logging hole and 
sampling hole are also included (C9391 and C9392, respectively). 
 

Conclusions 
 

The temperature does not show normal geologic gradient. The temperature profile is indicative of a 
highly radioactive heat source remote from the borehole. 
 

Calibration Certificates 
 
Moisture    
Date:    Oct 11, 2018 
Electronic File:  Moist-1_2018-v1.zip 
 
Gamma BGO    
Date:     Oct 11, 2018 BGO-3 
Electronic File:  BGO-3_Oct2018-v1.zip 
 
CeBr 
Date:    Jan 21, 2019 
Electronic File:  CeBr-1_Jan2019-v1.zip  
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C9391 Gyroscope Deviation Plot 

 

 

The observed direct push path veered off to the east, and the dip angle rose a few degrees towards 
horizontal. 
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C9392 Gyroscope Deviation Plot 

 

 

The observed direct push path veered off to the east, and the dip angle rose a few degrees towards 
horizontal. 
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A-Farm  C9393 Header Information
Small Diameter –Moisture/Gamma Survey 

Log Date: Sep 11 - Oct 23, 2018 Depth Ref: Ground Surface 

Observations 

High Efficiency gamma detector BGO-3 tool was used to log this direct push.  Two sets of KUTa plots 
are provided; one in feet (ft) pipe run and one in ft below ground surface (ft bgs).  The BGO tool is only 
calibrated for Gross gamma and KUT.  The gross gamma threshold is set at 50 keV and therefore 
responsive to the presence of Cs-137.  The concentration of Cs-137 observed from 2 ft to surface is 
estimated to be less than 15 pCi/g at maximum value with the highest concentrations of Cs-137 at the 
surface, as observed with the BGO-3 data.   

The moisture measurement is derived from an instrument manufactured by Instro Tek Corporation. The 
instrument contains a neutron source and a thermal neutron detector. The gauge responds primarily to 
the surrounding hydrogen, hence water.  Moisture values range from 3 to 52%.  

The temperature measurement is derived from the Omega Smart IR Temperature probe and run with the 
moisture tool.  This probe measures the surface temperature of a solid or liquid without contact and can 
measure between -70 to 380°C (-94 to 716°F).  Temperature values range from 23.5 ℃ (74.3 ℉) to 38.3 
°C (100.9 °F) with the maximum temperature recorded is 38.3 °C (100.9 °F) at a depth of 74 ft pipe run. 

Plan view plots of direct push gyroscope deviation results from the geophysical logging hole and 
sampling hole are also included (C9393 and C9394, respectively). 

Conclusions 

The 52% moisture values are unreasonable, and not possible from water filled pore structure. It is 
thought that there is a high neutron capture cross section contaminant (such as nitrate) over the depth 
interval 287 to 289 ft pipe run, where the 52% values are reached.  The temperature does not show 
normal geologic gradient. The temperature profile is indicative of a highly radioactive heat source 
remote from the borehole. 

Calibration Certificates 

Moisture 
Date:  June 20, 2018 
Electronic File: Moist-1_2018-v1.zip 

Gamma BGO  
Date:   Oct 11, 2018 BGO-3 
Electronic File: BGO-3_Oct2018-v1.zip 
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C9393 Gyroscope Deviation Plot 

 

 

The surface starting azimuth was set to 180°, due south. As pushing progressed, the direction quickly 
turned slightly east, then significantly veered west. 
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C9394 Gyroscope Deviation Plot 

The push path veered to the east from planned direction, shown in red. 
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A-Farm C9395 Header Information 
Spectral Gamma – Moisture Survey 

 
Log Date: Oct 17 - Nov 7, 2018   Depth Ref: Ground Surface 
 

Observations 
 
High Efficiency gamma detector BGO-3 tool was used to log this direct push.  Two sets of KUTa plots 
are provided; one in feet (ft) pipe run and one in ft below ground surface (ft bgs).  The BGO tool is only 
calibrated for Gross gamma and KUT.  The gross gamma threshold is set at 50 keV and therefore 
responsive to the presence of Cs-137.  The concentration of Cs-137 observed is estimated to be less than 
15 pCi/g at maximum value as observed with the BGO-3 data.  Cs-137 is visible in the BGO-3 data from 
4 ft pipe run to surface and at 99 ft pipe run. The readings at 99 ft pipe run are at the same magnitude as 
at the surface.   

 
The moisture measurement is derived from an instrument manufactured by Instro Tek Corporation. The 
instrument contains a neutron source and a thermal neutron detector. The gauge responds primarily to 
the surrounding hydrogen, hence water.  Moisture values range from 4 to 18%. Not much moisture until 
163 to 186 ft pipe run.   
 
The temperature measurement is derived from the Omega Smart IR Temperature probe and run with the 
moisture tool.  This probe measures the surface temperature of a solid or liquid without contact and can 
measure between -70 to 380°C (-94 to 716°F).  Temperature values range from 14.8 ℃ (58.6 ℉) to 
50.1°C (122.2 °F) with the maximum temperature recorded is 50.1 °C (122.2 °F) at a depth of 92 ft pipe 
run.  
 
Plan view plots of direct push gyroscope deviation results from the geophysical logging hole and 
sampling hole are also included (C9395 and C9396, respectively). 
 
 

Conclusions 
 
There is a possibility the push’s large dip from vertical is washing out (muting) the moisture response. 
The temperature does not show normal geologic gradient. The temperature profile is indicative of a 
highly radioactive heat source remote from the direct push.  
 

Calibration Certificates 
 
Moisture    
Date:    Oct 11, 2018 
Electronic File:  Moist-1_2018-v1.zip 
 
Gamma BGO    
Date:    Oct 11, 2018 BGO-3 
Electronic File:  BGO-3_Oct2018-v1.zip  
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C9395 Gyroscope Deviation Plot 

The push path veered to the west. 
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C9396 Gyroscope Deviation Plot 

The push path veered to the east unlike the logging hole. 
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Attachment C:  Calibration Certificates for Geophysical Logging and Gyroscope Instruments 

RPP-ENV-61860, Rev. 0

F-73

Calibrations are required to be performed on new instruments prior to being placed into service and then 
annually or following instrument repairs.  New logging instrumentation and support equipment were built 
for this project and initial calibrations were performed in June and July 2018.  Due to the need to replace or 
repair instruments damaged during deployment and with the introduction of a second hoist unit, 
calibrations were performed at various times throughout the project life. This attachment provides the 
Calibration Certificates for the logging instruments, gyroscope and hoist depth encoders used to support the 
geophysical logging operations for the A-Tank Farm investigations from June 2018 thru September 2019.     
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MEETING NOTES 
1~',f!~ . 

WMA A-AX Focus Area 1 Sample Interval Selection Meeting - C9386 and C9S94 

Meeting Date: November 7, 2018 

L.ocatJon: 3100 Port of Benton Blvd, Room 28 

ATIENDEES: 

Cindy Tabor (WRPS) 
Ryan Childress (WRPS) 
Jan Bovier (DOE-ORP} 
Mike Barnes(Ecology) 
Marysia Skorska (Ecology) 
Kim Schuyler (Freestone) 

BACKGROUND: 
This meeting was part of the continuing effort to ensure communication between the Washington ·state 
Department of Ecology {Ecology), the U.S. Environmental Protection Agency (EPA), the U.S. Department 
of Enersv Office of River Protection (DOE-ORP), and Washington River Protection SOiutions (WRPS) 
representatives regarding characterization activities in Waste Management Area A-AX. Specifically 
RPP-PLAN-6.2041, Sampling and Analysis Pion for W.MA A-AX Focus Areal (Tanks 241-A-104 ond 
241-A-105) states that "geophysical logging data along with any available qulck turnaround analysis 
results ("quick turnu) for two mobile contaminants (technetium-99 and nitrate) will be used to aid in. 
determining subsurface sample depths. The subsurface sampling horizons will be selected in an open 
meeting to which WRPS staff, DOE, Ecolosv, U.S. Envlronmental Protection Agency (EPA), and other site 
contractors shaJI be invited.n 

Purpose of Meeting: This meeting was called to provide field status Information, review geophysical 
togging data results from direct push locations C9385 and C9393, discussthe sample depth selection 
process, and agree upon sample depth intervals for C9386 and C9394. 

Discussion: Ecology was provided information on two direct push locatlons in A Farm (exploratory 
boreholes C9385 and C9393). Both exploratory boreholes had been pushed and geophysically loged. 
Logging results, which included total gamma, moisture, temperature, and spectral gamma (potassium, 
uranium, and thorium data, and historical Information were used to seJect sample depths. Ecology was 
also briefed on the status of field work for WMA A-AX Focus Area 1 (see Attachment 1). 

Field Work Status: 
andy Tabor identified that field statuses had been previously provided to Ecology and that several 
issues had occurred. It was identified that these issues more than likely due to the program being 
shutdown In 2015 and being restarted again or because these pushes were deeper than ever pushed 
before. 

Pipe (casing) breaks occurred at two direct push locations, first at vertical location C9385 and then at 
angled location C9391, 12 feet below ground surface (ft bgs) and 180 (ft pipe run), respectlvely. 
Additionally, the gamma logging tool with the cerium bromide crystal was damaged while logging at 
C9385. Mike Barnes of Ecology, the Project Manager for this effort was notifted of these issues in 

Page 1of4 

RPP-ENV-61860, Rev. 0

G-1

RPP-ENV-61860 Rev.00 3/26/2020 - 9:33 AM 568 of 617



1~✓:1 ·:,T,,j' tf • --i., ~~.~·---~-~ 
h· f .,, '•''!;-~. , v ~- """"··• .•. JtJi r . -... ~ ,,_f · ••.. ~:-,.~--'·i :, ~~ 

' • •i:.. t l/ -·~. .i:K .. }$.,,. ~ ,~ • . .J. r ~-:; tM·( ,~ , ... , ,:~'I 
WMA A-AX Focus Area 1 Sample Depr Me!t1n&.t#t, ,_J;, . '· /,,i iiJ.f ~ 

"''·•· . 9ftAf:T.:~\. :i .;..~'> . . j_. , . .. ·-,:Jt,·~\~lt;!l ,, ·, .... ~· l 
rw~'?\,a ,. 

September. In an emall dated September 20, 2018, Mike Barnes provided concurrence that C9385 did · ,,_,i 
not need to be re .. pushed because moisture and temperature profiles of C9385 and C9383, a vertical 
location approxfmately 2 feet away, were consistent: It was also identified In September that It would be 
problematic to install resistivity electrodes in C9385. Ecology verbally identified that they were not 
necessary due to the close proximity to C9383, which has resistivity electrodes. 
Mike Barnes also Indicated that C9391 shou1d be re-pushed because: 

• It would not be possible to determine where moisture zones are present or if thin beds are 
located deep in the ,ubsurface. 

• The surface geophysical exploration (SGE) data shows a highly conductive area and the 
drywells 10-05-09, 10-04-04, and 10-04-05 all show hlgh temperature anomalies. 

• It is very important to have the logging information to assist with selecting the deep 
sampling intervals. 

Mike Barnes recommended borehole C9391 be re-pushed and logged, so the information Is available for 
future sample depth selection. DOE agreed to re-pushing C9391. Ecology was also Informed that new 
tubing (casing) for pushing Is needed going forward with this project. It is believed new tubing ~ay 
prevent breaks at other locations. 

Cndy Tabor then explained that the surface, surface duplicate, 7 • 9 ft, and 12 -14 ft samples have been 
collected at C9386. 

sample Selection: 
it was noted that the sample depth selection pro~ is slightly different than described in the A-AX DQO 

(RPP-RPT-60227, Data Quality Objectives for Vadose Zone Characterization at Waste Management 
Area A-AX [DQO]). A set of sample depths Identified using a random selection process were available to 
be selected in lieu of strictly judgmental sample depths. A hard copy ptot of C9383 and C9385 total 
gamma and moisture geophysical logging data was presented. The plots show sample depths, 
judgmental and random depths, overlain on the geophysical data plot for each respective boring. The 
meeting attendees were given the opportunity to decide if random sample depths, Judgmental sample 
depths, or a combination of both should be selected. Ecology decided against using the randomly
generated sample depths. 

C93B6 
Sample depth distussion at C9386 began with the selection of two sample Intervals (273-275 ft bgs and 
275- 277 ft bgs) in the geologic unit identified as CCu (Cold Creek unit). Ml~e Barnes identified that the 
excess moisture in the ccu mav have another source and an additional s~mple in the lower portion of 
the CCu may be beneficial. 

The transition zone at 53 ..:.. 55 ft was not included in the original list of sample depths, but Mike Sames 
stated the contact between backfill and H1 ~ay show the backfill to contain contaminants more closely 
associated with 200-E-286 Ditch, which was located in the southwestern corner of A Farm. Mike Barnes 
stated that the backfill used In A Farm may contain soils that were removed from the 200-E-286 Ditch. A 
sample ofthe backfill could be good background information for work to be completed in the future. 
Mike Barnes identified that he thinks only Ion Chromatography (IC) analysis should be performed at this 
Interval. Cindy Tabor indicated that the DQO Identified other data VM'aS needed for various purposes such 
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as risk assessment. Altering the list of analyses would not be consistent with the DQO. Cindy Tabor took 
the action of looking Into the feaslblllty of changing the list of required analyses, if the need arose. 

Interest is high for a sample near the bottom of the backfill, and high fluoride concentrations could be 
responsible for corrosion at approxfmately 60-70 bgs In drywell 10-0S-10. 

The other sample depths were agreed upon and consistent with the reasoning in Table 1. The list of 
sample depths were re-read to the meeting attendees and all parties concurred with the list of sample 
depths ldenl!ffed In Table 1. 

Table 1. Sample Depths Selected for C9385/C9386 
Sample depth Reason Str-atisraphy 

('ft bgs) 
53-55 High moisture peak (Just below backflll/H1 contact) Hl 
75-77 Hiah moisture and gamma peak (near transition Hl/H2) 

132-134 High moisture and nmma peak . 
H2 

210-212 Unusual signature - Increased moisture and decrease gamma 
263-26S High moisture 

273-275 
Highest moisture and higher gamma peak (just below H3/CCu 
transition) CCu -

275-277& Additional sample in the ccu to Investigate high moisture 
•identified as a random depth in Attachment l. 

C9394 
Sample depths were discussed for C9394. Several features were of interest to Ecology, especially 
subsurface temperature. Mike Barnes stated high tank heat is responsible for heat deep In the 
subsurface (e.g., greater than 60 ft). Heat could have been caused by hot liquid passing through the 
vadose zone or heat from the tank itself by conduction/propagation through the soll. Mike Barnes said It 
would be good to review of Mart Oostrom study about temperature propagation and prediction using 
dry well temperature; Cindy Tabor took the action to find out the status of this report's productions. 

The first sample depth selected was In the CCu at 288-290 ft pipe run (as opposed to below ground 
surface). A second CCu sample was selected (2-93-295 ft pipe run). Ecology identified it would be 
beneficial to review the "quick-turn" CCU data from C9386 samples to determine if this additional CCu 
sample should be collected. Ecology inquired about the timellne for "quick-turn" results from C9386 
and was told December. Based on the sample results in the ccu at C9386, the second sample depth In 
the CCu at C9394 may be moved to a different depth. Additional discussion will occur once the sample 
results from the ccu "quick-tum" depth are available. 

The other sample depths were agreed upon and consistent with the reasoning in Table 2. The list of 
sample depths were re-read to the meeting attendees and all parties concurred with the list of sample 
depths identified in Table 2. 
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Table 2. Sample Depths Selected for C9393/C9394 
Sample depth 

~n~.a 
Reason stratigraphy 

(ftbtlC)'P•~ 
107-109 High moisture and gamma 1Jeak (near transition H1/H2) 
146-148 High moisture 
164-166 Under lateraVhish temperature H2 
177-179 Hi1-th moisture and gamma oeak 
196-198 Unusual signature - increased moisture and decrease gamma 
288-290 Highest moisture and gamma Deak Oust below H2/CCu transition) . 
293-2958 Additional sample in the ccu to investigate h!gh moisture 

CCu 

•identified as a random depth in Attachment 1 

The followlng is the information provided to Ecology during the meeting: 

• Handout "Attachment 1• 
• One table identifying summsrv Information about the five direct push locations in WMA NAX 

Focus Area 1 (refer to Table 1 Included In Attachment 1) 
e Summary of rationale and general notes to support sample depth selection for C9386 and C9393 

(~e Tables 2 and 3 In Attachment 1). 

• Copy of Figure 5-1 (•Direct Push Locations for WMA A-AX. Focus Area 1_,) from RPP-PLAN-62041. 
I!) Spectra Gamma & Moisture Surveys (geophysical logs) In °plpe run" depth for C9393 and 

vel'.'tlcal depth for C9385. The logs show the proposed sample depths along with 
lithologic/stratlgraphic unit information. 

• Two cross sections showing the relative location of the C9385/C9386 and C9393/C9394 
borehole paths and sample depths with respect to the 241-A-104 or 241-A-105 tanks. 

• Hard copies of field geophysical logging results (gamma, moisture, temperature) from C9393 
and C9385, 

Action Items: 
• Cindy Tabor wlll look Into the feasibility of changing the list of required analyses on a per-sample 

basis, should the need arise. 
• Cindy Tabor to find out the status of Mart Oostrom study about temperature propagation and 

predictions of vadose zone heat surrounding single-shell tanks. 

DOE Project Manager (print) 

\ \ ·' 

4\ a2)o\9A~ 
ate 

(1\~i 0 
__! ~ ~ I t(-.t pg fl':i) 
Ecology Project Manager (print) Ecology Project Manager (signature) 
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WMA A-AX Focus Area Sample Depth Meeting- C9386 and C9394 
_ November 7, 2018 

Reid Status: 

Table 1: Logging Holes, Logging, and Decommissioning , 
location Proposed Actual Loaged Decommissioned/ 
(vertical or Depth~ Depth11 Electrodes Installed 
angie) 
C9385 285 TD=285.5 Completed Completed/Nob 
(vertlcal} 

C9387 295 Not started Not started Not started 
(35" angle} 
C9391 279 Being Not started Not started 
(30• angle) repushedc 
C9393 295 PR =295 Completed Not started 
(1s• angle) 
C9395 197 PR= 197 In process Not started 
(45• angle) 

TD = total depth, PR = pipe run 
•For vertical hole, information Is in feet below ground surface (fl: bgs). For angle holes, information Is in ft pipe run. 
"A pipe break occurred at -72 ft bgs and a decision was made and agreed to by Ecology that electrodes would not 
be Installed at this location. There are electrodes Installed at a location "'2 ft away at C9383. 
Cf'lpe break approximately 180 ft pipe run ("'156 ft bgst. Ecology asked to repush since logging would have only 
been completed to 180 ft pipe run. 

sampling Hole 

C9386: Surface and Surface Duplicate, 7•9 ft bgs, and 12-14 ft bgs sample collected. 

Data Evaluated to Help Determine Possible Sample Depths: 

• Gamma, moisture, and temperature data for C9385 {vertical push) and C9393(1S0 angle push) 
Note: Plots are available in Vertical Depth and Pipe Run Depth for C9393 since this Is angle push. 

• Vertical profile and cross section view of sample depths for C939~ (for depth perspective and 
relationship to tank) 

• Relevant available lnronnation from 2014/2015 A-AX Direct Push efforts: Location C9383 (vertical 
push) 

• Relevant available dry well logging Information (10-04-01, 10-05-10, and 10-05-12) 

General Now: 

• The basis for standard sampling is described in RPP-RPT-60227, DQO Report WMA A-AX, Rev. o 
(Focus Area 1), which Indicates that these samples are to be collected from: 
o Recommending 10 sample depths: 3 sample depths of- surface, 7-9, ~nd 12-14 ft bgs (vertical 

depths) and 7 deeper samples (intervals recommended are identified In Tables 2 and 3). 
o Specific Information on shallower Intervals for the 15° angle of C9393: 

• 7 to 9 ft bgs is equivalent to 7.25 to 9.32 ft of pipe run - therefore collecting samples at 
7 to 9 ft pipe run 

• 12 to 14 ft bgs Is equivalent to 12.4 to 14.S ft of pipe run - therefore collecting samples 
at 12 to 14 ft pipe run 

1 
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WMA A-AX Focus Area Sample Depth Meeting- C9386 and C9394 
November 7, 2018 
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Table 2: Sample Depth Recommendations for C9385/C9386 
Judgmental Stratigraphy 

Recommended Reason 
Sample Depth . 

(ft bss) 
NA - H1 

75.77• High moisture and gamma peak 
(near transition H1/H2) 

86-88 Hil!h moisture and eamma peak 
132-134* High moisture and gamma peak H2 
177-179 High moisture 
210-212 Unusual signature - Increased 

moisture and decreased gamma 
263-265 High moisture 

NA - H3 
273-275 Highest moisture11 and higher CCu 

gamma peak 
Oust below H3/CCu transition) 

Note: 1 ne 10110wlng are tne stratigrapn1e units fdentmeo rrom 1ogg1ng r o,e u-=i (In ft bgs): 
Backfill • 0-52, Hl • S2-74, H2 = 74-268 (upper 74-133 and lower 133-268), H3 = 268-273, and 
CCu 273-285.5 (CCugravel 281-285.5). 
NA = not appll(able 
-sample depth was also selected from logging location C9383. 
IIMoisture reading approximately 3~. 

Table 3: Sample Depth Recommendations for C9393/C9394 
Judgmental Stratigraphy 

Random 
Recommended 
Sample Depth 

(ftbp) 
60-62 

NA 

NA 
82-84 
94-96 

120-122 

220-222 
270-272 
275-277 

Random 
Recommended Reason Recommended Sample 
Sample Depth 
(ft pipe run) 

NA . 
NA Hl -

107-109 High moisture and gamma peak 
(near transition H1/H2) 

146-148 High moisture 
164-166 Under fateraVhigh temperature H2 
177-179 High moisture and nmma oeak 
196-198 Unusual signature - Increased 

moisture and decreased gamma 
236-238 Hll!h moisture and gamma r>eak 
288-290 Highest moisture• and gamma 

peak CCu 
(Just below H2/CCu transition) 

Note: TIie following are the stratigraphic units ldentlneo rrom logging hole ut.::Ss.::S (In ft pipe run): 
Backfill = 0-28, Hl = 23-106, H2 = 106-288 (upper 106-144 and lower 144-288), and CCu 288-29S.1. 
NA• not appllcable 
•Highest moisture area. 

Depth 
(ft pipe run) 

54-56 
76-78 

NA 

NA 
218-220 
220-222 
240-242 

248-250 
293-295 

2 
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Sampling Hole 

C9388:  Surface, 7-9 ft bgs, and 12-14 ft bgs sample collected. 

Data Evaluated to Help Determine Possible Sample Depths: 

 Gamma, moisture, and temperature data for C9387 (35° angle push)
Note: Plots are available in Vertical Depth (ft bgs) and Piperun Depth for C9387 since this is angle push.

 Vertical profile and cross section view of sample depths for C9387 (for depth perspective and relationship
to tank)

 Sample depth information from C9386, C9392, C9394, and C9396.

 Logs from C9385, C9391, C9393, and C9395.

General Notes: 

 The basis for standard sampling is described in RPP-RPT-60227, DQO Report WMA A-AX, Rev. 0 (Focus
Area 1), which indicates that these samples are to be collected from:
o Recommending 10 sample depths:  3 sample depths of - surface, 7-9, and 12-14 ft bgs (vertical depths)

and 7 deeper samples (intervals recommended are identified in Table 1).
o Specific information on shallower intervals for the 35° angle of C9388:

1. 7 to 9 ft bgs is equivalent to 9 to 11 ft of piperun
2. 12 to 14 ft bgs is equivalent to 15 to 17 ft of piperun

Table 1:  Sample Depth Recommendations for C9387/C9388 

Judgmental Stratigraphy 

Recommended Sample Depth 
(ft piperun) 

Reason 

63-65 High moisture peaka and contact between 
backfill/H1 (undifferentiated) and H2. 

H2 

124-126
Below area of contamination noted in 

RPP-PLAN-62041b. 

141-143
Beneath tank A-104 and near area of 

contamination noted in RPP-PLAN-62041b. 

161-163
High moisture signature, H2 upper/lower 

contact, below area of contamination noted in 
RPP-PLAN-62041b.  

184-186
Beneath tank A-104, determine if 

contamination is present at deep depth. 

203-205
Below edge of the tank A-104, determine if 

contamination is present at deep depth. 

290-292 High moisture peaka. 

Note:  The following are the stratigraphic units identified from logging location C9387 (in ft piperun): 

Backfill/H1 undifferentiated = 0 - 63, H2 = 63 – 296. 

c. Moisture measurement approximately 22%. 

d. See Figure 1-2 in RPP-PLAN-62041, Sampling and Analysis Plan for WMA A-AX Focus Area 1 (Tanks 241-A-104 and
241-A-105). 

Action from previous sample depth selection meeting: 

Ms. Tabor will obtain a figure with pipelines around Tank 241-A-105 and coordinate with Mr. Barnes 

(“WMA A-AX Focus Area 1 Sample Depth Meeting #3”, held on April 11, 2019). 
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