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SUMMARY OF DIRECT PUSH EXPLORATION AT 241-C-152 DIVERSION BOX 

IN 241-C TANK FARM 

 

 

 

1.0  INTRODUCTION 

 

 

Actions described below were outlined as characterization requirements in DOE/RL-99-36, 

Phase 1 RCRA Facility Investigation/Corrective Measures Study Work Plan for Single-Shell 

Tank Waste Management Areas (DOE/RL-99-36) and subsequent addenda.  The specific 

characterization scope was intended to provide definition to the vertical and lateral extent of 

radiological and chemical waste resulting from a piping failure adjacent to the 241-C-152 

Diversion Box. 

 

The data requirement goals identified through a data quality objective process were documented 

in the addendum for Waste Management Areas C, A-AX, and U.  These data requirement goals 

were further identified, defined and documented through a site-specific data quality objective 

process and were contained in RPP-7578, Site-Specific SST Phase 1 RFI/CMS Work Plan 

Addendum for WMAs T and TX-TY.  The outlined goals include the tasks, project responsibilities 

and schedules for the characterization efforts.  Two specific areas of investigation were specified 

in RPP-7578.  The first was placement of a borehole adjacent to 241-C-105 single-shell tank and 

the second was the collection of vadose zone data from the installation of a borehole adjacent to 

the 241-C-152 Diversion Box valve and underground piping assembly.  (See RPP-32073, 

Completion Report for C4297 (C-105) C Tank Farm Drilling and Sampling, for information 

relating to the 241-C-105 drilling effort and the current status.)  Because of infrastructure and 

contamination concerns, a series of direct push technology investigation holes was planned near 

the 241-C-152 Diversion Box to evaluate subsurface conditions prior to location and drilling of 

the planned borehole.  The push locations were planned to determine the near-surface (e.g., 0 to 

18+ meters [0 to 60+ feet] below ground surface [BGS]) vertical and lateral extent of Cs-137 

contamination in the vicinity of the C-152 Diversion Box.  During fiscal year (FY) 2004 an 

attempt was conducted to complete the direct push exploration by use of a cone penetrometer 

truck (CPT); however, due to support issues only one push exploration was accomplished.  

During the late winter and spring of 2005 Duratek Technical Services (DTS), now 

EnergySolutions Federal Services, Inc., Northwest Operations (EnergySolutions) proposed the 

development and utilization of a hydraulic hammer unit (HHU) backhoe mounted percussion 

unit to conduct the exploration activities.  These activities included placement of 19 vertical and 

six angle push explorations and associated sample collection. 

 

The direct push data gathering was designed to accomplish the following. 

 Identify the areal and vertical extent of the shallow soil contamination. 

 Quantify the contamination levels of the gamma-emitting nuclides as a guide for placement 

of a vadose borehole, if deemed necessary based on logging and sampling results. 
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 Quantify soil moisture content for shallow fine-grained zones located under the diversion box 

area. 

 Provide soil samples for laboratory analysis of the soil contamination levels. 

 

Details of the planned work scope relating to the 241-C-152 Diversion Box were contained in 

DTS-DOW-010 (Appendix A) for work related to CPT activities and DTS-DOW-013 

(Appendix B) for work scope performed utilizing the HHU for vertical direct push activities. 

 

At the conclusion of the vertical direct push activities, additional work was conducted with the 

HHU in an angle push configuration.  Performance of borehole placement at an angle required 

testing of directional control of the angle push.  It also required field testing of a newly procured 

borehole gyroscope used for tracking the subsurface path of the tubing and for documenting the 

precise Northing, Easting and elevation of sampling performed during angle pushes.  Additional 

testing was performed to verify the HHU could achieve push depths greater than 30.48 meters 

(100 feet) BGS.  Both angle and depth capability testing were conducted at the Mock Tank Site 

in the 200 East Area of the Hanford Site.  To further define the HHU capabilities, CH2M HILL 

Hanford Group, Inc. (CH2M HILL) directed EnergySolutions to deploy the HHU equipment to a 

site near the 100-N Area for placement of 5.08 centimeter (2-inch) shallow well constructions in 

difficult geologic conditions found there.  This effort supported the Fluor Hanford Groundwater 

Program.  Additionally, the HHU was deployed to the Z-1A and Z-9 Crib area adjacent to 

Plutonium Finishing Plant to demonstrate soil vapor and soil/sediment sampling depth 

capabilities.  At the conclusion of the development and testing, the HHU unit and the surface 

angle control equipment were deployed into 241-C Tank Farm.  Six angle pushes with multiple 

sampling events were conducted during this deployment under the auspices of DTS-DOW-016, 

Rev. 1.  This description of work (DOW) (see Appendix I) describes the locations, angle of push 

and sampling intervals intended for collection during field activities. 

 

The purpose of this report is to document the actions performed during the direct push activities 

performed under DTS-DOW-010, DTS-DOW-013 and DTS-DOW-016.  The details of each 

deployment or set of deployments are contained in Section 2.0 for vertical direct push 

exploration and sampling and Section 4.0 for direct push exploration and sampling conducted 

using angle push exploration methods.  The information contained in each appendix is intended 

to do the following. 

 Provide an account of activities performed (summary of activities and Field Activity 

Reports). 

 Transmit geophysical data collected during push activities. 

 Identify sampling points and provide copies of the Field Logbook entries for sampling as 

well as Chain of Custody documentation. 

 Provide push (exploratory) and sampling hole tracking, decommissioning and identification 

data. 

 Document Safety Surveillances conducted during field operations. 
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1.1  241-C-152 BACKGROUND 

 

The 241-C-152 Diversion Box is located in the northwest corner of the 241-C Tank Farm.  This 

valve control and pipe system was designed to route waste liquids from the facilities to 

individual tank runs and to control the pumping of liquids between tanks and from tanks to 

reprocessing facilities.   

 

In 1969, line V-122 adjacent to the 241-C-152 Diversion Box is reported to have leaked 

approximately 9,842 liters (2,600 gallons) of B Plant waste during a transfer.  Information 

documenting the release and data gathered during a subsequent field investigation were 

contained in the UPR-200-E-82 Unplanned Release Report (RHO-CD-673).  It was estimated 

that during the release approximately 378 liters (100 gallons) of the 9,842 liters (2,600 gallons) 

that were lost from the broken/failed pipe surfaced near the valve box structure.  This 

contaminated surface was covered with clean gravel and subsequently covered with cement.  

Calculations indicate that 11,300 curies of Cs-137 were lost to the soil during the release.  

Calculations based on the samples recovered during the field investigation indicate that the 

maximum concentration in the soil was 550 Ci/g at approximately 3.7 meters (12.14 feet) below 

the original surface grade.   

 

The Unplanned Release Report also describes a ―caliche‖ or moisture-retarding layer 

approximately 15.2 centimeters (0.5 feet [6 inch.]) in thickness located 3.9 to 4.3 meters (12.8 to 

14.1 feet) below the original ground surface.  Regional stratigraphic analysis and facies studies 

of Hanford-related geology indicate that the described caliche is more likely a shallow 

subsurface paleosol (a soil development horizon rich in calcium carbonate that became buried in 

subsequent flood gravel and/or aeolian sand deposition).  The areal extent of this fluid-retarding 

layer is not known. 

 

Figures 1, 2 and 3 provide location maps for C Tank Farm and the vertical and angle push 

locations adjacent to the 241-C-152 Diversion Box. 
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Figure 1.  General Location Map. 
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Figure 2.  C-152 Area Map—Vertical Push Locations. 
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Figure 3.  C-152 Area Map—Angle Push Locations. 
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1.2  CONE PENETROMETER ACTIVITIES AND HYDRAULIC HAMMER UNIT 

INTRODUCTION 

 

EnergySolutions began preliminary design and procurement planning for direct push March 

2004.  This was followed by procurement of a contract for CPT drilling support by mid April 

2004.  The CPT crew was deployed to Hanford in mid May for the required site-specific training 

and the CPT was deployed to the Hanford Site in early July.  Due to support issues and the newly 

imposed breathing air requirements, the CPT did not enter the tank farms until October 2004, 

when a single push at the C 4401 location was conducted.  The borehole (C 4401) was logged 

with gamma and moisture geophysical tools.  Again, due to support issues, the C Farm was not 

entered again until January 2005.  At that time the borehole was decommissioned with placement 

of cement grout, and the CPT was surveyed out of the farm and the subcontractor released. 

 

Based on the observations made during operation of the CPT, a recommendation was made to 

CH2M HILL to alter the technology approach for the shallow soil characterization work scope.  

EnergySolutions proposed the use of a high-impact hydraulic hammer mounted on a small tractor 

as an alternative to the CPT.  A unit of this design had several advantages over the large CPT.  

Drilling engineering and efficiency assessment indicated that a high-impact hammer would 

easily and consistently drive the 6.35 centimeter (2.5-inch) tubing to the target depths of 

10.6-13.7 meters (35–45 feet) BGS.  The tractor and hammer/mast unit would be significantly 

more maneuverable and have a lower total weight than a CPT.  The lower total weight would 

allow for investigation of points closer to potential point sources of contamination leakage by 

reducing dome load and structural integrity issues.  The lighter weight also increases 

maneuverability allowing easier movement of the equipment in the congested areas around the 

tanks and diversion boxes.  The improved maneuverability would also make it easier to move the 

driving equipment off placed boreholes and to return it after logs have been acquired and 

interpreted. 

 

This maneuverability would allow the crew to drive a borehole and move to the next 

investigation target while the geophysical logging runs are conducted.  The mobility and 

maneuverability would potentially allow multiple boreholes to be driven in one day.  Tubing 

extraction would be conducted by using the tractor-mounted drive unit or a set of small hydraulic 

jacks and a hydraulic power pack mounted on a skid unit if/when necessary.  Borehole driving 

and logging could continue simultaneously.  When a sufficient number of boreholes are in place 

for logging purposes and logging has concluded on one or several pushes, the driving crew 

operators could begin extraction.  Crew efficiencies would be improved for the borehole 

driving/extraction and for logging efforts as both operations would be taking place in the same 

time frame.  Also, more efficient use of the tank farm-supplied Nuclear Chemical Operators, 

Health Physics Technicians and Industrial Hygiene Technicians would be achieved because the 

same personnel would cover all three phases of work.   
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This approach allowed for the following: 

 Use of more mobile equipment (e.g., a backhoe-mounted hydraulic hammer driving system), 

and 

 Multitasking (e.g., work is not confined to sequential operations).  

 

Upon CH2M HILL review and approval of the proposal, EnergySolutions researched and 

specified a hammer and mast combination with tractor mount to meet the intended use and 

procured a backhoe tractor-mounted hydraulic hammer unit.  Below is a picture (Figure 4) of the 

procured unit deployed in 241-C Tank Farm.   

 

With the use of the backhoe tractor-mounted hydraulic hammer unit, a 6.35 centimeter (2.5-inch) 

outside diameter x 4.45 centimeter (1.75-inch) inside diameter casing could be driven to 

specified target depths or refusal, for investigative purposes at predetermined locations.  Once a 

push location is logged, the data could be reviewed by CH2M HILL and sample locations and 

depths selected.  If significant contamination or geological features of interest are identified, a 

second location within 0.6 meter (2 feet) of the exploratory hole could then be pushed for sample 

retrieval. 

 

 

Figure 4.  Backhoe Tractor-Mounted Hydraulic Hammer Unit. 
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2.0  HYDRAULIC HAMMER UNIT VERTICAL PUSH FIELD ACTIVITIES 

 

 

2.1  SUMMARY OF HHU VERTICAL PUSH 

 

Field activities utilizing the HHU in a vertical mode began July 1, 2005, and were concluded 

with removal of all borehole driving equipment and support items from the vicinity of the 241-C-

152 Diversion Box September 13, 2005.  A total of 52 field days were used to complete the 

specified scope of work.  There were 158.5 hours of associated down time.  Exact dates and 

explanation of down time can be found in Appendix C, ―Drilling and Sampling Daily Work 

Records—Vertical Boreholes,‖ and Appendix D, ―Explanation of Down Time for Vertical 

Boreholes.‖  While the HHU was deployed in C Tank Farm, a total of 19 exploratory boreholes 

were pushed and geophysically logged with gross/spectral gamma and moisture logging 

instrumentation, and a total of 20 sampling attempts were made.     

 

 

2.2  SOIL SAMPLING   

 

Soil sampling with the rotary hammer unit was accomplished using a single-wall sampling 

system.  When the sampler and sample point are locked into place, the sample point and point 

holder combine to make a solid drive head.  Once the drive head had been pushed to sample 

depth, an inner rod was lowered down the center of the casing to release the sample point.  The 

casing and sampler were then advanced far enough to push the point up through the sampler, 

filling the two 4.22 centimeter (1.66-inch) outside diameter x 22.86 centimeter (9-inch) long 

stainless steel sample liners with material.  Because of the formation materials on the Hanford 

Site, and the specific design of the single-wall sampling system (i.e., the sampler is part of the 

boring tip), fine soil particles can become wedged between the tip and the tip holder, causing the 

tip to become slightly disfigured and preventing the sampler from opening properly.  

Occasionally, the sampler would be partially empty.  See Table 1 for vertical borehole sample-

related information.   
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Table 1.  Sample Intervals for C Farm Vertical Borehole Sampling. 

 

Borehole Hole # Sample Date 

Ground 
surface 

Elevation  
(m) 

Depth 
of 

Sample  
(ft) bgs 

Depth of 
Sample 

bottom of 
"Shoe" (m) 

bgs 

Sample Number Recovery 

1 C4404 7/27/2005 203.049 20 196.32 S05001-03 100% 

2 C4406 7/22/2005 203.258 12 198.97 S05001-01 60% 

3 C4408 7/26/2005 203.229 9.5 199.70 S05001-02 100% 

4 C4410 7/27/2005 203.037 23 195.39 S05001-04 100% 

5 C4412 8/3/2005 203.195 23.5 195.40 S05001-06 100% 

6 C4414 8/3/2005 203.165 13.5 198.42 S05001-05 100% 

7 C4416 8/12/2005 203.059 14.5 198.01 S05001-10 100% 

8 C4418 8/11/2005 203.035 11.5 198.90 S05001-09 100% 

9 C4420 8/10/2005 202.635 16.5 196.97 S05001-08 95% 

10 C4422 8/9/2005 202.586 11.5 198.45 S05001-07 100% 

11 C4426 9/12/2005 202.486 5.5 200.18 S05001-20 60% 

12 C4428 9/9/2005 201.608 18 195.49 S05001-19 100% 

13 C4430 9/13/2005 202.025 18.5 195.75 S05001-21 100% 

14 C4432 9/6/2005 201.709 20.5 194.83 S05001-11 75% 

15 C4434 9/8/2005 201.89 13.5 197.14 S05001-18 100% 

16 C4436 9/8/2005 201.738 16 196.23 S05001-17 90% 

17 C4438 9/7/2005 201.86 13.5 197.11 S05001-14 100% 

18 C4440 9/6/2005 201.96 6.5 199.34 S05001-12 50% 

19 C4445 9/7/2005 201.962 6.5 199.35 S05001-13 65% 

20 C4448 9/7/2005 201.542 17 195.73 S05001-15 100% 

21 NA 9/7/2005 NA NA NA S05001-16 
(Equipment 

blank) 

NA 

NOTE:  Length of sampler and shoe is 2.08 feet. 

 

 

Samples were obtained and analyzed in accordance with CH2M HILL Sample Authorization 

Form #S05-001.  Samples were analyzed for anions, total organic carbons, conductivity, pH, 

gamma energy and inductively coupled plasma mass spectrometry (ICPMS) radionuclides.  The 

sample drive head, sample tip, liners, inner sample barrel and piston rod were cleaned by Fluor 

Hanford Groundwater Sampling Operations Group using standard Resource Conservation and 

Recovery Act of 1976 protocol cleaning methods in accordance with GRP-FS-04-G-013, 

―Laboratory Cleaning of Sampling Equipment.‖  This cleaning ensured that no cross-

contamination was introduced from any previous use of the equipment or from the 

manufacturing process.  Copies of the chain of custody forms and field logbook notes for sample 

collection during vertical borehole placement and sampling are provided in Appendix E. 
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2.3  GEOPHYSICAL LOGGING 

 

Pacific Northwest Geophysics and Three Rivers Scientific conducted the geophysical logging 

data collection services on the original 19 exploration 6.35 centimeter (2.5-inch) boreholes and 

the pre-existing cone penetrometer borehole.  Logging surveys were conducted using three 

detectors:  neutron moisture (moisture gauge), gross gamma, and spectral gamma.  All of the 

surveyed boreholes showed only background levels of activity from natural radionuclides.  The 

surveys that were performed assisted CH2M HILL personnel in identifying zones of interest for 

sample collection and laboratory analysis.  A report detailing calibration, survey results and data 

interpretation, as well as copies of the collected and processed log data, are provided in 

Appendix F. 

 

 

2.4  DECOMMISSIONING AND GLOBAL POSITIONING SATELLITE SURVEYING   

 

Decommissioning of all the boreholes was conducted in accordance with the Washington 

Administrative Code (WAC) 173-160 requirements.  For decommissioning the exploratory 

boreholes, the tip was knocked out, and then the casing was back pulled while grout was 

simultaneously added to the casing until it reached the surface.  In accordance with DTS-DOW-

013, Rev. 0, the location of each successful exploratory borehole was recorded using a Trimble
1
 

5800 Global Positioning Satellite Survey system.  The recorded coordinates were placed on a 

map showing their locations in direct relation to the 241-C-151, 241-C-152 and 241-C-153 

Diversion Boxes.  The coordinates, elevations and a map showing completed push 

locations/boreholes for vertical boreholes are provided in Table 2 and Figure 5.  Appendix G 

contains copies of the Washington State Department of Ecology documentation pertaining to the 

vertical push activities surrounding the 241-C Diversion Boxes. 

 

 

                                                 
1
Trimble is a registered trademark of Trimble Navigation Ltd., Sunnyvale, California. 
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Table 2.  C Farm Direct Push Coordinate Elevations (Vertical). 

Borehole # Northing Easting Elevation 

C4401 136546.6 575030.5  

C4403 136544.4 575021.9  

C4404 136544.5 575021.8 203.049 

C4405 136537.9 575015.5  

C4406 136538.3 575015.8 203.258 

C4407 136530.4 575023.0  

C4408 136530.7 575023.2 203.229 

C4409 136528.2 575027.3  

C4410 136528.5 575027.5 203.037 

C4411 136520.6 575032.7  

C4412 136520.7 575032.7 203.195 

C4413 136520.0 575036.3  

C4414 136520.4 575036.4 203.165 

C4415 136521.7 575042.4  

C4416 136522.1 575042.0 203.059 

C4417 136521.7 575044.6  

C4418 136522.0 575044.3 203.035 

C4419 136527.1 575050  

C4420 136527.1 575050.4 202.635 

C4421 136527.0 575052.1  

C4422 136527.4 575051.8 202.586 

C4425 136529.2 575058.6  

C4426 136528.6 575058.5 202.486 

C4427 136541.1 575061.9  

C4428 136540.7 575062.4 201.608 

C4429 136533.6 575060.8  

C4430 136533.9 575061.1 202.025 

C4431 136537.2 575068.8  

C4432 136536.9 575068.2 201.709 

C4433 136539.0 575055.4  

C4434 136539.2 575055.1 201.89 

C4435 136543.2 575053.1  

C4436 136543.7 575053.2 201.738 

C4437 136549.6 575048.7  

C4438 136549.8 575048.9 201.86 

C4439 136551.7 575046.6  

C4440 136551.6 575047.1 201.96 

C4445 136551.3 575047.4 201.962 

C4447 136547.5 575055.2  

C4448 136547.3 575055.6 201.542 
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Figure 5.  241-C-152 Diversion Box HHU Boreholes. 
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3.0  HYDRAULIC HAMMER UNIT DEPTH TESTING 

 

 

Vertical and angle pushes were conducted at the Mock Tank Site.  The testing of the HHU began 

with measuring total depth vertical capability.  Total vertical depths were 38.7 meters (127 feet) 

and 34.4 meters (113 feet) BGS.  After the vertical testing, three angle holes (30 degrees, 

45 degrees and 60 degrees from vertical) were pushed.  These resulted in total pipe run lengths of 

31.1 meters (102 feet), 31.5 meters (103.5 feet) and 31.7 meters (104 feet), respectively. 

 

Additional testing and demonstration of HHU capabilities were demonstrated at 100-N adjacent 

to the Columbia River and at the Vista work site adjacent to Z-1A and Z-9 Cribs near the 

Plutonium Finishing Plant in the 200 West Area.  At 100-N, eight small diameter, 

2.54 centimeter (1-inch) outside diameter polyvinyl chloride monitoring wells were constructed 

in five working days.  Four wells were pushed and constructed at depths of 5.2 to 5.5 meters (17 

to 18-feet) BGS and four were pushed and constructed at depths of 8.2 to 8.5 meters (27 to 28-

feet) BGS.  At the Vista site, attempts were made to push the borehole tubing to refusal.  In these 

two attempts the tubing was advanced to 28.0 and 33.5 meters (92 and 110-feet) BGS before 

refusal conditions were encountered.  Testing activities were concluded February 15, 2005, and 

all equipment was returned to the EnergySolutions lay-down area for cleaning and maintenance.   

 

There were 21 field days of testing at the Mock Tank Site, five in-field days placing small 

diameter monitoring wells at the 100-N site and eight days performing total penetration depth 

testing at the Vista Z-9 Project Site adjacent to Plutonium Finishing Plant for a total of 

34 in-field testing days.  At the conclusion of the testing phase, minor modifications to the angle 

control and location procedures were completed prior to mobilization for the C-152 angle 

borehole driving under the 241-C-152 Diversion Box.  Drilling and Sampling Daily Work 

Records recording this testing are in Appendix H.  

 

 

 

4.0  ANGLE SAMPLING AND RELATED ACTIVITIES AT 

241-C-152 DIVERSION BOX 

 

 

Using ground-penetrating radar and existing as-built infrastructure drawings, three push 

locations were identified and selected for angle borehole exploration within the C Tank Farm 

near the 241-C-152 Diversion Box.  Two pushes, each at different degrees of angle, were 

conducted at each location.  Detailed information regarding these pushes (i.e.; coordinates, 

azimuth and depth) is located in Appendix I, ―DTS-DOW-016, Description of Work: Direct 

Push Angle Hole Exploration 241-C-152 Diversion Box, Rev. 1.‖ 

 

 

4.1  FIELD DEPLOYMENT 

 

Field activities for the 241-C-152 angle push investigation were initiated February 27, 2006, and 

concluded June 9, 2006.  Excluding the initial three weeks that it took for site setup and 
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administrative issues for tank farm entry, a total of 56 field days was required to place the 

exploratory boreholes, collect gyroscope and geophysical log data, collect CH2M HILL-directed 

soil samples and decommission the boreholes.  There were 118 hours of recorded down time.  

Detailed explanations for down time are available in Appendix J, ―Drilling and Sampling Daily 

Work Records—Angle Boreholes,‖ and Appendix K, ―Explanation of Down Time for Angle 

Boreholes.‖  

 

 

4.2  SAMPLING 

 

Samples were obtained from each of the six angle boreholes using the same methodology as the 

vertical boreholes.  Each angle borehole was also used for sampling rather then pushing a 

second, dedicated sample borehole.  See Table 3 and Figure 6, ―HHU Slant Sample Locations,‖ 

for vertical borehole sample-related information.  Sampling logbook entries and Chain of 

Custody forms for the angle samples are located in Appendix L. 

 

 

Table 3.  Sample Intervals for C Farm Angle Boreholes. 

 Borehole Hole # Sample Date 

Ground 
surface 

Elevation  
(m) 

Pipe Run 
Length 
Sample 

Collection 
(ft)   

Elevation 
of Sample 
bottom of 

"Shoe" (m) 

Sample Number Recovery 

22 C5108 3/23/2006 203.15 28 195.71 B1HY25 100% 

23 C5108 3/29/2006 203.15 66 185.62 B1HY26 100% 

24 C5109 3/31/2006 203.19 14.5 200.04 B1HY27 35% 

25 C5109 4/4/2006 203.19 31.5 196.36 B1HY28 50% 

26 C5109 4/6/2006 203.19 45 193.43 B1HY29 100% 

27 C5106 4/11/2006 203.06 18.5 198.28 B1HY30 100% 

28 C5106 4/17/2006 203.06 90 179.79 B1HY31 100% 

29 C5107 4/19/2006 203.08 17 199.39 B1HY32 100% 

30 C5107 4/20/2006 203.08 22.5 198.2 B1HY33 100% 

31 C5107 4/26/2006 203.08 59 190.28 B1HY34 100% 

32 C5104 5/2/2006 201.76 13.5 198.91 B1HY35 100% 

33 C5104 5/17/2006 201.76 108.5 178.82 B1HY36 100% 

34 C5105 5/25/2006 201.75 13 199.6 B1JFP2 75% 

35 C5105 5/26/2006 201.75 26 197.62 B1JFP3 100% 

36 C5105 6/5/2006 201.75 83 188.55 B1JFP4 100% 

NOTE:  Length of sampler and shoe is 2.08 feet. 
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Figure 6.  HHU Slant Sampling Locations. 
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4.3  BOREHOLE GYROSCOPE GEOPHYSICAL ACTIVITIES 

 

Because of the accuracy required for the angle boreholes due to underground structures, each 

borehole was gyroscope surveyed to ensure minimal deviation was occurring.  In addition to the 

gyroscope data collection, gross gamma and neutron-neutron moisture logging were conducted 

in these six boreholes.  Gyroscope surveys, logging reports, and three-dimensional maps for the 

six angle boreholes are located in Appendix M, ―Small Diameter Slant-Hole Logging at the C-

152 Diversion Box.‖  The coordinates, elevations and a map showing completed push 

locations/boreholes for the angle boreholes are provided in Table 4 and Figure 7. 

 

 

Table 4.  C Farm Direct Push Surface Coordinates and Elevations (Angle). 

Location Northing Easting Elevation 

C5104 136546.9 575052.0 201.744 

C5105 136546.1 575051.2 201.744 

C5106 136522.2 575045.7 203.004 

C5107 136522.7 575045.2 203.004 

C5108 136528.2 575026.2 203.218 

C5109 136528.5 575026.8 203.218 
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Figure 7.  241-C Slant Borehole Locations. 
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4.4  RESISTIVITY PROBE PLACEMENT 

 

Of the six angle boreholes pushed at the C-152 Diversion Box, only borehole C5107 was 

selected for resistivity probe installation.  A resistivity probe was placed at a depth of 

18.4 meters (60.5 feet) measured in pipe run length, or at an actual depth of 13.01 meters 

(42.68 feet) BGS.  For probe placement, the drive tip was knocked out of the bottom of the 

tubing, and the tubing back pulled approximately 1.52 meter (5 feet).  The borehole was filled 

with silica sand from bottom to the depth at which the resistivity probe was to be placed.  The 

resistivity probe was placed and additional silica sand (approximately 1.52 meter [5 feet]) was 

then added to the borehole, encasing the probe in sand.  Saline water (7.57 liters [2-gallons]) was 

then added.  Bentonite crumbles were then placed from above the silica sand to surface while 

back pulling the tubing.  A protective steel casing was cemented in place approximately 

30.48 centimeters (12 inches) deep at the surface to protect the protruding probe wiring.  

 

 

4.5  WASHINGTON STATE DEPARTMENT OF ECOLOGY DOCUMENTATION 

 

Decommissioning of all the boreholes was conducted in accordance with the Washington 

Administrative Code (WAC) 173-160 requirements.  For decommissioning the boreholes, the tip 

was knocked out, and then the casing was back pulled while material was simultaneously added 

to the casing until it reached the surface.  In accordance with DTS-DOW-016, Rev. 1, the 

location of each borehole was recorded using a Trimble 5800 Global Positioning Satellite Survey 

System.  The recorded coordinates were placed on a map showing their locations in direct 

relation to the 241-C-151, 241-C-152 and 241-C-153 Diversion Boxes.  The coordinates, 

elevations and a map showing completed push locations/boreholes for vertical boreholes are 

provided above.  Appendix N contains copies of the Washington State Department of Ecology 

documentation prepared for submittal relating to the angle push activities surrounding the 241-C 

Diversion Boxes. 

 

 

 

5.0  ENVIRONMENTAL, SAFETY AND HEALTH 

 

 

During the 241-C-152 activities, the job site was surveilled by EnergySolutions Operations 

Safety and CH2M HILL Tank Farm Industrial Hygiene and Safety personnel for safety and 

health compliance.  The results of the surveillances performed by EnergySolutions are provided 

in Appendix O, ―Safety Documentation.‖  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. 
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EXPLANATION OF DOWN TIME 

FOR VERTICAL BOREHOLES 

 

 

Excessive Wind = 77.5 hours.  CH2M HILL procedures call for tank farm work stoppage when 

winds are in excess of 20 miles per hour. 

 

Excessive Heat = 15.5 hours.  CH2M HILL procedures specify a work/rest regiment dependant 

on the wet bulb globe thermometer temperature. 

   

No Operator Support = 1.5 hours.  Nuclear chemical operators attended meeting. 

 

Training = 3 hours.  Energy Solutions HHU operators were in scheduled training. 

 

High Radiation in Farm = 6.5 hours.  Radiation alarms activated.   

 

No Health Physics Technician Coverage = 17 hours.  CH2M HILL Health Physics Technician 

not available during regular work hours. 

 

Administrative Issues= 18 hours.  Equipment set up, no air bottles, ACE’s station computer 

failure. 

 

Hydraulic Hammer Unit Maintenance = 17.5 hours.  Required maintenance. 

 

Work Package = 2 hours.  Work package required review. 
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APPENDIX I 

 

DTS-DOW-016, DESCRIPTION OF WORK:  DIRECT PUSH ANGLE HOLE 

EXPLORATION 241-C-152 DIVERSION BOX, REV. 1 
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DRILLING AND SAMPLING DAILY WORK RECORDS (ANGLE BOREHOLES) 
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EXPLANATION OF DOWN TIME FOR ANGLE BOREHOLES 
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EXPLANATION OF DOWN TIME 

FOR ANGLE BOREHOLES 

 

 

Excessive Wind = 38 hours.  CH2M HILL procedures call for tank farm work stoppage when 

winds are in excess of 20 miles per hour. 

 

Excessive Heat = 7 hours.  CH2M HILL procedures specify a work/rest regiment dependant on 

the wet bulb globe thermometer temperature. 

   

No Operator Support = 7 hours.  
 

Training = 11.5 hours.  Personnel attending CHAT training & safety expo. 

 

Gyroscope Issues = 35 hours.  Job shut down due to unacceptable gyroscope data.   

 

Equipment Issues = 12 hours.  Waiting for calibration source, a contaminated air sampler and 

an ammonia smell detected in the tank farm. 

 

Administrative Issues = 2.5 hours.  Waiting for gyroscope interpretation. 

 

Rain Delay = 5 hours.  RWP restrictions do not allow materials to be removed from the ground 

due to inability to survey wet material. 
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APPENDIX L 

 

SAMPLING LOGBOOK ENTRIES AND CHAIN OF CUSTODY FORMS (ANGLE) 

 



RPP-32130, Rev. 0 

L-ii 

 

 

 

 

 

 

This page intentionally left blank. 

 

 



RPP-32130, Rev. 0 

L-1 

 



RPP-32130, Rev. 0 

L-2 

 



RPP-32130, Rev. 0 

L-3 

 



RPP-32130, Rev. 0 

L-4 



RPP-32130, Rev. 0 

L-5 



RPP-32130, Rev. 0 

L-6 

 



RPP-32130, Rev. 0 

L-7 

 



RPP-32130, Rev. 0 

L-8 



RPP-32130, Rev. 0 

L-9 



RPP-32130, Rev. 0 

L-10 



RPP-32130, Rev. 0 

L-11 



RPP-32130, Rev. 0 

L-12 



RPP-32130, Rev. 0 

L-13 



RPP-32130, Rev. 0 

L-14 



RPP-32130, Rev. 0 

L-15 



RPP-32130, Rev. 0 

L-16 



RPP-32130, Rev. 0 

L-17 



RPP-32130, Rev. 0 

L-18 

 



RPP-32130, Rev. 0 

L-19 



RPP-32130, Rev. 0 

L-20 



RPP-32130, Rev. 0 

L-21 



RPP-32130, Rev. 0 

L-22 



RPP-32130, Rev. 0 

L-23 



RPP-32130, Rev. 0 

L-24 



RPP-32130, Rev. 0 

L-25 



RPP-32130, Rev. 0 

L-26 



RPP-32130, Rev. 0 

L-27 



RPP-32130, Rev. 0 

L-28 



RPP-32130, Rev. 0 

L-29 



RPP-32130, Rev. 0 

L-30 



RPP-32130, Rev. 0 

L-31 



RPP-32130, Rev. 0 

L-32 

 
 



RPP-32130, Rev. 0 

M-i 

 

 

 

 

 

 

 

 

 

 

 

 

APPENDIX M 

 

SMALL DIAMETER SLANT-HOLE LOGGING AT THE C-152 DIVERSION BOX 
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WASHINGTON STATE DEPARTMENT OF ECOLOGY DOCUMENTATION (ANGLE) 
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SAFETY DOCUMENTATION 
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