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EXECUTIVE SUMMARY

A surface geophysical exploration survey using a direct current electrical resistivity method was
conducted within the 241-U Tank Farm on the Department of Energy Hanford Site n

Richland, Washington. This survey was the first full tank farm surface geophysical exploration
survey. The survey was accomplished with the Geotection™-180 Resistivity Monitoring System
which facilitated a much larger survey size and faster data acquisition rate. The survey included
electrical current trai  ission and voltage measurements on 490 surface electrodes, within an
orthogonal grid, 10 depth electrodes, and 54 wells, acting as long electrodes. Data collection
took place between May 16, 2013 and June 28, 2013.

The surface electrode and depth electrode data from the survey were combined to produce an
inversion model for the U Tank Farm. The results indicate low resistivity targets between
stor~~= tanks U-104, U-105, U-107, and U-108 and between storage tanks U-110 and U-111,

ween ¢ 'ations of approximately 637 and 616 feet (194 and 188 meters) above mean sea
level, with a deeper large region of low resistivity within the footprint of storage tanks U-104
through U-109, between elevations of approximately 594 and 466 feet (181 and 142 meters)
above mean sea level. Figure ES-1 displays two depth slices from the inversion modeling results
at elevations just below the base of the tank level and within the conductive region at depth.
Figure ES-2 displays a plan view of the distribution of low resistivity within the tank farm. Two
contours of low resistivity values are highlighted:

e Opaque value (dark blue) representing 0.5 ohm-meter
o Transparent value (light blue) representing 1.0 ohm-meter.

Modeling of the well-to-well data for U Tank Farm showed three low resistivity targets; between
storage tanks U-102 and U-103, to the west of storage tank U-104, and in the southern portion of
the survey area to the west of storage tank U-110 (Figure ES-3). The footprint of these low
resistivity targets generally coincide with expectations based on knowledge of past releases in
the tank farm. Again, two contours of low resistivity values are highlighted:

e Opaque value (dark green) representing 12 ohm-meter
o Transparent value (light green) representing 15 ohm-meter.

il
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Figure ES-3. Well-to-Well Inversion Model Results r the
U Tank Farm; from 2013.

2013 Well to Well
Inverse Model Results

Tank Vadose zone well Resistivity Contouring
Tank {modeled) 12 ohm-m
(with unplannec

release) Vadose zone well 15 ohm-m
Fence (not modeled)




1.0

2.0

3.0

4.0

RPP-RPT-56430, Rev. 0

TABLE OF CONTENTS
INTRODUCTION ....oooiiticienientenieeiceieniestes e st esr et st esse st st sas st b bt s seescsbesmnsnesn 1
1.1 SCOPE ...ttt sttt et sttt ae e ea e 1
1.2 OBJIECTIVES ...ttt secnt sttt sttt sae et s eas o 1
1.3 REPORT LAYOUT ...ttt s 1
BACKGROUND ....ooiiiiiiiieeeeeeicetetetesiesiestteaere e st s st sne e seesnssessassessessessassassessaesesnsenees 2
2.1  SITEDESCRIPTION ....oooiiiiiiiitireetnesecneneniine st eons e s 2
2.2 OPERATIONAL HISTORY ...coutoiriiiririieieircnni ittt eseeeesesneee s snens 5
2.3 PREVIOUS CHARACTERIZATION EFFORTS ....ccceoviiiiieieincccerc e 8
2.3.1 Drywell Gamma LOZZING ......cccevvureierrveiiiiiiieitiie ettt sees s ecsreeaeens 8
2.3.2 Direct Push Sampling ......cccveivivuiiiiiiveireiteeen ittt ce s siveeeeseaeeeenenas 17
DATA ACQUISITION AND PROCESSING METHODOLOGY .....cocoovvvenenenreneenene 18
3.1 SURVEY DESIGN ..ottt ettt 18
311 2D SUIVEY weveiriiieeiieecteeitte ettt ses sttt sate et saae s s esas s anens 19
3.1.2 3D SUIVEY woeviiiiiiiieitet e e e 20
3.2 EQUIPMENT ..ottt sttt se e se e saa e s ee 26
3.2.1 Electrode and Cable Layout............ccceveeevieriienennecnrneneenienieneninesneessessens 26
3.2.2 Geotection™ 180 Resistivity Monitoring System (3D Resistivity) .......... 26
3.2.3 SuperSting Resistivity Meter (2D ResiStivity) ......ccevevveevirrcrenvrcreneereennen. 27
3.2.4  Quality ASSUTANCE ..c..eiriuiemirererriecrerireterresseeneeseeseestesieeneeresaesseensnessoserenses 27
3.3  ACQUISITION METHODOLOGY ....cccccirierreceerreereenenneneeneenieseeseesaesaessassasesseenes 28
3.3.1 2D ACQUISTHION cevciviniiiiitcccte ettt st sae et ss b snenes 28
3.3.2 3D ACQUISIHION ettt e smees 28
34  DATA PROCESSING .....ccccoommitreetiirtrente et sieset st scees st et e sessesassnseneesens 29
3.4.1 Data Reduction...........ccooueveniiiniiiiinicciieniniiicist e aenes 29
3.4.2 Depth Electrode Performance..............ccccviniiviiinininnicnincnesnseennesenee 31
3.4.3 Inverse Modeling .........cccoceieriiinineniniietceee et e s 32
MODELING RESULTS ...ttt ettt sae s saaeensens 33
4.1 2D ELECTRICAL RESISTIVITY SURVEY RESULTS......c.ccceceerrrirerreeeenens 33
4.1.1 North SUIVEY LiNES....cvviverieeeicierisictriiseeece et stesresne e sesenesens 34
4.1.2 East SUrvey LiNES .......cooeveeveeirmreicniernciiite et seesesaeesesene 36
4.1.3  South Survey LiNes .......cccevierecimmniiecniiitcittecce e esieeeveerne e seeens 38
4.1.4  West SUIVEY LiNES .c..ovuiviriiiiinriiierietieeseeseeescsies st sseee e ese s ssens 38
4.2 3D POINT ELECTRODE MODELING ......coccvccereeieeeeneieieitesisiesieniesseneeenens 40
4.3  LONG ELECTRODE MODELING (WELL-TO-WELL INVERSION) ............. 52
44  INTEGRATED 2D AND 3D SURVEY ANALYSIS ..o 54

vi



RPP-RPT-56430, Rev. 0

50  CONCLUSIONS ...ttt et 56
6.0  REFERENCES .....ooooioeee ettt ettt ebe bbbt snosssaes 58
LIST OF APPENDICES
A QUALITY ASSURANCE .....ootrieticnteiiiirceteteetreetese s sesesssst e st eve s sas s A-i
LIST OF FIGURES

Figure 1. Location of the U Tank Farm within the 200 West Area of the

Hanford Site. ......cocoiiiicccc e 3
Figure 2. General Configuration of Tank Construction in U Tank Farm............c....ccccecceci. 4

gure 3. Surficial Fluid Discharge Summary (Gallons) to U Tank Farm..............cccceeneeee. 7

Figure 4. Visual Interpretation of Drywell Logging Activity at

4 ft (1.2 m) bgs (671.9 ft [204.8 m] amsl). .....cccovviniiiiiiiiiiireeeecee 9
Figure 5. Visual Interpretation of Drywell Logging Activity at

11 ft (3.4 m) bgs (664.9 ft [202.6 m] amsl). ...cccoiviiiriiiiiriiniinccieeeeeceeees 10
Figure 6. Visual Interpretation of Drywell Logging Activity at

23 ft (7m) bgs (652.9 ft [199 m] amsl). ..o 11
Figure 7. Visual Interpretation of Drywell Logging Activity at

36 ft (11 m) bgs (639.9 ft [195 m] amsl). c..coeeeriiiiiiiiieecnrec e 12
Figure 8. Visual Interpretation of Drywell Logging Activity at

50 ft (15.2 m) bgs (625.9 ft [190.8 m] amsl). .c.cccovevviiienninnicinrneneseeeeeeeee 13
Figure 9. Visual Interpretation of Drywell Logging Activity at

56 ft (17.1 m) bgs (619.9 ft [188.9 m] amsl). ......ccooeeueuierivniniieireee e 14
Figure 10. Visual Interpretation of Drywell Logging Activity at

67 ft (20.4 m) bgs (608.9 ft [185.6 m] amsl). .....cccoveveuirienierceeieeeceeereereeees 15
Figure 11. Visual Interpretation of Drywell Logging Activity at

88 ft (26.8 m) bgs (587.9 ft [179.2 m] amsl). ....ccceeevecirinmiieieceeereeereeae e 16
Figure 12. Visu: Interpretation of Drywell Logging Activity at

100 ft (30.5 m) bgs (575.9 ft [175.5 m] amsl). ..ccceeuriecriirininerirecenenereesieeeeeene 17
Figure 13. Map of 2D Resistivity Survey Coverage for

FY2006 (Blue) and FY2013 (Green).......ccccceecminieniiicniicnninnenieninsesnseessecseenes 19
Figure 14. Resistivity Cal - and Surface Electrode Layout. .......c..ccccovuvveiivinvenreninvesreseennees 21
Figure 5. 3D Survey Depth Electrode and Well Distribution. ...........ccccocevcvvinniniesininrcrnennne. 25
Figure 16. The SuperSting R8 resistivity meter (top) and Geotection' -180 Resistivity

Monitoring System (BOMOM)........ceeeevirienierieiene ittt eesees 27
Figure 17. Remote Locations Used for the Pole-Pole Array........cccooeeevenenencnvnininneseeeenen 29
Figure 18. Data Distribution for Raw (Combined Reciprocal) and Reduced V/I Data

for the 3D Survey (Surface and Depth Electrode Data). ...........cccvveveeireevecnencnen. 30
Figure 19. North Line 2D Model Surface Resistivity Results for the

FY2013 (Top) and FY2006 (Bottom) SUrveys. .......ccceeeerreneenenreneenieeniecsreereenes 35

vii



Figure 20.

Figure 21.
Figure 22.

Figure 23.

Figure 24.
F _re 25.

Figure 26.

Figure 27.

Figure 28.
Figure 29.

Figure 30.
Figure 31.
Figure 32.

Figure 33.

RPP-RPT-56430, Rev. 0

East Line 2D Model Surface Resistivity Results for the

FY2013 (Top) and FY2006 (Bottom) SUIVEYS. .......cccoeeeereriinerienennesersessesseseennas 37
South Line 2D Model Surface Resistivity Results for the FY2013 Survey. ......... 38
West Line 2D Model Surface Resistivity Results for the

FY2013 (Top) and FY2006 (Bottom) SUrveys. ......c.cccecerieeviensecneneenenneensensnens 39
Size And Position of the Inverse Model Grid Used to

Model the U Tank Farm Point Electrode Data. ........c.cccccooieinininninennicciniiennnns 41
A Priori Model Blocks Added to the Inverse Modeling Domain.......................... 42

stribution of Modeled Resistivity Values for the U Tank Farm (Blue)

and BY Tank Farm (Red) Inversion Results.........c.cccecvecieininnennieccneniicieennennnn. 43

Expanded Plan View for the Depth Slice at 6.6 Ft of Calculated
Resistivity for Filtered Surfaceto St w«ce ithL ‘arli -pretations
from the FY2012 Ground Penetratii  Radar Site Clearance Survey of U

Tank Farm (left image). ........cceovvevueriereeniinieninneseeer e 44
Plan View Depth Slices of Calculated Resistivity for Filtered Surface to

Surface Dataset. ......c..coviviiiiiiiiiiiiiiee ettt 45
Plan View Depth Slices of Calculated Resistivity for Filtered Dataset................. 46
Three-Dimensional Rendered Bodies of the Low Resistivity Targets using
Surface to Surface Dataset in the U Tank Farm, View From Southeast................ 50
Three-Dimensional Rendered Bodies of the Low Resistivity Targets using
Surface to Surface Dataset in the U Tank Farm, Plan View.....coccoeeveveoveeevcennnnn. 51
Three-Dimensional Rendered Bodies of the Low Resistivity Targets using
Surface to Surface Dataset in the U Tank Farm, View From the South................. 51
Well-to-Well Inversion Model Results for the U Tank Farm,

2006 (reprocessed) and 2013 ......cceeveireeceeeieeeeerereere et eaae 53
Integrated 2D and 3D Survey Anomaly Map. ......c.ccceceririivieniniineneninercieseseesenns 55

viii



Table 1.

Table 2.

Table 3.

Table 4.

Table 5.
Table 6.

Table 7.

RPP-RPT-56430, Rev. 0

LIST OF TABLES
Locations for Depth Electrodes in 241-U Tank Farm
(in Washington State Plane, m, NADS3).....ccccoccerviiiiiiniienectneecienene 22
Well Locations in 241-U Tank Farm (in Washington State Plane, m,
NADBS3). (3 ShEELS) cvevuriiirririereiirireierere ettt see s e sestesbe s e e st esaens 22
Number of Data Points Retained During Data Reduction Steps
(Surface and Depth Electrode Data). .........ccccoeeviirminiiiiinicciiniinicnicccenneennene 31
Number of Data Points Retained During Data Reduction Steps
(Well-to-Well Data). ......c.ocvevviiieiieneiciirieeiee e seteeeeesreseesteesaeestessteessasssessssnnes 31
Depth Electrode Performance Measure for U Tank Farm. .........cccccccecvvvennennnnen. 32
Model Resistivity Values from the Inversion Output for the
RES2DINV Code for the FY2006 and FY2013 Surveys. .....cecveeerceereneerinceeennenae 34
Inverse Modeling Convergence and Error Statistics. .......ccoevvvevvenerversresvesnverennees 40



RPP-RPT-56430, Rev. 0

LIST OF TERMS
Abbreviations and Acronyms
2D two-dimensional
3D three-dimensional
AC alternating current
AGI Advanced Geosciences, Inc.
amsl above mean sea level
bgs below ground surface
CAD computer-aided design
DOE U.S. Department of Energy
ft feet
FY fiscal year
GPR ground penetrating radar
GPS global positioning system
HGI hydroGEOPHYSICS, Inc.
m meter
NIST National Institute of Standards and Technology
PUREX plutonium-uranium extraction
REDOX reduction oxidation
RMS root-mean-square
SGE surface geophysical exploration
SST single-shell tank
UL Underwriters Laboratories
WRPS Washington River Protection Solutions, LLC
WTW well-to-well



RPP-RPT-56430, Rev. 0

LIST OF TRADEMARKS

AutoCAD is a registered trademark of AutoDesk, Inc.

Geotection is a trademark of hydroGEOPHYSICS, Inc.

Leica is a registered trademark of Leica Technology.

Rock Works is a registered trademark of RockWare, Inc.

SuperSting R8 is a registered trademark of Advanced Geosciences, Inc.

Surfer is a registered tra :mark of RockWare, Inc.

Xi



RPP-RPT-56430, Rev. 0

1.0 INTRODUCTION

1is report documents the results of the surface geophysical exploration (SGE) survey completed
within the 241-U Tank Farm at the U.S. Department of Energy (DOE) Hanford Site in
Washington State in fiscal year (FY) 2013. hydroGEOPHYSICS, Inc. (HGI) and
Columbia Energy and Environmental Services, Inc., with support from technical staff of
Washington River Protection Solutions, LLC (WRPS), conducted a three-dimensional (3D)
survey of the subsurface using electrical resistivity. A limited scope geophysical survey of the
U Tank Farm was previously completed in FY2006 and is documented in RPP-RPT-31557,
Surface Geophysical Exploration of U Farm at the Hanford Site. The FY2013 3D results were
compared to results obtained in FY2006 where applicable. In addition, two-dimensional (2D)
electrical resistivity lines were surveyed outside of U Tank Farm for characterization purposes
near historic trenches and for comparison to the 2006 survey. Data acquisition and analysis were
performed in accordance with RPP-PLAN-54501, Work Plan for 3D Electrical Resistivity Survey
at the 241-U Tank Farm. The 3D electrical resistivity data were acquired using 490 surface
electrodes (located at the ground surface), 10 depth electrodes, and 54 wells completed within
the U Tank Farm region. A reanalysis of the 2006 2D electrical resistivity profiles was
conducted prior to modeling to provide an assessment of the changes, if any, in the analysis of
the U Tank Farm resistivity anomalies using the latest generation of inverse modeling softw.
Further details on the reanalysis can be found in RPP-RPT-54500, 241-U Farm: Two-
Dimensional Electrical Resistivity Reanalysis.

1.1  SCOPE
The scope of this electrical resistivity characterization survey included:

e Data acquisition on surface electrodes, depth electrodes, and wells
o Statistical evaluation of depth electrodes to ensure quality in data acquisition
o Compilations of 3D electrical resistivity cross-sections of the U Tank Farm.

1.2 OBJECTIVES

The primary objective of the U Tank Farm SGE survey is to provide geophysical data and
subsurface imaging results to support regulatory interim measures. Interim measures, like
interim surface barriers, are initial actions intended to mitigate the impact of subsurface
contaminants to the surrounding environment while more permanent measures are assessed.

1.3 REPORT LAYOUT
The overall scope and content of this report is divided into several main sections as follows:
» Section 1.0, Introduction — Describes the scope and objectives of the investigation.

o Section 2.0, Background - Describes the geologic and hydrologic setting and
information regarding the disposal activities in and around U Tank Farm.

e Section 3.0, Data Acquisition and Processing — Presents general layout of the data
acquisition and processing with methods and controls used to ensure the quality and
control of data collection, reduction, and processing used in this study.
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e Section 4.0, Results an Interpretations — Presents the preliminary mod: ng results
from the electrical resistivity surveying effort.

e Section 5.0, Conclusions — Provides a summary and conclusions drawn from the results
and interpretations.

o Section 6.0, References — Provides a listing of references cited in the report.

o Appendix A, Quality Assurance — Presents general methods and controls used to ensure
the quality and control of data collection, reduction, and processing and configuration
control of software and database changes used in this study.

2.0 BACKGROUND

2.1 SITE DESCRIPTION

U Tank Farm is one of 12 single-shell tank (SST) farms on the Hanford Site. U Tank Farm is
located in the central portion of 200 West Area at the DOE Hanford Site (Figure 1). U Tank
Farm contains twelve 100-Series SSTs and four 200-Series SSTs that were constructed between
1943 and 1944, put into service in 1946, and currently out of service pending final waste
retrieval actions. Because of its long operational history, the U Tank Farm received waste
generated by the majority of the major chemical processing operations at the Hanford Site. This
included waste from the bismuth phosphate fuel processing, uranium recovery, plutonium-
uranium ext tion fuel processing, and fission product recovery (RPP-15808, Subsurface
Conditions Description of the U Waste Management Area). Information on the geology and
hydrology of the U Tank Farm area can be found in RPP-35485, Field Investigation Report for
Waste Management Area U, and RPP-23748, Geology, Hydrogeology, Geochemistry, and
Mineralogy Data Package for the Single- Shell Tank Waste Management Areas at the Hanford
Site. Additional background information on the construction of U Tank Farm, remaining waste
inventory, and subsurface conditions is available in RPP-PLAN-53808, 200 West Area Tank
Farms Interim Measures Investigation Work Plan. A brief description of site infrastructure and
waste inventory as it pertains to the U Tank Farm investigation follows.
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The basic tank structure consists of a carbon steel liner covered with a reinforced concrete shell
that completely encases the steel liner and extends continuously above the liner wall to form a
dome cover over the tank. Between the steel liner and concrete shell is a 3/8 inch

(0.95 centimeter) thick asphalt membrane that serves as a waterproofing layer. The 100-Series
tanks and 200-Series tanks are situated entirely below ground surface (bgs), with approximately
7 and 11 ft (2.0 and 3.4 m) of backfill covering the concrete tank dome respectively.

Infrastructure within the tank farm consists of buried waste transfer lines, instrument and
electrical lines, abandoned water lines, and concrete structures associated with valve pits and

diversion boxes.

The backfill that covers the SSTs came from screened (i.e., large stones removed), excavated soil
material. The heavy equipment that was used for excavation and for completing the tank
construction is thought to have produced a compaction layer under and around each tank. The
backfill between and over the tanks is relatively homogeneous compared with the undisturbed

soil under the tanks.

The U Tank Farm 100-Series tanks were constructed in four cascades each consisting of a three-
tank cascade series. Each successive tank in the cascade series is sited at a lower elevation that
allowed gravity flow of liquid between tanks. Each tank is surrounded by several drywells in
which radiometric instruments are used to detect changes in activity levels in the sediments
surrounding the borehole (RPP-7580, Historical Vadose Zone Contamination from U Farm
Operations). U Tank Farm has 59 of these leak detection drywells, completed between 1944 and
1979, ranging in depth between 80 and 150 ft (24.0 and 45.7 m) bgs. These drywells served as
both primary and secondary leak detection devices. In addition, a number of groundwater
monitoring wells are located in the U Tank Farm area. The FY2006 geophysical survey
completed measurements on drywells and groundwater wells within and surrounding the
perimeter of U Tank Farm (RPP-RPT-31557). The current FY2013 geophysical survey used
drywells (vadose zone wells) only.

2.2 OPERATIONAL HIf ORY

Unintentional discharges in or near U Tank Farm and intentional discharges to ground near
U Tank Farm have occurred through waste management operations (RPP-7580; RPP-15808).
Unintentional discharges in or near the U Tank Farm include the following.

o In 1950, during construction at diversion boxes 241-U-151 and 241-U-152, a leak
occurred whose source and volume were unspecified (UPR-200-W 6).

e In 1953, metal waste spray was ejected from a riser in the 244-UR vault created by a
violent chemical reaction in the vault (UPR-200-W-24). The contamination spread to the
southeast covering the eastern half of the tank farm.

e In 1956, two events occurred. Five hundred gallons (1,900 liters) of metal waste
overflowed from the 241-UR-151 diversion box at the northeast corner of U Tank Farm
(UPR-200-W-132), and tank U-104 leaked an estimated 55,000 gallons (208,000 liters)
of metal waste (UPR-200-UW-155).

o Tank U-101 was reported to have leaked 30,000 gallons (114,000 liters) of reduction
oxidation (REDOX) high-level waste in 1959 (UPR-200-W-154). Drywell monitoring
data around tank U-101 do not support a tank leak of this volume.
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Tank U-110 was reported to have leaked 8,000 gallons (31,000 liters) of REDOX coating
waste in 1969.

Tank U-112 was reported to have leaked 10,000 gallons (38,000 liters) of REDOX
high-level waste in 1975.

In 1971, an inadvertent cut in an underground waste line near tank U-103 resulted in
minor contamination (UPR-200-W-128).

Tank U-104 was reported to have leaked 55,000 gallons (208,000 liters) of uranium-rich
metal waste in the early 1950s. Subsequent drywell logging showed spectral gamma
uranium activity that extended to the south and southwest of tank U-104. The uranium
plume is between 52 ft (16 m) and 92 ft (28 m) bgs and extends in an oval shape oriented
toward the south-southwest with a major axis of about 225 ft (69 m) and a minor axis of
about 100 ft (30 m).

Intentional discharges to ground near U Tank Farm include the following (RPP-7580;
RPP-15808).

Wastewater from the 283-W water treatment plant, 284-W powerhouse, 2723-W mask
cleaning station, and 2724-W laundry facility was discharged to the 216-U-14 ditch.
Laundry discharges ended in 1981; discharges from the powerhouse ended in 1984.

Cooling water, steam condensate, floor drainage from the 231-Z Plutonium Isolation
Building, Plutonium Finishing 1 int storm water runoff and chemical sewer waste were
discharged to U Pond via the 216-Z-1D ditch. The volume of water discharged to the
ditch was not recorded but is estimated at approximately 211 million gallons

(800 million liters) per year.

Cooling water and cell drainage from the tri-butyl phosphate, uranium trioxide (UO3),
and U Plants were discharged to the 216-U-14 ditch. This increased flow thr. gh the
ditch from approximately 290 million gallons (1.1 billion liters) per year to over 2 billion
gallons (8 billion liters) per year. After 1958, when U Plant was shut down, the UO;
plant continued to process waste from the REDOX and Plutonium-Uranium Extraction
(PUREX) Plants and discharge cooling water and chemical sewer waste to the

216-U-14 ditch, but the volume of discharge was reduced from over 2 billion gallons

(8 billion liters) per year to approximately 530 million gallons (2 billion liters) per year.

Beginning in 1956, increased plutonium production of the REDOX plant increased
wastewater discharges to the 216-Z-1D ditch from 211 million gallons (800 million liters)
per year to approximately 1 billion gallons (4 billion liters) per year.

In 1954, the tank U-110/U-111/U-112 cascade was filled with combined REDOX
high-level and coating waste. Because the waste was self-boiling a reflux condenser was
added to tank U-110 and tank condensate was transferred to the 216-U-3 French drain
(identified as the 216-U-3 crib) until the tanks stopped boiling. In 1954 and 1955, about
208,000 gallons (790,000 liters) were discharged to this facility.

Wastewater discharges from the 231-Z building ended in 1957. In 1959, an unknown
amount of plutonium and americium was ir  vertently released from 231-Z in the
216-Z-1D ditch.






RPP-RPT-56430, Rev. 0

The tanks in the U Tank Farm currently contain an estimated total volume of 2,930,000 gallons
(11.1 x 10 liters) of mixed wastes consisting of various bismuth pho hate, REDOX, and
PUREX processing waste streams (H -EP-0182, Waste Tank Summary Report for Month
Ending July 31, 2013). General tank content (i.e., liquid and solid volumes) data and some tank
monitoring data are summarized monthly in waste tank summary reports (e.g., HNF-EP-0182).
Tanks U-101, U-104, U-110, and U-112 are classified as assumed/confirmed leakers. These
tanks are currently estimated to have leaked a total of 98,500 to 101,600 gallons (373,000 to
385,000 liters) of tank waste.

As a result of the discharges around U Tank Farm, some of the inorganic tank and crib
constituents may have reached the groundwater. Current information on groundwater
contamination is available in DOE/RL-2013-22, Hanford Site Groundwater Monitoring Report

for 2012.

Results of a reassessment of estimated release volumes and associated inventory as provided in
RPP-26744 and HNF-EP-0182 are presented in RPP-RPT-50097, Hanford 241-U Farm Leak
Inventory Assessment Report. The reassessment provides an updated comparison to the tank loss
estimates contained in HNF-EP-0182. The reassessment findings for this report state that no
additional releases were indicated for tanks already classified as “sound” in 241-U Tank Farm.
The revised loss estimate for tank U-104 showed the most significant increase, from

55,000 gallons to 109,000 gallons (208,000 to 413,000 liters). Tanks U-110 and U-112 show
potential increases as well but the estimated increases are more uncertain and original estimates
may indeed be correct. Tank U-101, listed as an assumed leaker in HNF-EP-0182 with a tank
waste loss of 30,000 gallons (114,000 liters), is recommended for a revaluation of integrity with
an updated tank waste Hss of 0 to 30,000 gallons (0 to 114,000 liters). Based on a review of
operational history, the assessment contains findings for potential new unplanned releases as a
result of pipeline failures that were not previously documented in DOE/RL-88-30, Hanford Site
Waste Management Units Report. The volume of this otentially discharged waste was unable
to be determined due to insufficient information. RPP-23405, Tank Farm Vadose Zone
Contamination Volume Estimates, also suggests modifications of official tank leak totals stating
that some attributed leak events may actually have been from evaporation of waste, spare inlet
overflows, line leaks or spills during process operations.

2.3 PREVIOUS CHARACTERIZATION EFFORTS

2.3.1 Drywell Gamma Logging

A series of cross-section visualizations based on spectral gamma drywell measurements are
provided (Figures 4 through 12), taken directly from GJO-97-1-TARA, Hanford Tank Farms
Vadose Zone: Addendum to the U Tank Farm Report. A review of these figures indicates
relatively wide spread gamma contamination near the tank farm surface and three distinct
contamination areas at 56 ft (17 m) bgs (619.9 ft [188.9 m] amsl) near the base of tanks U-104,
U-110, and U-112. A uranium plume is indicated southwest of tank U-104, a cesium plume is
indicated southwest of tank U-110 from one drywell (60-10-07), and a cesium plume is indicated
northeast of tank U-112 from one drywell (60-12-01).
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A total of 20 direct pushes were driven at 10 locations within the U Tank Farm for moisture and
gamma logging, and to retrieve samples for later testing. For comparison purposes, background
samj s from outside the tank farm were also taken for analysis. With respect to contamination
due to tank-related waste, the most significant findings came from direct pushes in the vicinity of
tanks U-104 and U-105. Lesser amounts of tank-related waste were detected near tanks U-110

and U-112.

Background samples were taken down to a depth of 144 ft (43.9 m) bgs (531.8 ft [162.1 m]
amsl), penetrating the Hanford formation (units H1 and H2) and the upper sub-unit of the Cold
Creek formation (CCU). Sampling results for moisture and gamma found the following:

e Average moisture contents ranging from around 4 wt% in the H1 and H2 units, and
around 16 wt% in the Cold Creek formation

e No anthropogenic elements that produce gamma radioactivity.

Direct push samples were retrieved down to approximately 100 ft (30.5 m) bgs (575.8 ft [175.5
m] amsl). All samples contained moisture contents within the range of the background samples.
The highest moisture contents measured from direct push samples was 19.8 wt%, whereas the
highest background measurement was 18.3 wt%. In fact, the report concludes that “no
correlation can be made between moisture content and the potential presences of tank waste in
the sediment.” Push holes near tanks U-104 and U-105 detected trace activities of uranium,
consistent wi  the drywell gamma logging results, and technetium-99 down to a depth of at least
92 ft (28.0 m) bgs (584 ft [178 m] amsl). Samples near tank U-110 showed indications of a high
sodium-bearing waste stream, with elevated concentrations of technetium-99 and nitrates down
toa :pth of 98 ft (29.9 m) bgs (577.8 ft [176.1 m] amsl). Two samples from near tank U-112
contained trace amounts of uranium. Because contamination was detected in several of the

epest samples, the vertical extent of contamination cannot be derived from the direct push
sampling results.

Further detail on the sampling results can be found in PNNL-17163.

3.0 DATA ACQUISITION A PROCESSING ME HODC OGY

Data acquisition for a 3D and 2D electrical resistivity survey at the U Tank Farm began on
May 16, 2013 and was completed on June 28, 2013. The geophysical survey was initiated to
collect data on surface electrodes; electrodes buried beneath the surface (i.e., depth electrodes);
and wells (i.e., long electrodes).

Data collection activities, equipment, and data processing are described in the following sections.

3.1 SURVEY DESIGN

In FY2006 an SGE survey was completed in U Tank Farm, with both 2D and well-to-well
(WTW) electrical resistivity surveys being completed. Prior to the FY2013 survey, an updated
review of the 2D electrical resistivity data acquired in FY2006 was completed by reprocessing
three of the four 2D survey lines, taking advantage of recent advances in inversion software.
Results of this review and reprocessing were used to optimize the field efforts for the FY2013
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Electrode spacing along the survey lines was 9.8 ft (3 m). An optimized measurement set was
used where the 9.8 ft (3 m) electrode spacing was collected for near-surface measurements and a
coarser 19.7 ft (6 meter) spacing was used for deeper measurements. The finer electrode spacing

:reased the subsurface resolution and data density in the near-surface compared to the original
FY2006 2D electrical resistivity survey.

3.1.2 3D Survey

The 3D electrical resistivity data were collected on surface electrodes, depth electrodes, and
wells within the U Tank Farm perimeter fence. Data were collected based on a 3D data
acquisition method that utilized numerous different electrode arrangements. The surface
el :s were  stributed across a uniform  'd  optimize the numerical inversion models
used in the data analysis and interpretation. 1 ne significantly larger amounts of data associated
with a 3D survey, relative to a 2D survey, makes an optimized geometry crucial to reduce
modeling run times and analysis. For the 3D U Tank Farm survey, 490 surface electrodes were
distributed across a grid, with dimensions 452.8 ft by 393.7 ft (138 m by 120 m) and electrodes
spaced nominally every 19.7 ft (6 m) in the east-west and north-south directions. Some positions
within this grid were skipped based on proximity to buried near-surface infrastructure o1 rface
tions. Figure 14 shows the layout of the surface electrodes with associated resistivity and
cables.

To minimize interference, the 3D grid of surface electrodes was positioned to avoid dense
clictere nf 9bove ground and near-surface infrastructure based on the results from field
s and the FY2013 ground penetrating radar (GPR) survey. The GPR survey was
ecifically to map the subsurface infra ucture in support of this resistivity survey
- - —~---004, Summary of U-farm Site Clearance Survey).
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3.2 EQUIPMENT

3.2.1 Electrode and Cable Layout

The first stage of the project was to assemble all available infrastructure maps for the U Tank
Farm area. The resulting maps were combined into an AutoCAD® drawing and subsequently
used to define the coordinates for electrode placement. ...e maps containing infrastructure
locations, including subsurface pipes/structures and surface structures, were digitized and
combined with the electrode locations. These maps were supplemented with infrastructure
interpretation results obtained from the FY2013 GPR survey. Electrode locations were then
modified to avoid being directly over infrastructure where possible. Electrode placement was
limited by maintaining a uniform 6-meter grid layout to support data processing procedures. The
final electrode layout was then uploaded into a Leica® 1200 ~*obal positioning system (GPS) that
was used to mark electrode locations on the ground surface. 1he Leica system has sub-
centimeter accuracy, ensuring the survey geometry is retained.

The electrodes are connected to the resistivity acquisition systems by way of multi-cored cables.
For the U Tank Farm 3D survey, a total of six cables were deployed; each cable allowing up to
84 electrodes to be connected. The cables were placed in a serpentine pattern, with jumpers
connecting the stainless steel probe to the electrode cable. In some areas, the specific location of
the cable was modified to accommodate the storage tanks. Extension cables were deployed from
the survey area to the Geotection™-180 data acquisition trailer, located as close to the cable
layout as possible while being outside the tank farm perimeter fence. For the 2D survey, switch
boxes (multiplexers), manufactured by Advanced Geosciences, Inc. (AGI), acted as junction
boxes to connect the SuperSting R8 resistivity meter to the various electrode cables.

3.2.2 Geotection™ 180 Resistivity Mi itori ; System
(3D Resistivity)

For 3D resistivity data acquisition, the Geotection-180 Resistivity Monitoring System, designed
and fabricated by | 3I, was used (Figure 17). The Geotection system is Underwriter’s
Laboratories (UL)-compliant and is contained in a mobile trailer and powered by a 220 volt AC
source r this survey a portable generator was used as a power source).

The Geotection-180 Resistivity Monitoring System has 180 channels, in comparison to the
8 channels available on the SuperSting R8 system, manufactured by AGI. This equates to a data
collection rate that is 15 to 20 times faster than previous SGE projects using the SuperSting R8
system. In addition, because the Geotection-180 Resistivity Monitoring System has a greater
number of channels, the number of times the depth electrodes are transmitted on decreases
significantly. On previous surveys it was possible to overuse the depth electrodes through
inuous current transmission, which increased the contact resistance of the electrode by
cing the available moisture. The improved dynamic range allows the output electrical power
to bere ced while sti producing a usable signal, improving the lifespan of the historically poor
performing depth electrodes.
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survey. A specific calibration test firmware is provided within the SuperSting R8 resistivity
meter and provides the operator with a pass/fail indication for each of the eight receiver
channels. For the Geotection-180 Resistivity Monitoring System, a specific calibration test
sequence file is used to test all possible measurement combinations. The resulting data file is
copied into a controlled spreadsheet that contains the known National Institute of Standards and
.~chnology (NIST) resistance values. The sheet identifies if any of the channels fail, and if so, a
recalibration or repair is required.

3.3 ACQUISITION METHODOLOGY

For the 2D electrical resistivity survey, data collection was initialized on May 16, 2013 and
completed on May 23, 2013. The 3D electrical resistivity survey data collection occurred
between June 10, 2013 and June 28, 2013. Data were collected approximately 8 hours a day.
son ' main o at all tim: during ) iton
keep the cable area clear of vehicles and equipment that could damage cables and impact ~ a
quality.
Both forward and reverse data sets were collected during data acquisition in order to increase the
resolution of the resistivity survey and evaluate data quality. Forward and reverse measurements
are acquired by switching the transmitting and receiving electrodes to produce a reciprocal
« set. The two sets of data ensured that each electrode acted as both transmitter and receiver;
both are needed for quality control. The theory of reciprocity implies that a homogeneous earth
should allow for consistent measurements in both forward and reverse measurement conditions.
Thus, by varying selected reciprocal percent difference thresholds, the ratio between data quality
and quantity can be assessed. For this survey effort, data measurements with a relative percent
difference greater than 3 percent (well-to-well combinations) or 5 percent (surface and depth
elect e combinations) were considered unacceptable and removed from the dataset before
numerical inverse modeling.

3.3.1 2D Acquisition

For the 2D electrical resistivity survey the Schlumberger array was selected, due to logistical
considerations. The term “array” refers to a particular arrangement of four electrodes that are
used to transmit current and receive the potential voltages. An electric field is established by
applying electrical power (I) between two electrodes (transmitting pair or Tx). Electric potential
(V) is measured by sampling received voltages using a data acquisition card connected to two
additional electrodes (receiving pair or  ¢). In the Schlumberger array the Tx dipole is located at
a fixed location along the line while the Rx dipole expands outward, with increased dipole
spacing, through a series of different pairs. For each pair a “transfer resistance” value (V/I) is
obtained by dividing the electrical potential (V) by the applied electrical current (I). This process
happens sequentially until all feasible locations along the line have been occupied by the Tx pair.

3.3.2 3D Acquisition

For the 3D electrical resistivity survey a pole-pole array was selected; where one electrode from
each of the transmitting and receiving electrode pairs were placed effectively at infinity.
Practically, these poles are placed remotely, ywhere from two to five times the maximum in
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farm electrode distance away from the survey area in opposite directions. Figure 17 shows the
locations of the remotes used in the FY2013 3D SGE project at U Tank Farm.

Figure 17. Remote Locations Used for the Pole-Pole Array.

dource: © LUls uoogie.

3.4 DATA1l OCESSING

3.4.1 Data Reduction

¢ raw data collected at the site were compiled into a relational database. Raw data included
both electrical resistivity data and GPS positional data to geo-reference the resistivity data. A set
of queries was designed to segregate reciprocal pair data points. This information included
electrode type (surface, depth, well) and a sequential electrode number (as designated in the
survey design). Additional data fields were added for the calculated distance between electrodes
and percent error between reciprocal data. The data were then exported from the database for
graphical filtering and plotting in a spreadsheet.

Four important diagnostic data parameters from the raw data include voltage/current (V/I;
resistance), point (repeat) error, reciprocal error, and electrical current output. The point error is
a calculated percent error between cycled/repeated measurements. A plot of these data can
provide information with regards to the statistical variation of the data population.
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The process of data reduction identifies and eliminates data points, but no data modification
1ding, averaging, smoothing, or splining) is permitted. The rationale is to seek out and
yve spurious points that do not conform to the data population or points that violate potential
theory. The first step in this reduction process was to remove data outside of the statistical
population; negative V/I values, high repeat or point errors, low output current values, low
measured voltage, and high contact resistance. The next step in data reduction was to apply a
data quality filter based on reciprocity. Reciprocal measurements were used to assess the quality
of the results. Secondary reciprocal measurements were generated for each initial data point by
switching the transmitting and receiving electrodes. Electrical theory suggests that the
:asurements should be exactly the same. All data with a reciprocal percent difference greater
than 3 percent was removed from the well-to-well dataset, and greater than 5 percent was
removed for all other models. Figure 18 displays the 3D data distribution before and after
ering. The process used to filter the raw data is further described in CEES-0360.

Figure 18.  Data Distribution for Raw (Combined Reciprocal) and Reduced V/I Data
for the 3D Survey (Surface and Depth Electrode Data).
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the distribution of voltages in the subsurface. The root-mean-square (RMS) error is
calculated between the measured voltage and the calculated voltage resulting from the
forward run.

3. Based on the degree of model fit to field measurements, the initial estimate of resistivity
is changed to improve the overall model fit and the forward model with the updated
estimates is rerun. The iterative method linearizes a highly nonlinear problem using
Newton’s method. Using this method, the inverse modeling code essentially solves the
linearized problem to obtain the change in modeled resistivity (Am) for the next iteration.

4, The resistivity model is updated using the general formula m;;; = m; + Am, where pis; is
the resistivity in a model cell at the next iteration, and m; is the current value.

5. Steps 3 and 4 are repeated until the RMS error change between successive iterations
reaches  acce] ble level.

A-priori modeling of the major infrastructure reduces the effect of infrastructure, resulting in
sufficient data quantity for inverse modeling of subsurface soil resistivity changes.

40 MODELING RESULTS

Upon completion of data filtering, measured apparent resistivity data from the U Tank Farm site
e inverse modeled using the RES2DINV and RES3DINVx64 software packages (Geotomo
tware, Malaysia). For specific details of the SGE electrical resistivity method and theoretical

+-~-*s applied to inverse modeling, the reader is referred to discussions provided in RPP-34690,

Surface Geophysical Exploration of the B, BX, and BY Tank Farms at the Hanford Site.

To accomplish the 2D and 3D inversion, every surface, depth, and long electrode was geo-
__ferenced (using the Washington State Plane — Meters coordinate system) to allow absolute
placement of an electro : within the inversion algorithm. The model was then run with a set of
rame!  that have been demonstrated to work well in tank farm environments. After
n, the 1mal inversion results were interpolated to a regular grid and visualized using the
orks™ visualization software package (3D) and Surfer® surface contouring package (2D
. The visualization allows discrimination of low resistivity targets that could be
:d with increased moisture, increased ionic strength of the pore water, infrastructure, or a
tion of these items. It is anticipated that mineralogy and porosity would have minimal
cuects on the resistivity outcome.

Two sets of 3D model results are presented below that include (1) using point electrodes on the
surface and depth electrodes within boreholes, and (2) long electrodes in a WTW invers

4.1 2D ELECTRICAL RESISTIVITY SURVEY RESULTS

This section presents the inversion model results for the eight 2D electrical resistivity lines
collected during the FY2006 and FY2013 SGE surveys (Figure 13). Four orthogonal lines were
collected for each: vey year; with the exception of the North line, the FY2013 lines we
located a greater distance from U Tank Farm. In contrast, the FY2013 North line was located to
the south of the equivalent F Y2006 line, with a section running through U Tank Farm. e four
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the FY2013 survey line between 820 and 984 ft (250 and 300 m) along the line that potentially
represent near-surface infrastructure within the tank farm. These targets do not present
conductive responses in similar locations on the FY2006 survey line.

A large conductive target at depth is present in each of the survey lines, located at approximately
591 and 968 ft (180 and 295 m) along the line for the FY2006 and FY2013 surveys respectively.
The FY2006 survey line target is located at a depth of approximately 98 ft (30 m) bgs (577.4 fi
[176 m] amsl), and appears to extend down to the groundwater table. The location along the line
for this target correlates well to the position of the French drain on the as built computer-aided
desi (CAD) drawings for U Tank Farm. Potentially, this target could reflect the increased soil
moisture and ionic concentrations resulting from releases to this drain from the associated
building septic system. The FY2013 survey line target appears more conductive, is located
between a depth o proximately 59 and 131 ft (18 and 40 m) bgs (between 616.8 d 544.6 ft
[188 and 166 m] amsl). This target again apj “yex  the oundwater table, although
the conductivity decreases and the target appears more diftfuse (most | :ly a result of the
decreasing resolution with depth). The location along the line for this target correlates well to
the building associated with the septic system from the previous conductive target in the FY2006
survey line. However, it is more likely, based on the line location on the northern edge of the 3D
survey inversion model domain, to be a response to the conductive region below the storage tank
level observed in the 3D modeling results. The denths of the target in the 2D line corresponds
well to those observed in the 3D survey, namely b.../een approximately 82 and 138 ft (25 and 42
m) bgs (between 593.8 and 538.1 ft [181] and 164 m] amsl).

4.1.2 East Survey Lines

T  inversion model results for the East line surveys are shown in Figure 26, the FY2006 survey
line is ¢ set to align with the FY2013 survey line. Picks from the GPR site clearance survey are
included for both lines.

The FY201” —0del results display two obvious conductive targets, centered on 541 ft (165 m)
and located votween 722 and 902 ft (220 and 275 m) along the survey line respectively. These
twota s aligned well with the location along the line and depth below surface of two
condu.... ¢ targets in the FY2006 survey line. The FY2006 targets are centered on 410 ft (125
m) and located between 591 and 738 ft (180 and 225 m) along the survey line. Both of these
s are associated with locations of significant amounts of infrastructure on the as-built CAD
=~ with the GPR picks confirming the presence of near-surface infrastructure. The depths
rgets, ranging between 23 and 49 ft (7 and 15 m) bgs (between 652.9 and 626.6 ft [..)
and 191 m] amsl), appear deep for the majority of typical infrastructure. However, s _ ificant
amounts of ____tallic infrastructure can interfere with electrical resistivity measurements, for
ex he pole-pole array results for the FY2006 survey display a broad target centered on 410
fti along the survey line which extends to the depth limit of the model.
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