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EXECUTIVE SUMMARY

This report documents the results of surface geophysical characterization activities performed
during fiscal year 2008 for the TX and TY tank farms and the surrounding areas within the 200
West Area at the U.S. Department of Energy Hanford Site in Washington State. The objective of
this investigation was to collect and analyze electrical resistivity data in order to identify and
locate discrete low resistivity regions (low resistivity targets) in the subsurface to guide future
geochemical sampling and analysis efforts.

This geophysical investigation involved the installation and subsequent data collection from
permanent surface-to-surface (STS) electrodes spaced 6 meters apart along 26,712 total linear
meters of cable arranged 30 meters apart in an orthogonal grid. Investigation within the TX and
TY farm fence utilized the Well-to-Well (WTW) long electrode resistivity measurement method.
WTW measurements were made using 105 steel cased vadose zone wells, 30 groundwater wells,
and 27 point source electrodes.

The STS data were acquired along 47 individual lines of which 23 were oriented in a south-north
direction and 24 lines were oriented in an east-west direction (Figure ES-1). The total data
coverage area was approximately 82 acres over seven main waste focus areas: the eastern cribs
(216-T-26 through 216-T-28), northern cribs (216-T-36-13 and T216-T-13), south tile field
(216-T-19), western trenches (216-T-21 through 216-T-25), the area directly east of the TX farm,
TX tank farm, and TY tank farm.

Analysis results based on the full TX-TY complex-wide model domain were problematic for
both the well-to-well and surface-to-surface data. To address the limitation with the TX-TY
Complex-wide model domain, specific focus areas were analyzed using either the well-to-well
data or the surface-to-surface data as described in the following paragraphs.

WTW Analysis within the TY Tank Farm area. The WTW resistivity inversion model results
for the TY tank farm utilized long electrode resistivity data measured from a dense 3D
distribution of steel cased vadose zone wells. The resistivity inversion model results indicate
several low resistivity targets which are located in close proximity to underground storage tanks
which are assumed to have leaked. (See Figure ES-2). In contrast, no significant low resistivity
targets were located near Tank 102, which is not known to have leaked. In addition to the spatial
correlation of low resistivity targets with tanks which are assumed to have leaked, the shape of
the targets themselves does not follow a strict linear pattern along the locations of pipelines.
These WTW results suggest that infrastructure within TY farm does not control the distribution
of low resistivity targets found in association with the tanks which are assumed to have leaked.

WTW Analysis within the TX Tank Farm area. The WTW resistivity inversion model results
from the TX tank farm utilized long electrode resistivity data measured from a dense 3D
distribution of steel vadose zone wells. Resistivity inversion model results within the TX tank
farm show more dispersed low resistivity targets which are in some cases linear shaped along
locations of known pipelines (See Figure ES-3). The shape and position of the low resistivity
targets with respect to known infrastructure suggest that the numerous pipelines may be
influencing the size, shape and locations of the low resistivity targets within TX tank farm.
Although the more numerous buried infrastructure may be affecting the low resistivity targets
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when compared to the TY tank farm results, a clustering of low resistivity targets exist around
the 107, 108, 111 and 112 tanks.

The following is a brief discussion of the results from the surface-to-surface (STS) resistivity
surveys performed for the entire TX-TY Complex and in selected waste site areas outside of the
tank farms.

STS Data Analysis of Waste Site Area outside the Tank Farms. The results from both 2D
and 3D inversion of the resistivity data collected in the area of the TX trenches west of the tank
farms showed a clear low-resistivity target relative to a background resistivity, directly below the
trenches. The primary target in this region was a low (1-30 ohm-m) resistivity target located
directly below the 216-T-21 to 216-T-25 trenches (See Figure ES-4). The area of the
low-resistivity target was primarily contained within the footprint of the trenches. Analysis of
the STS data in the 2D and 3D analysis suggest that the low-resistivity target is isolated from the
expected water table depth.

Review of 2D and 3D resistivity models showed that nearly all east-west and north-south lines
that cross the 216-T-19 crib and tile field and the 216-Z-7 areas south of TX tank farm were
impacted by the presence of buried infrastructure and surface fences. However, review of
selected 2D resistivity inversion models in the 216-T-19 crib and tile field area revealed a
primary shallow low resistivity target that runs for much of the length of this waste site in the
north-south direction. In addition, selected 2D model results near the 216-Z-7 crib area revealed
a low resistivity target centered beneath the crib area.

Review of 2D resistivity inversion model results of nearly all east-west and north-south survey
lines that cross the TY cribs area and 216-T-31 French drain areas east of the tank farms showed
significant impacts from the presence of buried infrastructure and surface fences. The buried
infrastructure in this area made it difficult to identify any specific low-resistivity targets below
these waste sites. 3D modeling results of the area east of the tank farms that included these
waste sites showed primary low-resistivity targets that were linear and along areas of buried
infrastructure. However, the size and depth of these targets appears to be too large to be caused
by surface and buried infrastructure alone and may also show lower resistivity values due to
potential leaks from pipelines.

Selected 2D analysis results of the area north of the TY tank farm identified low-resistivity
targets generally located below the 216-T-36 crib, the 216-T-13 trench, and the 216-T-18 Test
crib. However, only selected 3D analysis of STS data over the western and eastern part of the
northern area yielded low resistivity targets beneath the 216-T-38 and 216-T-18 Test crib area
that were consistent with the results of the 2D analysis at the same area (Figure ES-4 and ES-5).
3D analysis of STS data over the western half of the northern area was not able to confirm the
results of the 2D analysis for the 216-T-13 trench area.

Areas with substantial infrastructure continue to present the most difficulties with regard to
inversion modeling and associated interpretation of estimated resistivity distributions.

An overall review of both 2D and 3D inversion modeling results showed, in particular, that
deeper model layers surrounding waste site areas, where infrastructure such as pipelines and
groundwater wells are abundant near surface electrodes, showed low-resistivity targets that are
dominated by infrastructure. The presence of these low resistivity targets can dominate the
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lower parts of model domains and obscure either changes in resistivity due to the effects of waste
site discharges or to the expected gradual lowering of resistivity as one approaches the local
water table at approximately 80 meters. However, several targets located directly beneath some
of the waste site areas cannot be accounted for by known infrastructure alone.

The resolution of low resistivity targets associated with waste sites was improved in some areas
of the Complex by shifting the limits of the resistivity inversion model domains away from
known locations of buried pipelines and other infrastructure. This was particularly evident by
comparing the low resistivity target identified beneath the T-36 crib in the model domain which
was shifted to the west of a cluster of pipelines. This same low resistivity target is not resolved
when data from the pipeline area is included by shifting the model domain a relatively short
distance to the east or by expanding the model domain to include all STS data.
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Figure ES-1. HRR Survey Coverage Area, Showing
Resistivity Line Locations-TX-TY Complex.
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Figure ES-2. WTW Resistivity Inversion Model Results for the TY Tank Farm
(TXTY-WTW6 model domain).
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Figure ES-3. WTW Resistivity Inversion Model Results for the TX Tank Farm
(TXTY-WTWS8 model domain).
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Figure ES-4. Model Results Showing 3D View from the Southeast of Selected
Resistivity Levels — TX Trench Area (TXTY-STS1 Inverse Model Domain).
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Figure ES-5. View of Model Results from Southwest Direction for Area Northwest
of TY Farm - 216-T-36 Crib Area.(TXTY-STS8 Inverse Model Domain).
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Figure ES-6. Plan View Model Results for Area Northeast of TY Farm - 216-T-18
Test Crib Area. (TXTY-STS7 Inverse Model Domain).
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1.0 INTRODUCTION

This report documents geophysical exploration activities completed at the TX and TY tank farms
and surrounding areas (referred to as the TX-TY Complex) at the U.S. Department of Energy
(DOE) site in Washington State in fiscal year 2008. hydroGEOPHYSICS, Inc. and

Columbia Energy & Environmental Services, Inc. (Columbia Energy), with support from
technical staff of CH2M HILL Hanford Group, Inc. (CH2M HILL), conducted a geophysical
survey of the subsurface of the TX-TY Complex, located in the 200 West Area of the Hanford
Site. Data collection and analysis were performed in accordance with RPP-PLAN-35244, Work
Plan for Surface Geophysical Exploration of the TX and TY Tank Farm and Surrounding Areas.
This work was performed as an integrated effort between CH2M HILL and Fluor Hanford (FH)
to investigate both the tank farms and the surrounding areas. The survey integrated several
geophysical methods including magnetic gradiometry (also referred to as magnetometry)
(MAGQG), electromagnetic induction (EM), ground penetrating radar (GPR), and electrical
resistivity. High-resolution electrical resistivity data were collected using both point-source
(located on the surface) and line-source electrodes (steel-cased wells).

The collection of geophysical methods used at the TX-TY Complex is generally termed surface
geophysical exploration (SGE). The results of the EM and MAG characterization can be found
in Surface Geophysical Exploration of TX, and TY Tank Farms at the Hanford Site: Results of
Background Characterization with Magnetics and Electromagnetics (RPP-RPT-36893). The
results of the GPR characterization can be found in Surface Geophysical Exploration of TX, and
TY Tank Farms at the Hanford Site: Results of Background Characterization with Ground
Penetrating Radar (RPP-RPT-38104). This report will focus only on the results of the electrical
resistivity characterization effort.

1.1 SCOPE

The scope of this electrical resistivity characterization survey included data acquisition on both
point electrodes and wells, data processing that included the use of methods and controls to
ensure quality in the processing and reduction of data collected, data visualization that included
development of two-dimensional (2D) contouring of data collected from individual resistivity
lines, and compilations of three-dimensional (3D) resistivity cross sections.

Overall characterization activities in the TX-TY Complex study were divided among key areas
and methodologies for the site as follows.

The 216-T-21 through T-25 trench area to the west of the TX tank farm was characterized with
surface-to-surface (STS) electrical resistivity measurements. These trenches were the focus of a
targeted survey to understand the distribution of resistivity beneath these waste sites. The study
included both a series of 2D inversions of data collected at electrodes spaced approximately

20 feet (6 meters) along each resistivity transect. The study also included a 3D inversion of all
STS data collected in this area.

The 216-T-19 crib and tile field and the 216-Z-7 crib to the south; the 216-T-13 trench, 216-T-36
crib area, 216-T-18 crib area to the north; and the TY cribs (216-T-26 through 216-T-28); and
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the 216-T-31 French drain to the east were also characterized with STS electrical resistivity
measurements. These cribs and trenches analyzed to map low-resistivity regions using a series
of 2D inversions of data collected at electrodes spaced 20 feet (6 meters) apart along each
resistivity transect. This survey also included three separate 3D inversion analyses of the STS
resistivity within each of the three areas.

The TX and TY farms and surrounding areas were characterized with well-to-well (WTW) and
STS electrical resistivity measurements. Analysis of this farm area used an inversion of data
collected with both WTW and STS.

STS and WTW resistivity measurements collected across the TX-TY Complex, including areas
inside and outside the farm fence boundary, were modeled separately in 3D inversion models
that made use of a new, multi-processor inversion routine developed specifically for SGE
projects, called EarthImager3DCL®. For a site the size of TX-TY Complex, the previous SGE
resistivity inversion modeling software would have required that data be subdivided into smaller
areas in order to accommodate the software memory and hardware limitations. With an
upgraded version of the resistivity inversion software, the model domain size is controlled by the
total amount of physical random access memory (RAM) residing in the computer. For a given
model domain, the processing time is limited by the RAM speed, the number of available
processors and the processor speed.

The final stage of this overall geophysical investigation involved analyzing and presenting the
data to identify potential subsurface contamination from each of the areas investigated.

1.2 OBJECTIVES

The main objective for this geophysical investigation was to collect and analyze electrical
resistivity data to identify and locate low resistivity regions in and around the TX-TY Complex.
Low resistivity is indicative of increased moisture or increased concentration of electrolytes
compared to background conditions

1.3 REPORT LAYOUT
This 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.

. Section 2.0, Background — Describes the geologic and hydrologic setting and
information regarding the disposal activities in and around of TX-TY Complex.

. Section 3.0, 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.

. Section 4.0, Results and Interpretations — Presents the results from the electrical
resistivity surveying effort and an interpretation of the resistivity measurements including
the results of the inversion analysis.

*® EarthImager3DCL is a registered trademark of Advanced Geosciences, Inc.
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Section 5.0, Conclusions — Provides a summary and conclusions drawn from the results
and interpretations.

Section 6.0, Limitations — Discusses the limitation of using geophysical methods in the
TX-TY Complex area. Limitations are presented in a framework relative to data
acquisition, data processing, and data presentation/visualization.

Section 7.0, Lessons Learned and Recommendations — Presents lessons learned and
recommendations for streamlining future SGE efforts in other areas of the Hanford Site.

Section 8.0, References — Provides a listing of references cited in the report.

Appendix A, Resistivity Acquisition Methodology — Presents the detailed logistics of
collecting resistivity data at TX-TY Complex, including the STS and WTW
measurements.

Appendix B, Data Reduction and Processing — Presents the methodology used to
reduce and process the resistivity data collected.

Appendix C, Data Archival - Describes the process used to archive and store the raw
resistivity data.

Appendix D, Background Geophysical Properties — Presents summaries of
background geophysical properties contained in the selected EM, MAG, and GPR reports
that were used in and provided the basis for the resistivity inversion modeling and
interpretation.

Appendix E, 2D Inversions — Provides plots of all 2D inversion results for each STS
survey line collected as a part of the TX-TY Complex investigation.
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2.0 BACKGROUND

2.1 SITE DESCRIPTION

The TX and TY tank farms are two of 12 single-shell tank (SST) farms on the Hanford Site that
form waste management area (WMA) TX-TY. The SGE investigation extended beyond the
WMA TX-TY boundary; therefore, the TX and TY tank farms and surrounding areas are herein
referred to as the TX-TY Complex. The TX-TY Complex is located in the northern portion of
the 200 West Area as shown in Figure 2-1, and includes a number of past-practice liquid
discharge facilities (i.e., cribs and trenches) located mainly to the west, southeast, and northeast
of the TX and TY tank farms (Figure 2-2). The TX-TY Complex facilities received a variety of
waste streams generated primarily during bismuth phosphate plutonium separations operations at

T Plant and uranium recovery operations a U Plant (Historical Vadose Zone Contamination from
T, TX, and TY Tank Farm Operations [RPP-5957]).

CH2M HILL has responsibility for vadose zone characterization at the tank farms under the
direction of the DOE, Office of River Protection. The Hanford Site Groundwater Remediation
Project has responsibility for characterization of the cribs and trenches outside the tank farm and
for all groundwater monitoring at the tank farms characterization activities are integrated through
the direction of the DOE, Richland Operations Office.

The TX-TY Complex contains the following tank farm facilities:

. TX tank farm—18 100-series SSTs with 758,000-gallon capacity
. TY tank farm—6 100-series SSTs with 758,000-gallon capacity
. Leak detection systems

. Tank ancillary equipment.

The 100-series SSTs are 75 feet (23 meters) in diameter and approximately 37 feet (11 meters)
tall from base to dome. The general configuration of tanks in the TX and TY tank farms is
shown in Figure 2-3. As noted in Figure 2-2, 13 of the 24 SSTs in the TX-TY Complex are
currently designated as tanks that have been confirmed or assumed to have leaked in Waste Tank
Summary for the Month Ending October 31, 2006 (HNF-EP-0182).

The TX-TY Complex contains the following past-practice liquid waste disposal facilities
(Figure 2-3):

. Five TX trenches (216-T-21 through 216-T-25) west of the TX tank farm. Open
excavations 10 feet wide by 10 feet deep. The 241-T-21 through 241-T-24 trenches are
240 feet long. The 216-T-25 trench is 180 feet long.

. 216-T-19 crib and tile field southeast of the TX tank farm. A 12 foot long by 12 foot
wide crib and an 85 foot wide by 390 foot long tile field. The tile field contains a
distribution system of perforated piping placed 23 feet below the ground surface.

. 216-T-31 French drain east of the TX tank farm. An underground injection well.
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Three TY cribs (216-T-26 through 216-T-28) east of the TY tank farm. Excavations
30 feet long by 30 feet wide by 15 feet deep containing a distribution system of piping
placed within a layer of gravel backfill.

216-T-18 test crib northeast of the TY tank farm. A 30 foot long by 30 foot wide by
15 foot deep excavation containing perforated piping within a gravel layer to distribute
liquid waste.

216-T-13 trench north of the TY tank farm. A 20 foot wide by 20 foot deep by 80 foot
long open excavation.

216-T-36 crib northwest of the TY tank farm. A 160 foot long by 10 foot wide by
15 foot deep excavation containing a perforate pipe buried 11 feet deep to distribute
liquid waste.

242-T evaporator on the border between the TX and TY tank farms. Used primarily in
association with the 216-T-19 crib and tile field to reduce waste volumes and conserve
tank space.

Supporting background information on the TX and TY tank farm facilities can be found in the
following documents:

RPP-5957, Historical Vadose Zone Contamination from T, TX, and TY Tank Farm
Operations. Summarizes construction, operations, and liquid discharge history for the
TX and TY tank farms and adjacent cribs and trenches.

RPP-7123, Subsurface Conditions Description of the T and TX-TY Waste Management
Area. Describes tank release events, contaminant occurrences, and environmental
conditions in the TX and TY tank farms.

RPP-23752, Field Investigation Report for Waste Management Areas T and TX-TY.
Provides findings from characterization activities conducted in 2003 and 2004 at the
TX and TY tank farms.

Supporting background information on the adjacent cribs and trenches can be found in the
following documents:

DOE/RL-2003-64, Feasibility Study for the 200-TW-1 Scavenged Waste Group, the
200-TW-2 Tank Waste Group, and the 200-PW-5 Fission-Product Rich Waste Group
Operable Units. Summarizes findings from characterization activities conducted in 2001
at the 216-T-26 crib (representative site for 216-T-18 crib in 200-TW-1 Operable Unit
[OU]) and 216-B-38 trench (representative site for TX trenches in 200-TW-2 OU).

DOE/RL-2006-51, Remedial Investigation Report for the Plutonium/Organic-Rich
Process Condensate/Process Waste Group Operable Unit: Includes the 200-PW-1,
200-PW-3, and 200-PW-6 Operable Units. Summarizes findings from characterization
activities conducted in 2006 at the 216-Z-9 trench (representative site for 216-T-19 crib
in 200-PW-1 OU).

DOE/RL-2005-61, Remedial Investigation Report for the 200-LW-1 (300 Area Chemical
Laboratory Waste Group) and 200-LW-2 (200 Area Chemical Laboratory Waste Group)
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Operable Units. Summarizes findings from characterization activities conducted in 2004
and 2005 at the 216-T-28 crib (representative site for 216-T-27 crib in 200-LW-1 OU).

. DOE/RL-2004-24, Feasibility Study for the 200-CW-5 (U Pond/Z Ditches Cooling Water
Waste Group), 200-CW-2 (S Pond and Ditches Cooling Water Waste Group), 200-CW-4
(T Pond and Ditches Cooling Water Waste Group), and 200-SC-1 (Steam Condensate
Waste Group) Operable Units. Summarizes findings from characterization activities
conducted in 2001 at the 216-T-26 crib (representative site for 216-T-36 crib in
200-SC-1 OU).

Figure 2-1. Location of TX and TY Tank Farms in the 200 West Area.

g
Y
g
N

go8 1) 200 West A B
Area Yoy
4 ‘N_ ;;:W 200-E
i ﬂ iy WS
<
<l
alr

[ o @ @)
- @ @
N @) @)

612 @

2
:

6lelelelelHelele
@000 |000) GO

©]0]0]6]6,

+— Fance i 6 @
e | neoox ],

0 05 1 {d )
Kilometers

Source: RPP-23752, 2005, Field Investigation Report for Waste Management Areas T and TX-TY, Rev. 0-A, CH2M HILL
Hanford Group, Inc., Richland, Washington.



RPP-RPT-38320, Rev. 0

Figure 2-2. TX and TY Tank Farms and Surrounding Facilities.
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Figure 2-3. General Configuration of Tank Construction
in Waste Management Area TX-TY.
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Source: DOE/ORP-2005-01, 2006, Initial Single-Shell Tank System Performance Assessment for the Hanford
Site, Rev. 0, CH2M HILL Hanford Group, Inc., Richland, Washington.

2.2 OPERATIONAL HISTORY

The TX tank farm was constructed between 1947 and 1949 and began receiving waste in 1949.
It was originally built to provide tank space for bismuth phosphate waste from T Plant and later
was used a part of the uranium recovery process (RPP-7123). The TY tank farm was constructed
between 1951 and 1952 and began receiving waste in 1953. It was built to provide tank space
for the uranium recovery process (RPP-7123). Due to limited tank space, the 242-T Evaporator
was built in 1951 to reduce waste volumes and the 216-T-19 crib and tile field was constructed
to receive condensate from the evaporator. Through the 1950s and into the 1960s, generated
waste volumes continued to exceed the available tank space, forcing the intentional discharge of
relatively high waste volumes into the vadose zone. Additional cribs and trenches were
constructed to receive the liquid discharges. Planned waste management activities continued up
until the early 1980s.
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2.2.1 Liquid Waste Releases at TX-TY Complex

Over their operating history, facilities in and around the TX-TY Complex have intentionally and
unintentionally released liquid wastes to the vadose zone. The adjacent waste management
facilities intentionally discharged liquid wastes, while 13 of the 24 SSTs, along with some of
their associated ancillary equipment, are known or suspected to have unintentionally released
waste. These discharges have led to substantial contaminant plumes distributed in the vadose
zone, in some cases to the water table, within and around the tank farm.

During waste management operations, substantial volumes of liquid wastes were discharged to
the TX-TY Complex cribs and trenches as shown in Table 2-1. These discharges occurred
during four large-scale operation periods (RPP-5957).

. Postwar bismuth phosphate processing (1946 to 1956). Discharges of multiple bismuth
phosphate waste streams began early in the TX-TY Complex operating history and
continued until the shutdown of plutonium separation operations at T Plant in 1956.

. Uranium recovery operations (1952 to 1958). Scavenged waste and process condensate
were discharged during this period.

. Central decontamination operations (1958 to 1969). Following the conversion of T Plant
into a central decontamination facility in 1958, decontamination waste and liquid waste
from the 300 Area were discharged at the TX-TY Complex.

. In-Tank Solidification operations (1965 to 1974). Steam condensate and process
condensate were discharged during this period. The In-Tank Solidification program was
discontinued as a method of liquid waste removal in 1974 and replaced by saltwell

pumping.

Removal of pumpable liquids has been completed at all TX-TY Complex SSTs and the tanks are
all listed as interim stabilized in HNF-EP-0182.

Table 2-1. Liquid Waste Disposal Facilities and Discharge
Volumes near WMA TX-TY.® (2 Sheets)

Facility/ Liquid Waste Discharge Operational
Component Volume (gallons) Period
216-T-13 trench 2.6E+04 1954-1964
216-T-18 crib 2.6E+05 1953
216-T-19 crib and tile field 1.2E+08 1951-1976
216-T-21 trench ® 1.2E+05 1954
216-T-22 trench ® 4.0E+05 1954
216-T-23 trench ® 4.0E+05 1954
216-T-24 trench ® 4.1E+05 1954
216-T-25 trench ® 7.9E+05 1954
216-T-26 crib 3.2E+06 1955-1956
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Table 2-1. Liquid Waste Disposal Facilities and Discharge
Volumes near WMA TX-TY.® (2 Sheets)

Facility/ Liquid Waste Discharge Operational
Component Volume (gallons) Period
216-T-27 crib 1.9E+06 1965
216-T-28 crib 1.1E+07 1960-1966
216-T-31 French drain Large Volume 1954-1962
216-T-36 crib 1.3E+05 1967-1969

@ Modified from Table 3-28 of RPP-23752, 2005, Field Investigation Report for Waste
Management Areas T and TX-TY, Rev. 0-A, CH2M HILL Hanford Group, Inc., Richland,
Washington.

® Specific-retention trenches 216-T-21 through 216-T-25 received limited short-term
discharge volumes to prevent contaminant breakthrough to the unconfined aquifer.

The volumetric distribution of discharged waste around the TX-TY Complex varies. Figure 2-5
shows the disposal volumes and tank leak volumes graphically, depicted as circles with
diameters proportional to discharge volume. The volumes shown in the figure are based on data
reported in RPP-23752 and HNF-EP-0182. The figure shows that over 140 million gallons of
liquid have been discharged to the subsurface. Over 85 percent (120 million gallons) of the total
volume was discharged to the 216-T-19 crib and tile field to the southeast. The TY cribs to the
east and TX trenches to the west received 12 percent (16 million gallons) and 2 percent

(2 million gallons) of the total volume, respectively. The SSTs discharged less than

120,000 gallons to the subsurface (based on leak volumes reported in HNF-EP-0182).

Of the past-practice facilities listed in Table 2-1, the most significant discharges occurred at the
TX trenches, the 216-T-19 crib and tile field, and the TY cribs. The TX trenches (216-T-21
through 216-T-25) were operated as specific-retention trenches, which were used for discharge
of more concentrated waste in volumes that were intentionally limited to prevent breakthrough of
contaminants to the unconfined aquifer (RPP-7123). The five TX trenches collectively received
over 2 million gallons of first-cycle bismuth phosphate waste (1C) in 1954. RPP-23752

indicates that the specific-retention strategy was generally successful, and much of the
discharged contamination likely remains below the trenches in the vadose zone.

In contrast, much larger volumes of more dilute waste streams were discharged to the 216-T-19
crib and tile field and the TY cribs (in particular the 216-T-28 crib). Discharge volumes at these
facilities were probably sufficient to drive mobile contaminants (e.g., nitrate, chromium,
technetium-99) to the water table (RPP-23752). The 216-T-19 crib and tile field operated the
longest (1951 to 1976) and received the largest discharge volume (over 120 million gallons) of
all the TX-TY Complex facilities. The discharges were mainly 242-T Evaporator condensate
with some bismuth phosphate waste (2C, 5-6, and 224 waste) (RPP-7123). The TY cribs
(216-T-26 through 216-T-28) operated from the mid-1950s to the mid-1960s and received over
16 million gallons of waste, about 75 percent of which (12 million gallons) went to the 216-T-28
crib. The discharges included tributyl phosphate waste (TBP), scavenged 1C waste, T Plant
decontamination waste, and 340 Building laboratory waste (RPP-7123).
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Figures 2-4 through 2-7 show the distribution of electrolytes (anions and cations) and major
radionuclides based on data reported in RPP-26774, Hanford Soil Inventory Model.

Figure 2-4. Liquid Waste Volumes Discharged Around Waste Management Area TX-TY.
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Figure 2-5. Major Anions Discharged Around Waste Management Area TX-TY.




RPP-RPT-38320, Rev. 0

Figure 2-6. Major Cations Discharged Around Waste Management Area TX-TY.
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The 13 TX-TY Complex SSTs identified as confirmed or assumed to have leaked are as
follows (HNF-EP-0182):

. TX tank farm—TX-105, TX-107, TX-110, TX-113, TX-114, TX-115, TX-116,
and TX-117

. TY tank farm—TY-101, TY-103, TY-104, TY-105, and TY-106.

Reported leak volumes range from 35,000 gallons (tank TY-105) to <1,000 gallons (tank
TY-101). Some of the waste loss events were well documented, while others had little data
available to support a leak volume estimate. All TX tank farm leakers (except TX-107) have a
leak volume estimate of 8,000 gallons in HNF-EP-0182. This is a non-tank specific value
averaged over 19 tanks located in several tank farms that are considered to have leaked a total of
about 150,000 gallons. Tank TX-107 is assigned a leak volume of 2,500 gallons based on liquid
level drops and elevated borehole gamma readings.

HNF-EP-0182 assigns tanks TY-101, TY-103, and TY-104 leak volumes of 3,000 gallons or less
based primarily on small drops in liquid level. Tanks TY-105 and TY-106 are assigned leak
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volumes of 35,000 gallons and 20,000 gallons, respectively, based on borehole gamma activity,
liquid level observations, and waste transfer records indicating an apparent waste loss.

The leak volume estimates reported in HNF-EP-0182 have not been updated for many years and
the quality of the evidence supporting the estimates varies considerably. Tank Farm Vadose
Zone Contamination Volume Estimates (RPP-23405) provided updated leak volume estimates to
support the development of leak inventories for Initial Single-Shell Tank System Performance
Assessment for the Hanford Site (DOE/ORP-2005-01). Of the 13 designated leakers in the TX
and TY tank farms, RPP-23405 provided estimated leak volumes for 6 tanks (TX-107, TY-101,
TY-103, TY-104, TY-105, and TY-106). The remaining 7 tanks were noted as lacking sufficient
information to develop an estimate. The RPP-23405 leak volumes agree with the HNF-EP-0182
volumes with the exception of tank TX-107, which increased in volume from 2,500 to

8,000 gallons.

In addition to past-practice releases and tank leaks, a number of unplanned releases (UPR) from
near-surface ancillary equipment have been reported for WMA TX-TY, spanning the entire
operational period (RPP-23752). These releases are not tracked in the HNF-EP-0182 report but
are addressed in RPP-23405. The RPP-23405 reassessment provided leak volume estimates for
two unplanned releases in the TX-TY Complex (both in the TX tank farm), consisting of a
5-gallon leak from a riser leak south of the 242-T Evaporator (UPR-200-W-12) and a
2,500-gallon leak from a TX-105 to TX-118 line leak (UPR-200-W-100).

2.2.2 Infrastructure and Waste Delivery to TX-TY Complex

In addition to the intentional liquid waste discharges to the cribs and unplanned waste releases,
leaks from water distribution lines in and around the tank farm and known meteorological events
may have contributed to waste migration in the vadose zone (RPP-23752). Figure 2-8 shows a
compilation of the infrastructure, including pipes, tanks, and diversion boxes used to transfer
waste and supply the tank farm with water. This figure was generated from multiple site
infrastructure drawings.
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Figure 2-7. Major Radionuclides Discharged Around Waste Management Area TX-TY.

Major Radioactives

Tc 99 (ci)
° 0.000-0.500
@ 0.501-1.000
@ 1.001-5.000
@ 5.001-10.000
@ 0001-20000

U Total (kg)
e 0.000 - 500.000
@ 500.001 - 2000.000
@ 2000.001 - 6500.000
@ 6500.001 - 15000.000
. 15000.001 - 26000.000
Sr 90 (ci)
0.000 - 2.000
2,001 - 6.000
6.001 - 30.000
30.001 - 300.000
300.001 - 800.000
Cs 137 (ci)
0.000 - 750.000
750.001 - 3000.000
3000.001 - 10000.000
10000.001 - 20000.000
. 20000.001 - 42000.000

;_ __ __' Study areas

D Waste sites

C T X I

025 10 |
Lioal i1 IMeters [

0 85170 340
i Ty

2-12



RPP-RPT-38320, Rev. 0

Figure 2-8.  Infrastructure Map for TX and TY Tank Farms.
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23 ENVIRONMENTAL SETTING

The geology of the TX-TY Complex and immediate vicinity is well understood as a result of
several decades of site characterization activities. Sedimentary and stratigraphic conditions have
been described in numerous reports, including the following publications:

. Field Investigation Report for Waste Management Ares T and TX-TY (RPP-23752)

. Subsurface Conditions Description of the T and TX-TY Waste Management Areas
(RPP-7123)

. Geology of the Separations Areas, Hanford Site, South Central Washington
(RHO-ST-23)

. Geology Data Package for the Single Shell Tank Waste Management Areas at the

Hanford Site (PNNL-15955)

. Geology, Hydrogeology, Geochemistry, and Mineralogy Data Package for the
Single-Shell Tank Waste Management Areas at the Hanford Site (RPP-23748).

Four major stratigraphic units underlie the TX-TY Complex. In ascending order these are the
Miocene-age igneous Columbia River Basalt Group overlain by three sedimentary units
consisting of the Miocene- to Pliocene-age Ringold Formation (including the member of Taylor
Flats [R¢] and member of Wooded Island [Ry]), the Cold Creek unit (including subunits CCU,
and CCU)), and the Pleistocene-age Hanford formation (including subunits H1 and H2). Also,
backfill materials consisting of poorly sorted cobbles, pebbles, and coarse to medium sand
derived from the Hanford H1 unit are distributed around the tanks and tank infrastructure.

The backfill, Hanford formation, Cold Creek unit, and the upper portion of the Ringold
Formation make up the vadose zone, which is approximately 230 feet thick in this area. The
unconfined aquifer is contained within the lower portion of the Ringold Formation. The water
table lies approximately 200 feet below the bottom of the tank farm excavations within the
Ringold formation unit E. The Hanford formation is between 75 and 100 feet thick and thickens
towards the south and west. The Cold Creek unit is a calcite-rich paleosol that is between 20 and
35 feet thick. The overall thickness of the Ringold Formation is about 375 feet.

The geologic features that have had the most significant influence on contaminant migration and
distribution in the vadose zone are the highly-cemented CCU; layer and the slight dip of all layers
toward the south (RPP-23752). The CCU; appears to have largely prevented vertical migration
of contaminants below the subunit and enhanced lateral migration. The stratigraphic dip to the
south appears to have influenced the migration of some of the contaminants in that direction.

2.4  HISTORICAL CHARACTERIZATION EFFORTS

The SSTs are regulated under various DOE orders and policies in addition to the Resource
Conservation and Recovery Act of 1976 (RCRA) and the Washington State Hazardous Waste
Management Act (RCW 70.105) and its implementing requirements in Washington
Administrative Code 173-303, “Dangerous Waste Regulations.” The SSTs are operating under
interim status permit pending closure. The SST farms are grouped into WMAs for the purpose
of groundwater monitoring and vadose zone corrective actions. Investigations to support WMA
corrective action decisions are being implemented through the RCRA corrective action process
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as described in the Hanford Federal Facility Agreement and Consent Order (Ecology et al. 1989)
Change Request M-45-98-03 (Ecology et al. 1991).

Each 100-series tank in the TX-TY Complex is surrounded by a group of monitoring boreholes

(drywells) in which radiometric instruments were used to detect changes in activity levels in the
sediments surrounding the borehole. The TX tank farm has 96 drywells, installed from 1947 to

1977. The TY tank farm has 22 drywells, installed from 1951 and 1977. The maximum logged
depth in most drywells is between 75 and 150 feet (23 and 46 meters) below ground surface

(ft bgs) (RPP-7123).

During active waste management operations, the drywells served as both primary and secondary
leak detection devices. Gross gamma logging of the drywells took place over several decades
allowing evaluation of the time-dependent behavior of the gamma-emitting radionuclides. From
1997 to 1999 high-resolution spectral gamma logging of the TX-TY Complex drywells was
conducted as part of the baseline vadose zone characterization for the TX-TY Complex. Results
are documented in tank farm summary reports issued by the DOE Grand Junction (Colorado)
Office (Hanford Tank Farms Vadose Zone: TX Tank Farm Report [GJO-97-13-TAR]; Hanford
Tank Farms Vadose Zone: TY Tank Farm Report [GJO-97-30-TAR]).

From 2003 to 2004, field characterization activities were conducted at WMA TX-TY in support
of RCRA corrective action process requirements. The major investigative activities included
vertical borehole installation, soil sampling, and analysis at locations southwest of tank TX-105,
southwest of tank TX-107, and southeast of tank TX-104. Investigation results are documented
in RPP-23752. Most recently, vadose zone contamination was investigated in the TY tank farm
using direct push technology at five locations near tanks TY-105 and TY-106. Investigation
results are presented in Characterization of Direct Push Vadose Zone Sediments from the T and
TY Waste Management Areas (PNNL-16649).

Investigations to support remedial action decisions at the TX-TY Complex cribs and trenches are
being implemented through the remedial investigation/feasibility study process under the
Comprehensive Environmental Response, Compensation, and Liability Act of 1980 (CERCLA).
The facilities have been assigned to operable units (OU) as shown in Table 2-2 for the purpose of
conducting the remedial investigation/feasiblity work. An analogous site approach is being used
to streamline the characterization process. Findings from site investigations at “representative”
sites are applied to other “analogous” sites that were not sampled. Representative/analogous
sites for the TX-TY Complex cribs and trenches are indicated in Table 2-2. From 2001 to 2006,
characterization activities including borehole installation and soil sampling and analysis were
conducted at representative sites for all of the OUs shown in Table 2-2.

Since 1991, chemicals and radionuclides have been tracked under RCRA in unconfined aquifer
samples collected from monitoring wells in and around WMA TX-TY (RPP-23752). Waste
Management Area TX-TY was placed in assessment groundwater monitoring in 1993 due to
elevated specific conductance (a measure of electrical conductivity of water) in down gradient
monitoring wells. PNNL-16005 (RCRA Assessment Plan for Single-Shell Tank Waste
Management Area TX-TY) provides the most recent update to the groundwater quality
assessment plan for WMA TX-TY. Tank waste contaminants historically detected in
groundwater beneath the TX-TY Complex at concentrations exceeding limits specified in Title
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40 Code of Federal Regulations, Part 141, “National Primary Drinking Water Regulations”
(40 CFR 141) include technetium 99, iodine-129, tritium, chromium, and nitrate (PNNL-16005).
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Table 2-2. Liquid Waste Disposal Facility Operable Unit Assignments.

Facility/Component Operable Unit Representative/Analogous Site
216-T-13 trench 200-MG-2* N/A
216-T-18 crib 200-TW-1 Analogous site to 216-T-26 crib
216-T-19 crib and tile field 200-PW-1 Analogous site to 216-Z-9 trench
216-T-21 trench 200-TW-2 Analogous site to 216-B-38 trench
216-T-22 trench 200-TW-2 Analogous site to 216-B-38 trench
216-T-23 trench 200-TW-2 Analogous site to 216-B-38 trench
216-T-24 trench 200-TW-2 Analogous site to 216-B-38 trench
216-T-25 trench 200-TW-2 Analogous site to 216-B-38 trench
216-T-26 crib 200-TW-1 Representative site for 216-T-18 crib and 216-T-36 crib
216-T-27 crib 200-LW-1 Analogous site to 216-T-28 crib
216-T-28 crib 200-LW-1 Representative site for 216-T-27 crib
216-T-31 French drain 200-MG-2* N/A
216-T-36 crib 200-SC-1 Analogous site to 216-T-26 crib

NA = not applicable.

*200-MG-2 is one of several newer operable units established during recent operable unit scope modifications as described in
Change Order M-15-06-02 to the Hanford Federal Facility Agreement and Consent Order (Ecology et al. 2006). It contains
simple waste sites for which current information is considered sufficient for decision making.

2.4.1 Vadose Zone

Drywell logging data indicate that the major gamma-emitting contaminants in the TX and TY
tank farms vadose zone are cesium-137, cobalt-60, ruthenium-106, antimony-125, uranium-235,
and uranium-238 (RPP-7123). The primary areas of elevated gamma readings occur adjacent to
the 13 tanks identified as confirmed or assumed leakers. The data also indicate that generalized
near-surface contamination at lower concentrations is widespread inside the tank farms. The
evaluation of time-dependent behavior indicates that in certain areas the more mobile
radionuclides such as cobalt-60 and ruthenium-106 have migrated downward from their
locations of emplacement (RPP-7123).

In the TX tank farm, gamma logging data from drywells near tank TX-107 show elevated
concentrations of cobalt-60 and europium-154 from 45 to 70 ft bgs that indicate the presence of a
substantial leak plume (RPP-23405). RPP-23405 increased the leak volume estimate for tank
TX-107 from 2,500 to 8,000 gallons based on plume size estimates. Evaluation of the historic
data for this tank indicates migration of cobalt-60 contamination from northeast to southwest
between 1977 and 1992 (RPP-7123).

Gamma data indicate that two distinct zones of uranium-bearing contamination are present in the
TX tank farm near tanks TX-104 and TX-105. Although tank TX-104 is not listed as a
“confirmed or assumed” leaker in HNF-EP-0182, the gamma data provide evidence of an
unreported high-uranium waste loss event near this tank as well as tank TX-105. Drywells on
the south sides of both tanks contain elevated uranium-235 and uranium-238 from 45 to 100
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ft bgs. In both cases, a line drawn around the drywells outlines a rough oval with the long axis
running northeast to southwest, suggesting the plumes have migrated laterally to the south and
west as well as vertically in the vadose zone (RPP-7123).

Drywells associated with postulated leaks from tanks TX-110, TX-114, and TX-113 contain
slightly elevated cesium-137 readings at the tank bottom depth. Tank TX-114 is believed to be
the most likely to have leaked (RPP-7123). The source of the gamma contamination near the
other tanks is ambiguous (RPP-7123).

Three boreholes, positioned to probe three separate contamination areas, were installed in the
TX tank farm during 2003 and 2004 field characterization activities. The targeted areas
consisted of the waste lost from tank TX-107 (borehole C3831) and the uranium-bearing waste
lost from tanks TX-104 and TX-105 (boreholes C3832 and C3830, respectively) (RPP-23752).
In the tank TX-105 borehole (C3830), elevated concentrations of technetium-99, nitrate, and
uranium were measured in borehole sediment samples primarily between 59 and 100 ft bgs
(RPP-23752). In the tank TX-107 borehole (C3831), technetium-99, cobalt-60, nitrate, and
sodium were found from 60 ft bgs to the bottom of the borehole at 115 ft bgs (RPP-23752).
Maximum technetium-99 and sodium concentrations occurred at about 60 ft bgs and maximum
nitrate concentrations occurred at 86 ft bgs. In the tank TX-104 borehole (C3832), elevated
technetium-99 and nitrate concentrations began at about 76 ft bgs and generally increased with
depth in the borehole (RPP-23752). Maximum technetium-99 and nitrate concentrations
occurred between 105 and 115 ft bgs. Uranium was elevated in the lower portion of the borehole
between about 62 and 110 ft bgs. Elevated sodium occurred from 63 to 115 ft bgs with a
maximum at 76 ft bgs (RPP-23752).

In the TY tank farm, drywell gamma logging data near tank TY-105 show elevated cesium-137
and cobalt-60 concentrations indicative of a tank leak from 50 to 150 ft bgs (RPP-7123).
Although the tank TY-105 reported leak volume is large (34,000 gallons), it is not clearly
substantiated in the operations record (RPP-7123). Waste transfer records supporting the
assumed 20,000 gallon leak from tank TY-106 are ambiguous and not well supported by gamma
data from nearby drywells (RPP-23405). A 2006 direct push characterization campaign at tanks
TY-105 and TY-106 provided evidence that sediment at tank bottom depth near these tanks has
unquestionably been contaminated by tank waste (PNNL-16649). Drywells near tank TY-103
contain elevated cesium-137 readings near the tank bottom depth from 45 to 50 ft bgs and
elevated cobalt-60 concentrations deeper in the vadose zone (RPP-7123). Slightly elevated
gamma activity has been observed in drywells near tanks TY-101 and TY-104.

At the 216-T-26 crib (representative site for the 216-T-18 and 216-T-36 cribs), soil data from a
borehole drilled and sampled in 2001 during 200-TW-1 OU remedial investigation activities
indicate the main zone of contamination extends from 18 to 36.5 ft bgs and is associated with the
effluent release point at the crib bottom (DOE/RL-2003-64). Cesium-137 is the dominant
contaminant in this zone (maximum concentration 47,900 pCi/g). Significant reduction in
contamination levels is associated with the top of the sand-dominated Hanford H2 unit (at
approximately 36.5 ft bgs) and the top of the CCU (at approximately 94.5 ft bgs). Contaminants
detected in soil samples from 36.5 to 94.5 ft bgs include technetium-99, cobalt-60, uranium
isotopes, and nitrate. Only technetium-99, tritium, nitrate, and phosphate were detected below
94.5 ft bgs. The effluent volume discharged to the 216-T-26 crib was greater than the associated
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soil column pore volume by a factor of about 18, suggesting the effluent volume was sufficient
to reach the aquifer during operations. Contamination extends laterally beyond the 216-T-26
crib boundary to the south and may intersect contamination associated with the 216-T-27 crib.
The contaminant profile suggests little contamination is spreading to the north
(DOE/RL-2003-64). Contaminant distribution for the analogous 216-T-18 crib is expected to be
similar to that for the representative site (216-T-26 crib), with the zone of highest contamination
extending to about 31 ft bgs. However, contamination levels are expected to be lower because
contaminant loads were lower and effluent volume was only about a factor of 1.5 greater than
pore volume (DOE/RL-2003-64). Contaminant distribution for the analogous 216-T-36 crib is
expected to be significantly lower than that for the representative site (216-T-26 crib) because
volume discharged was 4 percent of the representative site volume and did not exceed pore
volume (DOE/RL-2004-24).

At the 216-B-38 trench (representative site for the 216-T-21 through -25 trenches), soil data from
a borehole drilled and sampled in 2001 during 200-TW-2 OU remedial investigation activities
indicate the major zone of contamination is associated with the point of release at about 15 ft bgs
and extends to a depth of about 40 ft bgs (DOE/RL-2003-64). Cesium-137 is the dominant
contaminant in this zone (maximum concentration 226,000 pCi/g). Radionuclide concentrations
from 40 to 200 ft bgs were mostly less than 2.0 pCi/g. Contaminants detected from 40 to 200 ft
bgs include technetium-99, tritium, nitrate, nitrite, and phosphate. Nitrate and nitrite were
distributed deep in the vadose zone to a maximum depth of 200 ft bgs (DOE/RL-2003-64). The
effluent volume discharged to the 216-B-38 trench was less than a third of the associated soil
column pore volume, suggesting the effluent volume was not sufficient to reach the aquifer
during operations. In addition to the one borehole, five direct-push holes were installed along
the center axis of the 216-B-38 trench. The direct-push data indicate that cesium-137
contamination extends more than 125 ft from the east end of the trench (i.e., along half the length
of the trench) and 20 to 25 ft on either side of the trench. Contaminant distribution for the
analogous TX trenches is expected to be similar to that for the representative site

(216-B-38 trench). The effluent volumes discharged to the TX trenches were generally less than
half of the available pore volume, except for the 216-T-25 trench where the discharged volume
was approximately equal to the pore volume (DOE/RL-2003-64).

At the 216-Z-9 trench (representative site for the 216-T-19 crib), soil data were obtained from
two boreholes drilled and sampled during in 2006 during 200-PW-1 OU remedial investigation
activities (DOE/RL-2006-51). Borehole 299-W15-46 was a vertical borehole installed south of
the trench. Borehole 299-W15-48 was a slant borehole installed beneath the trench. The
primary focus of the sampling was to characterize the CCU for the presence of DNAPL carbon
tetrachloride; however, samples were also analyzed for radiological and chemical contaminants.
Contaminants were detected to depths of about 140 ft bgs beneath the trench and 185 ft bgs to
the south of the trench 140 ft bgs. The dominant contaminants were americium-241 (maximum
concentration 309,000 pCi/g at 112 ft bgs) and plutonium-239/240 (maximum concentration
115,000 pCi/g at 66 ft bgs). The maximum nitrate concentration beneath the trench was

5,910 mg/kg at 112 ft bgs. The effluent volume discharged to the 216-Z-9 trench was about 1.5
times the estimated pore volume beneath the trench, suggesting the effluent volume was
sufficient to reach the aquifer during operations. DOE/RL-2006-51 defers evaluation of
analogous sites (such as the 216-T-19 crib) to the feasibility study, which is not yet available.
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However, the effluent volume discharged to the 216-T-19 crib was about 36 times the available
pore volume.

At the 216-T-28 crib (representative site for the 216-T-27 crib), soil data from a borehole drilled
and sampled in 2005 during 200-LW-1 OU remedial investigation activities indicate the major
zone of contamination is associated with the point of release at about 15 ft bgs and extends to a
depth of about 30 ft bgs (DOE/RL-2005-61). Cesium-137 is the dominant contaminant in this
zone (maximum concentration 3,100,000 pCi/g). Contaminant concentrations generally decrease
with depth. Contaminants detected from 30 to 200 ft bgs include technetium-99, cobalt-60,
hexavalent chromium, and nitrate. The maximum technetium-99 concentration was 1.6 pCi/g at
200 ft bgs. The effluent volume discharged to the 216-T-28 crib trench was greater than the
associated soil column pore volume by a factor of over 60, suggesting the effluent volume was
sufficient to reach the aquifer during operations (DOE/RL-2005-61). Contaminant distribution
for the analogous 216-T-27 crib is expected to be lower than for the representative site
(216-T-28 crib) because the effluent discharge volume was only about a factor of 4 greater than
the pore volume.

Vertical distribution of moisture in the subsurface for selected boreholes in TX tank farm, taken
from PNNL-14594, is shown in Figure 2-9. The moisture content shown was taken from direct
measurements of soil samples using a thermogravimetric method and converted to volumetric
moisture using a constant bulk density of 1.6 grams/cm’ or from neutron moisture logs in three
different boreholes. Vertical distribution of sulfate and nitrate from recent sampling and analysis
efforts in the same boreholes, also taken from PNNL 14594, are summarized in Figure 2-10.
These figures are provided in this document to show potential electrolytic targets in the vadose
zone to indirectly compare to the resistivity results presented in Section 4 in the TX farm area.

The moisture data of Figure 2-9 in general shows moisture contents ranging from less than

5 percent by volume to greater than 15 percent by volume. A few fine-grained layers do appear
in the lithology conincident with the higher moisture contents. Moisture data from borehole
(C3832 for example, shows eight separate layers with relatively high moisture (i.e., greater than
10 percent). The moisture data itself does not show an indication of a subsurface plume resulting
from historical liquid waste disposal. The limited geochemical data on sulfate and nitrate given
in the same selected boreholes in TX tank shows some high values of both nitrate and sulfate in
the range of 60 to 90 feet (20 to 30 meters) bgs. In boreholes B3831 and B3832, nitrate levels
remain relatively high down below the 90-foot (30-meter) depth to the bottom of the borehole

2.4.2 Unconfined Aquifer

Contaminants currently detected in groundwater at WMA TX-TY along with potential
contamination sources are discussed in PNNL-16005 and Hanford Site Groundwater Monitoring
for Fiscal Year 2006 (PNNL-16346). In FY 2006, a network of 16 monitoring wells, sampled
quarterly, was used to monitor the groundwater at WMA TX-TY (PNNL-16346). Monitoring is
conducted under the requirements of RCRA and the Afomic Energy Act. All upgradient wells for
this WMA were converted to extraction wells for the 200-ZP-1 pump-and-treat system in

July 2005.

In FY 2006, dangerous waste constituents found beneath WMA TX-TY were chromium and
nitrate. Other constituents found beneath the WMA included carbon tetrachloride,
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trichloroethene, tritium, technetium-99, and iodine-129. The carbon tetrachloride and
trichloroethene are attributed to Plutonium Finishing Plant (PFP) operations (PNNL-16346).

Nitrate concentrations exceeded the drinking water standard (45 mg/L) in all wells in the WMA
in FY 2006. Figure 2-11 shows a plume map for nitrate in the area. The nitrate in groundwater
beneath the WMA is part of a regional plume that underlies much of the north 200 West Area.
The highest average nitrate concentration during FY 2006 was 468 mg/L in well 299-W14-13.
This value was a slight increase from 430 mg/L during the previous fiscal year. Much of the
nitrate contamination beneath the WMA is attributed to PFP operations as well as past-practice
disposal to cribs and trenches in the area. Some nitrate contamination also may be from the
WMA, although distinguishing the different sources is extremely difficult (PNNL-16346).

Chromium was detected above the drinking water standard (100 ug/L) in two wells at WMA
TX-TY during FY 2006. The highest average concentration was 740 ug/L in well 299-W14-13.
The most likely source for the chromium contamination is assumed to be the WMA because no
alternative sources have been identified (PNNL-16346).

A small tritium plume exists along the east side of the WMA. Tritium exceeded the drinking
water standard (20,000 pCi/L) in three wells in the area. The highest average concentration was
1.7 million pCi/L in well 299-W14-13 during FY 2006, which was up slightly from 1.57 million
pCi/L during the previous fiscal year. The source for the tritium could be the WMA or the
adjacent liquid discharge facilities or a combination of these potential sources (PNNL-16346).

Technetium-99 exceeded the interim drinking water standard (900 pCi/L) in several wells on the
east side of the WMA. The highest average technetium-99 concentration during FY 2006 was
7,600 pCi/L in well 299-W14-13. The source for the technetium-99 in these wells could be the
WMA and/or one of the liquid discharge facilities or both (PNNL-16346). Technetium-99 is
also found at levels above the drinking water standard in wells south and west of the WMA
(Figure 2-12). Technetium-99 in these wells is thought to be drawn to the wells from beneath the
TX and TY tank farms by extraction from the 200-ZP-1 pump-and-treat. Wells 299-W15-44 and
299-W15-765 were put into service as extraction wells in 2005 and the technetium concentration
began to increase in these wells shortly thereafter (PNNL-16346).

Iodine-129 was detected in two wells at WMA TX-TY during FY 2006. The highest iodine-129
concentration measured during this period was 42.7 pCi/L in well 299-W14-13; the average
concentration in this well was 33 pCi/L. lodine-129 was also detected in well 299-W14-15 with
a concentration of 3.49 pCi/L.

Groundwater flow direction varies beneath WMA TX-TY due to influences from the pump-and-
treat operation. In the north part of the area, groundwater flow is changing from eastward to

westward due to the recently converted extraction wells. South of the WMA, groundwater flow
direction is toward the extraction wells located south or southwest of the WMA (PNNL-16346).
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Figure 2-9.  Vertical Distribution of Moisture in Selected
Boreholes within the TX Tank Farm.
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Figure 2-10. Vertical Distribution of Nitrate and Sulfate from
Selected Boreholes within the TX Tank Farm.
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Figure 2-11. Average Nitrate Concentrations in Central and
North 200 West Area, Upper Part of Unconfined Aquifer.
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Figure 2-12. Average Technetium-99 Concentrations in North
200 West Area, Upper Part of Unconfined Aquifer.
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3.0 QUALITY ASSURANCE

Collection and analysis of SGE data are performed under a project-specific quality assurance
plan using a graded approach that conforms to applicable requirements from Columbia Energy
quality assurance procedures (Quality Assurance Plan for Surface Geophysical Exploration
Projects [CEES-0333]). These procedures implement the requirements of Quality Assurance
Requirements for Nuclear Facility Applications (ASME NQA-1) and Quality Assurance
(DOE O 414.1C). Work not covered in the quality assurance plan will conform to accepted
industry standards for SGE and sound engineering principles.

The quality assurance plan implements the criteria of DOE O 414.1C and the following
requirements from ASME NQA-1:

. Organization (Requirement 1)

. Quality Assurance Program (Requirement 2)

. Instructions, Procedures, and Drawings (Requirement 5)
. Document Control (Requirement 6)

. Corrective Action (Requirement 16)

. Quality Assurance Records (Requirement 17).

Columbia Energy and hydroGEOPHYSICS, Inc. collect data using designed systems or
off-the-shelf commercially available hardware. Designed systems conform to applicable
requirements in approved procedures that address design, design analysis, design verification,
and engineering drawing.

A project specific software management plan, Software Management Plan for Surface
Geophysical Exploration Projects (CEES-0338), was prepared to implement a graded approach
to software management in accordance with the following requirements documents:

. “Quality Assurance Requirements for Computer Software for Nuclear Facility
Applications” (ASME NQA-1, Subpart 2.7)

. CEES-0333
. Software Engineering (CE-ES-3.5)

. High Resolution Resistivity Characterization of Single Shell Tank Farm Waste
Management Areas (Contract 28090)

. DOE O 414.1C.

3.1 DATA COLLECTION

The setup, operation, and maintenance of the SGE equipment used in collecting and analyzing
resistivity data is described in Surface Geophysical Exploration System Design Description
(CEES-0360). This document identifies the requirements for the hardware and software used for
data collection and analysis and provides a rationale for the hardware and software selected for
use.
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Calibration requirements are described for hardware used to collect geophysical data. As an
example, the manufacturer (Advanced Geosciences, Inc.) of the resistivity data acquisition
instrument (SuperSting R8") recommends a yearly calibration of internal calibration resistors.
The calibration is performed at the manufacturer’s facility and a certificate of calibration is
provided. A copy of the calibration documentation, serial numbers, and expiration dates are
maintained in project files.

In addition, daily inspection of the receiver calibration is performed onsite using the
manufacturer-supplied calibration resistor test box. The supplied test box is connected to the
SuperSting R8 before commencing the daily survey. A specific calibration test firmware is
provided within the SuperSting and provides the operator with a pass/fail indication for each of
the eight receiver channels. If any of the channels fail, a recalibration or repair is required.

3.2 DATA PROCESSING

Data processing is performed using a number of software packages. The requirements and
responsibilities for the identification, evaluation, development, testing, and maintenance of
quality-affecting software acquired, developed, or modified in support of the SGE efforts are
defined in the CEES-0338.

* SuperSting RS is a registered trademark of Advanced Geosciences, Inc.
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4.0 RESULTS AND INTERPRETATIONS

This section presents the results and interpretations of analysis performed on resistivity data
collected at the TX-TY Complex. The primary objective of this investigation was to map areas
or regions of low resistivity in and around the TX-TY Complex (TX and TY tank farms and
surrounding areas) using electrical resistivity methods.

The details of the SGE resistivity method and theoretical basis applied to this evaluation of the
subsurface in the TX-TY Complex is provided in Appendix A of the RPP-34690 (Surface
Geophysical Exploration of the B, BX, and BY Tank Farms at the Hanford Site).

The detailed logistics of collecting resistivity data at the TX-TY Complex, including the STS,
WTS and WTW surveys, are presented in Appendix A. The methodologies used to process and
export resistivity data are presented in Appendix B. The general process used for database
archival and retrieval of raw resistivity data is provided in Appendix C. Appendix D provides a
summary of the background geophysical properties contained in the selected EM, MAG, and
GPR reports for the TX-TY Complex that were used to provide a basis for the interpretation of
resistivity inversion models in close proximity to buried infrastructure.

This section presents analysis results and interpretation of resistivity data for the four wastes site
areas outside the TX and TY tank farms in Sections 4.1 through 4.4 Discussion relevant to the
areas inside the tank farm areas follow in Section 4.5. The results and interpretations for these
subsections begin with discussion of the 2D resistivity modeling results and then are followed by
discussion of 3D modeling results. Discussion of modeling analyses of the STS resistivity data
collected for the overall TX-TY Complex follow in Section 4.6.

The Res2DINV (Geotomo, Ltd.) inversion modeling software was selected for processing of all
individual resistivity STS survey lines collected within the TX-TY Complex area. Res2DINV
was chosen over EarthImager2D (Advanced Geosciences, Inc.) in order to make use of the least
squares deconvolution method (Loke, 1995). This method improves inversion model resolution
by reducing distortions related to highly conductive materials buried near electrodes, such as
metallic pipelines or other infrastructure. A discussion of the inversion parameters and
optimization routines in this software are given in Section B.3.2 of Appendix B. Appendix E
show plots of all 2D inversion results for each STS survey line collected as part of the TX-TY
survey. In addition to the plots shown in Appendix E, color-contoured HRR (raw apparent
resistivity) sections are plotted and used for quality control and as an aid in the interpretation of
the results.

Advanced Geosciences, Inc. Earthimager3DCL was selected for all 3D resistivity inversion
models. EarthImager 3DCL was first developed during the B Complex SGE effort in order to
effectively process very large and complex 3D resistivity inversion models which were not
previously possible using commercial software (RPP-34690, Surface Geophysical Exploration of
the B, BX, and BY Tank Farms at the Hanford Site).

A resistivity color scale was optimized for the TX-TY Complex inversion model results in order
to maximize the viewer’s differentiation of color and associated resistivity values. The color
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scale consists of a spectrum that is similar to a rainbow with colder shades (blue) representing
low resistivity values that trend to hotter colors (red) to represent higher resistivity values. The
method used to optimize the TX-TY Complex resistivity color scale is described in
APPENDIX B.

Based on the results presented in this section, the primary objective was met through a
combination of 2D and 3D inversion models that utilize STS, WTW and WTS electrode types
and geometries. The results from the EM-MAG infrastructure interpretations, GPR mapping and
GIS infrastructure mapping efforts were used to interpret and isolate the effects of infrastructure
on the resistivity inversion model results.

4.1 TX TRENCHES (216-T-21 THROUGH 216-T-25) AREA

The area surrounding the TX trenches (216-T-21 through 216-T-25) was the first focus for STS
2D and 3D resistivity inversion analysis. The TX trench area is covered by STS survey lines 1E
through 6E and portions of 7E through 9E and 5N through 17N (APPENDIX C) as well as the
3D STS inversion model domain referred to as TXTY-STS1iii (See Figure 4-1.). In general, no
significant buried infrastructure exists in this area as interpreted from the EM and Mag Report
(RPP-36893) and maps of known infrastructure (Figure 2-7).
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Figure 4-1.  STS Survey Lines and Model Domain Associated with TX Trench Area.

D TxTy_STS1 —— HRR Lines O-:2:-&):1cl)l\owleters +

4.1.1 2D Inversion Model Results

Review of resistivity estimated with 2D inversion models of STS survey lines in the TX trench
area show a uniformly resistive upper 15m model layer that ranges in value from 300 to

5,000 ohm-m. This range of resistivity is consistent with background resistivity values
measured at other SGE sites (RPP-34690, Surface Geophysical Exploration of the B, BX, and
BY Tank Farms at the Hanford Site and RPP-RPT-28955, Surface Geophysical Exploration of
T Tank Farm). The upper model layer values fall off relatively smoothly with depth towards the
local water table at approximately 260 feet (80 meters).
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The primary resistivity target in this region is a low (1-30 ohm-m) resistivity region that lies
directly below the 216-T-21 to 216-T-25 trenches. Results for 2D resistivity models of survey
lines SE, 6E, 11N and 10N provide examples that define the depth and extent of this target by
bisecting the center at right angles. The north-south extent of this target is defined by the blue
contours(1-35 ohm-m) at Station Meters 85 to 215 in Line S5E (Figure 4-2) and Station Meters
95-230 in Line 6E (Figure 4-3). The east-west extent is defined by the blue contours (1 to

35 ohm-m) at Station Meters 140-195 in Line 10N (Figure 4-4) and Station Meters 120-180 in
Line 11N (Figure 4-5). No significant buried infrastructure is annotated at the locations of the
216-T-21 to 25 trenches in these figures.

Figure 4-2. 2D Inversion Model Results - Line SE.
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Figure 4-3. 2D Inversion Model Results - Line 6E.
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Figure 4-4.
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2D Inversion Model Results -
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Figure 4-5. 2D Inversion Model Results - Line 11N.
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4.1.2 3D Inversion Model Results

This section describes the results of the 3D inversion model analysis of resistivity data collected
over the TX trenches area at the TX-TY Complex.

A compilation of all orthogonal resistivity lines within the red polygon model domain in

Figure 4-1 was used for a 3D STS inversion model called TxTy STS1iii. The resistivity data for
this model were collected at 6 meters electrode spacing and 30 meter orthogonal line separations
and inverted using EarthImager3DCL v1.1.3. The model runtimes, domain description and
convergence statistics are shown in Table 4-1. A plot of model convergence is provided in
Figure 4-6.

A review of modeling results indicates that the location and aerial extent of the primary low
resistivity target is centered at the 216-T-21 to 216-T-25 trenches (Figures 4-7 through 4-10).
The primary low resistivity target falls within the range of 1-40 ohm-m and is displayed as an
iso-volume in semi-transparent red, with a secondary target of 40-75 ohm-m in semi-transparent
green. This target lies directly below the 216-T-21 to 216-T-25 trenches at 20 meter depth and
extends to approximately 60 meter depth. The shape and position of this target is consistent with
the 2D inversion model results for this area. Figure 4-11 shows 6 orthogonal slices through the
3D inversion model domain. Both the shape and position of the primary target as well as the
background values that surround the target are visible in this view.

4-7
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Table 4-1. Simulation Details and Statistics of 3D
Model Domain TXTY-STS1iii.

Input File TXTY-STSliii
Inversion start date 00:55:35 2008-03-10
Inversion end date 10:09:13 2008-03-10
Northing range (meter) 384
Easting range (meter) 276
Easting minimum 566,404
Northing minimum 136,016
Easting maximum 566,680
Northing maximum 136,400
Software version EarthImager3DCL v1.1.3
Number of electrodes 1,020
Number of data points 22,287
Domain area (acres) 26.2
Number of domain nodes 382,470
Number of iterations 6
Root mean square of final iteration | 4.66

Figure 4-6. TXTY-STSl1iii Inversion
Model Convergence Curve.

1 2 3 4 2 [ 7
teration
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Figure 4-7. TxTy-TSl1iii Inversion Model Results Showing 3D
Plan View of Selected Resistivity Levels — TX Trench Area.
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Figure 4-8. ' TXTY-STS1iii Inversion Model Results Showing 3D View from Southwest of
Selected Resistivity Levels — TX Trench Area.
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TXTY-STS1iii Inversion Model Results Showing 3D View from the
Southeast of Selected Resistivity Levels — TX Trench Area.

Figure 4-9.
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Figure 4-10. TXTY-STS1iii Inversion Model Results Showing 3D View from East of
Selected Resistivity Levels — TX Trench Area.
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Figure 4-11. TXTY-STS1iii Inversion Model Results Showing 3D View from Above
and South West of 2D Slices Through the Primary Target and Background
Levels - TX Trench Area.
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4.2 216-T-19 CRIB AND TILE FIELD AREA

The 216-T-19 crib and tile field and 216-Z-7 crib shown in Figure 4-12 is covered by STS
survey lines IN through 6N and portions of 8E through 15E (Appendix C) as well as the 3D STS
inversion model domain referred to as TXTY-STSS5 (see Figure 4-12). This area contains
significant buried infrastructure as interpreted from the EM and Mag Report (RPP-36893) and
maps of known infrastructure (Figure 2-8). The following interpretations of 2D resistivity
inversion models were assisted by annotations of the position and type of buried infrastructure
present for each model domain.
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4.2.1 2D Inversion Model Results

A review of 2D STS resistivity inversion models surrounding the 216-T-19 trench and 216-Z-7
crib area reveals a surficial background resistivity layer in areas that are not in close proximity to
buried metallic infrastructure. In areas free of infrastructure, these models show a uniformly
resistive background layer in the upper 20m that ranges in value from 300 to 5000 ohm-m.
Background values are well defined at station meters 100-250 in Line 2N (Figure 4-13) and
0-300 in Line 3N (Figure 4-14). The range of resistivity in the background layer is consistent
with background resistivity values measured over the TX trenches (216-T-21 through 216-T-25)
as well as other SGE sites (RPP-34690, Surface Geophysical Exploration of the B, BX, and BY
Tank Farms at the Hanford Site and RPP-RPT-28955, Surface Geophysical Exploration of

T Tank Farm).

Deeper model layers surrounding 216-T-19 trench and 216-Z-7 crib area reveal targets that are
dominated by buried surface infrastructure, such as pipelines and groundwater wells that are in
close proximity to the surface electrodes. These resistivity targets dominate the lower model
layers and obscure the expected gradual lowering of resistivity as depths approach the local
water table at approximately 80m. Even though buried infrastructure dominates the low
resistivity targets in these models, several targets located directly beneath waste sites cannot be
accounted for by known infrastructure alone.

4.2.1.1 216-T-19 Tile Field Area. A review of the 2D resistivity inversion models which
cross the 216-T-19 tile field area reveals a primary low resistivity target that runs for much of the
length of the 216-T-19 tile field in the north-south direction. This low resistivity target and the
surrounding background values are well defined in Line 14E (Figure 4-15). Background high
resistivity values (300-5000 ohm-m) are shown in Line 14E between station 0 and 50 m in the
upper 20m model layers before the primary low resistivity (1-70 ohm-m) target starts between
station 50 to 170 m and from 0 to 20m model depth (Figure 4-15). Line 15E shows two low
resistivity targets as blue (1-70 ohm-m) discrete targets beneath the 216-T-19 tile field area
between station 36 and 50 m and a depth of 30 m and again between station 95 and 125 m at a
model depth of 35m. The target between station 36 and 50m in Line 15E has a similar shape and
position to the primary low resistivity target in Line 14E. Infrastructure, which may influence
this target, is not annotated in this portion of Line 15E. The second target between station 95 and
125 m in Line 15E has a much higher gradient and a lower over all resistivity value when
compared to the target between station 36 and 50 m. The close proximity of groundwater well
299-W14-51 may influence the shape and lower resistivity of this second target.

Background values are indicated in Lines 2N and 3N between station 210 and 240 m in the upper
20-m model layers and directly below the tile field (Figures 4-13 and 4-14). Three additional
low resistivity targets are indicated by the east-west trending Lines 2N and 3N which cross over
3 pipelines and the tile field (Figure 4-12). The low resistivity target in Line 3N is shown as a
blue discrete volume (1-70 ohm-m) between station 158 and 205 m and 35 m model depth. It is
unclear to what degree the low resistivity target in Line 2N between stations 30 and 200 m at a
25-m model depth is influenced by buried pipelines or other infrastructure (Figure 4-13) or the
216-T-19 crib and the 216-Z-7 crib.

4.2.1.2  216-Z-7 Crib Area. A review of 2D STS resistivity inversion models surrounding
the 216-Z-7 crib area reveals a low resistivity target of 1-70 ohm-m centered beneath the crib
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area. Results from Line 3N show this target between station 70 and 125 m and at a depth of

20 to 35 m (Figure 4-14). The size, shape and gradient of the resistivity values in this target are
consistent with previous SGE low resistivity targets beneath liquid waste disposal sites where
minimal infrastructure was present (RPP- RPP-34690 at B Complex; RPP-RPT-28955 at

T Farm).

A review of previous SGE raw data showing low resistivity targets beneath liquid waste disposal
sites with minimal infrastructure suggests that interference from the cathotic protection circuit
and groundwater well L3875 annotated in Figure 4-14 is minimal for this particular line. Results
from Line 2N show a similar low resistivity target (1-70 ohm-m) between station 60 and 80 m
and between depths of 12-60 m (Figure 4-13). However, the low resistivity target in Line 2N has
much sharper gradients and lower values than the target in Line 3N. The significantly lower
resistivity values, sharper gradients and vertical shape of the target in Line 2N is most likely due
to interference from the close proximity of steel-cased groundwater wells 299-W15-7 and 299-
W15-64 (Figure 4-13).

Both Lines 9E and 10E run north-south across the 216-Z-7 crib area at the southern edge of the
model domain (see Figures 4-17 and 4-18). Both of these models show only the upper
background resistivity layers in detail because the electrode geometry at the line edges is too
limited to allow for full exploration depth.
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Figure 4-12. Model Domain of 216-T-19 Crib and Tile Field and 216-Z-7 Crib Area.
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Figure 4-13. Model Results for 2D Inverse Model Domain
of Resistivity Survey Line 2N.
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Figure 4-14. Model Results for 2D Inverse Model Domain
of Resistivity Survey Line 3N.
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Figure 4-15. Model Results for 2D Inverse Model Domain
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Figure 4-17. Model Results for 2D Inverse Model Domain
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4.2.2 3D Inversion Model Results

This section describes the results of the 3D inversion mo