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1.0 INTRODUCTION

This document, Subsurface Conditions Description of the C and A-AX Waste Management
Areas, discusses the subsurface conditions relevant to the occurrence and potential migration of
contaminants in the groundwater underlying the C, A, and AX Tank Farms. These tank farms,
located in the 200 East Area of the Hanford Site, make up the C and A-AX Waste Management
Areas (WMAs). This document describes the available environmental contamination data and
contains a limited, qualitative interpretation of the data as they apply to contaminant behavior.

1.1 BACKGROUND

Figure 1-1 shows the locations of the C and A-AX WMAs, and some other facilities in the

200 East Area. To facilitate Resource Conservation and Recovery Act of 1976 (RCRA)
groundwater monitoring programs, the A and AX Tank Farms were grouped into one WMA.
Figures 1-2 and 1-3 provide more detail on the C and A-AX WMAs, respectively. Surrounding
area facilities are also shown. In Figure 1-2 (C tank farm), other auxiliary tank farm structures
are shown including the 244-CR vault, the C-301 catch tank and four small processing tanks,
C-201 through C-204. In Figure 1-3 (A and AX Tank Farms), auxiliary structures (244-AR
vault, A-350 Catch tank) and nearby liquid discharge facilities (cribs, trenches, retention basins
and french drains) are shown.

Evaluation of vadose zone contamination under C and A-AX Tank Farms by tank waste is being
cvaluated as an extension of similar activities that have been completed for several other single
shell tank farm WMAs including S-SX, B-BX-BY, T, and TX-TY WMAs. Subsurface
Conditions Description Reports (SCDR) have been issued for these WMAs: Subsurface
Physical Conditions Description of the S-SX Waste Management Area (Johnson et al. 1999),
Subsurface Conditions Description of the B-BX-BY Waste Management Area (Wood et al. 2000),
and Subsurface Conditions Description of the T and TX-TY Waste managenment Areas

(Wood et al. 2001). The previous investigations were initiated because the source of some
ncarby groundwater contamination was attributed to a tank waste source in the vadose zone
underlying these WMAs. Consequently, the Washington State Department of Ecology
(Ecology), the U.S. Environmental Protection Agency (EPA) and the U.S. Department of Energy
(DOE) n¢ tiated the Hanford Federal Facility Agreement and Consent Order (Tri-Party
Agreement) Change Control Form, Form No. Draft M-45-98-03 (Ecology et al. 1999). The
proposed Tri-Party Agreement milestones mandated a series of activities addressing these
WMAs. The goal of the activities was to determine the need for corrective action to mitigate the
impact of contamination from single-shell tanks (SST) on the surrounding environment.

The C and A-AX WMA s were not included in this action because there has been no indication

it vadose contamination in these WMAS is a source of current nearby groundwater
contamination. However, it has become clear from previous investigations that if vadose zone
contamination is present under a WMA, future groundwater contamination from these sources is
plausible. In order to complete remediation of thesc WMAs and achieve final closure of the
facility, the potential environmental impacts of these sources must be evaluated. Information
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Figure 1-2. Location Map of the C WMA (C Tank Farm and Surrounding Facilitics).
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Figure 1-3. Location Map of the A-AX WNMA (A and AX Tark Farms and Surrounding
Facilities).
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1.2 PURPOSE

Within the context of the characterization and evaluation program, this document fulfills several
purposes. To aid in selecting a characterization approach, this document is focused on
site-specific data that define the occurrence and migration of contaminants within the system to
date. This cument includes a concise description and limited interpretation of these critical
data. A systematic description of the environmental conditions affecting contaminantm’  ‘tion
still is needed to identify data gaps, recognize significant relationships among different d

types, and organize data inputs to contaminant migration models. This document provides a
framework for completing a systematic description as  ore data are collccted, interpreted, and

int__ tedw ~ rrentlv available information. This document supports the creation of a work
addend ‘the  ase I RCRA Facility Investieation/Corrective Measure: ™ udy Work
for Single-Shell _ _nk Waste Mana; 1ent Arc Fo19.36° 19).

1.3 SCOPE

The first part of this document describes the two primary components of the subsurface condition
database: the physical setting of the C and A-AX WMAs and the contaminants contained within

: WMASs. Chapter 2 describes the physical setting, which includes the tank farm
infrastructure, geology, hydrology and infiltration mechanisms, and geochemistry. The tank farm
infrastructure description emphasizes those parts of the system that allowed fluids to discharge
into the soil column and the periods during which these parts were operational. The geology
description emphasizes the impact of the geologic strata on fluid movement. The hydrology and
infiltration discussion emphasizes infiltration mechanisms, infiltration history, and hydrologic
propetties of the geologic strata that control fluid movement. The geochemistry section
emphasizes the characteristics that control contaminant movement, particularly in relation to
fluids.

The second component of the subsurface characterization database is the description of
contaminant occurrences and movement within the vadose zone. This is presented in Chapter 3.
First, contamination events are summarized to orient the reader to the historical sequence.
Second, the synthesis of the historical and spectral gamma database for the C, A and AX Tank
Farms is summarized. These data are unique because of their extent, both temporally and
spatially. The overview demonstrates the observed spatial variability of contaminant
concentration and provides the most comprehensive indication of the diversity among various
contaminating events. Distinct sources or similar types of sources within the vadose zone of the
WMAss organize the remainder of the discussion in Chapter 3. The key data in this discussion
include tank waste inventory and chemistry information derived from process history, the
corroborating gamma data, and soil sample data where available.

_ 1apter 4 contains a brief qualitative integration of the data and relates the datato a

conceptualization of the contamination events. Because the events arc diverse, database
erpretations are given for each specific contaminating occurrence or type of occurrence.

1-5
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Key uncertainties and data gaps that are important to understanding potential future
contamination of the unconfined aquifer are identified in Chapter 5. Chapter § also provides
recommendations for resolving thesc uncertainties.

Six appendices also are provided. Appendix A contains the text of the C and A-AX WMA
historical summary document Historical Vadose Zone Contamination from A, AX, and C Tank
Farm Operations (Williams 2001). Appendix B provides additional tank infrastructure,
operating history information and unplanned releases descriptions. Appendix C provides
supporting geologic data. Appendix D provides supporting hydrologic data. Appendix D
summarizes the analyses of spectral gamma logging data. Appendix E summarizes the analyses
oss; n lo; ngdata. Appendix Fsummar®  field characterization work comnleted for
two unplanned releases of tank waste from transfer lines in the southwest part of the Y. A,
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2.0 PHYSICAL SETTING

2.1  C AND A-AX WNMA INFRASTRUCTURE AND OPERATIONS HISTORY

This section discusses the infrastructure and briefly summarizes the C, A and AX Tank Farm
operations history, including the use of ancillary equipment and nearby cribs, trenches and wells.
A more detailed historical review is provided in Williams (2001), which is provided as Appendix
A. s section identifics the infrastructure elements known or suspected to have discharged
fluids to the vadose zone, along with elements that remain capable of future discharges.

2.1.1 Cand A-AX WMA Inf tructure

The three tank farms, C, A and AX are divided into two WMASs, with the C Tank Farm in one
and the A and AX Tank Farms in the other. Within the C Tank Farm, the primary structures
through which tank waste was stored, transported and discharge are the 12 primary tanks (C-101
through C-112) and four secondary tanks (C-201 through C-204). The primary tanks are 23 m
(75 1) in diameter and 4.9 m (16 ft) deep with a capacity of 2 million liters (§30,000 gal). Each
ancillary tank is 6.1 m (20 ft) in diameter and 11 m (37 ft) deep with a capacity of 0.2 million
liters (55,000 gal). Primary and secondary tank configurations and dimensions are provided in
Appendix B, Figures B-1 and B-2. The 12 primary tanks were divided into 4 scts of 3 tanks each
(e.g., tanks C-101, C-102, and C-103) with cascade lines attaching set so that waste would flow
from southwest to northeast by gravity fced. The C Tank Farm also contains an assortment of
ancillary equipment used to move tank waste during operations. These include seven diversion
boxes, the 244-CR process vault and numerous waste transfer lines (see Figure 1-2).

Within the A-AX WMA, the primary structures are two tank farms containing a total of 10 tanks
(tanks A-101 through A-106 and tanks AX-101 through AX-104). Each tank is 23 m (75 ft) in
diameter and 9.1 m (30 ft) deep with a capacity of 3.8 million liters (1 million gal). Tank
configurations and dimensions are provided in Appendix B, Figure B-3. The tanks were
connected by overflow lines but did not cascade. The A Tank Farm was undecrlain by laterals
connected to caissons as a leak detection system because the tank farm was designed to store
boiling waste. The AX tanks included a grid of drain slots beneath the shell liner bottom and a
leak detection well that could collect potential leakage. Ancillary equipment included diversion
boxes and catch tanks inside the WMA and the 244-AR vault just west of A Tank Farm.
Outside the A and AX Tank Farms are several liquid discharge facilities: retention basin
216-A-40 west of AX Tank Farm, crib 216-A-39 north of AX Tank Farm, crib 216-A-38 east of
AX Tank Farm, crib 216-A-41 west of A Tank Farm, and cribs (216-A-1 and 216-A-7) and
retention basins (207-A North and South) east of A Tank Farm (see Figure 1-3).
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2.1.2 Operations History

The C, A and AX Tank Farm complexes received waste generated by essentially all of the major
chemical processing operations that occurred at Hanford including bismuth phosphate fuel
processing, uranium recovery, Plutonium-Uranium Extraction Plant (PUREX) fuel processing,
fission product recovery and tank farm interim stabilization and isolation activities. Only

. Tank Farm was operational during the bismuth phosphate and uranium recovery processes.

2.1.2.1 Bismuth Phosphate and Uranium Recovery Operations. The C Tank Farm was
constructed between 1943 and 1944 and first received metal waste and first cycle waste from

B Plant beginning in 1946. Ultimately, tanks C-101 through C-106 received metal waste and
tanks C-107 through C-1 12 reccwed : : " tanks were filled with bismuth

p by t . 3 r [ )
tank space, in 1952 first cycle waste was transferred to the 242-B evaporator.

Metal waste was also removed from C Tank Farm beginning in 1952 and transferred to U plant
for uranium recovery. Ancillary equipment involved in the metal waste transfer included the
244-CR vault and diversion boxes 241-CR-151, -152 and —153. Subsequently, tributyl
phosphate (TBP) waste, a byproduct of the uranium recovery process, was returned to C Tank
Farm. The 244-CR vault was modified in 1955 to scavenge TBP waste (that is, to separate
cesium-137 from the supernate by precipitation) that was present in tanks C-107 through C-112.
The scavenged slurry was redeposited in tanks C-109 and C-112 to settle and the resultant
supernate was discharged to the BC cribs.

2.1.2.2 PUREX Processing Operations. The A Tank Farm was constructed in 1955 to support
the PUREX processing plant operations, which ultimately produced the greatest amount of
plutonium during Hanford processing history. The PUREX process produced three major waste
strcams, PUREX Coating Waste (CWP), PUREX acid waste (PAW) which contained about 99%
of the fission products, and organic wash waste (OWW). These wastes were neutralized, as
needed, and stored in the C and A Tank Farms at various times. Beginning in 1956, neutralized
PAW and OWW were sent to A Tank Farm and CWP was sent to C Tank Farm. Beginning in
1957 CWP in C Tank Farm was routed to the B-BX-BY Tank Farms. AX Tank Farm was
constructed in 1963 and received PAW from 1965 through 1969. From 1962 until 1969 tank
C-102 was designated as the receiver tank for CWP and all CWP from PUREX was sent there
and in 1968, OWW was separated from PAW and also sent to tank C-102. The CWP and OWW
wastes v e routed to the in-tank solidification operations in the BY Tank Farm.

Both intentional and unintentional discharges to ground occurred during this time period. Tank
condensate and cooling water were deliberately discharged to several cribs, ditches, french drains
and ponds beginning in 1956. Several liquid discharge facilities received enough waste to reach
their radiological capacity, released contaminants to groundwater and were decommissioned.
Crib 216-A-8 was abandoned in 1958 but then reused from 1966 to 1976 when crib 216-A-24
reached its capacity and was abandonced in 1966. Crib 216-A-5 and ditch 216-A-10 received
process condensate from 1956 until 1961 and from 1961 to 1978, respectively before
groundwater contamination forced their abandonment.
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Several unintentional PUREX waste releases to the environment occurred during this time
period. In 1969, CWP leaked from a transfer linc (V051) near diversion box 241-CR-151 to
which it was connected. CWP also leaked from a transfer line between tanks C-105 and C-108
some time between 1956 and 1959, An estimated 190 L (50 gal) was lost. In early 1965, a
violent steam discharge event occurred in tank A-105. A 30-minute steam release was
associated with this event. The initial asscssment was that up to 10 to 12 thousand gallons of
waste might have been lost during the event. Subsequent investigation showed a bulge in the
tank liner bottom providing an estimate void volume between the liner and the concrete shell of
19,000 to 57,000 L. Additional leakage was noted in 1967 (UPR-200-E-120).

2.1.2.3 Isotope Recovery Programs. By the late 1950s, it was clear that a number of SSTs had
lil  yleaked and the long-term storage of large volumes of liquid radioactive wastes was
untenable. ~"inforc sontracto we lirected to convert liquid radioactive tosal e
assoonas cticable, Conversion of the supcrnatant to saltcake required removal of much of
the Cs-137 and Sr-90. As treatment processes were developed and implemented, PUREX waste
streams depleted in strontium-90 and Cs-137 were stored at various times in some C farm tanks.
Strontium-90 depleted PAW was stored in tanks C-107 through C-109 after Strontium

¢ iworks startup in 1961. In 1963, PUREX supernate waste (PSN) previously stored in tank
C-103 was transferred to 241-C-801 facility for cesium-137 removal and subsequently returned
to tank C-102. Eventually, this waste and commingled CWP in tank C-102 was transferred to
BY Tank Farm. From 1963 to 1967 strontium-90 recovery processes were being developed at

B Plant and the depleted wastes were stored in C Tank Farm and in tank AX-101.

The conversion of high-fission product radioactive waste supernatants into saltcake required both
a 3 to 5 year cooling-off period to allow short-lived radionuclides to decay (thus, the need for
boiling waste tanks in the S, SX, A, and AX Tank Farms) and removal of a significant amount of
the longer-lived hcat-generating radionuclides such as strontium-90 and cesium-137, In 1967,

B Plant was reactivated to support an isotope recovery program. Beginning in 1967, PUREX
current acid wastes were processed through B Plant for cesium-137 and strontium-90 recovery,
prior to the 3 to 5 year cooling-off period. Aged PUREX supematants and sludges were
recovered from the tanks and processed through the B Plant for strontium-90 and cesium-137
recovery. The aged reduction-oxidation (REDOX) supernatants were transferred to 200 East
Area tanks and processed through B Plant for cesium-137 recovery. Tank C-105 was the
receiver tank for all supernatants going to B Plant for Cs-137 recovery. After cesium-137
removal, REDOX supematants were transferred back to the 200 West Area for saltcake
production in the T and S Evaporators.

After the cesit  -137 was removed (or at lcast greatly reduced) in the aged PUREX supernatants,
the wastes were transferred to various tanks in the B/BX/BY and C farms, leading to conversion
of supernatants into saltcake using the BY farm in-tank solidification (ITS) process. Inthe ITS
process, heater units were installed in three tanks in the BY Tank Farm. Waste supernatants
were rotated through the ITS process tanks and out to the B-BX-BY tanks so as to produce
saltcake. The available tank space in the B-BX-BY farms was filled with saltcake using the

BY ITS process.
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By 1967, all cesium-137 and strontium-90 removal from PSN was being done at B Plant and the
primary transfer sequence was initial storage of PSN in AX Tank Farm followed by transfer
through tank C-105. In the late 1960s, OWW was combined with CWP and stored in tank C-102
and subsequently transferred to BX Tank Farm for interim tank stabilization. PUREX sludges
were also sluiced from A Farm tanks (A-101 in 1968, A-104 in 1969 and A-106 in 1970) and
transferred to 244-AR vault for acidification, then to 244-CR vault as PUREX acidified sludge
(PAS) and B Plant. Depleted wastes from B Plant were returned to AX Tank Farm for storage.
This cycle ran until 1978 when the last of the PUREX waste in A and AX Tank Farm had been
treated. Tanks deemed to be sound in C, A and AX Tank Farms (primarily tanks A-103, C-103
and C-103) stored all variety of wastes not scgregated by waste type.

entionaldis r during v fractionation eriod inc® ° d slightly contaminated fluids
...mthe2 4 vault it > (1968 to Dandun  aminatec bt
Gable Mountain Pond. Unintentional releases included PSN losses from transfer lines V122 near
diversion box 241-C-152 in 1970 (UPR-200-E-82) and line 812 near diversion box 241-C-151 in
1971 (UPR-200-E-86). In AX Tank Farm, three small releases occurred surface contamination
around diversion box 241-AX-151 in 1972, (UPR-200-E-42), a pump pit lcak at 241 AX-103 in
1974 (UPR-200-E-115), and a small spill created at 241-AX-104 in 1969 created by cable
movement (UPR-200-E-119).

In the mid 1970s, a decision was made put all the single shell tanks out of service. AtC, A and
AX Tank Farms, saltwell jet pumping was employed to remove much of the liquid waste present
in the tanks. Tanks C-103 and A-102 were designated as the receiver tanks for C farm and
A-AX Tank Farms, respectively and pumping began in 1976. Currently, the majority of liquid
wastes have been removed from these tanks. The most recent sluicing event occurred at tank
C-106 in 1999.

2.2 GEOLOGY

This section summarizes the geologic setting and presents an updated conceptual geohydrologic
model of the area in the vicinity of A-AX and C Waste Management Areas (WMAs), located in
the east-central portion of Hanford’s 200 East Area. This analysis is based on a total of

49 boreholes (Table 2-1) located within 1000 ft (300 m) of A-AX and C WMA s (Figure 2-1) and
contains an update of previous geologic descriptions given for these areas (Caggiano and
Goodwin 1991; Williams et al. 2000; Narbutovskih and Horton 2001; and Horton and
Narbutovskih 2001). The resulting conceptual model was compared to regional studies to assure
coherence within the larger framework of stratigraphic interpretations. The information in this
section provides the framework for subsequent consideration of stratigraphic and structural
controls on moisture and waste movement through the vadose zone to groundwater.

24
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2.2.1 Geomorphology

A-AX and C WMAs lie along Cold Creck bar, a large compound flood bar formed during
Pleistocene Ice Age floods (DOE 1988, Wood et al. 2000). The upper surface of the bar in the

10 East Area rms a broad plain extending westward for several miles. The northem
boundary of the bar is defined by a scries of northwest-southeast trending flood chai___s.
WMA A-AX is near the apex of the bar at an elevation of about 690 ft (210 m) whereas WMA C
lies along the gently sloping, north flank of the bar at an elevation of about 650 ft (198 m).

2.2.2 General Stratigraphy

T setting " the ] 1 and the Hanford Siteh  been«¢ :ribed by
Geology ana Hyaroiogy of the Hanford Site: A Standardized Text for Use in Westinghouse
Hanford Company Documents and Reports (Dclancy et al. 1991), “Geohydrologic Setting of the
Hanford Site, South-Central Washington” (Lindsey et al. 1994b), and DOE (1988). Geology of
the Separation Areas, Hanford Site, South-Central Washington (Tallman et al. 1979) and more
recently Geologic Setting of the 200 East Area: An Update (Lindscey et al. 1992), Geologic
Setting of the Low-Level Burial Grounds (Lindscy et al. 1994a), Last et al. (1989), and

Williams et al. (2000) descnibed the geology of the 200 East Area. The ~~ology specific to
WMA A-AX was first described by Price and Fecht in Geology of the 241-A Tank Farm (1976a)
and Geology of the 241-AX Tank Farm (1976b) followed by Fate and Transport of Constituents
Leaked from Tank 241-A-105 (Caggiano and Goodwin 1991). Most recently, the WMA A-AX
geology was summarized in A Summary and Evaluation of Hanford Site Subsurface
Contamination (Jones et al. 1998), and Narbutovskih and Horton (2001). The geology specific to
WMA C was first described in Geology of the 241-C Tank Farm (Price and Fecht 1976¢)
followed by Caggiano and Goodwin (1991). Most recently the WMA C geology was
summarized by Jones et al. (1998) and Horton and Narbutovskih (2001).

A total of seven stratigraphic units lic within the A-AX and C Waste Management Areas
«» -8ure 2-2). Thesc units are represented on hydrogeologic cross sections and isopach and
stn ure ntour maps (Appendix C):

¢ Recent deposits

¢ Hanford formation - upper gravelly sequence (H1 unit)

¢ Hanford formation — sand sequence (H2 unit)

e Hanford formation - lower gravelly scquence (H3 unit)

¢ Undifferentiated Plio-Pleistocene silt (PP1z) and/or Ringold Formation mud? [PPiz/(R)?]

¢ Undifferentiated Plio-Pleistocene unit gravel (PPlg) and/or Ringold Formation UnitA?
[PPIg/(R)?]

“lumb River Basalt Group

2-11
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Figure 2-2. Stratigraphic Units.
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A-AX and C WMAs were constructed in the near-surface sediments that overlie the Columbia
River Basalt Group (i.e., bedrock) on the north limb of the Cold Creek syncline. The oldest
suprabasalt sediments in the vicinity of A-AX and C WMA s include, (1) a gravelly sequence
belonging to undifferentiated Ringold Formation member of Wooded Island (Unit A) and/or
younger fluvial gravel facies of the Plio-Pleistocenc unit (PPlg), referred to in this report as
PPlg/R(?), overlain by (2) undifferentiated Ringold Formation mud and/or Plio-Pleistocene silt
(PPlz), abbreviated here as PP12/R(?). These deposits predate Pleistocene cataclysmic flooding,
which blanketed the area with mostly coarse sand and gravel. Cataclysmic flood deposits,
collectively referred to as the Hanford formation, include a lower and upper gravelly sequence,
scparated by a sand-dominated sequence in the study area. Recent deposits of eolian silty sand
and man-made backfill locally overlie flood deposits.

The thickness of the vadose zone beneath the study area ranges from 235 ft (72 m) in the vicinity
of WMA Cto 295 ft (90 m) around WMA A-AX (Narbutovskih and Horton 2001; Horton and
Narbutovskih 2001). The unconfined aquifer is relatively thin (60-90 ft [18-27 m]) and resides
mostly within the undifferentiated Plio-Pleistocene gravels/Ringold Formation Unit A sequence
(sce Appendix C).

2.2.3 Methodology

The sources of available geologic data, the quality of these data, and how they are used to
develop the conceptual geohydrologic model for C and A-AX WMAs are described in the
following paragraphs. The quality of data available from the boreholes varies considerably

depending on when the boreholes were drilled, the drill method(s) used, and intended purpose of
the borehole.
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2.2.3.1 Data Sources. Borchole data consisting of driller's logs, geologist's logs, archived
samples, and geophysical logs, as well as limited laboratory characterization data (grain-size
distribution, CaCOj3, and moisture content), are the principal data sets used to interpret
subsurface geology. In addition, numerous reports describing the geology of the area create the
foundation from which the model has evolved (e.g. Tallman et al. 1979; DOE 1988,

Last et al. 1989; Lindscy et al. 1992, Connelly et al. 1992, Horton and Narbutovskih 2001, and
Narbutovskih and Horton 2001). A summary of the types of data available for the 49 boreholes
within 1000 ft (300 m) of A-AX and C WMA s is presented in Table 2-1. Interpretations in this
report are biased in favor of the higher-quality borcholes, which have one or more of the
following characteristics: 1) recent installation, 2) available geologist logs, 3) available
geophysical logs, and 4) available moisture, grain-size, and other characterization data.

Initially, well te geologists’ It or drillers’ logs were : ined and ¢ pared to geophysical
logs from boreholes. The quality of drilling logs differs because many wells and borcholes were
drilled without a geologist present at the site; this is generally true for all boreholes drilled prior
to the mid-1980's. Up until that time, driller's would collect sediment samples every 5 ft (1.5 m)
and provide general descriptions of the formation materials and problems encountered during
drilling. Most of the archived sediment samples from these early (pre-1980) borings were
subsequently analyzed in the laboratory for grain-size distribution and CaCO; content; these
results reside in a database called ROCSAN, which is available but no longer maintained. For
this study, grain-size distribution and wt% CaCQOj, plots were gencrated after manually reentering
the data into EXCEL spreadshects from ROCSAN printouts.

The quality of the grain-size distribution data largely depends on the drill method used. Most
boreholes were drilled via the percussion cable-tool method, either with a hard tool or with a
drive barrel. Thosc intervals drilled with a hard tool tend to produce more fines because of the
pulverizing action of the solid hard-tool bit. The drive-barrel, on the other hand, better preserves
the original grain-size distribution, but also can result in some pulverization. The suprabasalt
sediments in only two boreholes within the study area were dnilled by alternative methods
(Table 2-1). Borehole 299-E25-48 was drilled using the air rotary method, which also has a
pulverizing effect, and borehole 299-E27-6 (DH-16) was drilled via diamond core below the

100 ft depth (Webster 1977). Of all the methods, diamond core produces the best-quality
samples from which to evaluate the subsurface geology.

Beginning in the mid-1980's, geologists were assigned the responsibility for providing lithologic
descriptions during drilling and samples were no longer routincly analyzed in the laboratory.
Therefore, most boreholes drilled after the mid-1980°s were not analyzed quantitatively in the
laboratory for grain-size distribution and wt% CaCQ;; qualitative estimates of thesc parameters
were provided on geologists logs, however.

Geophysical logs (e.g., gross-gamma ray), available for most of the boreholes, differ in quality
but are useful for identifying some, but not all, stratigraphic contacts. Geophysical logs
sometimes show lithologic differences because of differing amounts of natural gamma-ray
emitters (most commonly “°K). The proportion of “°K generally increases with decreasing grain
size. The gross-gamma log is often more uscful than physical samples for accurately determining

2-13
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the depths of fine-grained layers, especially those more than about 3 ft (1 meter) thick.
However, very thin clay and/or silt layers commonly go undetected on gross gamma logs.

When available, the neutron-moisture log is useful for identifying zones of higher moisture,
which are often associated with capillary boundaries including fine-grained intervals. Within the
vadose zone, moisture content frequently increases along sedimentary interfaces between
materials with contrasting grain size or lithology. Other geophysical logs listed in Table 2-1
(e.g., density, temperature, magnetic, caliper) have not proven particularly useful for
stratigraphic interpretation.

2.2.3.2 Development of Geohydrologic Model. The process of building the physical

v " ologic  ydel followed ¢ of investigative steps that were desigt | to honor the data
ana give preferential treatment t areho  withtl highest quality data available.
Boreholes near the C and A-AX WMAs are rated in Table 2-1 according to the quality of data
and dcgree of certainty in the interpretation of the geology of the borehole. The rating scale
ranges 1 to 5 (Figure 2-3), with boreholes rated #1 having the highest confidence in the geologic
interpretation. Those boreholes rated #5 (least confidence and highest uncertainty) are associated
with those boreholes with only a driller’s log available. Nonc of the 49 boreholes within 1000 ft
(300 m) of the C and A-AX WMAs (Table 2-1) are rated #1, as none of the holes have a
complete sct of high-quality characterization data. Boreholes rated #1 are those with a complete
geologist’s log accompanied by a gross-gamma and moisture logs, as well as grain-size, CaCO;3,
and/or other characterization data. Only 10 boreholes are rated #2 (Figure 2-3). Number 2 rated
boreholes have a geologists log, accompanied by a gamma log and either a neutron-moisture log,
or laboratory measurements of moisture, grain size, and/or CaCO;. The majority of the
borcholes in the study area has limited data sets (drillers log only, perhaps with a gamma log
and/or grain size/CaCO; data) and therefore has a quality rating of only 3 or 4. Six of the
boreholes are rated #5 (no useful geologic information or questionable drillers log only) and thus
of no use for geologic interpretation.
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Backfill materials consist of unstructured, poorly sorted mixtures of gravel, sand, and silt
removed during tank excavation, and then later used as fill around the tanks. Backfill materials
extend to depths of 50 ft within the tank farms (Figure C-15).

2.2.9 Clastic Dikes

Clastic dikes are vertical to subvertical sedimentary structures that crosscut normal sedimentary
layering. Clastic dikes are a common geologic featurc of the Hanford formation in the

200 Areas, especially in the sand- and silt-dominated facies. Clastic dikes are much less
common in the gravel ~minated facies of the Hanford formation.

Clastic dikesocer inswam and fo fourtyy ofnectworl (Fecht et al. 1999):

1) regular-shaped polygonal-patterns, 2) irregular-shaped, polygonal-patterns, 3) pre-existing
fissure fillings, and 4) random occurrences. Clastic dikes in WMAs A-AX and C probably occur
randomly in the gravel-dominated facies (Hanford formation Units H1 and F3) and as regular-
shaped polygons in the sand sequence (Hanford formation unit H2). Regular polygonal networks
resemble 4- to 8-sided polygons and the dikes defining the polygons typically range from 3 ¢cm to
1 m in width, from 2 m to greater than 20 m in depth, and from 1.5 to 100 m along strike.
Smaller dikelets, sills, and small-scale faults and shears are commonly associated with master
dikes that form the polygons.

In general, a clastic dike has an outer skin of clay with coarser infilling material. Clay linings are
commonly 0.03 mm to 1.0 mm in thickness, but linings up to about 10 mm are known. The
width of individual infilling layers ranges from as little as 0.01 mm to more than 30 cm and their
length can vary from about 0.2 m to more than 20 m. Infilling sediments are typically poor- to
well-sorted sand, but may contain clay, silt, and gravel.

2.3 RECHARGE SOURCES AND EVENTS

The facility infrastructure, infiltration of water from natural and tank farm operation sources, and
hydrologic properties of the stratigraphic units beneath the study area contro! the moisture and
waste movement through the vadose zone to groundwater. This section summarizes available
information on infiltration from natural resources; discharges causcd by tank farm operations and
observed spatial and temporal effects on subsurface hydrologic properties. Supporting data
tables and figures are provided in Appendix D.

Fluid infiltration into the soil column from the natural and tank operation sources, which are
discussed in Scctions 2.3.1 and 2.3.2, respectively, had a substantial effect on current
environmental contamination conditions in the A-AX and C WMAs at the Hanford Site
(Figure 1-1). Temporal changes in vadose zone moisture distribution and water table elevation
in response to historical variations in natural and artificial recharge (Section 2.3.3), combined
with hydrologic properties (Section 2.4), account for the rate and direction of contaminant
dispersal in the aquifer.
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2.3.1 Infiltration from Natural Sources

The tank farm surface characteristics and infrastructure create an environment conducive to
enhanced general recharge and transient, high-intensity events. Natural infiltration, runoff
events, and rapid snowmelt are discussed in Sections 2.3.1.1 through 2.3.1.3.

2.3.1.1 Infiltration. No direct measurements of the natural infiltration rate under the A-AX and
C WMAs have been made. However, observations from similar, disturbed, gravel-covered areas
at the Hanford Site indicate that as much as 10 cm/year (3.9 in./year) can infiltrate a
vegetation-free coarse gravel surface (Gee et al. 1992; Fayer and Walters 1995; Fayer et al.
1996). This represents about 60 percent of the average annual precipitation (rainfall plus
snowmelt). Fayer and Walters (1995) indicate that the C and A-AX WMAs are in an area

imated to have about of 5 cm/r  rto 10 cm/year (1.97 to 3.9 in./year) of infiltration. Th
estimate of infiltration is based on soil type, lack of vegetation, and land use. Actual recharge is
significantly different and not uniform because of the presence of the tanks and the disturbed soil
surrounding the tanks. Recharge is blocked and “shed” by the tank domes and flows into the
disturbed soil near the tanks. Thus, infiltration rates near tank edges and between rows of tanks
are likely manifold higher than average areal infiltration rates.

2.3.1.2 Runoff Events. Transient saturation from collection of runoff in low spots may be more
significant as a driving force than average annual infiltration. For example, rapidly melting snow
is one natural event that can lead to surface flooding. This type of occurrence has been
documented at the T Tank Farm in Results of Phase I Groundwater Quality Assessment for
Single-Shell Tank Waste Management Areas T and T-TX at the Hanford Site (Hodges 1998), but
no similar record is available for either C or A-AX WMAs. Runoff controls, berms and gutter
sand diversions were installed around the C and A-AX WMAs in calendar year 2002.

2.3.1.3 Rapid Snowmelt. Records of snowmelt have been made since 1981 at the Hanford
Meteorology Station, located between the 200 West and 200 East Areas. Figur¢ ~ 6 summarizes
the total snowmelt per month for a 24-hour period. These records indicate likely periods when
unusual accumulations or ponding of water may have resulted in transient saturation events,
possibly leading to transport of contaminants through the vadose zone to groundwater. In
addition to the February 1979 snowmelt ponding event mentioned in the previous runoff event
section several additional events are likely to have occurred over the last 20 years as evidenced
in Figure 2-6. The snowmelt events, as well as maximum monthly precipitation since 1946
(Appendix D, Table D-1), are shown on a time line with groundwater contamination
occurrences, tank leaks and unplanned releases in Figures 2-7 and 2-8 for C and A-AX WMAs,
respectively.
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Figurc 2-6. Monthly Summaries of Rapid Snowmelt Events, 1981 Through 1997.
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2.3.1.4 Fluid Discharges from Tank Farm Operations. During the operational history of the

A-AX and C Tank Farms, fluids were discharged into the vadose zone, both deliberately and

" Ivertently. A list of intentional discharge sites and unplanned releases with descriptive
mmation is provided in Appendix A from Williams (2001). Liquid discharge events are

summarized by tank farm in the following paragraphs.

2.3.1.5 Intentional Releases. Unlike some tank farms at the Hanford Site, WMA C is not near
many liquid waste disposal sites. At C farm the only intentional discharge facility was the
216-C-8 french drain, located about 75 ft (23 m) southeast of the 241-C Tank Farm. The drain is
a 6-foot (1.8 m) diameter, 8-foot (2.4-m) long, gravel-filled concrete pipe placed vertically in the
ground. It was used between June 1962 and June 1965 and received an unknown amount of
ion-exchange regencration waste from the 271-CR control house (DOE 1993b). The waste
volume was not large compared to crib discharges. ...ere is no indication that intentional
releases had any significant impact on vadose zone contamination.

A greater number of intentional liquid discharge facilities were used around A and AX Tank
Farm but the high discharge facilities were not adjacent to the tank farms. The high discharge
facilities received condensate and cooling waters from PUREX operations and condensate
generated in nun  ous tanks in A and AX Tank Farm because of high heat conditions. High
discharge cribs that reccived waste from the tank ventilation systems included 216-A-8 and
216-A-24. Crib 216-A-8 lies about 500 ft (150 m) east of AX Tank Farm and received

1.15 x 10° L between 1955 and 1995. Crib 216-A-24 lies about 600 ft (180 m) northeast of
AX Tank Farm and received about 8.2 x10® L 1958 and 1966. Crib 216-A-9 about 300 fi
(100 m) west of A Tank Farm opcrated intermittently with the largest discharges occurring from
1956 to 1958 when PUREX acid fractionator condensate and cooling water were released into
the crib. A total of 9.8 x 10* L was discharged to this crib. Contaminants in these large
discharge cribs did break through to groundwater. However, it is not likely that they impacted
the vadose zone beneath the WMA s because they are located too far from the WMAs.

Numerous cribs and retention basins around and French drains in A and AX Tank Farm received
PUREX cold startup waste, stack drainage and cooling water mostly from the mid 1950s through
the 1970s. These facilities generally received between 10% and 106 L. As with the larger
discharge facilities, there is no indication that discharge to these facilities had a significant
impact on contaminant migration.

2.3.1.6 Unintentional Releases. Scveral unplanned release (UPR) incidents have been reported
within and around C, A and AX Tank Farms over the course of tank farm operations history.
These are shown in Appendix A (Table A-1 of Williams 2001) and briefly described in
Appendix B, Section B.S. Thosc releases identified as tank leaks are discussed in more detail in
Section 3.3. The following paragraphs discuss UPRs other than those identified as tank leaks.

Around C farm, the largest UPRs werc transfer line leaks near diversion boxes 241-CR-151,
241-C-152 and 241-C-151 (UPR-200-E-86). All involved the transfer of PUREX waste around
1970. Estimated losses were 136,000 L of CWP (UPR-200-E-81), 10,000 L of PSN

( 'R-200-E-82) and an unknown volume of PSN waste (UPR-200-E-86) that was reported to
contain 25,000 Ci of cesium-137. The remaining 9 UPRs were primarily small surface spills and
airbome contamination. With the exception of UPR-200-E-16 (an estimated 190 L leak from an
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over ground transfer line between tanks C-105 and C-108) these events occurred outside the
C nk Farm.

Around A Tank Farm two small UPRs occurred, a bricf pump pit leak at tank A-106
(UPR-200-E-48) and leakage around transfer pipe ncar valve pit 241-A-08 east of the tank farm
identified from contaminated soil (UPR-200-E-145). Around AX Tank Farm two small surface
contamination events (UPR-200-E-42 and UPR-200-E-119) and an airborne event
(UPR-200-E-155) occurred. None of these events apparently caused significant vadose zone
contamination.

2.3.2 Subsurface Discharge

2 2.1 Vadose _one Moisture Distribution. Fluids lcaked from cribs and trenches could have
migrated laterally into the vadose zone beneath the C and A-AX WMAs. However, no evidence
exists to indicate that such lateral migration has occurred. Given that more than 20 years have
passed since the discharges occurred and that the soils are highly permeable, any fluids of
sufficient quantity from these sources have likely migrated from the cribs and trenches
downward toward the water table. Vertical migration due to infiltration dniven recharge from
natural sources can be estimated by assuming an average recharge rate in the range of S to

10 cm/yr. If an average recharge rate of 7 cm/yr is assumed along with an average water content
of about ) percent by volume, , the pore water velocity will be 10 times the recharge rate or
0.7 m per year. Assuming no fast pathways (vertical channels, etc.) the expected limit of flu
migration is approximately 14 m below the original depth of the leak as documented in 4
Comprehensive Analysis of Contaminant Transport in the Vadose Zone Beneath Tank SX-109
(Ward et al. 1997). It should be noted that the cribs and trenches received millions of gallons of
discharge water. These large volumes would likely extend to groundwater, particularly in and
near the cribs. During the past 20 years, discharge liquids would have been flushed about an
additional 14 m downward to the water table by precipitation, not that the actual discharge
liquids are only 14 m below the crib bottom.

2.3.2.2 Water Table Fluctuations and Artificial Recharge. The water table and general
groundwater flow direction have changed significantly in the 200 East Area since large
intentional discharges from processing plants and tank farm operations began in the early 1950s.
In the 200 East Area, intentional discharges to B Pond located about 1.6 km (1 mi) east of the
B-BX-BY WMA and 0.4 km (0.25 mi) east of A-AX and C WMAs have been particularly
influential. Historical well data shown in Figure 2-9 around the B-BX-BY WMA show the water
table rise that began in the early 1950s and continued until the mid 1980s. A similar profile
would have occurred at the C and A-AX WMAs. In addition, the pre-Hanford operations flow
directions (generally west to east) became more southerly and westerly as the B pond
groundwater mound developed. When the B Pond discharges to B Pond and other liquid
discharge sites were significantly reduced beginning in the 1980s, water table elevations began to
drop toward pre-Hanford levels (see Table 2-10 showing relatively current levels) and general
flow directions began to return to the more easterly pre-Hanford condition. In 5 to 8 years, some
wells will contain little water as the water table is expected to decline in most parts of the

200 East Arca an additional 4 to S m (13 to 16.4 ft). Given the transient hydrological conditions
in this region, long-term water levels are difficult to predict.
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Figure 2-9. Historical Water Levels Near the B-BX-BY WNMA.
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24 HYDROLOGIC PROPERTIES

2.4.1 Vadose Zone Properties

A summary of vadose zone hydrologic properties collected at the Hanford Site is provided in
Variability and Scaling of Hydraulic Properties for 200 Area Soils, Hanford Site (Khaleel and
Freeman 1995). A subset of this database is included in Appendix C, Table C-1. The most
pertinent data were collected on Hanford formation soils underlying the BY cribs during the
remedial investigation of the 200-BP-1 operable unit. Because of the distance between C, A and
AX Tank Farms and most of the sampling sites, these data cannot be considered to be waste
site-specific. However, there are sufficient similarities in their depositional environment to make
the data potentially comparable. The database includes the location of the sample, the depth at
which the sample was collected, particle size distribution, moisture retention curve data, and
saturated hydraulic conductivity values. Generally, the soils are variable mixtures of sands and
gravels. Wi -defined horizontal strata with distinctly different hydraulic properties favoring
lateral movement in the vadose zone (e.g., silty sands) are probably present locally, but are not
widespread.

The water table is approximately 250 ft (75 m) below the surface at the C WMA and
approximately 290 ft (83.4 m) below the surface at the A-AX WMA. Consequently, much of the
migration pathway from the source to the groundwater monitoring well will be in the unsaturated
zone. Liquid migration through this zone is influenced by soil grain size distribution
heterogeneitics and directional (lateral versus vertical) anisotropy in the soil permeability. The
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bulk of the sediments are high-energy flood deposits with extreme variability in grain size over
vertical and horizontal intervals on the order of tens of feet. Hydraulic conductivity values
woul be expected to change on at least the same scale if not less.

In the 200 East Area, unsaturated sediments are primarily gravelly coarse-grained sands and
sandy gravels with a few thin intermittent silt-rich units, there are no low-permeability horizons
that would causc appreciable lateral spreading of infiltrating liquid under the A-AX WMA. The
detailed stratigraphic description provided in Section 2.2 shows a vertical column of
predominantly coarse sands in the vadose zone. The slight doming effect seen at the top of the
Ringold formation at the A-AX WMA appcars to be carried through to the contact between the
Hanford upper gravel and sand scquences. These subtle structures and changes in lithologies
may control loc  { v rections for liquid m™ ating through the vadose zone. However, it is
not possible to model or predict specific pathways. The C WMA does not appear to have such a
feature that potentially could control flow in the vadose zone.

Studies of aqueous flow in sandboxes suggest that one common pattern of flow through
unsaturated sediments is in relatively narrow, vertical fingers with some lateral spreading
occurring at silty horizons. Once saturation of these horizons is reached, vertical flow
commences again. Furthermore, once these vertical pathways are established with an initial
infiltration event, liquids from later infiltration events will flow along these established channels
(Stephens 1997). The cross-sections portray that the bulk of the sediments in the vadose zone
should promote vertical transport of migrating fluids. The fine-grained sequence at the top of the
Ringold may cause some lateral spreading at depth.

Evidence in support of this type of flow behavior in the 200 East Area comes from direct
observation of infiltration tests performed at the 200E/10SA Mock Tank Site

(Narbutovskih et al. 1996). Electrical resistivity tomography was used to track leaking saline
water from the surface to a depth of about 70 ft (21.3 m). Results indicate that this type of
fingering does occur. Furthermore, analysis of the infiltration rate, the time to reach depth and
the total volume of water lcaked indicates that a point source leak of 0.13 gallons per minute
(0.49 L/min) might reach groundwater in a few months (Hartman and Dresel 1997).

The sandbox studies and the infiltration tests suggest that relatively moderate volumes of liquid
(~10,000 gals [37,854 L)) can travel rapidly through the vadose zone in the 200 East Area.
Extrapolation of these data to the entire depth of the vadose zone suggests that a several
thousand-gallon discharge could reach the aquifer in some time period less than a year.
However, no field data demonstrate this occt  nce and modeling studies have yet to predict
such rapid migration through the vadose zone.

In several areas of the Hanford Site, clastic dikes exist in the subsurface. Clastic dikes may
provide limited vertical pathways for rapid liquid migration from the surface to the groundwater.
The observed clastic dike characteristics (Fecht et al 1999) suggest that these features do not
extend as far as the vadose zone thickness and are oriented in a three-dimensional fashion, being
neither strictly vertical nor horizontal. If clastic dikes do exist under the farms, a pathway might
exist that allows local rapid vertical movement of fluids in the vadose zonc but large-scale
control of fluid migration is unlikely.

’
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Other migration pathways that would allow local rapid vertical flow are the outer annulus of
poorly sealed or unsealed drywells within the farm boundaries. Water may enter from the
surface to flow downward along the outside of the well casing if the sealant material does not
properly adjoin the casing. Contamination in the vadose zone may also enter an annular space
via discontinuities in the scal column, such as a “bridge” caused by careless emplacement of
sealant materials, and then flow downward between the flawed seal and well casing. These wells
are used for vadose zone monitoring with gamma ray logging tools and extend to depths of
approximately 100 to 150 ft (30.4 to 45.7 m) below the surface.

2.4.2 Aquifer Properties

This section provides information on the current nature of the uncou....ied aquifer in the
immediate region of the C and A-AX WMAs. Aquifer properties were determined from
lithographic and stratigraphic interpretations, current water elevations, and direct test methods.
Aquifer properties described include: aquifer thickness, hydraulic gradients, hydraulic
conductivity, and porosity. The estimated values for flow direction and velocity are also
discussed in this section based substantially on the measurement and interpretation of the aquifer
properties. Additional detailed data can be found in Hanford Site Groundwater Monitoring for
Fiscal Year 2000 and Hanford Site Groundwater Monitoring for Fiscal Year 2001

(Hartman et al., 2001 and 2002).

Based on local hydrographs and colloidal boroscope measurements, it has been determined that
the groundwater flow direction is generally to the southwest to south-southwest at C WMA and
to the southeast at A-AX WMA. These flow direction directions are consistent with the regional
water-table map (see Plate 1 Hartman et al., 2002). Using measurements from pumping tests
results, hydraulic gradients, porosity estimates, and the colloidal borescope measurements the
groundwater flow rate ranges between 2.4 and 4.8 ft (0.7 and 1.4 m) per day for C WMA and
between 5.6 and 10.8 ft (1.7 to 3.3 m) per day for the A-AX WMA (Hartman et al. 2002 and
Hartman et al. 2000).

2.4.2.1 Aquifer Thickness. Currently, the water table beneath the C WMA lies 400 £t (122 m)
above sea level with about 255 ft (77 m) of vadose zone above. The aquifer thickness, based on
the top of basalt at 355 ft (108 m), is approximately 44 ft (13.4 m). The aquifer materials consist
dominantly of sandy gravel or silty sandy gravel. Atthe A-AX WMA the water table lies in
basal gravels currently interpreted as Ringold Formation Unit A. As explained in Section 2.2,
there is some ambiguity as to the location of the Hanford/Ringold contact in this area with
respect to the water table. The aquifer thickness, based on data from well 299-E25-2, which
extends to basalt, is approximately 89 ft (27.1 m). The lithology within the aquifer is dominantly
a sandy gravel ranging from cobble to boulder-sized clasts.

~ 4.2.2 Hydraulic Gradicnts. The water table is extremely flat across the 200 East Area
(Figure 2-10), and in areas with flat water tables the choice of surveys may actually affect the
relative position of the water elevation in a well with respect to other network wells. Because
water elevations are the most common data set used at the DOE Hanford Site to determine flow
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direction, a switch in the relative water elevations of wells used to determine direction could
affect the interpretation of the flow direction.

The groundwater project recently switched the datum to which water levels are referenced in
Hanford Site Groundwater Monitoring for Fiscal Years 1998, 1999, 2000, and 2001 (Hartman
1999; Hartman et al., 2000, 2001, 2002). In the past, water levels were referenced to the
NGVD29 datum. The NGVD29 datum was chosen originally because the bulk of the wells used
on site could be referenced not only 1o this datum but also to a specific survey called
NGVD29-2. For areas the size of a WMA, there is no effect from switching to the NAVD88
datum. However with the datum chan_  there was also a switch in surveys. Many wells are
now referenced 1o one of two surveys, with elevations referenced to NAVD88, both more recent
surveys than NGVD29-2.

Figure 2-11 shows hydrographs for four of the five RCRA network wells that are currently used
to monitor the water table at the C WMA. The water level data from well 299-E27-15 had been
historically inconsistent with data from the other wells in the WMA C network and with the
regional water table data (Hartman 1999). Corrections to water elevations based on the recent
results of gyroscope surveys at the C WMA including this well provide a more consistent and
thus interpretable water table surface (Hartman et al., 2002). Water table elevations across the
C WMA vary from 402.3 to 402.8 ft (122.62 to 122.77 m). The local gradient between well
299-E27-7 and 299-E27-13 is 0.00021 based on June 2000 water levels.

Hydrographs of the two wells at the A-AX WMA gives a consistent picture of relative water
elevations over time (Figure 2-12). The flow direction appcars to be southeast. Based on these
hydrographs, well 299-E24-20 is the upgradient well, while the other four are down gradient.
Using NAVD88-1, water elevations across A-AX WMA vary from 402.9 to 403.1 ft (122.80 to
122.86 m) or 2.4 in. (6.1 cm). The local gradient between well 299-E25-41 and 299-E24-20 is
0.000078 based on March 1999 water levels.

Another well, 299 E24-19, was eliminated from the analysis because results from this well form
a slight trough between E24-20 and E25-46. The water elevations in this well are low regardless
of which survey is used, which has confused interpretation of the flow direction in the past.
Based on recent findings with vertical borehole deviations, this well may be slightly out of
plumb, explaining the abnormal trough. Consequently this well was eliminated from the
network for flow direction determinations until gyroscope corrections are available.

2.4.2.3 Hydraulic Conductivity. Although there is some consolidation of the sediment within
the unconfined aquifer at both WMAs, there is little evidence of significant compaction or
cementing. Consequently, permeability is high within the aquifer. Currently, there is a
discrepancy in reported hydraulic conductivity values in the area. Values are estimated between
24 and 110 ft (7.3 and 33 m) per day based on slug injection/withdrawal tests. Higher values of
6,500 1t (1981 m) per day are reported from pumping tests in the area (Newcomer et al 1990;
Connelly et al 1992). Connelly (1992) reported hydraulic conductivity values for the C WMA
between 3,500 and 6,800 ft (1,067 and 2072 m) per day and between 6,200 and 6,500 ft (1,890
and 1,982 m) per day at the A-AX WMA. Trent (1992) reported conductivities that range from
8,264 to 6,500 fi (2,519 to 1,890 m) per day for wells near the A-AX WMA. Finally, Hartman
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(1999) reported hydraulic conductivities that range from 33,000 to 9,843 ft (10,000 to 3,000 m)

per day for Hanford sediments.
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Figure 2-11. Hydrographs for Wells in the WMA C Monitoring Network. Alldata
referenced to the NAVDS8 datum. Spurious data have been removed.
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Figure 2-12. Hydrographs for Two Wells in the WMA A-AX Monitoring Network. All
data referenced to the NAVDS88 datum. Spurious data have been removed.
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Two factors likely contribute to the measurement discrepancies. First, since the early 1990s the
water table has dropped from the more permeable Hanford formation into the less permeable
undifferentiated Plio-Pleistocene/Ringold Unit. The higher conductivity measurements were
taken when the water table was elevated and reflected the influence of the Hanford formation on
the overall permeability of the unconfined aquifer. Second, slug tests involve a more limited
areal extent than pumping tests and tend to provide lower measurements. Slug tests apply a
limited stress to the aquifer and are valid over a limited range of conductivities (Thome and
Newcomer 1992). Because the water table is expected to remain in the less permeable
stratigraphic unit, an estimated hydraulic conductivity range of 15 to 150 ft (5 to 50 m) per day is
estimated.

2.4.2.4 Porosity. Porosity is generally estimated to be about 30% for unconsolidated,
coarse-grained sediments at the DOE Hanford Site (Hartman 1999). Because it has not been
possible to collect intact core from the aquifer during past drilling, direct methods of determining
porosity have not been used. The lack of direct measurements combined with the cobble to
boulder grain size of the aquifer suggests 30% may be approximately correct or slightly high
value for porosity. Where boulders and cobbles are present and mixed with sand and gravels in
the interstices of the larger cobbles a value closer to 20% may be more appropriate for effective
porosity (Eckis 1934, Evenson et al., 1962).

2.4.2.5 Flow Direction. The hydraulic gradient is relatively gentle across the 200 East Area.
With about 6-in. (15 cm) across the C WMA and 2.4 in. (6 cm) of change across the

A-AX WMA , the exclusive use of discrete water elevations to determine flow direction is not
recommended. Although this low gradient is caused, in part, by the dissipating groundwater
mound under B-Pond, it is primarily due to the high aquifer transmissivity in the 200 East Area
with respect to upgradient regions farther west where transmissivity is considerably less. Before
formation of the groundwater mound beneath B-Pond, the groundwater flowed regionally to the
southeast towards the 300 Area. Recent interpretations of current flow direction show a
southwesterly flow from the C WMA and tuming more southeasterly at the A-AX WMA where
the aquifer is more than twice as thick and the regional southeasterly flow pattern becomes
dominant (Williams et al., 2000, Hartman et al., 2002). These patterns are consistent with
regional flow directions.

Although the predominant flow directions at thesc two WMAs are consistent with the regional
flow directions and plume trends, as evidenced over miles, they can be misleading when
determining the local flow anomalies across these small sites that are 500 ft wide (152.4 m).
Some suggestion of the complexity of flow patterns in the 200 East Area is shown by direct
measurements shown in Figure 2-13. The large variation in flow directions may be somewhat
exaggerated becausce the effects of well design and rapid changes in barometric pressure, which
are not accounted for in Figure 2-13. It is known that wells south of PUREX can have large
changes in flow direction in a single day because of their barometric efficiency.

" "1til this year, the flow direction at these two WMASs had been determined exclusively from
gradient calculations based on local water elcvations. Unfortunately, across the 200 East Area,
the differcnces in water elevation between wells are small, on the order of a few inches. The
combined errors from water level measurements, survey elevations and borehole deviations from
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vertical are enough to cause uncertainties in local flow direction anywhere in the 200 East Area.
As reported in Hartman et al. (2000), water level data alone are insufTicient to determine flow
direction in this area. Direct flow measu nents were made in several wells at these tank farms
to help determine flow direction and thereby minimize the uncertainty in flow direction. In
addition, colloidal boroscope measurements have been added at site-specific wells to improve
the database for interpreting local flow directions.

At the C WMA where barometric effects are usually minor and suspect data were intentionally
avoided, the flow direction determined in well 299-E27-13 had a southwest flow direction,
which was measured for more than two hours, and had no significant vertical component
(Figure 2-13). The similar southwest flow direction determined in well 299-E27-  had similar
quality, butv r ded foronly ) minutes. Therefore, the value, which is shown in gray, is
accepted as valid with caution. The flow dircctions of the other two arrows shown in gray for
wells 299-E27-7, 299-E27-12 are very questionable because of their large vertical components.

Recent direct flow measurements with the colloidal borescope in wells 299-E27-14 (southeast of

C Tank Farm), 299-E27-13 (southwest of C Tank Farm), and 299-E27-7 (northeast of C Tank

Farm) indicate an average southwesterly flow direction of approximately 214 degrees from true i
nc 1. Actual measurements in these three wells range from 200 to 235 degrees from true north. |
Only well 299-E27-12, which is located west of the C Tank Farm, indicates an easterly flow

direction as shown in Figure 2-14. However, the two interpretable measured values in this well

are suspect because they represent vertical flow, which may be related to their close proximity

(i.e., less than 0.45 m) to the water table surface in the well.

According to water table elevations based on surveys referenced to NAVD88 and colloidal
ope data, the direction of flow at the C WMA appears to be predominantly southwest. The
t monitoring network was designed for a flow direction to the west with two upgradient
wells, 299-E27-7 and 299-E27-14, and three downgradient wells, 299-E27-12, 299-E27-13, and
19-E27-15. As seen on Figure 2-14, only well 299-E27-13 is downgradient if the flow
direction is southwest or south-southwest while well 299-E27-12 and 299-E27-14 are cross
gradient, providing little if any coverage of the WMA.

Atthe A-AX WMA where barometric effects can have a more significant impact on borescope
results, periods of significant barometric changes were avoided as much as possible when
selecting flow direction data. Four of the five wells surveyed with the colloidal borescope near
this WMA suggest an eastward to southeastward flow direction (Figure 2-15). The fifth well is
the upgradient well 299-E24-20 that shows a westerly flow direction, but it tends to show higher
water-table elevations than those wells southeast of the site. The cause of this seemingly
anomalous flow direction is unknown, but may be influenced by the presence of the
Plio-Pleistocene silt/Ringold formation mud facies near the water table surface or possibly some
barometric effect. A sixth well, 299-E24-19 is deviated significantly from vertical, and
therefore, the colloidal borescope could not be used in this well.

According to water elevations based on surveys referenced to NAVDSS, the direction of flow is
southeasterly. The current network was designed for a southwesterly flow direction with two
upgradient wells (then 299-E25-40 and 299-E25-41) and only 3 downgradient wells,
299-E24-19, 299-E24-20 and 299-E25-46. However, recent measurements with the colloidal
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borescope in wells 299-E25-46, 299-E25-42 (both southcast of A Tank Farm) and 299-E25-41
(southeast of AX Tank Farm) indicate a southeasterly flow direction of approximately 125
degrecs from true north (Figure 2-15). Data from well 299-E25-40, which is located northcast of
the A-X Tank Farm, indicated easterly flow. The data from this well indicated primarily vertical
flow, thus the flow in the well may be deviated with respect to the surrounding aquifer due to
local borehole conditions. Results from well 299-E24-20 display a southwest direction, which,
although southerly, does not agree as well with the either the water level data or the other
borescope data. The results from this well may be due to borehole effects or other perturbations
in flow due to local heterogeneities of permeability at this location. As shown in Figure 2-15
only well 299-E25-41 is down gradient. Well 299-E24-20 is marginally up gradient while wells
299 ~ 7 "7 1nd 299-E25-46 are marginally dowr ~-adient but only for the 241-A Tank Farm.
Thi rresults in £ ~~nerally southeasterly tiow direction across the site. This direction
has been confirmed with tne use of an alternative in situ method to determine flow direction.
Recent direct measurements using the colloidal borescopc in wells 299-E25-46 (southeast of

A Tank Farm), 299-E25-41 (southeast of AX Tank Farm), and 299-E25-42 (southeast of A Tank
. -rm) indicate a southeasterly flow direction (Figure 2-15).

2.4.2.6 Flow Velocity. The rate of groundwater flow is calculated for a homogeneous, isotropic
aquifer using the Darcy equation found in Groundwater (Frecze and Cherry 1979) incorporating
the hydraulic conductivity, the gradient across the site and the effective porosity of the sediments
in the aquifer. The current estimate is between 5.6 and 10.8 ft (1.7 to 3.3 m) per day for the
A-AX WMA and 2.4 and 4.8 ft (0.7 and 1.4 m) per day for the C WMA (Hartman et al. 2002 and
2000).

At the C WMA values obtained from wells 299-E27-13 and 299-E27-14 using the colloidal
borescope, after corrections for in well flow rates, indicate flow rates in the aquifer of 4 to

6.3 fvday (1.2 to 1.9 m/day). These values for flow velocity, although higher than the current
estimates of 2.4 to 4.8 ft (0.7 and 1.4 m) per day, are still within reasonable agreement with rates
determined from the Darcy equation. However, in sharp contrast direct measurements of flow
rates based on tracer tests and plume tracking suggest flow rates may be as high as 60 ft

(18 m) per day in parts of the unconfined aquifer (Hartman 1999). The influence of the regional
f ~ direction and velocity is demonstrated by the large tritium plume from PUREX waste
disposed to the PUREX cribs, and the effective flow from the southeast corner of the 200 East to
the east and southeast at rates from 14 to 18 ft (4.3 to 5.5 m) per day (Hartman 1999). However,
these values are from an area where flow velocities are expected to be higher than in the C WMA
because of slightly higher gradients and hydraulic conductivity southeast of the C WMA as
evidenced by those at the A-AX WMA.

At A-AX WMA the flow ratc may be in excess of the rate calculated from the ambiguous
gradient data and the effective hydraulic conductivities and porosities. Direct measurements of
flow rates based on tracer tests and plume tracking suggest flow rates in excess of 10 ft (3 m) per
day (Hartman 1999). In-well flow rates, which are typically 1 to 4 times that of the  te in the
natural sediments surrounding the well screen, were determined using the colloidal borescope.
Values « ained from wells 299-E25-46 and 299-E25-41, corrected from in-well rates indicate
aquifer flow rates of 1.5 to 7.5 ft/day (0.5 to 2.3 m/day), which span a similar, but slightly slower
flow rate range than determined from the Darcy calculations.
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It is known that rapid changes in barometric may effect flow direction and velocities in wells,
particularly if a semi-confined condition exists. During use of the colloidal borescope in the
wells near A-AX and C WMA barometric changes werc usually small, however, this was not
always true for wells south and southeast of PUREX (see Figure 2-13). Also, semi-confined
conditions were created by Plio-Pleistocene silt /Ringold formation mud facies present from the
north end of A-AX WMA to south of PUREX (see Figure 2-5). Water table surface is usually
just! ow this cap silt unit or partially confined by it. The upper surface of the silt Jayer dips to
the SW and the lower surface dip has not been defined but is believed to be similar, but more
irregular, A small thickness to none of unsaturated permeable sand and gravel is just below the
bottom of this layer. As the water table changes with the barometric pressure, air rushes either
into or out of the v Is that penetrate this unit, which distorts the predominant flow direction
periodically by as much as 180 degrees. This silt layer continues south and may connect to the
lower Ringold mud as discussed in Section 2.2.
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Figure 2-14. Flow Direction Map of Wells Around Waste Management Area C Based on
Colloidal Borescope Measurements.
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Figure 2-15 Flow Direction Map of Wells Around Waste Management Area A-AX Based on
Colloidal Borescope Measurements.
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25 GEOCHEMISTRY

This section covers geochemical factors and material properties of the vadose zone and
unconfined aquifer underlying the C and A-AX WMAs. It addresses those factors that control
contaminant mobility in the soil column. Radionuclide and hazardous-constituent mobility can
be substantially different depending on the innate characteristics of the contaminant, the
geochemistry of the natural soil-water system, and the changes in soil and water chemistry that
occur from contact with tank fluid. In these soils, all factors are expected to be influential,
Different contaminants present in the soils are variably mobile and, depending on interactions of
tank fluids with the soil-water system, a given contaminant’s mobility can be considerably
different at different locations and times within the vadose zone and unconfined aquifer.

The geochemical characteristics and contaminant mobility are best considered in terms of
behavior in relatively undisturbed soils versus soils that have interacted with tank waste fluids.
In addition, tank fluid chemistry varies. Both types of soil conditions are expected in the vadose
zone underlying the C and A-AX WMAs. For relatively undisturbed soils, a substantial Hanford
Site-specific database is available that quantifies geochemical characteristics and contaminant
behavior, particularly for radionuclides (e.g., Ames and Rai 1978; Seme and Wood 1990,

Seme et al. 1993; Kaplan, Parker, and Kutynakov 1998, and Kaplan and Semc 1999). This
database is not specific for the C and A-AX WMAs. Average soil properties are described in
Section 2.2. Soil water in the vadose zone and groundwater in the unconfined aquifer have
similar characteristics. They are moderately alkaline (pH about 8) and contain moderated
concentrations of cations and anions. Dominant cations are calcium (about 50 mg/L),
magnesium (about 14 mg/L), sodium (about 30 mg/L), and potassium (about 9 mg/L). Dominant
anions are carbonate (about 70 mg/L) and sulfate (75 mg/L).

Within the C and A-AX WMAs, quantitative, site-specific radionuclide sorption/solubility data
are not available. However, spectral gamma data from the drywell systems provide qualitative
indications of the reactivity of detected tank waste constituents and some ability to compare
radionuclide behavior known to occur in undisturbed Hanford Site soil environments. In
contaminated regions containing scveral gamma-emitting radionuclides, spectral gamma data
show that their spatial distributions relative to the expected source of leaks and to other
radionuclides tend to be consistent. Given this database, the following observations are
generally seen across the WMA s for the most commonly observed gamma-emitting
radionuctlides:

o Cesium-137 is concentrated in drywells near the potential sources of tank leaks. This
suggests relatively rapid and complete sorption onto soil near the point of discharge. Vertical
distribution in drywell 30-05-07 shows Cs-137 peaks coincident with the tank bottom and
extending no more than 10 m deeper into the soil column. Several transfer line locations
(e.g., between tanks C-104 and C-105, between tanks C-108 and C-109 and between tanks
A-101 and A-102) are marked by sharp peak Cs-137 concentrations at transfer line depth.
This behavior is consistent with measured Ky values in Hanford Site soil of more than

100 mL/g. For more detatled description of Cs mobility under tank farm conditions, sce
S/SX FIR.
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o Cobalt-60 is highly mobile. When present in a drywell with Cs-137, it is routinely
distributed below Cs-137 and the degree of separation between peaks can be tens of feet.
: u€ most obvious indication of Co-60 mobility occurs in the eastern portion of C Tank Farm
where Co-60 occurs at and below 90 ft (27 m) bgs. In these instances, the chemistry of
numerous tank fluids clearly plays an important role in providing complexing agents that
cause ¥Co to be highly mobile, with a Kq value near 0 mL/g.

This data suggests that tank fluid chemlstry in these WMAs has had little observable effect on
13Cs mobility. In these tank farms, '*’Cs continues to be highly reactive and immobile in the
soil column and is a good indicator of leak source location. Assigning a Ky value of 100 mL/g or
more is a reasor astimate. Tank fluid chemistry does have a significant effect on ®Co and

ropium o} ducing reactivity with the il and 1ancmg mobility. Som¢ nallde e
of sorption may occur, but assigning a Ky value of O m 6% is a reasonably conservative estimate.
The particular fluid chemistry characteristics enhancing *"Co mobility are unclear and no
distinctly different effects on gamma rad1onuchde behavior caused by variability in tank ﬂund
chemistry are apparent. The location of ®Co also could show an approximate location of *Tc in
the vadose ne underlying the C, A and AX Tank Farms.
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3.0 SUBSURFACE CONTAMINATION CHARACTERISTICS AND ASSOCIATED
TANK WAST ™ INFORMATION

Subsurface contamination has been generated by tank farm operations in the C and A-AX
WMAs over the course of a long operating period from the mid-1940s unti! 1980. Tank farm
operational histories have been described in Chapter 2 and Appendix A (narrative and tables
from Williams [2001])). In this chapter, the available information about the nature and extent of
subsurface contamination in specific locations within the WMAs is summarized. The primary
data sources are gamma ray logging data, tank v "e chemistry records and tank farm operations
records. Because the gamma logging data are so important to this discussion, an overview of
these data is provided in Section 3.1. A summary of character ics for tank wastes that are the
probable sources of subsurface contamination is provided in Section 3.2. In Section 3.3, data is
described by specific area of contamination. Contamination discharged to the vadose zone from
unplanned releases within the WMA s but located outside the tank farm is discussed in Appendix
B. Available information on these releases is provided in Appendix B. A summary of tank leak
determinations based on evaluations in this report is provided in Section 3.4. Finally, in Section
35, groundwater contamination around the C and A-AX WMAs is summarized. Althoughno C
or A-AX WMA sources are known to have caused local groundwater contamination,
groundwater characteristics are provided to complete the description of subsurface contaminant
characteristics in and around the C or A-AX WMAs.

3.1  GAMMA RAY LOGGING INFORMATION

Two types of gamma ray logging data were collected in the C, A and AX Tank Farms. As part

« atank leak detection program (4 Scientific Basis for Establishing Dry Well-Monitoring
Frequencies [Isaacson and Gasper 1981]), gross gamma logging was conducted from the early
1960s tt  .gh 1994. Recently, the gross gamma logging data from Tank Farms, C, A and AX
were ev.  1ited to assess potential movement of gamma-emitting radionuclides in the vadose
zone (Randall and Price, 2001a, 2001b and Price 2001). More recently, spectral gamma logging
data was collected for the C, A and AX Tank Farms (DOE-GJO 1998a, DOE-GJO 1999 and
DOE-GJO 19973, respectively).

3.1.1 Spectral Gamma Logging Data

The spectral gamma logging database is the most comprehensive database available that
quantifies the nature and extent of subsurface contamination in the C and A-AX WMAs.
Specific spectral gamma data that identify the most contaminated areas within in the C and
A-AX WMAEs are discussed in Section 3.3. In some cases, the spectral gamma data provide
information that can be correlated with time-dependent waste transfer and storage records for
specific tanks. This allows identification of specific waste types. The spectral gamma data also
provide an independent means of evaluating the veracity of reported tank leaks. Drywell
location maps in each tank farm and summary figures of the individual drywell spectral gamma
logs are provided in Appendix E.
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Some limitations are associated with the gamma logging methods.

o First, gamma logging interrogai  only about 30 cm to 45 cm (12 to 18 in.) of the soil around
the well.

e Second, uncertainties associated with distinguishing gamma contamination in the well or on
the well casing from gamma activity originating in the soil may make data inaccurate.

o Finally, gamma activity monitored by these methods provides little information about the
tank waste-related non-gamma-emitting radionuclides and chemicals.

...1ese limitations must be considered in evaluating the referenced data reports.

The relationship between the leak status of single-shell tanks and spectra! ~vmma l~~~'ng data in
nearby drywells is qualitative. However, both the depth of gamma activity and its intensity
provide some ability to distinguish between failure of the tank and losses associated piping or
tank overfills. Most easily distinguished are the cases where significant waste volumes engulf a
section of the drywell. In thesc cases, Cs-137 activity is around 1E+08 pCi/g - depending on the
waste type present; there are frequently other gamma emitters at much lower concentrations.
This concentration of Cs-137 appears to represent the sorption capacity of the soil. If the high
Cs-137 activity zones appear at or near the levels of the waste transfer lines or spare inlet ports
then this is considered strong evidence for a piping leak or tank overfill event as being the origin
of the contamination. High Cs-137 activity (>10,000 pCi/g) beginning near the base of the tank
provides strong evidence for a leak from the tank. Other situations are much more difficult to
interpret.

Low levels of Cs-137 contamination are ubiquitous in drywells around most single-shell tanks.

It appears that open boreholes provided a pathway for contamination to enter the well casing and
in some cases, the unsealed boreholes provided a pathway for contamination to move downward.
In addition, the compacted base on the original tank farm excavation provided a region for
liquids to pond and move laterally. The Cs-sorption chemistry predicts that the Cs-137 is held in
a highly concentrated plume with sharp activity drops at the edge. Thus, when low Cs-137
activity is reported in one of the drywells it appears there are only two reasonable explanations.
Either the drywell is sitting on the edge of a high-activity Cs-137 plume or the contamination
was the result of a nuisance contamination spread. Distinguishing between the two options

rc lires an assessment of other information such as waste transfer and waste level records, waste
type in the tank, documented leak history, and data from nearby drywells.

3.1.2 Gross Gamma Logging Data and Synthesis with Spectral Gamma Logging Data

Because gross gamma logging was conducted over two decades, evaluating these data provides
information on the time-dependent behavior of the gamma-emitting radionuclides in the
subsurface. The concentrations of the individual gamma-emitting isotopes that contributed to the
gross gamma curves over time were estimated using the recently collected spectral gamma data
(concentrations of specific gamma-emitting radionuclides) from the drywells used to collect
gross gamma data. By factoring in decay, these calculated curves were propagated over time and
compared with the gross gamma curve histories. Using this process, changes in the curves
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caused simply by decay can be distinguished from decay plus changes in gamma radionuclide
concentrations at a given location over time.

Appendix E summarizes the results for the C, A, and AX Tank Farms. The summary figures
(Figure 2-1 for each tank farm) indicate which drywells contain gamma-emitting radionuclides
and which do not. Of particular interest are the drywells indicating a change in radionuclide
concentrations at a given location over time that cannot be attributed solely to radioactive decay.
These conditions are referred to as unstable events. For each location, the borehole number, the
depth below the surface, the radionuclide present, the time over which changes in concentration
were deduced, and the concentration increasc or decrease over that period are listed.

--surface changes bgs are attributed to tank farm operations and are broken out separately
from chan;  that occur at greater ¢ hs. Changes at depth are attributed to tank and transfer
line leaks of tank waste. The changes in radionuclide concentration over time in the C, A and
AX Tank Farms attributed to tank farm activity are listed in Table 3-1 in all three tank farm
discussions. These changes occur within 30 ft (9 m) of the surface and generally occurred from
1975 to 1985 over most of the tank farm areas. This observation is consistent with a common
drywell spectral gamma pattern in which a maximum radionuclide concentration (usually 1¥7Cs)
of 10 pCi/g to 100 pCi/g or occasionally higher near the surface diminishes with depth to about
1 pCi/g with depth. We consider this pattern to be consistent with surface or near-surface leaks
of contaminated fluid.

The remainder of the radionuclide migration events (e.g., referred to as unstable zones and listed
in Appendix E, Table 6-1 in the C, A, and AX discussions) occurs at depths near the tank

bottoms or lower. Over the time during which measurements were taken, unstable conditions are

observed in 19 drywells in the C farm, 4 drywells in the A Tank Farm, and 7 drywells in the AX
Tank Farm. The majority of unstable zones in the C Tank Farm are associated with the transfer
line lcaks between tanks C-104 and C-105 and between tanks C-108 and C-109. Most involve
movement of Co-G0 after leakage from the transfer lines. Four of the five unstable zones in the
A farm are associated with the transfer line leaks between tanks A-101 and A-102. The fifth
measured instability is probably associated with the tank A-105 leak. The unstable zones in the
AX Farm appear to be associated with transfer line leaks.

3.2 TANK WASTE CHEMISTRY AND LEAK CHARACTERISTICS OVERVIEW

Enviro  ntal impacts of leaks from single-shell tanks or other waste loss events are closely
linked to the type of waste lost to the soil column. Waste types stored in C farm tanks covered
the complete range of waste types produced in the 200 Area chemical process facilities. The
waste types stored in A and AX farm tanks tended to be less diverse, mainly PUREX high-level
(boiling) wastes. The waste chemistry associated with the C farm is discussed first, then the A
and AX farms.

As noted in Chapter 2.0, the C farm tanks began receiving wastes from the B Plant bismuth
phosphate process in 1946. The high activity waste stream coming from the bismuth phosphate
process contained essentially of the uranium by-product and the vast majority of the fission
products (Serne et al 2003). This stream was called “metal waste”. The first six tanks in the
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C farm were filled with metal waste. The metal wastes were later recovered from the tanks and
processed for uranium recovery in the U Plant in 200 West Area. The other six tanks in the

C farm tanks were filled with so-called 1* Cycle waste, a much more dilute waste stream coming
from the first plutonium dissolution/re-precipitation purification step. Cladding wastes were also
added to these tanks. The cladding waste stream originated from the dissolution of the aluminum
cladding from the fuel rods with a caustic nitrate solution and was a low activity stream. The

1* Cycle waste carried approximately 10% of the beta activity but a much lower fraction of
fission products (Semne et al 2003). The cladding waste would have been a high aluminum, high
hydroxide stream with low activity levels.

The uranium recovery process produced a waste stream at twice the volume of the metal waste
recovery processed. This waste stream, called TBP or 15te, was transferred back to a
number of the _ farm tanks. .o free up tank space, the - _ scle wastes from _ lanks were
transferred to the B Evaporator. At a later date, the TBP wastes stored in C farm tanks was
processed through for reduction of Cs-137 activity in the C Vaults. After allowing some time in
C farm tanks for precipitation of resulting solids, the scavenged TBP waste was sent to the BC
cribs and specific retention trenches. The 1% cycle wastes were later transferred to the B
Evaporator. As C Farm tank space became available it was used to support pilot-plant studies at
the Hot Semiworks and for low activity waste streams from PUREX. By the mid 1960s C Farm,
tanks were being used to store aged PUREX high-level supernatants. As the B Plant isotope
recovery process came online in 1968, several C farm tanks were used as feeder tanks supporting
specific B Plant operations. Thus, many of the C farm tanks had very large volumes of wastes
moved through them. The A Tank Farm, constructed in 1955, was used primarily to store
PUREX high-level wastes. It was opcrated as a “boiling waste” tank farm with three laterals
installed under each tank for leak detection. The four-tank AX farm was constructed in 1963 and
1964 and served the same purpose as the A farm tanks.

The high-level wastes coming from PUREX were very high-activity waste streams that were
stored on the A and AX Tank Farms. After 3 to 5 years ageing, thesc wastes were transferred to
other single-shell tanks to wait processing through B Plant. Waste streams coming from B Plant
had reduced levels of Cs-137 and Sr-90 but also included additional organic completing agents.

The transfer of wastes through the C, A, and AX tanks are well documented in Waste Status and
Transfer Summary (Agnew et al 1997) and A History of the 200 Area Tank Farms

{Anderson 1990) and tank waste compositions are available from a number of sources, such as
Hanford Tank Chemical and Radio nuclide Inventories: HDW Model (Agnew 1997), Waste
Management Technical Manual (Buckingham 1967), and B Plant Phase Il Flow sheets

(Larson 1967). When tank waste loss events are well defined in terms of timing and volume, the
inventory estimates for the lost materials are reasonability straightforward. However, the
volumes of waste lost to the C and A-AX WMA vadose zone in various events are highly
uncertain or unknown. Except for the tank A-105 lcak no detailed analysis of known or
suspected losses has been done in these tanks. Thus, inventory estimates for most waste Joss
events associated with the C and A-AX WMAs involve considerably uncertainty. Available
information on specific leak events is provided in Section 3.3. Preliminary inventory estimates
are provided in Section 4.3.
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33 CANDA-AX WMA TANK WASTE LOSSES EVENTS

The Waste Tank Summary for Month Ending December 31, 2002 (Hanlon 2003) lists three
primary tanks and all four secondary tanks in the C Tank Farm, three tanks in the A ..nk Farm,
and two tanks in the AX Tank Farm as “confirmed or assumed leakers.” Estimated leak volumes
vary from 350 gal in secondary tank C-204 (1300 L) to a possible 277,000 gal (1,050,000 L} in
tank A-105. None of estimated leak volume are well constrained. In addition to these a number
of transfer line leaks have been reported as unplanned releases (see Section 2.1.2 and Appendices
A and B). Each of the listed leaks is discussed below to determine the severity of the
contamination. In addition, the validity of the leak designations was critically reviewed to
determine if the observed contamination is significant enough to support the leaker designation
and warrant further characterization. A number of tanks are listed as confirmed or suspected
leakers by Hanlon (1999), but neither the waste transfer record nor the gamma logging data
support the designation.

Some additional locations were also considered because spectral gamma logging data indicates
sufficient contaminant concentrations to warrant evaluation. These sites have not been clearly
identified in the past as vadose contamination zones.

3.3.1 CTank Farm

Three of the twelve primary tanks in C Tank Farm (C-101, C-110 and C-111) and all four
secondary tanks (C-201 through C-204) are listed in Hanlon (2003) as leakers. Of these, reliable
leak estimates are available for none of the tanks. Evidence of tank waste losses to the vadose
zone in these locations and other locations indicated by spectral gamma data are summarized
below.

In addition to tank leaks, leaks from other infrastructure and tank farm activities occurred. An
overall assessment of the spectral gamma logging data from C farm drywells indicates that most
vadose zone contamination originated from surface or near surface sources. This is
demonstrated by relatively high concentrations of Cs-137 near surface and a general decrease in
Cs-137 activity with depth. Cobalt-60 is found near the bottom of many of the drywell with near
surface Cs-137 contamination. This indicates that “mobile™ Co-60 was driven down from
recharge. These ubiquitous contamination events were not generally associated with particular
recorded events and are not considered to be significant sources of vadose zone contamination.
Those near surface contamination zones that are more concentrated are discussed in Section
3.3.1.2.

3.3.1.1 Tank Waste Losses from C Farm Tanks. Hanlon (2003) lists tank C-101 as a “known
or suspected leaker” with a leak volume estimate of 20,000 gallons. Decreases in waste levels
were documented in the late 1960s, a time when this tank contained aged PUREX high-level
supernatant. A 20,000 gallon loss of this waste type would have released ~127,000 curies of
Cs-137 (Simpson et al 2001), more than all of the Cs-137 projected to have been lost from all of
the SX Tank Farm leaks (Jones et al 2000). The spectral gamma logging data from drywells
around tank C-101 show little evidence of any leaks and certainly nothing of that order of
magnitude. A far more likely scenario is the liquid level drops in the late 1960s were associated
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with evaporation caused by the continuing high heat load of the aged PUREX high-level waste
supernatants. The waste loss in the late 1970s appears to have been associated with saltwell
pumping (Agnew et al 1997). Although the waste transfer records indicate that tank C-101 was
filled above the 530 kgal fill limit from 1964 through 1969, the s no evidence of leaks from
the spare inlet ports in this tank.

Spectral gamma data in two drywells around tank C-101 suggest small waste loss events may
have occurred. In drywell 30-01-09, a Cs-137 peak (about 600 pCi/g) occurs about 28 ft bgs
along with traces of Co-60, Eu-152 and Eu-154. The position of this pcak suggests a small
isolated leak from piping or a spare inlet port at this location. Tank waste chemistry suggests
that Cs-137 in tank waste would be sorb readily on the soil and therefore, the lcak location
should be near the drywell. Because the peak value is low, it is concluded a substantial
inventory was not associated with this leak. A second small tank leak may be indicated near
drywell 30-01-06 where an apparent Cs-137 peak (about 50 pCi/g) around 40 ft bgs occurs, a
depth that coincides with the tank bottom. Randall and Price (2001a) identified some instability
in the gross gamma logs from 1979 to 1980 in this drywell at 30 to 41 ft bgs and interpreted the
data as an indication of Cs-137 movement.

Han  1(2002) lists tank C-110 as a known or suspected lcaker. However, a detailed analysis of
the history of the C Tank Farm (Agnew 1993) attributed liquid level decreases in 1969 to
measurement errors and recommended the “leak status” of this tank be revisited. This analysis
reaches similar conclusions. The spectral gamma logging data and historical waste transfer
records provide no definitive evidence of leaks from this tank. The simplest explanation of
spectral gamma logging in drywells around this tank is that the widespread surface
contamination found its way down the inside or outside of well casings, likely from additions of
water to suppress airborne transport of radionuclides.

At tank C-110 small concentrations of Cs-137 are found almost continuously in drywell
30-10-02 between the surface and 63 ft (19 m) bgs. The shallow contamination likely represents
surface spills or shallow pipeline leaks (the cascade line between tanks C-110 and C-111 plugged
in 1952 [Brevick 1994]), but the contamination between 44 and 63 ft (13 and 19 m) bgs may
indicate the occurrence of a small lcak. Cs-137 contamination was measured when the drywell
was constructed in 1974, indicating the occurrence of a leak prior to this date. If a small leak did
occur, the low Cs-137 concentration (maximum of 20 pCi/g) and the historical record of
relatively dilute tank waste (first cycle waste, PUREX coating waste, organic wash waste)
indicate that little contamination would have been released to the vadose zone. Very small
concentrations of Cs-137 (< 1 pCi/g) were also measured on the west side of tank C-110 in
drywell 30-10-09 between 17 and 38 ft (5 and 12 m) bgs. Contamination at this depth range may
indicate a small transfer line leak. In addition, historical gross gamma records for 30-10-09
show a decrease of Ru-106 between 1975 and 1978 followed by an increase between 1978 and
1980 at tank bottom depth (40-60 f (12 to 18 m) bgs). These data may be another indicator of
this leak.

There are no spectral gamma data or well-documented historical record data suggesting leaks
occurred at primary tank C-111 and secondary tanks C-201 through C-204. The Waste Storage
Tank Status and Leak Detection Criteria document (Welty 1988) reported a liquid level drop in
1968 as the basis for questioning the integrity of tank C-111. However, the reliability of this
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claim was not well-documented (DOE-GJO 1998b) and no spectral gamma data from drywells
around the tank indicate loss of tank waste. No drywells are present near the secondary tanks
and therefore no means of identifying leaked tank waste is available. In addition, no clear
indication of tank leakage has been reported. However, given their small volume, it is concluded
that no significant tank waste loss from this tanks has occurred.

Spectral gamma data strongly indicate that tank C-105 did leak, at least temporarily and the leak
event is indicated by contamination observed at drywell 30-05-07 where two high Cs-137
concentration zones occur at and below the tank bottom. Between 34 and 44 ft glO and 13 m)
bgs and 48 and 62 ft (15 and 19 m), maximum Cs-137 valucs (10’ pCi/g and 10° pCi/g,
respectively) were recorded (DOE-GJO 2000a). The general location and profile of the spectral
gamma logging data indicate that tank C-105 likely leaked near the bottom on the southwest side
very near drywell 30-05-07. The gamma contamination was encountered when drywell
30-05-07 was drilled in 1974. The historical gross gamma data analysis indicates no changes in
location or intensity of Cs-137 activity. Thus, if tank C-105 did leak then the leak occurred prior
to 1974 and apparently self-sealed because tank C-105 was used as an active Cs-137 recovery
feeder tank until 1978. The Cs-137 recovery wastes were aged PUREX and REDOX high-level
wastes so any waste losses would have contributed radionuclides to the soil column.

Concemns about the integrity of tank C-105 are supported by the historical record of large liquid
level drops (about 36 in) in tank C-105 between 1963 and 1967 (DOE-GJO 1997b). However,
during the time tank C-105 stored aged PUREX high-level waste supernatant, liquid losses to
evaporation are noted in the historical records (Agnew et al 1997). The contamination in the
region between tanks C-104 and C-105 has been of interest (Brodeur 1993, Agnew 1993). Both
cascade line and spare inlet port waste loss events have been suggested as sources of
contamination in this region.

Ar ternate explanation for the high activity in drywell 30-05-07 has been given. It is suggested
that Cs-137 in this drywell has onigins in the cascade line between tanks C-104 and C-105
(Brodeur 1993). However, the likely waste, PUREX supernate, does not appear to have the
appropriate chemical makeup to mobilize Cs-137 in the )il column. Therefore, a leak source at
the wall two feet from the contaminatec  ine compared to the cascade line more than thirty
feet y is much more plausible. The two high Cs-137 zones may indicate two leak events.

In addition to Cs-137 contamination at the tank bottom, isolated occurrences of Co-60, Eu-152

«d Eu-154 are present. The true extent of these contaminants at this drywell location is difficult
to determine. The very high Cs-137 concentrations may mask the occurrence of these isotopes at
the same depth. In addition, the drywell ends at about 68 ft (21 m) bgs and additional
contamination at greater depth cannot be determined.

Two other drywells may indicate the outer edges of the proposed tank C-105 leak. In drywell
30-05-05 just south of drywell 30-05-07, a Cs-137 peak (about 70 pCi/g) occurs between 60 and
65 ft (18 and 190 m) bgs and a Co-60 peak occurs at 70 ft (21 m) bgs. Proximity of the two
drywells and consistent Cs-137 peaks with depth suggest the same leak source. Similarly, a
Cs-137 peak (15 pCi/g) occurs at 47 ft (14 m) bgs in drywell 30-05-08. Co-60 is also present
between 35 and 50 ft (11 and 15 m) bgs
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3.3.1.2 Other Contamination Zones in the C WNMA. Near surface contamination events are
indicated at other locations within the C WMA by historical records, field investigations and
drywell spectral gamma data. Unplanned releases in the C WMA, near surface transfer line
leaks and generalized surface contamination are all indicated by this information. The most
contaminated sources are discussed in greater detail below. Three significant unplanned releases
that occurred to the west of C Tank Farm but still within the C WMA are described in this
section. Within the C Tank Farm, spectral gamma measurements have been recorded at many
drywells in the eastern half of C Tank Farm, particularly the southeastern segment. Cesium-137
and Co-60 are the most prominent contaminants and given the relative concentrations of these
constituents, two locations appear to be the primary source of this contamination, these being the
areas between tanks C-104 and C-105 and betv  'n tanks C-108 and C-109.

3.3.1.3 Unplanned Releases in the C WMA. Williams (2002) identifies a number of
unintentional near-surface losses and windblown contamination events in the C Tank Farm. The
Waste Information Data Base System (WIDS) summarized these events, also known as
unplanned release events (UPRs). The Handbook 200 Area Waste Sites (Maxfield 1979) also
discusses some events. Two of the UPRs (UPR-200-E-82, and UPR-200-E-86) involved
PUREX high-level waste supernatant and contributed significant inventory to the soil column. A
third UPR involved the loss of PUREX aluminum cladding waste. These three events occurred
on the southwest side of the C Tank Farm and made relatively significant contributions to vadose
zone contamination. The WIDS also identifies a number of other waste loss events but these
involve either small (less than 100 gal) volume losses, airbome contamination spreads, or tank
leak information mirroring the information in the monthly Hanlon report Waste Tank Summary
Jor Month Ending October 31, 2000 (Hanlon 2000). There is small overland piping leak (50 gal)
involving the loss of PUREX cladding waste between tanks C-105 and C-108, documented in
UPR-200-E-16. The spectral gamma logging data (DOE-GJO 1998a) for the C Tank Farm
indicates widespread low-level Cs-137 contamination across much of this farm.

Report UPR-200-E-81 describes a 1969 waste loss event that occurred near the 241-CR-151
Diversion Box and involved the loss of 136,000 L (36 Kgal) of PUREX cladding waste
(Williams 2001, Maxfield 1979). A puddle of contaminated liquid measuring 6 ft by 40 ft was
formed. The puddle was backfilled with clean dirt in 1969. The PUREX cladding waste was a
reasonably low activity waste stream produced from the caustic dissolution of the aluminum fuel
rod cladding. The origin of the radioactive contamination in this waste stream was congruent
dissolution of the uranium fue! during the de-cladding operation. It was estimated that 720 Ci of
Cs-137 were lost to the soil.

Report UPR-200-E-82 describes the loss of Cs-137 Recovery Process feed solution being
pumped from tank C-105 to the B Plant. The leak occurred near the 241-C-152 Diversion Box
and involved the loss of approximately 2,600 gallons of liquids (Tanaka 1971). Approximately
100 gallons of this fluid surfaced. Surface contamination was covered with clean gravel in 1969.
This waste loss event was thoroughly investigated and results are available in B Plant Ion
Exchange Feed Line Leak (Tanaka 1971). It was estimated that 11,300 Ci of Cs-137 were lost to
the soil. Additional inventory estimates of vadose contamination from this event are discussed in
Chapter 4.
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Report UPR-200-E-86 describes a waste loss event associated with a pipeline break near the
southwest comner of the C Tank Farm. Fluids were being pumped from the 244-AR Vault to the
C Tank Farm. Approximately 17,400 gal of fluid that contained approximately 25,000 Ci of
Cs-137 were lost 10 the soil (Maxfield 1979). Based on the ratio of Tc-99 to Cs-137 in the
irradiated fuel (~3x 10 Ci Tc-99/Ci Cs-137), approximately 7.5 Ci of Tc-99 were lost. This
waste stream most likely originated from the water washing of PUREX sludge intended to
remove Cs-137 (and other waste soluble components) from the sludge prior to acidification and
Sr-90 recovery.

3.3.1.4 Near Surface Contamination in the C WMA. Gen i . near-surface contamination
occurs across the C Tank Farm and probably in other parts of the C WMA. About a dozen of t!

« vellsinthef  have Cs-137 gamma activity that peaks at or above 100 pCi/g in the upper
1> 1eet of the vadose: 1, however, most contaminated drywells are around 10 pCi/g. . .vo of
these higher concentration zones, between tank C-104 and C105 and between C-108 and C-109,
apparently are caused by sm:  transfer leaks.

I ween tank C-104 and C-105, a Cs-137 (531 pCi/g) pcak at about 24 ft (7 m) bgsindryv |
30-04-03 indicates a transfer line leak. Apparently the Cs-137 was present before 1974 (Welty
1988). Below the Cs-137 peak, 2 Co-60 contamination zone (3-6 pCi/g) occurs from 26 ft (8 m)
bgs to the bottom of the drywell (about 50 ft (15 m) bgs). Drywell 30-04-02 also includes
Cs-137 and Co-60 contamination at similar depth ranges but the Cs-137 peak is not evident,
suggesting that drywell 30-04-03 is closest to the source. In addition, Co-60 appears at a slightly

eater depth interval between 40 and 60 ft (12 and 19 m) ! - 3 in drywell 40-04-02. Historical
gross gamma data indicate Co-60 movement for at least ten years beginning in 1975 when
well-documented measurements were first taken. Drywell 30-04-01, which contains Cs-137
contamination almost continuously between the surface and the drywell bottom at 50 ft (15 m)
bgs, may also have seen contaminant movement since 1975.

Third, a Cs-137 and Eu-154 peak (about 70 and 20 pCi/g, respectively) occurs in drywell
30-05-08 at 17 ft (5 m) bgs. This may or may not be the same transfer line that leaked near
drywell 30-04-03. However, the fact that Eu-154 is present in this drywell and not in drywell
30-04-03 suggests somewhat different waste stream chemistry. No other contiguous drywells
show this pattern.

Between tanks C-108 and C-109, a transfer line leak source is indicated by contamination in
drywell 30-08-02. High Cs-137 concentrations occur between 20 and 22 ft (about 6 m) bgs and
peak at 1,100 pCi/g in this zone. A Eu-154 peak (24 pCi/g) is coincident with Cs-137 and the
more mobile Co-60 is present between 50 and 80 ft (15 and 24 m) bgs at concentrations up to
10 pCi/g. These contaminants were present when the drywell was installed in 1974. This
contaminant plume appears to extend at least to drywell 30-06-10 where a similar Co-60 plume
occurs between 86 and 115 ft (26 and 35 m) bgs at lesser concentrations (up to 1 pCi/g). Co-60
also occurs to a lesser degree in drywell 30-09-01 at 90 to 95 ft (27 to 29 m) bags. This location
may represent the eastern extent of this contaminant plume. Otl  nearby drywells may also
contain contamination that has migrated from this transfer line. These drywells (30-09-06,
30-09-07 and 30-09-02) along with drywells 30-08-02 and 30-06-10 contain mobile Co-60 that
migrated in the 1980’s between 40 and 115 ft (12 and 35 m) bgs according to the gross gamma
record. The apparent lag time between initial discharge to the vadose zone before 1974 and the
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observed Co-60 migration in the 1980s may indicate additional leakage or enhanced migration
instigated by artificial discharge.

Numerous drywells in the east and southeast part of the tank farm other than those listed above
contain Cs-137 primarily between the surface and tank bottom depth of about 40 ft (12 m) bgs
and Co-60 that is located well below tank bottoms (80 ft [24 m] bgs and deeper) and has
migrated during the course of the gross gamma logging program between 1975 and 1994.
Generally speaking it appears that Co-60 migrates towards the east or southcast in the C WMA
vadose zone, judging by the overall Co-60 distribution in the C Tank Farm drywells. The source
of contaminants in the vadose zone may be related to the transfer line leaks, the proposed tank

_ 105 leak or unidentified leaks. However, when the transfer lines and tank C-105 are
postulated as sources of the Co-60, contamination at specific drywells cannot be connected
readily to these specific sources.

One other possible source is tank C-103. Two drywells (30-03-01 and 30-03-07) show small
_3-137 peaks around 50 ft (15 m) bgs that might indicate a tank leak. In addition, extended
Co-60 contamination zones (20 ft (6 m)) occur in drywells 30-03-01 and 30-03-09 below 80 fi
[24 m] bgs. However, these data do not clearly indicate a lcak event. The Cs-137 data at
drywell 30-03-01 is ambiguous because this drywell was completed in two stages and substantial
Cs-137 contamination existed near the surface. During the second stage deepening of the
drywell an opportunity presented itself for dragdown contamination in the depth range
containing elevated Cs-137 concentrations. In drywell 30-03-07 the lack of a Co-60
contamination zone below the Cs-137 is unexpected if a tank leak occurred here and other
surrounding dryv  Is include Co-60 as a contaminant deeper in the vadose zone.

Finally, a small pipeline leak on the north side of tank C-112 is indicated by a thin high Cs-137
concentration zone at 8 f1 (2 m) bgs in drywell 30-12-13. Lesser concentrations of Cs-137 (about
1 pCi/g), Co-60 and Eu-154 are found lower in the soil column (down to 50 ft (15 m) bgs).

3.3.2 ATank Farm

Three of the six tanks in the A Tank Farm (A-103, A-104 and A-105) are listed in Waste Tank
Summary Report for Month Ending February 28, 1999 (Hanlon 1999) as leakers. Reliable leak
estimates are available for none of the tanks. Evidence of tank waste losses to the vadose zone in
these locations and other locations indicated by spectral gamma data are summarized below.
Other areas of significant near surface contamination are discussed in Section 3.3.2.2.

3.3.2.1 Tank Waste Losses from A Farm Tanks. Spectral gamma measurements have been
recorded in drywells around the A farm tanks and in laterals placed horizontally (about 10 fi

[3 m] below the tank bottom) underneath each of the tanks. Historical reports (Welty 1988)
identify an increase in radiation measured at the bottoms of drywells 10-03-01 and 10-03-07

(75 1 [23 m) bgs) in 1964 and in 1968 at drywell 10-03-07. Current spectral gamma data show
little or no contamination at these locations. Spectral gamma data for several « wells
(10-03-01, 10-03-0510-03-07, 10-02-03, and 10-03-11) around tank A-103 measure small
amounts for Cs-137 (about 0.1 pCi/g) at 80 ft (24 m) bgs and below. All of these wells were
drilled in two stages, first to 75 ft (23m ) bgs and then further down. This history combined with
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the very low measured values strongly indicates dragdown of any Cs-137 that might be present
at depth. Given the lack of convincing evidence it is concluded that either tank A-103 did not
leak or did not leak sufficiently to contaminate the vadose zone to any significant degree.

The primary evidence of tank waste leaks from tank A-104 is provided by measurements of
increased radiation in two laterals undemeath the tank in 1975, first in lateral 14-04-02 in the
north central part of the tank and then in the southeast section in lateral 14-04-02. Eventually,
radiation was measured in the third lateral as well. Evaluation of the gross gamma logs (Randall
and Price 2001b) shows Ru-106 as a primary gamma emitter. The variable locations of radiation
detection under the tank may indicate multiple leak locations. However, the extent of

itamination that has actually entered into tl  vadose zone is quite limited given the lack of
contamination in adjacent drywells. Spectral gamma data show no significant contamination at
tank bottom depth.

Structural failure of tank A-105 is well documented (Caggiano 1991, WHC 1991,

Beard et al. 1967). In January 1965, a sudden steam release occurred in tank A-105. Steam was
released from a riser on an interconnected tank, A-103. The steam release event lasted for 30
minutes. Significant damage occurred to the bottom of the steel liner during the steam release
event. It was estimated that, at most, 4 inches of liquids had been lost from tank A-105. Within
a couple months, increased activity was measured in lateral 14-05-03 in two places on the east
and north side of the tank. Subsequently, additional risers were drilled through the tank dome
and the tank interior was inspected, revealing a significant section of the liner floor that had
bubbled up and partially separated from the sidewall. Despite the obvious liner failure, it was
determined that the tank was not leaking. No significant gamma activity wasn  sured in the
surrounding drywells suggesting that the concrete tank structure provided adequate containment
for the tank fluids.

The tank was closely monitored until the tank contents had aged sufficiently to allow the
supernatant to be sent to B Plant for Cs-137 recovery. Most of the PUREX sludge was sluiced
from the tank, however, a high-heat hard heel was left in the tank. Consequently, water was
added to the tank contents for cooling for the next eight years. Hanlon (2002) listed an estimated
leak volume for tank A-105 as 10,000 to 277,00 gallons. The 10,000 gallons represents the
upper limit of the volume of tank waste lost during the initial steam release event. The additional
volume represents cooling water that may or may not have leaked from the tank during the eight
years of water addition. The lack of significant gamma reading in nearby drywells strongly
indicates the volume estimate of 10 kgal to be extremely conservative. Liquid volume lost
associated with the 30-minute steam release event is unknown but could have accounted for all
of the liquid loss from this tank.

Over time, additional lateral measurements of increased activity did occur in other laterals,
which could have indicated additional leak locations or spreading from the initial leaks. The
current spectral gamma database continues to show minimal tank waste contamination in the
vadose zone (DOE-GJO 1998c). Cesium-137 concentrations have been measured at several

* rwells (10-05-02, 10-05-05, 10-05-07, 10-05-09, 10-06-09 and 10-05-12) at the tank bottom
and lower depths. However, many of these drywells were constructed in two stages and
dragdown contamination is likely in most of them. One drywell (10-05-10) may contain Cs-137
contamination from the A-105 tank leak (between 75 and 86 ft (23 and 26 m) bgs) but the
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complicated drilling process may have shifted the Cs-137 from its original location. The
his ical oss gamma log shows a shift in Cs-137 contamination levels around 1978 but this is
probably related to the second stage drilling that occurred then.

3.3.2.2 Additional A Tank Farm Contamination. The only other area of significant vadose
zone contamination indicated by spectral gamma data in the A Tank Farm is a small area
between tanks A-101 and A-102. In this area, subsurface contamination levels exceed those
around the tanks that have leaked in the A Tank Farm. FHistorical records and the spectral and
gross gamma data indicate complicated tank waste release history. At least two leak sources
app:  to be indicated as well as enhanced recharge that occurred from leaking water lines in the
vicinity. The first source appears to be leaking pipes at the 241-A-01B sluice pit at the southeast
side of tank A-101. Occurrence Report 81-03 by Lindsay (1981) reports the drilling and
sampling of several boreholes (not the current drywells) on top and at the periphery of the tank
dome between the sluice pit and drywell 10-01-04. The boreholes near the sluice pit were
reported to contain Cs-137 and those at the periphery contained C-60 and Ru-106. Two drywells
10-01-03 and 10-02-08 contain 2 fi (1m) zones of very high Cs-137 concentrations around 5 fi
{2 m) bgs. Given the general reactivity of Cs-137, these sites are unlikely to contain Cs-137 that
migrated from the sluice pit. The source of additional leaks is probably a shallow pipeline or
multiple pipelines. Neither the time of the leaks nor the leak volumes are known.

Just south of these locations are a group of four drywells (10-01-28, 10-01-39, 10-01-16 and
10-01-04) that include Cs-137, Eu-154, and Co-60 and show a contaminant distribution pattern
at 30 ft (10 m) bgs and below suggesting a common source to the north, either the postulated
sources described above or an additional unidentified source (e.g., a cascade line leak). All of
these drywells show Cs-137 contamination between 0 and 20 ft (6 m) bgs and then increasing
contamination at greater depth. Peak concentrations occur at the shallowest depth in drywell
10-01-28 around 25 to 30 ft (8 to 10 m) bgs. As the drywell locations move south the peak
concentration depths deepen slightly and more reactive contaminations drop out (e.g., all three
isotopes are present in drywell 10-01-28 and 10-01-39, only Co-60 is present at drywell
10-01-04).

3.3.3 AXTank Farm

Tv  of the four tanks in the AX Tank Farm (AX-102 and AX-104) are listed in Hanlon (2000)
as leakers. Reliable leak estimates are available for neither of the tanks. The AX tanks had leak
detection systems build into to the tank bases and no data have been found that indicate any
positive hits in these systems. Evidence of tank waste losses to the vadose zone in these
locations and other locations indicated by spectral gamma data are summarized below.,

The conclusion that tank AX-102 leaked was based on several occurrence reports beginning in
1975 of slight liquid level drops, slight increases in borehole activity and an increase in the leak
detection pit activity. None of these occurrences were clear indicators of leakage. The most
likely real leak event associated with the occurrence reports was loss from a coupling to an
exhaust vapor header attached to the tank. The highest gamma contamination among the
boreholes surrounding tank AX-102 occurs at about 12 ft (4 m) bgs in drywell 11-02-12 and has
been attributed to this event. In this zone Cs-137 concentrations exceeded the detection limit and
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Eu-154, Co-60 and Sb-125 are also present. Co-60 and Sb-125, being apparently more mobile
than Cs-137 and Eu-154 are measured below the high concentration zone between 12 and 30

(4 and 10 m) bgs. Very small Cs-137 concentrations (about 2 pCi/g or less) occur between

50 and 70 ft (15 and 21 m) bgs at drywell 11-02-01 and between 30 and 50 ft (10 and 15 m) bgs
at drywell 11-02-02. While this contamination may be an indicator of a small tank leak, it scems
more likely that dragdown is the cause.

The conclusion that tank AX-104 leaked was based on several occurrence reports describing

incre: d activity in nearby drywells and onc liquid level decrease event. The gross gamma

activity records measured increased activity around tank bottom level but were brief in duration

and of poor quality. The spectral gamma data from surrounding drywells show no levels of
ated activity — T~ GJO 1997c). Thus, ifany leaka  3id occur it w: not significant.

Two other locations in AX Tank Farm contain elevated concentrations of gamma emitting
radionuclides. Between tanks AX-103 and AX-101on the north side, a surface spill is indicated
in drywells 11-01-10,11-03-02 and 11-03-12 (DOE-GJO 1997d, 1997¢). Drywell 11-01-10 is
located closest to the source of the spill. Between 3 and 5 ft (1 and 3 m) bgs, a high Cs-137
concentration zone occurs (up to 4,000 pCi/g) at drywell 11-01-10. Cobalt-60 and Eu-154 were
also detected between 5 and 15 ft. At drywell 11-03-02 elevated Cs-137 concentrations (up to
1,000 pCi/g occur between the surface and 26 ft (8 m) bgs along with Co-60 and Sb-125. The
edge of the spill may be indicated at drywell 11-03-12 where Cs-137, Co-60 and Sb-125 were
measured between the surface and 10 ft (3 m) bgs.

The second location containing elevated gamma-emitting radionuclides occurs at the southwest
side of tank AX-103 and northwest side of tank AX-104. Surface spills are again indicated by
the intensity and distribution of gamma-emitting radionuclides at drywells 11-03-07 and
11-04-10 (DOE-GJO 1997¢, 1997e). Elcvated concentrations of Cs-137 (about 100 pCi/g),
Co-60 (1 pCi/g) and Eu-154 (10 pCi/g) were measured between 5 and 8 f (2 and 3 m) bgs at
drywell 11-03-07. Atdrywell 11-04-10, Cs-137, (1450 pCi/g) Co-60 (5 pCi/g) and Eu-154

(22 pCi/g) peak about 5 ft (2 m) bgs. Contamination in these two holes may have resulted from
the same discharge event or may indicate separate discharge events. Historical _ ss gamma
data (Price 2001) indicate vertical migration of Ru-106 in boreholes 11-03-07 and nearby
boreholes 11-03-09, 11-04-01 and 11-04-11 with all incidents occurring in the late 1970s.

34 CURF NT ASSESSMENT OF SINGLE-SHELL LEAK INFORMATION

The current status of tank leak information is summarized in Table 3-1 for the tanks in C, A and
AX Tank Farms. All tanks listed as leakers in Hanlon (2002) and one additional tank, C-105, are
listed Table 3.4-1. Concurrence or disagreement with the Hanlon report is indicated in the fourth
column and reflects the evaluation provided in this report. Tank C-105 was added to the list
because it was concluded to be a leaker in this evaluation.

... primary indicators of tank leakage are historical liquid level records for individual tanks and
gamma logging data in drywells around tanks. Tank leaks are indicated by liquid level drops
that clearly occurred and cannot be explained by liquid waste transfers and by the presence of
gamma emitting radionuclides at appropriate depths and concentrations in the vadose zone near
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3.5 GROUNDWATER CONTAMINANT INFORMATION

This section covers the current state of groundwater contamination surrounding the A-AX and

C WMAg, including historic constituent trends that depict the temporal and spatial distribution of

contaminants. Several distinct suites of contaminants are recognized, based on spatial

relationships and on identifying associations of co-contaminants or aqueous chemical

parameters. Given the complicated history of waste discharge to the subsurface in the last

50 years combined with artificial reversals in the natural flow direction and the ambiguities and

dynamics in the current flow direction (sce B/BX/BY Field Investigation Report (FIR) for further

information), identifying sources at this time is not possible. The current regional distribution of

radionuclides (i.e., tritium, strontium, uranium, technetium, and iodine) in the groundwater in the
} atssl in F'—re 3-1, and the nitrate and chromium distribution is shown in

Figure 3-2. Near the C and A-AX WMAs, contaminant concentrations arc modcrate and there is

no clear indication of vadose contamination within the WMASs being a source.
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3.5.1 Groundwater Monitoring Results Near the . WMA

Groundwater samples have been taken regularly from several groundwater monitoring wells
around the C WMA since the early 1990s. These include monitoring wells299-E27-13.
299-E27-12, 299-E27-15, 299-E27-7, and 299-E27-14. Recent chronological changes in key
constituent values (pH, specific conductance, and technetium-99, nitrate, sulfate and choride
concentrations) are summarized below and illustrated in Figures 3-3 through 3-6.

Key constituent values remained essentially constant and at values below regulatory concern
until the late 1990s, at which point some values began to increase. During fiscal year 2001,
critical mean v; tes from samples taken from groundwater wells monitoring the C WMA were
not exceeded for the three indicator parameters of pH, total organic carbon, and total organic
halides. However, the critical mean value for specific conductivity (553.3 uS/cm) was exceeded
in well 299-E27-14 at the end of FY2001 (Figure 3-3). An averaged value of 614 uS/cm was
reported for this cross gradient well for the September 2001 sampling event. The increase in
conductivity is due primarily to rising sulfate and calcium along with nitrate and chlorine
(Figure 3-4). Sulfate was 135 mg/L while nitrate was 29 mg/L for July 2001. The September
2001 sulfate data is abnormally low and is under review. The nitrate value for September 2001
is 43.8 mg/L, very close to the DWS of 45 mg/L.

Technetium-99 activities continue to increase in all wells at the C WMA(Figure 3-5). This
technetium-99 contamination correlates to the rising anionic chemistry. Althor ") downgradient
well 299-E27-13 had a pulse of technetium-99 (487 pCi/L) seen in 1998, the recent
technetium-99 contamination began to increase in the mid-1990s in well 299-E27-14, to a value
of 1190 pCi/L in July FY2001. The greatest increase in FY2001 was detected in well
299-E27-7, which had a maximum value 0f 2190 pCi/L in July 2001 (DWS 900 pCVL). The
correlation of the nitrate to the technetium-99 is shown in Figure 3-6. As can be seen, nitrate is
greater in well 299-E27-14 while technetium-99 is higher in well 299-E27-7. These reversals in
concentration versus activity levels indicate contaminant contributions from multiple sources.
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These increases in well 299-E27-14 are part of a contaminant plume that may be moving into the
area from upgradient areas in recent years. Although the source of this contamination is
presently unknown, it may be related to past discharges that moved through the area when the

B Pond was in full operation or from the upgradient 216-B-3-1 ditch. As part of a continuous
ditch system connected to the 216-B-63 Trench, this ditch was decommissioned in 1964 afier an
accidental release of mixed fission products from the PUREX Plant was discharged directly to
the 216-B-3-1 Ditch (DOE 1993a).

The technetium-99 level in well 299-E27-7 rose quickly in 2001, which ofien indicates a nearby
source. However, a plausible source is not readily identifiable. (e.g., the 216-B-3-1 ditch does
not appear close enough to be the source of this groundwater contamination). Results from well
299-E27-7 have also shown low levels of cyanide with a maximum value of 17 pg/L in June
2000. Ferrocyanide scavenging was conducted in the _#4 ___ Vault with storage in selected
tanks at Waste Management Area C (Kupfer et al 1997). Although well 299-E27-7 is the
upgradient well for this WMA, the only known sources for cyanide are the 244-CR vault and the
waste stored in the C Tank Farm. Again, a readily identifiable source is not known. Cyanide
concentrations decreased during FY2001, and presently cyanide is not detected in this well or
any other network monitoring well.

Figure 3-5. Trend Plots of Technetium-99 for the C WNMA.,
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Figure 3-6. Trend Plots of Nitrate and Technetium-99 for the C WMA.
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There does not appear to be other tank-related waste in the groundwater at Waste Management
Area C. Tritium levels are low, generally less than 1,500 pCi/L, except at well 299-E27-7 where
values rose from about 600 to 2,500 pCi/L during the late 1990s. Currently, the trend remains
steady near 2,480 pCi/L. Bascd on these measurements, C WMA still is not considered to be
under RCRA corrective actions.

3.5.2 Groundwater Monitoring Results Near the A-AX WMA

Groundwater samples have been taken regularly from several groundwater monitoring wells
around the A-AX WMA since the early 1990s. These include monitoring wells299-E25-46,
299-E24-19, 299-E24-20, 299-E25-40, and 299-E25-41. Recent chronological changes in key
constituent values (pH, specific conductance, and technetium-99, nitrate, sulfate and choride
mcentrations) are summarized below and illustrated in Figures 3-7 through 3-13. Overall,
these data provide no indication that vadose zone contamination in the A-AX WMA contributes
to local groundwater contamination and hence this WMA is not under RCRA corrective action.

Key indicator values (specific conductance, pH, technetium-99 activity and nitrate, sulfate and
chloride concentrations) have generally remained below regulatory triggers. Although
concentrations of indicator parameters, conductivity, TOC and TOX have not exceeded the
critical means at Waste Management Area A-AX since 1992, the pH fell below the critical range
(6.89 to 9.24) in well 299-E24-19 in July 2001. This well is, at best, cross gradient as it is
located on the southwest side of the WMA (sce Figure 1-3). Verification sampling was
conducted in October 2001 resulting in a pH value of 7.13. Causes for the low pH are discussed
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below in relation to the elevated chromium found in the groundwater at this location. Specific
conductance values generally ranged from 261 to 374 uS/cm during fiscal year 2001

(Figure 3-7), reflecting changes in sulfate and nitrate concentrations. The primary cation is
calcium. These specific conductance values are well below the critical mean of 534.9 pS/cm.
Figures 3-8 and 3-9 show trend plots for sulfate and nitrate, comparing contaminant levels in the
A-AX WMA network groundwater monitoring wells. The specific conductance changes that
occurred at the A-AX WMA are generally dominated by sulfate except for well 299-E24-20
(maximum contaminant level 250 mg/L). Although sulfate appears to increasing in wells on the
southwest side of the WMA, sulfate concentration ranges from 37 to 48 mg/L, which is within
the Hanford Site background values reported in WHC-EP-0595 (~14 to 60 mg/L). Although in
the past, sulfate concentrations above background values were identified in two wells,
299-E25-40 and 299-E25-41, the recent trend appears to be decreasing to values of 55 to
S7Tmg/L.

Nitrate values (Figure 3-9) have ranged from ~4 to 12 mg/L, which falls within the ranges of
background values of 3 to 12 mg/L for the Hanford Site (Johnson et al 1993) except at well
299-E24-20 located west of the A Tank Farm and south of the 244-AR vault (see Figure 1-3)
where anomalously high values have been measured. Nitrate concentrations about 45 mg/L
occurred between 1992 and 1994 and then began to increase in 1996 and beyond to values above
30 mg/L.. This well is upgradient of the A-AX WMA, suggesting an upgradient source for
higher nitrate concentrations in this well. There is a good correlation with anomalously high
tritium activity at this well whose value remained the same from ~9,200 pCi/L in February 2000
to 9170 pCi/L in December 2000 (Hartman et al 2002). Tritium values at other nearby wells
ranged from 3,530 to 5,000 pCi/L.

Figure 3-7. Trend Plots of Specific Conductance for WMA A-AX.
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Figure 3-8 Trend Plots of Sulfate for WMA A-AX.
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Figure 3-9. Trend Plots of Nitrate for WMA A-AX.
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Technetium-99 concentrations for the same set of wells at this WMA are generally low
(Figure 3-10), the one notable exception being in well 299-25-46 where a moderate increase in
activity to about 400 pCi/L was measured in 1997. Comparison of nitrate and technetium-99
trends in these wells (figures 3-9 and 3-10) show no particular correlation, an observation that
frequently is attributed to a vadosc zone tank waste source..

In filtered samples from well 299-E24-19, chromium continues to be detected at values above
the DWS of 100 ug/L. The last reported value in July 2001 is 1640 ug/L (Figure 3-11). The
similarity of manganese and nickel concentration trends to chromium (Figure 3-11) indicate well
screen corrosion effects rather than a tank waste source. To test this hypothesis, changes in well
299-E34-19 water chemistry were measured over a 40 minute period at a pumping rate of

3 gallons per minute in December 2000. During that time chromium concentrations dropped
noticeably while specific conductance remained relatively constant (Figure 3-12). . ..is suggests
that chromium is only present near the borehole relative to those constituents prevalent in the
groundwater and contributing to specific conductance measurements (e.g., nitrate, sulfate,
sodium). Because chromium is a product of well casing corrosion, the supply is rapidly used
and concentrations fall quickly.

Figure 3-10. Trend Plots of Technetium-99 for WMA A-AX.
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Figure 3-11 Trend Plots for Filtered Chromium, Nickel, and Manganese, for
Well 299-E24-19. These data are from filtered samples.
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Figure 3-12. Trend Plots for Filtered Chromium and Specific Conductance for
Well 299-E24-19.Thesc data are from filtered samples.
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4.0 DATAINTEGRATION AND CONTAMINANT MIGRATION
CONCEPTUALIZATION

This section provides qualitative hypotheses and conclusions about the nature and distribution of
contamination present in the C and A-AX WMAs. The bases for thesc observations are the data
described in Chapter 3 and the appendices.

4.1

GENERAL OBSERVATIONS

Multiplc vadose zone contamination events have occt  d in the C and A-AX WMAs. Evidence
for these events is provided by the historical record, and historical gross gamma and spectral
gamma data. Outstanding characteristics of contaminant occurrences in these WMAs include the
following:

The primary gamma emitting radionuclides measured in the C, A, and AX Tank Farms are
Cs-137, Co-60, and Eu-154. Antimony (Sb)-125 is occasionally measured and historical
gross gamma evaluations indicate the presence of Ru-106 in the 1970s, which has since
decayed to negligible quantities.

Cesium-137 contamination is found from the surface down to as much 30 ft (9 m) bgs in the
majonty of drywells in the C, A and AX Tank Farms. Typically, Cs-137 concentrations are
< 10 pCi/g and are at maximum value just below the surface. This contamination is
attributed to surface spills from tank farm activity. The most contaminated area apparently
caused by a surface spill occurs in the AX Tank Farm between and on the north side of tanks
AX-103 and AX-101. The drywell with the highest contamination, 11-01-10, contains up to
4,000 pCi/g between 3 and 5 ft (1 and 3 m) bgs. Co-60 and Eu-154 are also present in this
borehole.

Cesium-137 is most highly concentrated in drywell 30-05-07 next to the southwest part of
tank C-105 where two zones at and just below the tank bottom (between 34 and 44 f (10 and
13 m) bgs and 48 and 62 fi (15 and 19 m)) contain maximum concentrations of 10" and

10° pCi/g, respectively.

Co-60 is concentrated in a few areas within these WMAs, including the eastern half of the

C Tank Farm, between tanks A-101 and A-102 at the south end in the A Tank Farm, and in
the northwestern quadrant of AX Tank Farm. Co-60 occurs most frequently and at greater
depth (> 90 ft (27 m) bgs) in the eastern part of the C Tank Farm. Historical gross gamma
data indicate Co-60 migration in the late 1970s and early 1980s in the C Tank Farm drywells
near presumed transfer line leaks between tanks C-104 and C-105, between tanks C-108 and
C-109 and around tank C-103. Co-60 is also tracked in drywells between tanks A-102 and
A-102 at the south end between in the late 1970s and 1980s. The deepening progression of
Co-60 over time is clearly illustrated at drywetl 10-01-04.
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o A discharge on the north (drywell 30-12-13) of tank C-112 indicated by peaks of non
identified radionuclides exceeding the detection limit at about 10 ft (3 m) bgs

o A discharge between tanks A-102 and A-103 (drywell 10-03-10) indicated by Cs-137, Co-60
and Eu-154 peaks (maximum values of 10, 0.5 and 8 pCi/g, respectively) between 5 and 10
(2and 3 m) bgs

The remaining contamination areas that are considered to be the largest inventory contributors to
the vadose zone in the C and A-AX WMAs are tank leaks from tanks C-105, A-105, A-104 and
unplanned releases from transfer lines at the west and southwest edge of the C WMA. Smaller
discharges also occurred from transfer lines between tanks C-104 and C-105, between tanks

~ 108 and C-109, between and south of tanks A-101 and 102, between and north of tanks
AX-101 and AX-103, and between and west of tanks AX-103 and A-104.

4.2.1 Tank C-105 Data Integration and Interpretation

Tank C-105 has not been identified as a leaker in the past although it has been proposed as
possible previously (Brodeur 1993). Two observations suggest that C-105 did leak. First, the
spectral gamma data in drywell 30-05-07 on the southwest side of the tank contain two high
Cs-137 zones near and just b¢ w the tank bottom, which indicates a past occurrence of a tank
leak at the tank bottom. Second, a liquid level drop of 36 inches was noted between 1963 and
1967. During this time and into the early 1970s, C-105 was being used as a transfer tank for
high activity PUREX waste being sent to B Plant for Cs-137 separation. This waste created high
heat conditions in tank C-105 for several years. It is proposed that the high heat load in tank
C-105 caused tank failure from rupture of the tank liner at a noint of weakness (e.g., the weld
between the sidewall and the bottom). Subsequently, a sma loss of tank waste into the vadose
zone occurred. This combination of tank history and environmental characteristics are similar to
other tanks that are known to have leaked (e.g., tank T-106).

Altemnative explanations for the causes of these observations other than a tank leak have been
proposed. The Cs-137 source has been attributed to a nearby leaking transfer line between tanks
C-104 and C-105, about 20 ft (6 m) from the tank bottom. This explanation seems unlikely
because a temporary in situ chemical condition that enhanced Cs-137 mobility was needed to
allow transport of Cs-137 at high concentrations a distance of more than 20 ft away from the
source. Previous single-shell tank leak characterization studies indicate that enhanced mobility
has only occurred during the tank SX-108 leak when extremely high sodium concentrations in
the waste successfully competed with Cs-137 for sorption sites, allowing Cs-137 to be
nonreactive with soils temporarily and migrate more than a few feet from the source location
(Knepp 2002). The PUREX waste stream presumed lost from tank C-105 does not appear to
have the correct chemistry to enhance Cs-137 mobility even temporarily (e.g., highly
concentrated sodium or other competing cations). The observed liquid level drop is less
convincing. The high waste heat load could certainly have induced evaporation and at least part
of the liquid leve! drop. Nevertheless, some liquid loss due to tank failure is plausible.

The Cs-137 contamination was encountered when drywell 30-05-07 was drilled in the early
1970s. Therefore, the postulated leak would have occurred previously, probably in the late
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1960s. It is hypothesized that the leak was small and self-scaled after a short time. Tank C-105
continued as a feeder tank to B Plant into the 1970s showing no obvious indication of leaking.
An analysis of historical gross gamma logging data from this dry well indicates there have been
no changes in the level or location of the Cs-137 contamination in the vadose zone since the
drywell was installed. In addition, additional liquid leve! drops after 1967 were not observed.
The waste volume released from tank C-105 is unknown and it is feasible that some areas
undemeath tank C-105 may be highly contaminated. Two distinctly scparate high Cs-137
contamination zones with markedly different concentration levels (about 107 pCi/g in the upper
zone at tank bottom depth versus 10° pCi/g in the lower zone) may indicate two leak events.
Another option is that the lower zone indicates a dragdown effect because the contamination was
in place at the time of drilling. The 36-inch liquid level drop in a 75 ft diameter tank corresponds
to about 100,000 gallons, but evaporation because of I *-* internal tank temperatures was likely
responsible for most if not all of the liquid loss. The hign Cs-137 vadose zone cont  nation
area at tank T-106 (Wood et al 2001) can be used as a qualitative measuring stick for the size of
the tank C-105 leak. At tank T-106, 115,000 gal of tank waste leaked into the vadose zone,
During the T-106 leak approximately 40,000 Ci of Cs-137 was lost resulting in a high Cs-137

(~ 107 pCi/g) plume extending over a 75 ft-diameter area. The area of the C-105 high Cs-137
concentration zone is much smaller as it is expressed by only one borehole. Given the
uncertainty about contamination undemneath the tank, a leak involving the loss of approximately
10,000 Ci of Cs-137 is feasible. The Cs-137 activity in the PUREX supernatant in tank C-105 at
the time of the potential leak was in the range of 5 to 30 Ci/gal Ci-137. Thus, a leak volume
could be could a small as several hundred gallons up to 2 kgal. A leak inventory estimate was
developed for a nominal 1-kgal leak volume.

Since the timing of the waste loss event resulting in the Cs-137 activity in drywell 30-05-07 can
only be constrained by the time of the drywell instillation (early 1970s), waste stream
identification, and thus leak inventory, are somewhat problematic. Tank C-105 was first used to
store bismuth phosphate metal waste. From 1954 through it was used to story uranium recovery
waste. The spectral gamma logging data from drywell 30-05-07 are inconsistent with a leak
from either of these two waste types. From 1956 until 1963 tank C-105 was used to store
PUREX cladding waste. The concentrations of radionuclides in cladding waste were 3 to 4
orders of magnitude less than in the high-level waste supernatants passing through this tank from
1963 until 1978. Thus, if a PUREX cladding waste were the source of the Cs-137 found in
drywell 30-05-07 then a2 much large leak volume would be required. However, the leak
inventory would remain relatively constant.

Contaminant migration from drywell 30-05-07 to surrounding drywells is not clearly indicated
by the spectral gamma data in these surrounding drywells. Two other nearby drywells, 30-5-08
and 30-05-05, show Cs-137 peaks at depths corresponding to the high concentration zones at
drywell 30-05-07. In these drywells, maximum Cs-137 concentrations are < 100 pCi/g, much
reduced relative to those at drywell 30-05-07. If this Cs-137 is from a tank C-105 leak, the rapid
reduction in Cs-137 concentrations is consistent with the expected high Cs-137 reactivity with
vadose zone soils. At drywell 30-05-05, Co-60 also appears to peak just below Cs-137 (at 70 ft
(21 m) bgs versus 60 to 65 ft (18 to 20 m) bgs). If Cs-137 and Co-60 at this drywell location are
both from the tank C-105 leak, Co-60 is nearly as reactive as Cs-137.
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From this minimal data set, it is concluded that the proposed tank C-105 leak is largely
constrained to the area southwest of tank C-105. However, a more mobile constituent such as
Tc-99 probably migrated over a larger area that cannot be predicted with the available data.

4.2.2 Tank A-105 and A-104 Data Integration and Interpretation

Tanks A-105 and A-104 have been identified as leakers, a conclusion that is clearly supported by
the available database. Of these, the tank A-105 leak event was the most serious (see

Caggiano 1991, WHC 1991, and Beard et al 1967 for extensive reviews). Both tanks were used
to store highly radioactive PUREX processing waste, and were designed to accommodate the
high fissionp wuctw ¢ d oc edhighth  lload. In1963,the! indicationofa
leak at tank A-105 occurred with the measurement of elevated gamma activity in lateral

14-05-03 on the east side of the tank. This lecak was thought to have self-sealed. The tank was
then filled to capacity with PUREX high-level (boiling) waste in late 1964. However, the
thermal conditions turned out to be too extreme. In January 1965, a steam eruption occurred at
tank A-105. Steam was vented for 30 minutes and there was extensive damage to in-tank
monitoring equipment. In addition, there was serious damage to the steel base of the tank. There
were major safety concerns about the status of this tank at that time. Initial investigations
identified a maximum 4-inch drop in the waste level in the tank. The tank was closely monitored
for the next few years with no evidence of additional leakage even though the steel liner was
severely damaged. After the heat load in the wastes in tank A-105 had decreased for 3 or 4 years
the supematant was transferred to B Plant for Cs-137 recovery. Most of the sludge was removed
by sluicing. However, a hard heel was left in the tank when increasing activity was noted in
nearby drywells. Because of the heat load of the remaining hard heel, water was periodically
added to the tank for almost a decade. The volumes associated with the various leak events from
tank A-105 are highly uncertain.

The current leak volume estimate for loss of PUREX high-level waste supernatant from tank
A-105 vary from 10 to 45 kgal and estimates of losses of cooling water are between 0 and
232 kgal (Hanlon 2002). The volume of high-leve! waste supematant lost controls leak
inventory estimates. Impacts of cooling waste losses on leak inventory estimates are
insignificant.

All of the available data suggest that the volume of high-level waste supernatant lost from tank
A-105 is considerably less than the 10-kgal minimum listed in Hanlon (2002). Analytical data
for the supematant in tank A-105 at the time of the steam release event show the Cs-137
concentration was 8.1 Ci/L or 31 Ci/gal. Thus, the 10 kgal leak volume requires that 310,000 Ci
of Cs-137 were lost to the soil column. Yet the drywells around tank A-105 have only very low
levels of Cs-137 contamination (< 100 pCi/g). Since the PUREX high-level wastes contained
the same array of gamma emitting radionuclides as those lost from tank T-106 in 1973, plumes
similar to those found near tank T-106 would have been expected around tank A-105. The lack
of significant activity in any of the drywells around tank A-105 (DOE-GJO 1999) provides a
strong argument for minimum loss of gamma activity during the 1965 steam release event.

A 300,000 Ci Cs-137 loss would imply a loss of about ~90 Ci of Tc-99. The tank leak data in
the monthly tank summary report (Hanlon 2002) implies that there was an additional loss of

4-5













RPP-14430, Revision 0

While there are individual differences in the occurrence, extent and waste type discharged to the
vadose zone, the conceptual model for the various transfer line discharges of tank waste to the
vadose zone and subsequent contaminant migration in the vadose zone is basically similar.
Typically, waste leaks from transfer lines for some time before the leak is discovered, either
through nearby drywell gamma data or observed collection of water at the near surface. At that
point the transfer line was repaired or abandoned.

Contaminants proceed to migrate according to their reactivity with soils and natural infiltration
rates. Atthe C, A and AX Tank Farms, the common gamma-emitting contaminants are Cs-137,
Co-60, Eu-154 and Eu-152. Of these, the most reactive and therefore slowest moving
contaminant is Cs-137. When drywell spectra gamma data are available the leak location is

umed to be near a drywell exhibitir - a sharp high concentration Cs-137 peak at depths
consistent with transfer line depths. Cooalt-60 tends to be the least reactive and fastest moving
gamma-emitting radionuclide in the C and A-AX WMAs. Spectral gamma data suggest that
contaminant migration generally has been limited to an area whose size is on the order of a tank
diameter (75 ft [23 m]) or two. However, at C Tank Farm the extent of Co-60 migration may be
greater because Co-60 is measured in numerous tanks as much as 250 ft (76 m) away from the
two primary transfer linc leaks between tanks C-104 and C-105 and between tanks C-108 and
C-109. On the other hand when all the Co-60 spectral gamma data are considered in the C Tank
Farm, logical patterns linking this Co-60 contamination to these two transfer line locations are
not readily discernable. It is plausible that additional leak sources are involved that cannot be
clearly identified by the available data (e.g., 2 tank C-103 leak).

Radionuclide migration may also have been accelerated because of additional artificial water
discharge throueh the vadose zone area contaminated by transfer line leaks. This has rarely
occurred at the _ and A-AX WMAs or has rarely been identified. One possible occurrence was
between tanks A-101 and A-102 on the south side where one or more transfer line leaks are
indicated by drywells 10-01-28, 10-01-39, 10-01-16, and 10-01-04. The spectral gamma data
show a progression of increased vertical migration of Co-60 in the vadose zone away from the
apparent source, and gross gamma data interpretation at drywell 10-01-04 show a clear and rapid
vertical migration of Co-60 from the late 1970s and through the 1980s. Just to the north of this
area a raw water line break occurred in 1978, which was sufficient to cause soil cave in between
tanks A-102 and A-105. At the same time increased activity in nearby laterals was also
observed. It is therefore postulated that enhanced migration of transfer line leak waste occurred.

43 TANKLEAKAND TRANSFER LINE INVENTORY ESTIMATES

The approach used in developing quantitative leak inventory estimates is the same as that used in
previous tank leak inventory estimates (Jones et al 2000a, Jones et a1 2001b). The best estimates
of actual leak volumes were combined with waste composition estimates at the suspected time of
the waste loss events. The uncertainty of the inventory estimated depends mainly on the volume
estimates and time of the leak. At least for the major constituents of the tank wastes, reasonable
composition estimates are available as long as there has not been major commingling of waste
types.
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4.3.1 CTank Farm

Except for tank C-105, there is essentially no evidence to support listing any of the C Farm tanks
as knov  or suspected leakers. An inventory is provided in Table 4-1 for a nominal 1-kgal leak

volume from tank C-105. If results for future investigations indicate a different leak volume the

reported results can be scaled appropriately.

Qutside the C Tank Farm, the most significant contamination comes from two transfer line leaks
of PUREX high activity waste at the western edge of the C WMA, identified in the Waste
Information Data Base System (WIDS) as UPR-200-E-82, and UPR-200-E-86. Report
UPR-200-E-82 desct s the loss of Cs-137 Recovery . .ocess feed Hlution being pumped from
tank C-105 to the B Plant. The leak occurred near the 241-C-152 Diversion Box and involved
the loss of approximately 2,600 gallons of liquids , . .naka 1971). ...e inventory estimate was
developed assuming a PUREX high-level waste supernatant template. These results are listed in
Table 4-1. Report UPR-200-E-86 describes a waste loss event associated with a pipeline break
near the southwest comner of the C Tank Farm. Fluids were being pumped from the 244-AR
Vault to the C Tank Farm. Approximately 17,400 gal of fluid that contained approximately
25,000 Ci of Cs-137 were lost to the soil (Maxfield 1979). The inventory estimate was
developed using the “AR waste type™ template (Agnew 1997). These results are listed in Table
4-1. The large estimated Tc-99 inventory from these events is a primary contributor in the

C WMA to long-term risk estimates.

_wo other transfer line leaks involved the loss of PUREX cladding waste. First, report
UPR-200-E-81 describes a 1969 waste loss event that occurred near the 241-CR-151 Diversion
Box and involved the loss of 136,000 L (36 Kgal) of PUREX cladding waste (Williams 2001,
Maxfield 1979). The PUREX cladding waste was a reasonably low activity waste stream
produced from the caustic dissolution of the aluminum fuel rod cladding. The origin of the
radioactive contamination in this waste stream was congruent dissolution of the uranium fuel
during the de-cladding operation. Inventory estimates for the waste loss event use the PUREX
cladding waste composition used in the Hanford defined waste (HDW) Model for PUREX
cladding waste (CWP2) (Agnew 1997). These inventory estimates are given in Table 4-1.
Second, there is also a small overland piping leak (50 gal) involving the loss of PUREX cladding
waste between tanks C-105 and C-108, documented in UPR-200-E-16. A negligible inventory is
associated with this leak.,

The final contamination source in the C WMA is generalized near-surface contamination across
the C Tank Farm where Cs-137 contaminates the vadose zone between the surface and 15 ft

(3 m) bgs to levels of about 10 pCi/g. About a dozen of the drywells in the farm have Cs-137
gamma aclivity that peaks at or above 100 pCi/g in the upper 15 feet of the vadose zone, with the
most contaminated zones occurring between tanks C-104 and C-105 and between tanks C-108
and C-109. Inventory estimates of near surface contamination can be made for a generalized
level of contamination and for transfer line ‘hot spots’.

An inventory estimate based on the generalized level of Cs-137 (10 pCi/g) contamination is
insignificant when compared to other Cs-137 inventory estimates in this tank farm. For example,
if one assumes a surface area of 400 ft by 400 ft down to a depth of 15 fi with a soil density of
1.7 g/ml and a Cs-137 contamination level of 10 pCi/g, the estimated inventory of Cs-137 is
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1.1 Ci. Assuming a PUREX high activity waste or B Plant isotope recovery source, other
constituents can be scaled from the Cs-137 estimate. For example, a Tc-99 inventory estimate
can be made assuming the Cs-137 is 1,000 to 10,000 times more abundant than Tc-99 in the
discharged waste. Even if this Cs-137 inventory estimate increased by 2 or 3 orders of
magnitude, both Cs-137 and other constituent inventories would still be insignificant compared
to that from other losses in the C WMA.

A similar calculation can be done for smaller contamination zones affected by transfer line leaks
with somewhat high Cs-137 concentrations distributed over a depth interval of a few feet. For
example, at the transfer line leak between tanks C-104 and C-105, the maximum Cs-137
concentration approaches 1,000 pCi/g for a 1 ft depth interval. Assuming contamination in the
area between four tanks (ror- ~ly a 25 ft (8 m) square down to about 20 ft (7m) “ -, a Cs-137
inventory of < 0.1 Ci Cs-13/ 1s calculated. Based on these calculations it is clear nat
near-surface contamination inventories from small transfer line leaks are also insignificant
compared to the high activity waste loss events from tank C-105, UPR-200-E-82 and
UPR-200-E-86.

4.3.2 A-AX Waste Management Area

Inventory estimates are provided for a nominal 1-kgal leak for tank A-105 and a 2 kgal leak for
tank A-104. The results reported in Table 4-1 were scaled from previously reported estimates
(Simpson et al 2001). If results for future investigations indicate a different leak volume the
reported results can be scaled appropriately.

As in C Tank Farm, low concentration near surface contamination is frequently observed in A
and AX Tank Farms as well as occasional ‘hot spot” higher contamination zones created by
small transfer line leaks and other tank farm activities (e.g., between tanks A-101 and A-102, an
apparent pump pit leak created a higher-level contamination zone). Simple calculations similar
to those described for C tank indicate that currently existing vadose contamination is small

(<3 Ci of Cs-137 from these sources) and not significant as a potential source for future
groundwater contamination. Additional inventory estimates are available for near-surface leaks
in the AX Tank Farm (Hendrickson et al 1997).
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50 RECOMMENDATIONS FOR FURTHER CHARACTERIZATION OF THE
C AND A-AX WMAS

Chapters 1 through 3 present information pertinent to the occurrence of contaminants in the
vadose zone underlying the C and A-AX WMAs. Chapter 4 presents qualitative hypotheses of
events leading to the observed vadose zone and aquifer contamination. From these observations
and process knowledge, the primary locations of interest for additional aquifer contamination
have been identified. For most of these areas, contamination extensive enough to warrant
remediation is not expected. However, further characterization is recommended primarily
because of the following three data gaps.

e __e volumes of most leaks are not well documented |  ause no clear  :ans of measuring
leaks was available.

o Analyses of leaked waste fluid chemistry are rare and incomplete.

e The spectral gamma data do not provide information about the nature and extent of
non-gamma-producing contaminants. In particular, the distribution and inventory of
technetium-99 is of interest.

5 DESCRIPTION OF CHARACTERIZATION ALTERNATIVES

The primary goal of :  litional characterization is to determine the nature and extent of tank
waste contaminants near known or suspected leaks. This is to be done primarily through
sampling soil in the regions of interest and analyzing the samples for expected contaminants of
concern; soil water pH, electrical conductivity, moisture content, and, if feasible, hydrologic
properties. Of particular interest are known mobile constituents, technetium-99 and nitrate.
Other contaminants, particularly Cs-137 and Co-60, are of interest because they provide some
indication of contaminant migration and distribution. Neither radionuclide is expected to
contaminate groundwater to unacceptable levels in the future (see Field Investigative Reports for
S-SX and B-BX-BY Waste Management Areas [Knepp 2002 and 2003}).

Table 5-1 lists the most highly contaminated vadose zone areas in the C and A-AX WMAs and
the critical factors that influence future characterization decisions. These factors are primary
indicators of the nature and extent of contamination underlying these WMAss in the vadose zone
and are listed for separate, potentially significant coi ~ nination zones associated with the tanks
listed in the top row of the table. The primary critical factors are leak volumes and contaminant
inventory and distribution. Leak volume estimates are based on several sources where available,
including historic liquid level measurements, waste transfer records, and gamma-emitting
radionuclide distributions in the vadose zone. Contaminant distribution is indicated by the
location and concentration of gamma-emitting radionuclides in drywells.
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Estimates of key radionuclide inventories are based on process records of waste types present in
the tank or transfer lines at the time of the leak, waste chemistry flow sheet records, the Hanford
Defined Waste (HDW) Modet (Agnew, 1997) and historic chemical analyses of supematant,
when available. The technetium-99 values shown in Table 5-1 were generated from a
combination of these sources. Quantitative estimates of the critical factors are provided in

Table 5-1 where available and appropriate. Other factors are qualitative and quantities are
defined relatively. Finally, leak volume and contaminant information are evaluated for reliability
and consistency.

The second part of Table 5-1 lists the primary additional characterization options that were
chosen to improve the estimate of the nature and extent of contamination in the vadose zone
underlying single shell tank farms. These were selected from a* ety of characterization
me Hds including the following:

¢ Direct push or cone penetrometer characterization allows limited downhole measurements
(gamma and moisture measurements) and soil sampling. The prin  / limitation of the
technique is that the feasible penetration depth is shallow under tank farm conditions,
typically 30 to 40 ft (9 to 12 m), preventing exploration of contaminated soils beneath the
tank bottom. Thus, this technique is potentially useful only if the contamination of interest
exists above the tank bottom.

e Borehole drilling and sampling provide the greatest potential for collecting soil samples and
indirect measurements. These techniques can be used anywhere in the soil column
unoccupied by tanks and infrastructure. For the technique to be useful, sufficient evidence of
contamination must be available to properly place the borehole in a location that intercepts
the more highly concentrated portion of the contamination zone.

e Krieging is a mathematical technique for extrapolating or interpolating concentration data in
a given region based on discrete data points within that region. This technique is useful only
if data points of sufficient number and density are available. Given the present database,
insufficient concentration data are available for the contaminated vadose zone areas in the
C and A-AX WMAs.

e Additional spectral gamma logging provides updates (o spectral gamma data collected
previously. This technique can be used anywhere drywells or laterals underlying tanks in the
WMA exist. Drywells :ist in all three tank farms and laterals are present in the A Tank
Farm.

52 RECOMMENDATIONS FOR ADDITIONAL CHARACTERIZATION IN THE
C AND A-AX WMAS

Proposed characterization options are indicated in Table 5.1. Characterization is recommended
for the contamination zones near the bottom of tank C-105, at the unplanned release location just
southeast of the 241-C-152 and in the laterals underlying tanks A-104 and A-105. Collectively,
this combination of characterization targets comprises all primary vadose zone contamination
sites in the C and A-AX WMAs.
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Further characterization is not recommended for the areas between tanks C-104 and C-106,
between tanks C-108 and C-109, near diversion boxes on the west side of C Tank Farm, between
tanks A-101 and A-102, and between tanks AX-101, AX-103 and AX-104. The primary reason
is that conservative calculations of mobile radionuclide inventory in these areas indicate that
inventory estimates of environmentally mobile constituents are too low to present a potentially
significant long-term risk to the environment. Further characterization is also not recommended
for various tanks listed as leakers in Hanlon (1999). These include tanks C-101, C-110, C-201
through C-204, A-103, AX-102 and AX-104. The vadose zone contamination resulting from
these leaks is either fictitious or of insufficient contamination levels to be of concern.

5.2.1 Characterization of the Tank C-105 Leak

Two! " ‘i concentration zones of cesium-137 (up to 10’ pCi/g) are present in drywell 30-05-07
adjac: 0 the southwest side of the tank, concentration values that exceed gamma
concentrations in all other contaminated areas in the C, A and AX WMAs by at least three orders
of magnitude. This distribution strongly indicates the occurrence of a leak near the bottom of the
tank. Tank C-105 has not been reported previously as a leaking tank but liquid level drops were
recorded in the 1960s. The high cesium-137 concentration zones have been attributed to a
leaking transfer line between tanks C-104 and C-105 but the probable waste chemistry and
cesium-137 distribution patterns in the area do not support this hypothesis. This potential leak is
of interest from a risk perspective because process records suggest that the waste is either high
activity PUREX waste or cesium recovery waste, both of which are characterized by high
technetium-99 concentrations.

Currently, neither the waste leak volume nor the real distribution of contaminants in the vadose
zone is very well understood. Consequently, it is recommended that sampling and analysis of
contaminated soils be completed if possible. Gaining access to the contaminated zone does
present difficulties. The high contamination zone is only expressed in the one drywell very close
to the tank sidewall and it is likely that some contamination exists underneath the tank.

Two approaches to sampling this zone are considered. The first is to drill a slant borehole
undemeath tank C-105. However, the area is congested with other drywells and piping systems.
In addition, it is difficult to drill a slant hole at an angle that comes close to the bottom of the
tank (e.g., within 10 fl [3 m]). Thus, there is a real possibility that the contamination zone would
be missed. The second and recommended approach is to examine the feasibility of deepening
the drywell in which high Cs-137 concentrations have been observed (30-05-07) and collecting
soil samples down to the Plio-Pleistocene about 250 ft (76 m) bgs. If this approach is feasible
then it should be implemented. The data to be collected are a complete set of chemical and
radiological soil sample analyses with depth. The distribution and concentration of technetium-
99 with depth are of particular interest. This database will increase substantially our
understanding of the nature and extent of non-gamma-emitting constituents in this zone because
no information exists presently.
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§.2.2 Characterization of Waste Transfer Line Leaks in the C WNMA

Historical records and previous field characterization efforts indicate that the largest
contamination events in the C WMA were two unplanned releases of high activity derivatives of
PUREX waste in waste transfer lines at the western edge of the C WMA, UPR-200-E-82 in 1969
and UPR-200-E-86 in 1971. Both transfer line leaks are estimated to have released collectively
about 11 curies of Tc-99, the primary constituent of concern for future groundwater
contamination. The contamination zone created by UPR-200-E-82 is the preferred alternative
site even though a smaller volume, but more concentrated leak occurred here. The historical
documentation of the leak is more complete at this site and locating the contamination zone
shouldt more straightforward.

The prim _ characterization goal is to dctermine the extent of vertical migration of this and
other mobile constituents (e.g., nitrate) over a thirty-year period and to provide a well-defined
source location for estimates of future migration towards the unconfined aquifer. The
recommended characterization approach is to complete a borehole down to the Plio-Pleistocene
about 250 ft (76 m) bgs and collect a complete set of chemical and radiological soil sample
analyses with depth. The combination of these data with the tank C-105 borehole data should
also provide a useful indication of the effects of tank structures on infiltration rates.

5.2.3 Collection of Spectral Gamma Data from Lateral Underlying Tanks A-104 and
A-105

Loss of tank integrity for tanks A-104 and A-105 were demonstrated in 1965 by the occurrence
of gross gamma measurements in several laterals that underlie these two tanks. In this report it
has been concluded that a relatively small loss of tank waste to the vadose zone has occurred in
each tank, a conclusion that, in the case of tank A-105, is considerably smaller than the volume

timates provided in Hanlon (2002). The basis for the smaller volume estimate in this report is
the lack of measured Cs-137 contamination in the drywells surrounding tank A-105. Given the
estimated waste loading at the time of the leak, a large volume release should have distributed
measurable Cs-137 over an area large enough to intersect the drywell locations.

The most direct means of measuring Cs-137 in the vadose zone is to relog the laterals underlying
the tanks to collect spectral gamma data. The gamma emitting radionuclides that created the
initial measured radiation were short-lived fission products (e.g., Ru-106). The data to be
collected in the relogging effort will determine the concentrations of specific gamma-emitting
radionuclides still present in the vadose zone near the laterals. By now, the primary
gamma-emitting radionuclide should be Cs-137. If minimal concentrations of Cs-137 are found
in laterals measurements about 10 ft (3 m) from the leak location, then the releascd tank waste
volume will be constrained to a minima! value.
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APPENDIX A

HISTORICAL BACKGROUND OF C, A AND AX TANK FARMS OPERATIONS AND
CONTAMINATION EVENTS
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A.1.0 INTRODUCTION

This appendix includes narrative description from Historical Vadose Zone Contamination from
A, AX, and C Tank Farm Operations (Williams 2001). Williams (2001) is a primary document
supporting this report that describes tank farms operations history and provides the evolution of
tank farm infrastructure. The narrative from Williams (2001) describing tank farm history and
tables of liquid discharge events are provided in this appendix. Drawings of the tank farm
infrastructure layout that existed with each of the major processing activities (e.g., bismuth
phosphate processes and PUREX waste storage) are provided in the referenced document.
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