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u 1 0  INTRODUCTION 

This document Subsurface Physical Conditions Descnption of the S-SX Waste 
Management Area, provides a discussion of the subsurface conditions relevant 
to the occurrence and migration of contaminants in the groundwater underlying 
the S-SX Tank Farm These Tank Farms, located in the 200 West area of the 
Hanford Site comprise the S-SX Waste Management Area (WMA) Included in 
this document are descriptions of the available environmental contamination data 
and a limited, qualitative interpretation of the data as it applies to contaminant 
behavior 

1 1 Background 

Figure 1-1 shows the location of the S-SX Tank Farm, other Tank Farms and the 
surrounding facilities in Hanford Site 200 West Area To facilitate Resource 
Conservation and Recovery Act (RCRA) groundwater monitoring programs the 
S-SX Tank Farm were grouped into a WMA The WMA boundary is shown in 
Figure 1-2 Key RCRA monitonng wells and facilities that received fluids 
generated by Tank Farm operations make up the S-SX WMA are also shown in 
Figure 1-2 Both the vadose zone and the unconfined aquifer are included in the 

Groundwater samples from RCRA monitoring wells located upgradient and 
downgradient of the S-SX Tank Farm were taken periodically to monitor 
contamination with sources within the S-SX WMA Waste constituents 
(technetium-99, chromium, nitrate) appearing in groundwater over the last 
decade are likely to have onginated from S-SX Tank Farm wastes (Johnson and 
Chou, 1998) 

Because of this conclusion, the Washington State Department of Ecology 
(Ecology) Environmental Protection Agency (EPA) and U S Department of 
Energy (DOE) negotiated Hanford Federal Facility Agreement and Consent 
Order (also known as Tri-Party Agreement or TPA) Change Control Form 
Number M-45-98-03 (Ecology et al , 1999) The proposed TPA milestones 
mandate a senes of S-SX WMA evaluation activities The ultimate goal of the 
activities is to determine the need for corrective action to mitigate the impact to 
single-shell tank (SST) contamination on the surrounding environment One of 
the first significant efforts in this process IS to complete additional 
charactenzation of current contamination conditions in the subsurface underlying 
the S-SX WMA Characterization activities are underway (notably vadose zone 
soil extraction from Borehole 41-09-39 between and slightly south of Tanks 
241-SX-108 and 241-SX-109, and a borehole near the tank wall and southwest 
of Tank 241-SX-115) and others are planned The information generated by the 
charactenzation activities will support waste management decisions for interim 
corrective measures, SST waste retneval and SST closure 

S-SX WMA 

L 

L 
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Figure 1-1 Location Map of the S-SX Tank Farm 
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Figure 1-2 S-SX Waste Management Area and Surrounding Facilities 
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v The need for additional charactenzation was also given impetus by the 
recommendations of an outside expert panel (first convened in 1996) to evaluate 
the potential for enhanced migration of radionuclides in the vadose zone 
underlying the S-SX WMA The expert panel proposed specific charactenzation 
tasks to provide a more comprehensive evaluation (DOEIRL 1997) 

1 2  Purpose 

Within the context of the characterization and evaluation program this document 
fulfills several purposes In the very near term, a Data Quality Objective (DQO) 
process will be convened to plan additional characterization activities for the 
S-SX WMA particularly the vadose zone Given the large number of vadose 
zone and perhaps groundwater, contamination events that occurred in the S-SX 
WMA it is clear that numerous characterization activities are plausible and an 
efficient characterization approach is needed to adequately evaluate the site To 
aid this decision-making process, characterization is focused on site-specific data 
that defines the occurrence and migration of contaminants within the system to 
date In order to describe the data effectively a concise description and limited 
interpretation of critical data are provided 

Beyond the initial characterization efforts a systematic description of the 
environmental conditions affecting contaminant migration is needed to identify 
data gaps recognize significant relationships among different types of data and 
organize data inputs to contaminant migration models This document provides 
a framework for completing a systematic description as more data are collected, 
interpreted and integrated with currently available information 

1 3  Scope 

The first part of this document describes the two primary components of the 
subsurface condition database the physical setting of the S-SX WMA and the 
contaminants occurnng therein Chapter 2 is the physical setting, which includes 
the Tank Farm infrastructure geology hydrology/infiltration mechanisms and 
geochemistry In the Tank Farm infrastructure descnption, emphasis is placed on 
those parts of the system, which allowed fluids to discharge into the soil column 
and the time periods during which these parts were operational In the geology 
descnption, emphasis is placed on those features, which are considered to most 
strongly influence fluid distnbution In the infiltration discussion, emphasis is 
placed on infiltration mechanisms, infiltration history (e g , U-Pond operational 
effects on water movement over time) In the hydrology section, hydrologic 
properties of the geologic strata that control fluid movement are discussed In 
the geochemistry section, emphasis is focused on the charactenstics that control 
contaminant movement particularly in relation to fluids 

4 
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The second component of the subsurface condition database is the description of 
contaminant occurrences and movement within the vadose zone and unconfined 
aquifer, which is presented in Chapter 3 First a summary of contarnination 
events is provided to orient the reader to historical sequence of events This is 
important to describe because of the intermittent nature of fluid discharges in the 
S-SX WMA and occurrences of contarnination currently observed in the 
unconfined aquifer underlying the S-SX WMA Second, an overview of the 
historical and spectral gamma database is provided because the data are unique 
in their extent, both temporally and spatially The overview demonstrates the 
observed spatial variability of contamination concentration and provides the most 
comprehensive indication of the diversity among various contaminating events 
The remainder of the discussion in Chapter 3 is organized by specific sources or 
similar types of sources The key data in this discussion includes tank waste 
inventory and chemistry information denved from process history corroborating 
gamma logging data, and soil sample data, where available 

In Chapter 4, a brief qualitative integration of the data is provided and 
conceptualization of the contarnination events Due to the diversity of the 
different events database interpretations are given for each of the specific 
contaminating occurrences or types of occurrences Finally, key uncertainties 
and data gaps that are important to understanding potential future contamination 
of the unconfined aquifer Chapter 5 

Three appendices are also provided Appendix A provides supporting geologic 
data Appendix B provides supporting hydrologic data Appendix C provides a 
summary of analyses of gamma logging data 

u 

L 
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2 0 PHYSICAL SETTING 

The following section provides a description of the infrastructure, geology, 
hydrology infiltration characteristics, and geochemistry of the S-SX WMA 

2 1 

This section discusses the infrastructure and history of the S-SX Tank Farm and 
ancillary equipment, as well as, nearby cribs, ponds and ditches A more 
detailed histoncal review is provided by Brevick et al (1996) Those elements of 
the infrastructure that are known or suspected to have discharged fluids to the 
vadose zone are identified along with parts that remain capable of future 
discharges 

Infrastructure and Operatronal History 

2 1 1 S-SX WMA Infrastructure 

The S-SX WMA consists of the S-SX Tank Farm, waste transfer lines leak 
detection systems and other miscellaneous equipment Outside the WMA 
boundaries are additional facilities that were used dunng S and SX Tank Farm 
operations These include numerous cribs, located to the east south, and west 
of the S-SX WMA 242-S Evaporator facility located just north of the S Tank 
Farm and U-IO pond located approximately 300 meters west of the S-SX WMA 
There are also a number of active or abandoned water lines crossing the WMA 

u 

2 1 2 Operational History 

The S Tank Farm was built in 1950-51 and consists of twelve 75-fOOt diameter 
tanks with nominal 750,000-gal1on storage capacity The basic tank structure is 
a cylindncal steel container enclosed in a concrete shell and capped by a 
concrete dome (see Hanlon 1999 for a schematic diagram) In 1951 the S Tank 
Farm began receiving Reduction and Oxidation (REDOX) wastes In the 
summer of 1952, some tanks began to boil because of the radioactive decay 
heat load in the REDOX high-level wastes A surface condenser was added to 
remove excess liquid from the tanks, and the collected liquids were piped to 
nearby cnbs After the REDOX plant was deactivated, the S farm tanks received 
solids from the 242-S Evaporator Only one tank in the S Tank Farm (Tank 
241-S-104) is assumed to have leaked The S Tank Farm tanks were removed 
from service in the late 1970 s and early 1980 s 

7 
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The SX Tank Farm is made up of 15 SSTs, each with a nominal 1 million-gallon v 
storage capacity The SX Tank Farm was constructed in 1953 and 1954 and the 
first six SX tanks began receiving waste from the REDOX plant in 1954 In 1955 
the remaining nine began to receive waste Tanks 241-SX-105 and 241-SX-107 
through 241-SX-115 were designed to handle REDOX high-level boiling wastes 
Allowing supernates to evaporate and then return condensates as required, to 
maintain desired liquid levels reduced heat loads within the tanks According to 
Hanlon (1999) all nine of the SX tanks that operated as boiling waste tanks are 
confirmed or assumed leakers Tanks 241-SX-101 through 241-SX-106 are at 
least half filled with solids (mostly saltcake and some sludge) 

Each of the tanks in the S-SX Tank Farm have shallow (80 to 102 feet) radiation 
monitoring wells (drywells) installed around the tanks as a secondary leak 
detection system With the exception of two wells dnlled in 1996 and 1997 
(41-09-39 and 41-12-01), all 170 drywells were installed from 1954 to 1978 In 
addition the boiling waste tanks in the SX Tank Farm have laterals installed 
approximately 10 feet below the tank bottom for gamma logging Gamma 
logging data from the drywells and laterals were used to ascertain the integrity of 
the tank 

As shown in Figure 1-2, there are a number of cribs around the S-SX WMA that 
received large volumes of slightly contaminated water and other waste streams 
Historical records indicate that tank wastes were not cascaded directly from the 
tanks into cribs Rather the cnbs received excess condensate from the boiling 
waste tanks and cooling water from the condensers Liquids were transferred 
through a complex piping system that includes collection boxes (e g , diversion 
boxes valve pits) for routing liquids to various locations Other additions to the 
cribs included discharges from the first cold REDOX start-up run and 
groundwater coming from the U-crib “pump and treat operations in the mid- 
1980 s Discharge to cribs is discussed in more detail in Section 2 3 2 
Developing an understanding of the range and quantities of chemicals and 
radionuclides added to the cribs may be required to fully understand the potential 
impacts to groundwater 

In addition the U-IO pond received about 44 billions of gallons of slightly 
contaminated water, a fraction of which included fluids generated by S-SX Tank 
Farm operations The large additions of water to the U-10 pond significantly 
impacted groundwater flow patterns under the S-SX WMA 

Finally a number of raw and potable water lines are present in the S-SX WMA 
vicinity Leaks from the lines could have contnbuted to tank waste migration in 
the vadose zone It appears that leaks from the lines were not viewed as having 
adverse impacts to tank farm operations Thus, historical records are likely to be 
incomplete 

8 
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2 2  Geology 

This section summarizes the geologic setting and presents a revised geologic 
descnption of the S and SX Tank Farm vicinity 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 Geologic maps and stratigraphic cross sections supporting the 
following discussion are included in Appendix A 

u 

2 2 1 Geomorphology 

The S-SX Tank Farm lie within a shallow, north-south oriented topographic 
depression The depression formed within the southwestern extent of a flood bar 
deposit is known as the Cold Creek bar (DOE, 1988) This topographic feature 
in combination with construction disturbances is conducive to collecting surface 
runoff, especially along the south side of the SX Tank Farm and the east side of 
S Tank Farm 

2 2 2 General Stratigraphy 

The S-SX Tank Farm was constructed in a sequence of sediments that overlie the 
Columbia River Basalt Group (CRBG) on the north limb of the Cold Creek syncline 
as depicted in Figure 2-1 The sediments include the upper Miocene to Pliocene 
Ringold Formation, the Plio-Pleistocene unit, Pleistocene cataclysmic flood gravels 
and slack water sediments of the Hanford formation, and Holocene eolian 
deposits 

The Ringold Formation consists of sediments deposited by the Columbia River 
and associated tnbutanes The sediments were deposrted between 8 5 and 3 
million years ago and consist of clay, silt, fine- to coarse-grained sand, and granule 
to cobble gravel The top of the unconfined aqutfer under the Tank Farms IS in 
Ringold fluvial gravels The gravels are separated by fine-grained deposits typical 
of overbank flooding and lacustnne environments (DOE, 1988 Lindsey 1991) 
The lowermost of the fine-grained sediments is the "lower mud ' The uppermost 
Ringold unit under the tank farms is called "und E and consists of sandy gravels to 
gravelly sands In the saturated zone Ringold gravels locally are cemented and 
intercalated wlth zones having no cementation The result is highly vanable 
permeability in the saturated zone 

u 
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Stratigraphic Units 

Hanford formation 

Ringoid unit E 
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Ringold unit C 
Ringold sub C unit 

Ringold unit B/D 

Ringold lower mud u n l  

Ringold unit A 

Figure 2-1 General Stratigraphy of the S-SX WMA 
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The vadose zone beneath the S-SX Tank Farm is as much as 65 meters (213 feet) 
thick and consists of the Pleistocene-aged Hanford formation, the Plio-Pleistocene 
unit, and the upper part of the Ringold Formation At the Tank Farms the Hanford 
formation and underlying Ringold Formation are separated by a thin sequence of 
sediments called the Plio-Pleistocene unit The Plio-Pleistocene unit 
unconformably overlies a tilted and truncated Ringold Formation and consists of 
alluvium deposited by small streams flowing from the surrounding higher 
elevations 

The Hanford formation is the informal name given to all glaciofluvial cataclysmic 
flood sediments of the Pleistocene Epoch It consists of pebble- to boulder-gravel 
fine- to coarse-grained sand silty sand, and silt to clayey-silt 

A three-dimensional representation of the vadose zone stratigraphy underlying the 
S-SX WMA and surrounding area is provided in Figure 2-2 This figure illustrates 
the primary stratigraphic units sequence, and spatial variability in thickness and 
orientation 

u 

2 2 3 Methodology 

Borehole data consisting of dnlling logs, archived samples and geophysical logs 
are the principal data sets used to interpret the subsurface at the S-SX Tank Farm 
Archived natural gamma geophysical logs from boreholes in the S-SX Tank Farm 
and surrounding area were located, and the logs were incorporated into the 
interpretations The previously unused geophysical logs (see Appendix A Section 
A 2 5) included data from surrounding waste disposal sites obtained prior to 
discharge of effluent and provide an invaluable source of information for 
stratigraphic correlations In addition, numerous reports describing the geology of 
the S-SX Tank Farm area and vicinity are available and are a valuable source of 
information (e g Price and Fecht, 1976a 1976b, 1976c Tallman et al 1979 
DOE, 1988 Lindsey, 1991 1995) 

Initially, well-site geology or drilling logs were examined and compared to 
geophysical logs from the boreholes The quality of drilling logs varies because 
many wells and boreholes were drilled without a geologist present at the site In 
addition well logs are constrained by the drilling method and sample recovery 
Sample retrieval in the vadose zone is difficult and does not allow the exact depth 
of samples and contacts to be determined Samples are archived in 5-fOOt 
intervals thus can induce as much as a 5-fOOt uncertainty in lithology in either 
direction Changes in drilling-blow counts provide additional information regarding 
depth of lithology changes because of differing sediment resistance to drilling 

u 
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Figure 2-2 Fence Diagram of Vadose Zone Stratigraphy Underlying the 
S-SX Waste Management Area 
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Geophysical logs (e g , gross gamma ray) provide a continuous record of the 
borehole and allow more precise placement of geologic contacts Geophysical 
logs can show lithology differences because of differing amounts of natural 
gamma-ray emitters (most commonly, potassium-40) Gamma-ray logs are 
proportional to clay and silt abundance and record changes in grain size 

When geophysical logs are compared to the well-site geology logs and archived 
samples, uncertainty in the depth of lithologic changes is greatly reduced The 
newly located natural gamma-ray logs allowed older wells for which only drilling 
logs were previously available, to be reinterpreted and correlated wrth newer wells 
This greatly increased the confidence in locating Stratigraphic contacts, especially 
the Plio-Pleistocene-Hanford contact In addition the signature of the geophysical 
response from the borehole can provide an additional tool for correlating 
stratigraphy among boreholes 

u 

2 2 4 Uncertainty 

Sources of uncertainty for locating contacts between stratigraphic units in 
boreholes and correlations among boreholes include the following 

0 Borehole-related uncertainties - dnlling method source and quality 
of the borehole logs, and borehole spacing 

Sampling related uncertainties - method of dnlling and sampling, 
sampling frequency, and bias induced by the sampling techniques 

Geologic-related uncertainties -three-dimensional shape of the 
sedimentary features, lateral changes in relative proportion of sand 
silt and gravel, and bed-form properties of the sediment layers 

0 

0 

A complete discussion of the sources of uncertainties and a geostatistical 
evaluation of the stratigraphic correlations descnbed in this report are included in 
Appendix A 

2 2 5 Columbia River Basalt Group 

The surface of the CRBG forms the bedrock base of the unconfined aquifer under 
the S-SX Tank Farm The Elephant Mountain Member of the Saddle Mountains 
Basalt is the youngest flow, approximately 560 feet below land surface, and dips 
southwest toward the axis of the Cold Creek syncline Lavas of the Saddle 
Mountains Basalt and sediments of the Ringold Formation and Plio-Pleistocene 
unit thicken toward the axis of the Cold Creek syncline 

L 
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2 2 6 Ringold Formation 

The Ringold Formation is up to 125 meters (410 feet) thick under the S-SX Tank 
Farm and thickens from east to west The vadose zone portion thins from east to 
west (16 meters [50 feet] to about 13 meters 140 feet]) due to the continued 
influence of the former 216-U Pond The part of Ringold Formation comprising the 
vadose zone and upper part of the unconfined aquifer consists of a slightly silty 
coarse- to medium-grained sandy gravel with intercalated gravelly sand (Ringold 
unit E) The upper Ringold is interpreted not to be present under the S-SX Tank 
Farm 

The lithologies and minerals present in the Ringold Formation are highly vanable 
This is because the Ringold Formation represents the ancestral Columbia River 
and tnbutanes that drained areas far beyond the CRBG terrain Llthologies found 
include CRBG quartzites and other metamorphic rocks granites and several other 
miscellaneous rock types from the areas surrounding the Columbia Basin The 
sediments have varying degrees of calcium-carbonate (CaC03) and silica 
cementation In Borehole 41-09-39 a zone of probable silica cementation was 
encountered at the water table The sand fraction of Ringold Unit E typically 
consists of quartz feldspar and basalt The silt size fractions consist of quartz 
feldspar mica chlonte and srnectite (Tallman et al 1979) 

In the S-SX Tank Farm area Slate (1996) interpreted the surface of the Ringold 
Formation as a southeast plunging trough parallel to the Cold Creek syncline 
The trough contains two smaller troughs, one of which trends directly under the 
S-SX Tank Farm and one south of 200 West Area Irregularities on the surface 
of the Ringold unit E gravels under the S-SX Tank Farm define another crude 
northeast-southwest trough with the lowest points east of the S Tank Farm 
(Figure 2-3D) 

4 

14 



HNF-4936 
Revision 0 

I B I Elevation of the Top of the LoMr Hanford Gravel 
(men) 

Figure 2-3 Elevation Maps of Stratigraphic Unit Tops Underlying the 
S-SX Waste Management Area 
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d 2 2 7 Plio-Pleistocene Unit 

The Plio-Pleistocene unit is a compact, massive yellow brown silt and fine-grained 
sand with clay and some intercalated gravel The Plic-Pleistocene unit is overlain 
by sands and silty sands of the Hanford formation that make it difficult to identify 
the contact in drilling and geology logs The contact is consistently marked by an 
increase in the gross gamma-ray activity or signature seen in geophysical logs and 
is easily differentiated from the overlying Hanford formation The Plio-Pleistocene 
unit is distinguished from the Hanford formation by having a greater calcium 
carbonate content and massive structure in core (DOE 1988) 

The Plio-Pleistocene unit consists mainly of quartz and feldspar with less abundant 
basalt mica smectite, and chlonte (Tallman et al , 1979) It thins from southwest 
to northeast across the Tank Farms and varies in thickness from about 14 to 
6 meters (45 to 20 feet) The Plio-Pleistocene unit contains a series of old buned 
soil zones (paleosols) with calcium carbonate development typical of an and 
environment (caliche zones and pedogenic carbonate) (Slate 1996) Only one 
pnncipal caliche zone is present under the Tank Farms but it vanes from a discrete 
zone that lies directly on the Ringold Formation to a diffuse zone occurnng a few 
meters above the Ringold The caliche zones may have formed subarealy during 
hiatuses in deposition 

The surface of the Plio-Pleistocene unit around the southem part of 200 West Area 
is a northwest-southeast trending trough (Slate, 1996) The trough resembles the 
surface of the underlying Ringold Formation and probably formed from erosion by 
Cold Creek and the later Missoula floods in the slowly subsiding Cold Creek 
syncline 

The new geophysical data coupled wlth the older dnlling and geology logs allows 
greater refinement of the Plio-Pleistocene contact under the S-SX Tank Farm than 
was available in the past The data show that under the Tank Farms a low 
amplitude north-south onented trough is supenmposed on the larger northwest- 
southeast trough (Figure 2-3C) Total relief across the trough in the Tank Farms 
and surrounding area is about 10 meters 

W 

2 2 8 Hanford Formation 

The Hanford formation is about 38 to 40 meters (125 to 135 feet) thick at the S-SX 
Tank Farm and consists of massive sands and silty sands intercalated wlth beds of 
coarse sand and gravel and thin lens of silts and clayey silts Cementation is very 
minor or absent Five relatively laterally continuous sedimentary layers were 
rdentrfied - two gravelly units and three sandy unlts (Figures 2-2,2-3A and 23B) 
The top four layers the two sand layers and gravel units A and B are equivalent to 
the Hanford formation subunit designation, H I  (Lindsey, 1995) The further 
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breakdown into four units is shown here because of the continuity of the layers in 
this location (with the exception of the surface sandy layer) The bottom sandy 
layer below Gravel Unit A is equivalent to Hanford subunit designation, H2 In 
addition, as summanzed in Johnson and Chou (1998), sands overlying gravels can 
influence lateral spreading and downward migration of moisture Therefore the 
distnbution and depth of the sandlgravel layers may be important to understanding 
contaminant movement at the Tank Farms, particularly in the contaminated region 
near Tanks 241-SX-108 and 241-SX-109 

The five stratigraphic layers (gravelly unlts A and B and three sandy units) that 
define the Hanford formation show west to east vanations in the proportion of 
sand silt, and gravel For example the sandy gravels on the west side of the 
Tank Farms transltion to gravelly sands to slightly gravelly coarse sands on the 
east side The transitions reflect a response to changing depositional conditions 
resulting from higher to lower energy floodwaters 

The Hanford formation consists of about 50% basalt and 50% felsic matenal 
(Tallman et al 1979) The felsic component is composed of quartz and feldspar 
with some samples containing greater than 10% pyroxene amphibole mica 
chlonte, ilmenite, and magnetlte The silt and clay sized fractions consist of quartz 
feldspar mica, and smectite 

Bed forms in the flood sediments vary but can only be observed in surface 
exposures Cores can provide data on fine-scale bedding, however no core was 
collected from the S-SX Tank Farm area However, construction at the SY Tank 
Farm provided an opportunity to record typical bed forms in the upper 20 meters 
(60 feet) In the plt wall, Pnce and Fecht (1 976c) observed finely bedded sand and 
sandy gravels with foreset bedding (Tallman et al 1979, Pnce and Fecht, 1976c) 
In addition, Pnce and Fecht (1976~) mapped the graded bedding, channel cut and 
fill structures and crosscutting clastic dikes 

Tallman et ai (1979) recognized a flood channel that forms a topographic low 
through the 200 West Area The channel included topographic low that encloses 
the S-SX Tank Farm and is defined by silty sandy gravel New data available 
shows that the S-SX Tank Farm are located on the east side of a large northwest- 
southeast onented flood channel that extends west of the 216-S-10 cnbs (see 
Figures 2-2,2-3A and 2-38, and Appendix A Figures A1-2 and A1-3) The axis of 
the flood channel extends along the west side of the S-SX Tank Farm The 
channel recognized by Tallman et al (1979) that forms the topographic depression 
IS supenmposed on this lager channel A second smaller flood channel mapped 
by Pnce and Fecht (1976~) in the SY Tank Farm appears to trend Southwest 
across the S Tank Farm (Figures 2-2 and 2-38) This late stage channel cuts into 
the upper most layers but does not appear to penetrate deeper than 25 meters 

W 
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!the be$ The two Hanford formation gravelly units provil 
aeometrv and sedimentation in the lame flood 

)finition of the 
iannels iere the study area is 

ibcated (see Figure 2-2) The lower gbvelly unit (Figure 2-2 gravel unit A, and 
Figure 2-3B) is a sandy gravel that vanes in thickness from about 3 to 7 meters 
(IO to 25 feet) Gravelly unit A becomes progressively deeper from east to west 
defining the axis of the trough The gravel almost directly overlies the Plio- 
Pleistocene unit along the west side of the Tank Farms In the S Tank Farm 
(Figure 2-2 Figure AI-2 in Appendix A) and SX Tank Farm (Figure 2-2 
Figure AI-3 in Appendix A) the gravel sequence was intersected during excavation 
for the tanks and is now in contact with the backfill 

The sand unit underlying gravelly unit A is medium- to fine-grained sand to silty 
sand It is thickest on the east side of the Tank Farms but thins and pinches out 
on the west side as gravelly unit A deepens (Figure 2-3A and Appendix A) 
Thinning of the sands and silty sands may be the result of later scouring that 
produced the larger flood channel A prominent silty clay bed is found at the same 
relative stratigraphic position on both the west and east sides of the SX Tank Farm 
(Johnson and Chou 1998) It is not presently known how far the bed extends 
under the Tank Farm or if It is continuous 

Upper gravelly unit B is sandy gravel with intercalated gravelly sand on the west 
side of the Tank Farms It thins and grades into gravelly sand to coarse sand by 
the east side The gravelly unit was intersected during Tank Farm construction 
and lies above the base of the tanks 

Between the two gravelly units lies an upper sand too silty-sand The sediment 
thins to the east and thickens into the trough (Figure 2-2) A thin sandy silt 1 to 
1 5 meters (3 to 5 feet) thick directly overlies gravelly unit A forming the base of the 
sands on the east and north side of the Tank Farms 

2 2 9 Clastic Dikes 

Clastic dikes are vertical to subvertical sedimentary structures that crosscut 
normal sedimentary layenng Clastic dikes are a common geologic feature of the 
Hanford formation in the 200 Areas Pnce and Fecht (1976~) mapped four 
clastic dikes in pit walls dunng excavation of the SY Tank Farm Clastic dikes 
occurred in the 216-S-10 pond area southwest of the S-SX Tank Farm 
suggesting that clastic dikes might also be present in the S-SX Tank Farm area 

Clastic dikes occur in swarms and form four types of networks 1) regular-shaped 
polygonal-patterns 2) irregular-shaped, polygonal-patterns, 3) pre-existing 
fissure fillings, and 4) random occurrences (Fecht et al , 1998) Clastic dikes in 
the S-SX Tank Farm area probably occur as regular-shaped polygons based on 
observations southeast of the Tank Farms Regular polygonal networks 

W 
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resemble 4- to 8-sided polygons Clastic dikes typically range from 3 centimeters 
to 1 meter in width from 2 meters to greater than 20 meters in depth and from 
1 5 to 100 meters in length 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 millimeters to 1 0 millimeters in thickness, but 
may be up to as thick as 10 millimeters The width of individual infilling layers 
range from 0 01 millimeter to more than 30 centimeters, and the length can vary 
from about 0 2 meters to more than 20 meters lnfilling sediments are typically 
poor- to well-sorted sand but may contain clay silt and gravel 

Figure 2-4 shows a projection of clastic dikes onto the S-SX Tank Farm The 
projection is based on clastic dikes that were mapped between Army Loop Road 
and Highway 240 southeast of the S-SX Tank Farm The projection was then 
scaled to using the best estimate of cell sizes based on Fecht et al (1999) 
Figure 2-4 illustrates the maximum clastic dike width and indicates plausible 
frequency and pattern of clastic dikes in the S-SX WMA The Figure does not 
incidates probable location of clastic dikes but it does suggests that there is a 
high probability that clastic dikes intersect the Tank Farms and that the clastic 
dikes could be present where known leaks have occurred 

2 3 

The facility infrastructure, infiltration of water from natural and tank operation 
sources and hydrologic properties of the stratigraphic units beneath the study 
area control the moisture and waste movement through the vadose zone to 
groundwater An understanding of the interactive factors is needed to evaluate 
the overall nature and extent of subsurface contamination within the S-SX WMA 
Available information data gaps, and uncertainties concerning the above factors 
are summarized in Section 2 3 Recharge Sources and Events and Section 2 4 
Hydro/og/c Propehes Supporting data tables and figures are provided in 
Appendix B 

Fluid infiltration into the soil column from natural and tank operation sources 
which are discussed in Sections 2 3 1 and 2 3 2, respectively, had a substantial 
effect on current environmental contamination conditions in the S-SX WMA 
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 aquifer properties account for the rate and direction of 
contaminant dispersal in the aquifer 

u 

Recharge Sources and Events 
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Figure 2-4 Projection of Clastic Dikes onto the S-SX Waste Management Area 
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2 3 1 Infiltration from Natural Sources u 

The Tank Farm surface characteristics and infrastructure create an environment 
conducive to enhanced general recharge and transient high intensity events 
Infiltration, run-off events, and rapid snowmelt are discussed below 

Infiltration No direct measurements of the infiltration rate in the S-SX WMA 
were made However observations from similar disturbed, gravel-covered sites 
at Hanford indicate that as much as 10 centimeter per year can infiltrate a coarse 
gravel surface free of vegetation (Gee et al 1992, Fayer and Walters 1995 and 
Fayer et al 1996) This represents -60% of the average annual meteoric 
precipitation (rainfall plus snowmelt) 

Site-specific conditions within the S-SX Tank Farm could alter the average 
estimates of infiltration rates, especially near the single shell tanks Recharge 
infiltrating through the gravel cover is intercepted and shed by the tank domes 
Thus infiltration rates near tank edges and between rows of tanks, may be 
many-fold higher than average area infiltration rates Heat from the SSTs could 
offset the enhanced recharge For example moisture profiles from Borehole 
41-09-39 (located near tank SX-109) suggested moisture content from the 
surface down to the Plio-Pleistocene contact (approximately 40 meters below 
surface) was not significantly different than at nearby locations outside the 
excavated area for the Tank Farm (Johnson and Chou 1998) Very few 
quantitative neutron moisture logs were run in the Tank Farms therefore it is 
difficult to fully evaluate the reliability of this single observation 

Runoff Events Transient saturation due to collection of runoff in low spots may 
be more significant than average annual area infiltration For example rapidly 
melting snow is one natural event that can lead to surface flooding 
occurrence was documented at other Tank Farms (e g at T farm - Hodges, 
1998) but no similar record is available for the S-SX Tank Farm However a 
water line rupture in September 1996 demonstrated that surface water could 
enter and collect in low spots along the east side of the S Tank Farm (Johnson 
and Chou 1998) Approximately 2 million liters of water flowed into the north 
end of the farm in about a one-hour period following separation of a nearby 
ICinches (36 centimeters) water main The topographical low in which the WMA 
is located and the excavation pit at the south end of the SX Tank Farm provide 
potential locations for collection of water during unusual runoff events 

W 
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21 



HNF-4936 
Revision 0 

Rapid Snow Melt Since 1981, the Hanford Site meteorological station (located 
between the 200 West and 200 East areas) measures snowmelt Figure 2-5 
summarizes the total inches of snow (per month) that melted wthin a 24-hour 
period The records indicate likely periods when unusual accumulations or 
ponding of water may have resulted in transient saturation events that could have 
led to transport of contaminants through the vadose zone to groundwater The 
snowmelt events as well as, maximum monthly precipitation since 1946 
(Appendix B, Table B-1) are correlated wth groundwater contamination 
occurrences in the followng chapter 

W 

Monthly Summaries of Rapid Snow Melt 
1981 - 1997 
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Figure 2-5 Monthly Summaries of Rapid Snowmelt Events, 1981 - 1997 

22 



HNF-4936 
Revision 0 

2 3 2 Fluid Discharges from Tank Farm Operations 
L 

Throughout the operational history of the S-SX Tank Farm, fluids were 
discharged both deliberately and inadvertently To understand the current state 
of environmental contamination in the S-SX WMA and plausible contaminant 
driving forces it is necessary to evaluate available information on the history of 
fluid discharges that occurred Key characteristics include the location and time 
volume and contaminant inventory of these discharges As shown below 
quantifiable characteristics are not available for all discharge events and sites 
Much of the discharge history and characteristics data described below were 
collected by Brevick et al (1 996) 

A summary of discharge events is provided in Table 2-1 Three types of fluid 
discharges associated with S-SX Tank Farm operations occurred numerous 
times in and around the S-SX WMA These include 1) deliberate collection and 
routing of cooling water and tank condensate to cribs 2) mechanical failure of 
tanks and leakage into the underlying soil column and 3) periodic failure of 
ancillary equipment (primarily diversion boxes and valve pits) used to transfer 
liquids between tanks 

Most of the S-SX cribs operated from the beginning of Tank Farm operations in 
1952 until the early 1970 s Dunng this time the cribs received excess tank 
fluids mostly in the form of steam or process condensates In 1973 with the 
start up of the 242-S Evaporator, all cribs except 216-S-25 were deactivated At 
that time crib 216-S-25 was activated and received condensate from the 242-S 
Evaporator 

Leaks from ancillary equipment were observed and recorded when sufficient fluid 
reached the surface from the buried but near-surface sources The primary 
parts of the ancillary equipment system responsible for the surface spills appear 
to be the collection points for fluids being transferred around the Tank Farm (e g 
diversion boxes, valve pits and catch tanks) Numerous pipes feed into the 
collection boxes that were frequently attached detached and reattached as part 
of normal operations One diversion box 241-S-151, appears repeatedly as a 
probable source of leaks 

Surface spills (also referred to as Unplanned Releases [UPRs]) were recorded in 
two time periods the first from 1953 to 1958, and the second in the early 1970 s 
to the early 1980 s The latter time penod coincides with startup and operation of 
the 242-S Evaporator, a period when large amounts of tank fluids were 
transferred back and forth between the evaporator and the tanks through the 
ancillary equipment 

u 
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2 3 3 Subsurface Response to Recharge Events 

This Section provides a discussion of subsurface response to infiltration events 
for the vadose zone and the unconfined aquifer 

Vadose Zone Moisture Distribution Water sources from cribs adjacent to the 
S-SX Tank Farm that received Tank Farm process condensates and other 
wastewater (e g cribs 216-S-3 -S-8 and -S-25) are potential sources of water 
that could have migrated beneath the Tank Farms in the past Fine sediment 
layers were identified at about 10 meters below ground surface on the east side 
of the SX Tank Farm (well 299-W22-39) and at about 40 meters below ground 
surface on the west side of SX farm at well 299-W23-14 (Johnson and Chou 
1998) The fine sediments may have served as localized “perching’ layers for 
lateral spreading of wastewater into the Tank Farm The proximity of the 216-S-3 
crib to the S Tank Farm and the dip of sedimentary units to the southwest favor 
lateral movement into the S Tank Farm near the east fenceline 

The 216-S-25 crib received water in much larger volumes and more recently than 
any of the other cribs located adjacent to WMA S-SX (Appendix 6, Figure 6-2) 
Most of the discharge occurred in the mid 1970 s The stratigraphy (see 
Figure 2-2) beneath this crib suggests large volumes of water could have 
migrated along the top of the Plio-Pleistocene especially if fine sediment layers 
exist such as those that were encountered in well 299-W23-14 The west to 
east cross-section (Appendix A Figure AI-3) through this area indicates that the 
Plio-Pleistocene dips eastward and toward a trough that appears to center 
beneath the Tank Farm (see Figure 2-2) Thus it is possible that water from this 
crib migrated laterally into the Tank Farm at a depth of approximately 40 meters 
below ground surface during the high wastewater discharge period in the 1970 s 

1980 1242 S closed in 
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Smaller volumes of wastewater were received in the 1980 s and more recently 
from the 242-S Evaporator All discharges to this crib were terminated in 1995 
Operating histories of the above cribs as well as other ancillary Tank Farm waste 
systems and facilities are provided in Table 2-1 

A non-radioactive, non-hazardous wastewater source (21 6-SX-2 Crib or Sanitary 
Crib) is located at the southwest corner of SX farm The active sanitary waste 
disposal drain field receives approximately 20 000 Liters per day of wastewater 
Whether or not water from this small, nearby source could spread into the Tank 
Farm is uncertain Stratigraphic detail in this area is limited If a shallow, fine 
sediment layer that dips toward the farm exists then perhaps it is likely Judging 
from the general dip of sedimentary units based on the larger scale cross 
sections (Appendix A Figure AI-3) it seems more likely that lateral movement 
would occur away from the Tank Farm rather than toward it However if 
infiltrating wastewater broke through to the top of the Plio-Pleistocene the dip of 
the beds would favor movement to the east beneath the south end of the 
SX Tank Farm in the vicinity of tank SX-115 

One important consideration to note concerning the possible role of past- 
practrce, subsurface water sources is that crib operations were for extended time 
periods If water migrated beneath the Tank Farms and mobilized waste 
constituents that eventually reached groundwater, the groundwater 
contamination event should have been be over an extended period as compared 
to transient saturation events (e g rapid snow melt or water line rupture) 

Water Table and Artificial Recharge The water table has changed 
dramatically since Tank Farm operations began in the early 1950 s The shift in 
discharge of large volumes of wastewater from the T Pond at the north end of 
200 West to U Pond (or 216-U-10 Pond) located approximately 400 meters west 
of the S-SX Tank Farm, in the early 1950’s raised the water table in the vicinity of 
the study area to > 10 meters above pre-Hanford conditions (Figure 2-6) 

u 
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Sample Date 
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Figure 2-6 Histoncal Depth to Water Near SX Tank Farm 
(Johnson and Chou 1999b) 

When T Pond was in operation, the large groundwater mound at the north end of 
200 West caused an inferred flow direction to the south in the vicinity of WMA 
S-SX (Appendix B, Figure B-1) As the mound shifted to the south in response to 
U Pond (about 1955) groundwater flow became more southwesterly through the 
study area Discharges were terminated to U Pond in 1985 However, 
discharges were continued to both the 216-U-14 ditch near the north end of 
WMA S-SX and to the 216-2-20 Crib south of the Plutonium Finishing Plant The 
hrvo large wastewater sources caused a shift in the groundwater mound back 
toward the north which in turn resulted in a south-southeasterly flow beneath the 
WMA With continued reduction in wastewater disposal, the water table 
declined The inferred flow direction is currently shifting slowly back to a more 
easterly flow direction (pre-Hanford condition) The recent water table 
elevations for key wells in the vicinity of the WMA are shown in Figures 2-7 and 

As shown in Figures 2-7 and 2-8, water table elevations declined rapidly since 
1995 A linear regression of water level versus time for the periods shown in 
Figures 2-7 and 2-8 indicates a decline of -2 feet (0 6 meters) per year As a 
result, several of the groundwater monitoring wells are going dry and must be 
replaced For this reason, and to extend spatial coverage, several new wells are 
scheduled for installation over the next few years The decreasing trend in water 
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table levels will cease once pre-Hanford levels are reached (approximately 
20-25 feet below current levels per V G Johnson personal communication) 

The water table elevation declined more rapidly for RCRA well 299-W22-44 
located on the northeast side of S farm, than for the other wells in the network for 
WMA S-SX The hydrograph (Figure 2-8) shows that water table elevation in 
299-W22-44 declined relative to well 299-W22-45 which is located 180 meters to 
the south This change in local water table gradient indicates there should be a 
shift from a southeasterly to a more easterly flow direction since termination of all 
wastewater discharges in 1995 As previously indicated, the 216-U-14 Ditch 
passed near the north end of S and SY Tank Farms The ditch was dammed in 
1985 when discharges to U-Pond were terminated which created a small 
localized mound near the north end of S farm 
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Figure 2-7 Hydrographs for the SX WMA 
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Figure 2-8 Hydrographs for the S WMA 
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2 4 Hydrologic Properties 
W 

This section includes a review of the Vadose zone and aquifer hydrologic Also 
included are the effects of transient discharge events both natural and Tank 
Farm-operation related, that occurred in the S-SX WMA since the inception of 
Tank Farm operations and the effects on fluid migration (I e fluxes direction of 
movement and distnbution in the subsurface) 

2 4 1 Vadose Zone Properties 

A summary of vadose zone hydrologic properties is provided Khaleel and 
Freemen (1995) In Jones et al , aspects of vadose zone charactenstics 
affecting moisture movement are described in detail An abbreviated discussion 
of that summary is provided here 

Two aspects of the hydrologic properties of the S-SX WMA vadose zone are 
significant and likely to be synergistic First fluid flux rates through the vadose 
zone are sensitive to the intrinsic hydrologic properties of the soil materials As 
shown in the geology description (Section 2 2) substantial variability in soil types 
exist among the vadose zone soils The associated hydrologic properties are 
also different Second vanability in the kinds of fluid discharge that occurred 
(e g , surface spills versus general infiltration due to precipitation) creates 
temporal and spatial changes in recharge conditions and appears to affect the 
orientation of fluid movement 

Soil Property Variability Among the major stratigraphic units all units of the 
Hanford formation are substantially more permeable than the Plio-Pleistocene 
This observation is not based on S-SX WMA site-specific measurements 
Instead a set of measurements was made on hydrologic property values for soils 
collected from boreholes across the Hanford Site The data which were 
collected and evaluated by Khaleel and Freeman (1995) are used to estimate 
the hydrologic properties of the major stratigraphic unlts Included in the 
database are location of the sample depth at which the sample was collected, 
particle size distribution moisture retention curve data, and saturated hydraulic 
conductivlty values 

On a small scale within the Hanford formation, alternating horizontally-oriented 
lenses of soils with diffenng particle size distnbution (sand-versus gravel- 
dominated) exist The soils have different hydraulic conductivity values (inferred 
from the general database described above) Under normally low recharge 
conditions honzontal movement of fluid in the fine-grained sediments, rather 
than vertical movement in the coarse-grained soils, is encouraged While there 
are no site-specific hydrologic property values available, the range of the values 
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is expected to be similar to the measured range of values for the appropriate 
particle size distribution 

An additional set of small-scale features is clastic dikes Given the variability in 
particle size distribution frequently within a single dike a wide range of 
hydrologic property values can be expected A limited hydrologic properties 
database exists for clastic dike materials Physical and hydrologic properties 
(e g bulk density particle-size distribution moisture retention saturated and 
unsaturated hydraulic conductivities) for clastic dike infilling materials are 
included in Khaleel (1999) and Fayer and Ritter (1999) Other data (Fecht et al 
1999) are available that present saturated hydraulic conductivity and UFA-based 
unsaturated conductivity measurements for clastic dike infilling materials 

Effects of Fluid Discharge Variability on Hydrologic Properties Numerous 
transient infiltration events related to both natural (see Section 2 3) and Tank 
Farm operations (see Section 3 1) occurred in the S-SX WMA At the low end 
normal precipitation events produce rather low infiltration rates At the high end 
crib discharges were sufficiently high to create near saturation to fully saturated 
conditions in the vadose zone The immediate effect of enhanced discharge 
events is a rapid increase in moisture content in the region of discharge 
Hydraulic conductivity values increase rapidly in a nonlinear fashion with 
increased moisture content until a maximum value is reached at full saturation 
Consequently more rapid fluid flux occurs in areas of large discharge as long as 
high moisture content can be maintained Measurements of the fluxes in the 
S-SX WMA were not performed 

Synergistic Effects Field observations and some controlled testing suggest 
that the fluid migration characteristics are influenced by a complex interaction 
between flux rates and stratigraphic controls At normal low infiltration rates, the 
geologic controls appear to be strongest Moisture content profiles from gamma 
profiles of boreholes within the S-SX WMA identify high values in the soils 
dominated by smaller particle size soils (sand-dominated and the Plio- 
Pleistocene) This is expected because expenmental data establishes that 
hydraulic conductivity values of fine-grained soils are relatively high compared to 
coarse-grained soils at low moisture contents typical of low infiltration rates 
Therefore, fluids should migrate preferentially in these materials Given the 
predominantly horizontal layering of the stratigraphic units including fine-grained 
units lateral spreading should be a significant direction of movement As 
moisture content and fluid fluxes increase, relative hydraulic conductivities 
become larger in coarse-grained soils and stratigraphic controls become less 
significant, the result being significantly vertical as well as, honzontal flow 

Other than the moisture profile signatures of boreholes within the S-SX WMA 
two other examples of fluid movement in the vadose zone are available Both of 
the examples are inferred from Contaminant distnbution data The first example is 
based on the shape of the gamma plume underlying Tanks 241-SX-108 and 
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241-SX-109 5-8 meters below the tank bottom The plume appears to have 
migrated in a southwesterly directly at a slight dip to the southwest The depth 
thickness of the high gamma zone and onentation is consistent with the 
projection of gravel unit A in this region suggesting some type of stratigraphic 
control 

In the second example, fluid movement is inferred from contamination underlying 
the 216-S-1 and 216-S-2 cribs which was measured in 1956 and 1966 (ERDA, 
1975) Located just east of the S-SX WMA the 216-S-1 and -2 cnbs are 
timbered structures placed in a 12 x 30-meter excavation About 1 6 x 10' L of 
contaminated fluids were discharged into this facility over a four-year period from 
1952 to 1956 The ruthenium gamma readings from 1956 indicate vertical 
distribution down to the bottom of the drywells (50 meters deep or more) and 
horizontal distribution across about 40 meters Cesium-1 37 and strontium80 
were distributed in discrete horizontal layers down to the water table 
Companson of 1956 and 1966 data indicates lateral and vertical spreading of 
both the isotopes occurred 

2 4 2 Aquifer Properties 

u 

As previously discussed the upper aquifer occurs in partially cemented Ringold 
sands and gravels The extent of the cementing is not well known Based on 
core data from 41-09-39 and 299-W19-10, much of the upper aquifer 
(0-5 meters) appears to occur in cemented Ringold (sandy gravel) At greater 
depths the cementing is not present This may result in a more transmissive 
aquifer as the water table declines This is also an important consideration (and 
uncertainty) when installing new groundwater monitoring wells with long 
screened intervals designed to allow for the declining water level 

Hydraulic conductivities based on slug tests, conducted near the time the RCRA 
wells were installed (about 1992 see Appendix B -Table B-2) are generally very 
low but they cover a wide range (0 4 to 27 meters per day) indicating a high 
degree of uncertainty The corresponding Darcy flow rates based on a 
June 1998 water table gradient of 0 0015 and effective porosity of 0 1 to 0 3 are 
0 002 to 0 4 meters per day (Hartman and Dresel 1999) The wide range in 
calculated Darcy velocities is attnbuted to the wide range in hydraulic 
conductivities (probably due to vanable cementing) and assumptions about 
effective porosity 

There are also uncertainties related to the overall groundwater flow direction 
Inferred flow directions based on water table elevation rely on the assumption 
that the aquifer has uniform porosity (isotropic) However the variability in 
hydraulic conductivtty, which was noted above, and the physical examination of a 
few core samples suggest a very non-homogeneous (anisotropic) aquifer exists 
in the study area One potential consequence of this heterogeneity is that 
groundwater flow direction may be highly variable over short distances 
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(-100 meters) However on a larger scale (1 000 meters or more), the net flow 
direction will coincide with the inferred direction These uncertainties have 
important implications for interpreting groundwater results from specific water 
well locations and for choosing locations for new well installations Tracer 
experiments are planned to test the short-range variability (Johnson and Chou 
1999b) 

An indication of the predicted versus observed flow direction in the S-SX WMA 
can be obtained by overlaying a contaminant plume map on a water table map 
as shown in Figure 2-9 The contamination source is the 216-S-25 Crib which 
received tritiated wastewater from the 242-S Evaporator until 1995 This source 
was intermittent but extended over several years prior to 1995 The tritium 
plume contours shown in Figure 2-9 were drawn separately from the water table 
map and then added to the water table map As evident from the combined 
plume and water table map the inferred flow direction (imaginary line 
perpendicular to the water table contours) is consistent with the tntium plume 
map 

In addition to the flow direction, inferences about travel time can also be made 
from the tritium plume For example based on the shape of time concentration 
plots the arrival time of tritium that originated at the 2164-25 Crib (Well 299- 
W23-9) at downgradient wells (e g 299-W22-46) suggests an overall travel time 
of about 30 meters per year (Hartman and Dresel 1999, Section 5 9 3 2) The 
estimate is consistent with similar estimates using technetium-99 and other 
tritium arrival times and distances (e g , 3 0 4 0  meters per year reported by 
Johnson and Chou 1999b) 

2 5 Geochemrstry 

This section covers geochemical factors and material properties of vadose zone 
and unconfined aquifer soils underlying the S-SX WMA that control contaminant 
mobility in the soil column Radionuclide and hazardous constituent mobility can 
be substantially different depending on the innate characteristics of the 
contarninant and the geochemistry of the soil/water system In these soils, both 
factors are expected to be important Different contaminants present in the soils 
are vanably mobile and depending on interactions of tank fluids with the 
soil/water system a given contaminants mobility can be considerably different at 
different locations within the vadose zone and unconfined aquifer 

The geochemical characteristics and contarninant mobility are described in terms 
of relatively undisturbed soils versus highly disturbed soils Both types of soils 
are expected in the vadose zone underlying the S-SX WMA For relatively 
undisturbed soils a substantial Hanford-specific but not S-SX WMA-specific 
database is available that quantifies geochemical characteristics and 
contaminant behavior particularly radionuclides (e g Ames and Rai, 1978 
Serne and Wood 1990 Serne et al 1993 Kaplan, Parker and Kutynakov 
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1998) Average soil properties are described in Section 2 2 Groundwater in the 
vadose zone and the unconfined aquifer have similar characteristics being L 

L 
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Figure 2-9 Tritium Plume and Water Table Map for WMA S-SX and Vicinity 
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moderately alkaline (pH -8) and containing moderate concentrations of cations 
and anions Dominant cations are calcium (-5Omg/L) magnesium (-14 mg/L), 
sodium (-30 mg/L) and potassium (-9 mg/L) Dominant anions are carbonate 
(-70 mg/L) and sulfate (75 mg/L) 

Within the S-SX WMA geochemical and related soil property data were collected 
for soils taken from Borehole 41-09-39 from depths of 130 to 200 feet (Myers et 
al 1998) Particle size, mineralogy cation exchange capacity and water 
chemistry from leached soils were determined The data indicate that 
interactions with tank fluids at these depths were not substantial Mineralogy 
moisture content water chemistry are consistent with relatively undisturbed soils 
The primary indicators of interaction with tank fluids is an increase in nitrate 
concentrations and the occurrence of small concentrations of cesium-1 37 and 
technetium-99 at the130 foot depth 

Generally contaminant mobility is quantified empirically through the collection of 
sorption coefficient data (Kds) The Kd value (mLlg) quantifies the distribution of 
the radionuclide between solid and aqueous phases and generally is not 
associated with a particular sorption mechanism Depending on the 
contaminant the Kd value is variably sensitive to environmental conditions, 
particular water chemistry and types of mineral phases present Contaminant 
mobility is roughly proportional to Kd value with a Kd value of 0 mL/g indicating a 
non-reactive Contaminant Generally speaking for relatively undisturbed 
conditions certain contaminants (technetium-99 chromium and nitrate) are non- 
reactive forming anionic aqueous species and migrating with water moving 
through the soil column The presence of these contaminants in the RCRA 
monitoring wells supports this expectation 

Given the available information on tank fluid chemistry, it is expected that more 
than one type of geochemical environment exists in the vadose zone underlying 
the S-SX WMA The majority of the vadose zone volume and all of the 
unconfined aquifer soils are expected to be geochemically similar to undisturbed 
soil because migrating fluids are natural water or waste water not substantially 
different from natural waters Consequently soil parameters that tend to 
influence contaminant mobility (mineralogy particle size distribution, and cation 
exchange capacity) are relatively unchanged from undisturbed conditions 
Changes in water chemistry in relatively undisturbed parts of the vadose zone 
and unconfined aquifer tend to be limited to increased concentrations of mobile 
constituents (e g nitrate) 

Highly disturbed geochemical environments are expected to exist locally in the 
vadose zone underlying the S-SX WMA The zones exist because the chemistry 
of some leaked tank fluids is radically different from water and should change the 
soil water geochemical conditions as migration into the soil column occurs The 
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spatial extent of such changes and longevity are not well known The available 
database strongly indicates that the most severe changes have occurred in soils 
underlying and near Tanks 241-SX-107 -108, and -109 Within the high 
contamination zone, high pH conditions, high alkalinity and substantially altered 
mineralogy may occur Sampling of soils in this region was taken but analyses of 
soil samples are not yet available 

Laboratory data were collected penodically to measure radionuclide Kds in soils 
controlled by tank fluid chemistry (primarily enhanced pH and ionic strength due 
to enhanced sodium concentrations) A recent summary of the data is reported 
in Jones et al , 1998 More recent expenmental data was collected under these 
conditions and for cesium-137 (Seme et al , 1998) and iodine-129 technetium-99 
and selenium-79 (Kaplan Parker and Orr 1998) Compared to undisturbed 
conditions cesium-I37 Kds were reduced in value (from > 100 to -20 mug) and 
technetium-99 became somewhat reactive (Kd -4 mL/g) at very high pH values 
(>lo) and enhanced ionic strength (1M NaC104) Kd for iodine-129 and 
selenium-79 are nonzero and maximized (0 5 and 4 mug respectively) only at 
moderate alkalinity (pH -8) and high ionic strength (-1M sodium) 

The only S-SX site-specific sorption information that has been collected is based 
on a series of sorption and desorption experiments for cesium-137 and 
strontium-99 on samples collected from Borehole 41-09-39 (Myers et al 1998) 
Four soil samples were used in the sorption experiments three from the Plio- 
Pleistocene and one from the Ringold The soils were reacted with four 
solutions a simulated Hanford groundwater (moderate ph -8 and low sodium 
content, a 4 M sodium nitrate moderately alkaline (pH-8 6) solution and two 
simulated tank liquids One tank liquid is a REDOX simulant that was 
Characterized by high pH (-14) high sodium (-1 1 M) and high aluminum 
(-0 26 M) The second tank liquor was characterized by moderately alkalinity 
(pH-8), and high sodium (-14 M) content Given this variety of conditions the 
influence of pH sodium content, aluminum content and soil type on cesium-137 
and strontium-99 sorption could be studied 

Maximum strontium-99 sorption occurred in the presence of the high pH solution 
(-1 000-2700 mug) and the Plio-Pleistocene soils Precipitation reactions were 
occurnng because of the high pH, thereby removing additional strontium-99 from 
solution Sorption Kd values are much reduced (-1-40 mug) for all other cases 
where moderately alkaline pH conditions prevail In this range maximum Kds 
occur in the presence of Hanford groundwater and Plio-Pleistocene soil The 
minimum Kds occur in the presence of high sodium solutions (> 4 M) 

Maximum cesium-137 sorption Kds (>50,000 mug) occurred in the presence of 
Plio-Pleistocene sediments and Hanford groundwater The presence of mica 
and mica-like clay minerals in these sediments are the pnmary reason for these 
very high Kds A substantial reduction in Kds occurs with the other three 
solutions (5-2100 mug) each of which contain 4 M sodium or better This 
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observation is consistent with the expectation that sodium at these 
concentrations competes successfully with cesium-I 37 for sorption sites For 
conditions present in this lower Kd range maximum values occur where Ringold 
and the 4 M sodium nitrate solution are present This is difficult to explain 
because the reduced sorption sites provided by the Ringold compared to the 
Plio-Pleistocene and the high sodium content should present a poor environment 
for cesium-I37 sorption In the remainder of the data subset larger sorption 
values occur with Plio-Pleistocene soils and the minimum sorption values occur 
in the presence of the second tank liquor which contains the very highest sodium 
content Finally desorption of cesium-I 37 from the Plio-Pleistocene soils was 
attempted with all solutions for up to 13 days In all cases cesium-137 was not 
detected in the leachate 
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L 3 0 SUBSURFACE CONTAMINATION INFORMATION 

This Section provides a summary of available information on the current state of 
contamination within the subsurface of the S-SX WMA Section 3 1 provides an 
overview of gamma data collected in the vadose zone The database containing 
the gamma data is discussed separately because it is the most pervasive 
information set on current contamination within the vadose zone and provides an 
overall perspective of contaminant charactenstics for the total S-SX WMA 
Sections 3 2 and 3 3 discuss specific contaminant information for the tank leaks 
and ancillary equipment respectively Finally the characteristics of groundwater 
contamination are summarized in Section 3 4 

3 1 Gamma Ray Logging Informatron 

Two types of gamma ray logging data were collected in the tank farms gross 
gamma and spectral gamma logging Gross gamma logging (Section 3 1 1) was 
first used then followed by spectral gamma logging (Section 3 1 2) which is 
ongoing Together the databases provide an indication of gamma radionuclides 
(primarily cesium-I 37 in the S-SX WMA) emitting contaminant release into the 
vadose zone and subsequent migration Currently the two types of analyses are 
synthesized to elicit additional information regarding the histonc and ongoing 
movements of cesium-I37 in the vadose zone (Section 1 1 3) 

Gamma data are the most spatially and chronologically comprehensive type of 
data available on contaminant migration therefore, quite valuable By taking 
gamma measurements vertically in drywells arrayed around tanks and along 
laterals underneath tanks (where present), a crude three-dimensional picture of 
contamination in the vadose zone can be generated However, some substantial 
limitations should be noted Two are particularly important First gamma 
logging data do not provide direct information about the location or 
concentrations of non-gamma-emitting long-lived mobile radionuclides 
(technetium-99) or hazardous constituents (e g chromium and nitrate) Second 
the gamma logging data are limited by the availability of boreholes and 
attenuation of gamma radiation Gamma logging interrogates no more than a 
radius of 12 to 18 inches of soil around the borehole Therefore, extrapolation of 
the gamma data between drywells is uncertain Also drywell distribution is not 
uniform and some areas in the S-SX WMA contain few or no drywells (e g 
between S-SX Tank Farm) 

3 1 1 Gross Gamma Ray Logging Information 

L 

Dunng the penod 1960-1991, gross gamma logs were collected in the S-SX Tank 
Farm as part of the secondary leak-detection system (Isaacson and Gasper, 
1981 Welty 1988) Seven tanks in the SX Tank Farm also had laterals installed L 
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under the tanks for monitoring gamma activity The gamma logs from the 
drywells and laterals were examined immediately after being taken to ascertain 
whether leak detection critena were exceeded If the logs did not exceed the 
established criteria then the logs were archived and not reviewed further If the 
logs exceeded the established criteria other tank data were analyzed to 
determine if the tank was indeed leaking Data derived from logging campaigns 
through the early 1970 s were maintained as paper analog records since 1974 
logging data were stored digitally 

3 1 2 S-SX Tank Farm Spectral Gamma Logging Data 

In 1995 a baseline spectral gamma logging program of all drywells in the SST 
farms was initiated by Mactec-ERS and its predecessor, Rust Geotech through 
the U S Department of Energy Grand Junction Project Office (DOE-GJPO) 
Spectral gamma logging techniques provide information on quantities of specific 
gamma-emitting radionuclides Baseline spectral gamma was reported in 1996 
for the SX Tank Farm (DOE-GJPO, 1996) and in 1998 for the S Tank Farm 
(DOE-GJPO 1998) Spectral gamma logging data are also available in separate 
reports for each Tank Farm 

This document focuses on identifying major areas of contamination (I e , 210 
pCi/g) Figures 3-1 a 3-1 b 3-2a and 3-2b are plan views of the S Tank Farm 
providing locations of tanks and associated drywells Drywells showing relatively 
high contamination are highlighted in several ways Figures 3-la and 3-1 b show 
high gamma readings at locations above a depth of 35 feet Figure 3-la 
highlights gamma intensities between 10 and 100 pCi/g, and Figure 3-1 b shows 
locations of gamma intensity 
same split in gamma intensity for locations below 35 feet 

The data show limited contamination in the S Tank Farm particularly below 
35 feet The locations are consistent with the historical record which identities a 
large surface leak from a junction box close to Tank 241-S-102 and a suspected 
leak from 241-S-104 Contamination in the SX Tank Farm is far more 
widespread, as shown in Figures 3-3a 3-3b 3-4a and 34b In general the 
location and intensity of gamma readings in the northern part of the Tank Farm 
(Tanks 241-SX-101 through 241-SX-106) are above 35 feet and more often 
between 10 and 100 pCi/g The charactenstics are likely associated with surface 
leaks Conversely in the southern part of the Tank Farm gamma readings are 
above 100 pCi/g and below 35 feet, characteristics that are consistent with tank 
leaks Although not shown here, the highest levels of contamination are 
substantially greater than 100 pCi/g around Tanks 241-SX-108 -109 -1 11 and 
-1 12 

100 pCi/g Figures 3-2a and 3-2b shows the 

4 

W 

40 



HNF-4936 
Revision 0 

.I- 

I 

L 

North 
t-- 

L 
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Location of Boreholes wlth Gamma Intensity Readings 
Above 10 pCilg and Below 35 in S Tank Farm 

Figure 3 2a Gamma Contamination > 10 pCi/g and < 100 pCi/g below 35 fl 
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Figure 3 2b Gamma Contamination 2 100 pCi/g below 35 ft 
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Figure 3-4a Gamma Contamination > 10 pCi/g and < 1 W pCVg below 35 n 

Figure 3 4b Gamma Contaminatlon ? 100 pCi/g below 35 ft 
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3 1 3 Synthesis of S-SX Tank Farm Historical and Spectral Gamma Logging 
Data 

u 

Because gross gamma logging was conducted over two decades an evaluation 
of the data provides information on the time-dependent behavior of the gamma- 
emitting radionuclides in the subsurface (Randall and Price, 1999) By using the 
recently collected spectral gamma data (concentrations of specific gamma 
emitting radionuclides) from the same drywells used to collect gross gamma 
data the concentrations of individual gamma emitting isotopes that contributed to 
the gross gamma curves over time can be estimated By factoring in decay the 
calculated curves can be propagated over time and compared with the gross 
gamma curve histories Using this process, changes in the curves due to decay 
or decay plus changes in gamma radionuclide concentrations at a given location 
over time can be distinguished 

Results of the evaluations for drywells in SX Tank Farm are presented in 
Appendix C Table C-I provides the location depth of measurement inferred 
changes in concentration at that location maximum intensity of gamma counts 
year of maximum intensity, and pnmary contnbuting radionuclide for each 
borehole Contamination is noted as stable if the activity levels decay at 
cesium-I37 decay rate increasing if cesium-137 levels failed to decrease at the 
decay rate and "undetermined d the data were insufficient to make a 
determination Evaluation of the SX Tank Farm reveals the occurrence of 
cesium-I37 movement in the subsurface Movement tends to occur several 
years after the leak event and involves a small fraction of the activity located 
nearby In some cases lateral versus vertical movement can be determined 

3 2 

L 

Tank Leak Contamination Characterisfics 

Section 3 2 1 provides a summary of estimated leak volumes and chemicals 
used in the REDOX facility In Section 3 2 2 known information about leaks from 
specific tanks (volume, timing and inventory) is summarized 

3 2 1 Source Term for Waste Lost to Vadose Zone 

Wastes may have entered the environment through numerous direct sources in 
the S-SX WMA such as tank leaks spills from diversion boxes and transfer 
lines and post-practice releases to cnbs from activities Estimated releases or 
leaks from the tanks in WMA S-SX are presented in Table 3-1 The estimates 
were obtained from reports by Anderson (1990), Hanlon (1999), and Agnew and 
Corbin (1998) Note that a variety of values are provided for some tanks and 
some variability in the dates for estimated leaks were found in different sources 
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W 
Table 3-1 Estimated Past Leak Losses from the S-SX SSTs from Various References 

Estimated Leak Volume 

Notes NA = not available 

The S-SX Tank Farm received waste pnmarily from the 15 years of REDOX 
operations Thus, the REDOX Plant essential material usage list developed from 
flowsheet information should provide a reasonable list of chemicals that could be 
expected to have entered the vadose zone from an S or SX tank leak (Kupfer et 
a1 1998) The chemicals are listed in Table 3-2 The average usage of 
chemicals in terms of kg per metric ton of uranium (kgIMTU) processed in the 
REDOX plant are also listed A total of approximately 19,500 metric tons of 
uranium were processed at the REDOX Plant This total included approximately 
245 MTU of zirconium-clad fuel The remainder was aluminum-clad fuel Both 
aluminum nitrate and ammonium fluoride were required in the zirconium de- 
cladding operations 

v 
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Table 3-2 REDOX Plant Essential Material Usage Predicted from Flowsheets 
(from Kupfer et al 1998) L 

The high-level waste streams coming from the REDOX Plant contained 
significant quantities of short-lived and long-lived radionuclides and the 
radionuclide composition changed as a function according to well understood 
decay processes (Kupfer et al , 1998) Current radionuclide inventories for all 
tanks are also available in Kupfer et al (1998) The radionuclide composition at 
the time of a tank leak event is of most interest for characterization of vadose 
zone soils contamination by the tank leaks The tank compositions at the time of 
leak events are currently being estimated using techniques similar to those used 
by Kupfer et al (1998) 

3 2 2 Specific Tank Leaks in S-SX Waste Management Area 

According to the Waste Tank Summary Repott for Month Ending Febmaty 28 
7999 (Hanlon 1999) one tank in the S Tank Farm and 10 tanks in the SX Tank 
Farm are declared confirmed or assumed leakers This Section provides an 
overview of each of the questionable tanks within the S-SX WMA 

Tank 241s-I04 lank 241-S-104 was filled with REDOX waste dunng the first 
quarter of 1953 Waste was then cascaded from Tank 241-S-104 to Tank 
241-S-105, the next tank in the three-tank cascade According to Agnew et al 
(1995) the waste volume in lank 241-S-104 remained reasonably stable from 
1958 through 1965 During the second quarter of 1965, Tank 241-S-104 
received 96 kgal of supernatant to bnng the total volume in the up to 807 kgal 
which was approximately 35 kgal above the cascade overflow level Over the 
next 5 years, waste volume decreased by -24 kgal In 1968 the tank was 
declared a leaker In 1970,474 kgal of supernatant was pumped out of the tank 

L 

L- 
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leaving approximately 300 kgal of sludge and saltcake An estimate of the 
composition of the supernatant that may have leaked is not available 

4 

Based on recent spectral gamma logging drywell 40-04-05 cesium-I37 
contaminated the surface (at -100 pcilg) down to about 60 feet (at 10 pCi/g) with 
very high contamination between 38 and 47 feet (>I 000 pCi/g) The high 
cesium-I37 contamination at the tank bottom level suggests a tank leak 
Another possibility is that waste levels above the cascade overflow outlet could 
have leaked from the spare inlet port located in the region of drywell 40-04-05 

Tank 241-SX-104 According to Hanlon (1999) Tank 241-SX-104 leaked 6 000 
gallons in 1968 The estimate was based on decreases in interstitial liquid levels 
Recent spectral gamma logging data of the drywells surrounding Tank 
241-SX-104 do not support the statement that a major leak occurred (DOE- 
GJPO 1996) However significant surface level contamination was reported 
No estimate of the composition of the supernatant that may have leaked was 
made Tank 241-SX-104 currently contains -500 kgal saltcake and 140 kgal 
sludge 

Tank 241-SX-107 Tank 241-SX-107 was used to store REDOX high-level 
waste from 1956 through 1969 In 1964 the tank was suspected of leaking 
<5 000 gallons of waste (Hanlon 1999) Three drywells on the south and 
southwest sides of Tank 241-SX-107 (41-07-05 -07-07 and -07-08) show high 
levels of cesium-137 contarnination in the 50 to 70 foot level (DOE-GJPO 1996) 
An estimate of the composition of the supernatant that may have leaked was not 
made To date an evaluation of the gamma contamination in the laterals under 
Tank 241-SX-107 is not available 

Tank 241-SX-108 The leak history for Tank 241-SX-108 which contains 
REDOX high-level waste is well documented (WHC 1992a Raymond and 
Shdo 1966) Estimated releases from Tank 241-SX-108 vary from 2 400 gallons 
to 35 000 gallons of supernatant between 1962 and 1964 based on 
WHC (1992a) to 203 000 gallons based on Agnew and Corbin (1998) 
Tank 241-SX-108 was suspected of leaking in December 1962 however, a 
determination was made that the leak self-sealed, therefore tank was kept in 
service Tank 241-SX-108 was observed to have leaked again in August 1964 
By late 1965 another determination was made that the leak self-sealed, but in 
March 1967 the tank was confirmed to be leaking and was taken out of service 
Based on a leak volume ranging from 2 400 to 35,000 gallons the 1965 
supernate analysis, and decay calculations (January 1991) the radionuclides in 
contaminated sediment under Tank 241-SX-108 are estimated to be between 
10 000 and 140 000 Ci of cesium-I37 (WHC 1992a) 

.-/ 
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u Dunng development of the Histoncal Leak Model, Agnew and Corbin (1998) 
estimated tank compositions for the supernatants in four SX tanks including 241- 
SX-108 Agnew and Corbin assumed that the materials that leaked from these 
tanks are the same as the supernatant in that particular tank Supernatant 
inventory estimates are shown in Table 3-3 As shown in Figure 3-4b a number 
of drywells around Tank 241-SX-108 are highly contaminated with cesium-137 
The gamma contamination around Tanks 241-SX-108, -109, -1 11, and -112 is 
higher than any other Tank Farm contamination found to date 

Tank 241-SX-109 The leak history for Tank 241-SX-109 is well documented 
(WHC 1992b) Estimated releases from Tank 241-SX-109 vary from 
approximately 10,000 gallons of REDOX high-level liquid waste in January 1965 
(based on WHC, 1992b) to 111,000 gallons beginning in 1960 (based on 
estimates by Agnew and Corbin 1998) In 1965, Tank 241-SX-109 was 
confirmed to be leaking and removed from service Liquid was not immediately 
removed from the tank because a determination was made the leak self-sealed 
Dunng the third quarter of 1969 and the fourth quarter of 1971 some liquid was 
transferred out of the tank In the fourth quarter of 1973 the tank was pumped 
down to minimum level As of 1994 increases in radioactivity in the drywells and 
laterals were still being observed, which is presumed to be a result of movement 
of material that leaked earlier Based on the assumption that the liquid that 
leaked from Tank 241-SX-109 was the same composition as the liquid leaking 
from Tank 241-SX-108, the radionuclides in the contaminated sediment under 
the tank are estimated at 40 000 cesium-137 (or less) as of January 1, 1992 
(WHC, 1992b) 

Dunng development of the Historical Leak Model, Tank 241-SX-109 was one of 
the SX tanks Agnew and Corbin (1998) estimated tank compositions for the 
supernatants Materials that leaked from the tank is the same as the 
supernatant The supernatant inventory estimates are shown in Table 3-5 As 
shown in Figure 3-4b a number of drywells around Tank 241-SX-109 are highly 
contaminated with cesium-137 The gamma contamination around Tanks 
241-SX-108 -109, -1 11 and -1 12 is higher than any other Tank Farm 
contamination found to date At this time an evaluation of the gamma 
contarnination in the laterals is not available 

Tank241-SX-110 In 1976 Tank 241-SX-110 was listed as questionable 
integrity’ with a potential leak volume of 5,500 gallon The composition of 
supernatant at the time of suspected leak was not determined Initially Tank 
241-SX-110 received REDOX boiling wastes, but later received a variety of other 
waste types, such as ion exchange waste from B-Plant, evaporator bottoms, and 
B-Plant low level wastes Figure 3-4b shows that two drywells located between 
Tanks 241-SX-107 and 241-SX-110 are highly contaminated with cesium-137, 
presumably from a leak from Tank 241-SX-107 At this time, an evaluation of the 
gamma contamination in the laterals is not available 

v 
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Tank 241 -SX-111 Hanlon (1 999) lists a leak volume of 500 to 2 000 gallons for 
Tank 241-SX-111 During development of the Historical Leak Model Tank 241- 
SX-111 was one of the SX tanks Agnew and Corbin (1998) estimated tank 
cornpositions for the supernatants Materials that leaked from Tank 241-SX-111 
are the same as the supernatant The supernatant inventory estimates are 
shown in Table 3-3 Figure 3-4b shows that a number of drywells around Tank 
241-SX-111 are highly contaminated with cesium-I37 The gamma 
contamination around Tanks 241-SX-108 -109, -111 and -112 is higherthan 
any other Tank Farm contamination found to date At this time an evaluation of 
the gamma contarnination in the laterals is not available 

W 

Tank 241-SX-112 Hanlon (1999) lists a leak volume of 30,000 gallons for Tank 
241-SX-112 and a leak date of 1969 However Agnew et al (1995) does not 
report volume discrepancies during the time period One drywell around Tank 
241-SX-112 (12-02) shows high level of cesium-I37 contamination from 68 feet 
down to 125 feet A second adjacent (12-03) shows cesium-I37 contamination 
in the region of 60 to 70 feet with a maximum reading of 10,000 pCi/g 

During development of the Historical Leak Model Tank 241-SX-112 was one of 
the SX tanks Agnew and Corbin (1998) estimated tank compositions for the 
supernatants Materials that leaked from Tank 241-SX-112 are the same as the 
supernatant The supernatant inventory estimates are shown in Table 3-3 

contaminated with cesium-I 37 The gamma contamination around Tanks 
241-SX-108 -109, -111 and -112 is higherthan any other Tank Farm 
contamination found to date At this time an evaluation of the gamma 
contamination in the laterals is not available 

Figure 3-4b shows that a number of drywells around Tank 241-SX-112 are highly - =  

Tank 241-SX-113 According to Hanlon (1999) Tank 241-SX-113 lost 15 000 
gallons of waste in 1962 The leak history is reported in Hanson et al (1962) In 
1958 the tank bottom bulged shortly after receiving self-concentrating waste 
Although the bulge receded several days later, the waste was pumped to another 
tank While pumping the waste to the other tank the tank bottom bulged a 
second time A prototype leak detection system consisting of a caisson with five 
honzontal laterals that extend under Tank 241-SX-113 was installed in December 
1958 Dunng the period 1958 to 1962, gamma radiation was monitored and 
failed to detect leakage However approximately three weeks after conducting a 
leak test in late 1962 the tank began to leak at a rate of 1200 to 1400 gallons per 
day The calculations show that -8 000 Ci of cesium-I37 was lost during the 
test The tank was pumped to a minimum heal in late 1962 and taken out of 
service 
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Figure 3-4b shows that drywells around Tank 241-SX-113 are not contaminated 
with gamma activity exceeding 10 pCilg Gamma contamination in the laterals 
under this tank was not evaluated At this time an evaluation of the gamma 
contamination in the laterals is not available 

Tank 241-SX-114 Hanlon (1999) lists a leak date of 1972 for Tank 241-SX-114 
and does not include an estimated leak volume Figures 3-3 and 3-4 show that 
drywells around Tank 241-SX-114 are not contaminated with gamma activity 
exceeding 10 pCilg Gamma contamination in the laterals under this tank was 
not evaluated At this time an evaluation of the gamma contamination in the 
laterals is not available 

Tank 241-SX-115 The leak history for Tank 241-SX-115 is well documented 
(WHC 1992c) Tank 241-SX-115 was built m 1954 put into service in 1958, and 
the waste inside the tank started boiling in 1959 In 1964, the aged waste was 
pumped out and condensate was added to dissolve sodium nitrate from the 
residual solids In March 1965, a determination was made that Tank 241-SX-115 
leaked about 50 000 gallons In August 1965, 10 test wells were drilled around 
the tank (Raymond and Shdo, 1966) Data from the test wells coupled with data 
from existing drywells and laterals were used to define and characterize the 
contaminated area under the tank Based on analysis of Tank 241-SX-115 
supernate approximately 40,000 Ci of cesium-I37 was lost to the soil column 
during the leak Upon examination three separate areas of contamination were 
found One was completely under the tank the other two were closer to the 
edge of the tank with the contaminated zones pnmanly under the tank 

Recent spectral gamma logging found contamination of about -10 pCi/g 
cesium-I37 in only one drywell (15-07) around Tank 241-SX-115 Gamma 
contamination in the laterals under was not evaluated At this time an evaluation 
of the gamma contarnination in the laterals is not available 
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3 3 

Discharge of cooling waters and condensates to cribs ponds and ditches was 
monitored routinely during the operations penod The monitoring activities were 
most recently summarized by Diedeker (1999) Diedeker reports that initial 
documentation of liquid volumes by facility and discharged inventory was 
provided in Anderson (1 973) The Anderson report was followed by a 
subsequent publication (Anderson 1976) and the establishment of a database 
Crib Waste Management (CWM), in 1978 to track discharges The CWM 

database was superseded in 1990 by the Environmental Release System (ERS) 
database 

Crib and Ancillary Equipment Contaminant Information 
L 4  

Table 3-4 provides a summary of discharge information for cribs and trenches 
receiving S-SX tank wastes The table also lists the source of waste for the cribs 
and the volume time of operation and partial inventory Most cribs received 
steam and process condensate However Crib 216-S-8 received dissolved 
REDOX startup waste, and Crib 216-SA-9 received organic waste An inventory 
is not available for Crib 216-S-4 because it received only cooling water which 
was presumed to be uncontaminated A clear explanation of measurement 
techniques used to quantify volume and inventory is not available The reports 
indicate periodic measurements were taken for beta intensity and uranium and 
plutonium concentrations Additional radionuclide inventory was derived from 
reactor production estimates Table 3-6 shows that the technetium-99 inventory 
is based on this approach not direct measurements Consequently, it is difficult 
to evaluate the accuracy of these estimates 

Crib 216-S-25 is unique because it also received treated water from a pump and 
treat program completed in 1985 The goal of the pump and treat program was 
to remove uranium from the unconfined aquifer underlying Crib 216-U-16 The 
pump and treat results (Delegard 1986) indicate that 94% of the uranium was 
removed from the pumped water The remainder of the uranium was discharged 
into Crib 2163-25 Technetium-99 was also present with uranium in the 
unconfined aquifer but analyses were not conducted Therefore the amount of 
technetium-99 disposed in Crib 2194-25 from this source IS not known 

Very little is known about the leak characteristics from ancillary equipment 
Volume estimates for spill events are not available except as records of the areal 
extent of the leaks Inventory estimates are also not available 

u 
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3 4 Groundwater Contaminant Information 

This section provides the nature of groundwater contaminant occurrences in the 
S and SX Tank Farm vicinity Constituent types spatial and temporal 
characteristics peak concentrations and duration are discussed in relation to 
possible sources both within and upgradient of the S-SX WMA 

u 

3 4 1 Background 

Since the mid 1950 s, groundwater quality monitoring was conducted in the S-SX 
Tank Farm and around associated facilities Prior to the original TPA (Ecology et 
al 1989 as amended) facility monitoring was conducted in accordance with 
Atomic Energy Act (AEA) of 1954 Under the TPA SSTs were classified as 
hazardous waste management units and regulated under RCRA the Washington 
State Hazardous Waste Management Act (HWMA, RCW 70 105) and 
Washington State Dangerous Waste Regulations (WAC 173-303) The S-SX 
Tank Farm, including ancillary equipment and waste systems were grouped into 
one WMA for RCRA groundwater monitoring purposes (Jensen et al 1989 
Caggiano and Goodwin 1991) In 1996, groundwater monitoring at WMA S-SX 
was elevated to assessment status (40 CFR 265 Subpart F) to determine the 
rate and extent of groundwater contamination in the S-SX WMA (Caggiano 
1996, Johnson and Chou, 1998) 

All recorded groundwater data both historical (pre-TPA) monitoring data as well 
as the more recent RCRA data, are stored in the Hanford Environmental 
lnformation System (HEIS) The database is electronically available to the public 
but requires specialized software for use of the data The RCRA data were 
collected in accordance with SW-846 procedures (EPA 1986) The associated 
quality assurance and related quality control documentation are described in 
Hartman and Dresel(1999) 

Groundwater monitoring well locations in relation to the Tank Farms associated 
facilities and major spill or leak sites are shown in Figure 3-5 Contaminant 
occurrences (based on the HEIS data base records) for the monitoring wells 
covering a time period of 1955 to the present, are summarized in the following 
Section 

L 
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3 4 2 Contaminants W 

The primary constituents of concern in tank waste (based on relative hazard 
ranking and toxicity) include cesium-I 37 strontium-90 technetium-99 nitrate 
hexavalent chromium, aluminum and other heavy metals (Caggiano 1996 Chou 
et al , 1997 Johnson and Chou 1999b) Known mobile constituents indicative 
of tank waste are technetium-99 (Tc04) nitrate and hexavalent chromium 
(Cr04 ) Selected samples were also analyzed for uranium and transuranics 

Cesium-137 and Strontium-90 Cesium-I37 and strontium-90 account for most 
of the remaining radioactivity in tank waste and are primary constituents of 
concern for the RCRA groundwater project Accordingly they are analyzed 
quarterly in the RCRA monitoring network wells 

Cesium-I37 and strontium-90 data exist for several older wells both prior to 
1991, as well as more recently Except for one older well (299-W23-7), there is 
no confirmation of cesium-I37 and strontium-90 presence in groundwater 
beneath or in the immediate vicinity of the S-SX Tank Farm However, listings in 
the HElS database occasionally indicate concentrations above the 2-sigma 
counting uncertainty With the exception of well 299-W23-7 occurrences appear 
to randomly fluctuate around 0 (positive and negative values) and do not indicate 
a real detection A comparison of the mean for the field blanks (FTR) and 
corresponding well results for cesium-I37 and strontium-90 respectively is 
shown in Figure 3-6 
occurrence of measurable cesium-I37 and strontium-90 in the well is real 

Figure 3-6 shows that there is no difference in the means between the field 
blanks and the S-SX wells because the two confidence intervals overlap 
However the comparison suggests that there may be a small blank or 
background concentration (for cesium-I 37) that occurs somewhere in the 
sampling and analytical process The small blank problem is not a significant 
impact for regulatory compliance monitoring purposes Both blank 
concentrations and detection limits are more than 10 times lower than the 
drinking water standards (e g ,200 pCilL and 8 pCi/L for cesium-I37 and 
strontium-90 respectively) However for other purposes, such as ultra low-level 
work to elucidate possible pathways (e g colloid transport studies) a lower 
detection limit would be needed to quantify any cesium-I37 that might be 
present Also the use of low-level counting and contamination control 
procedures would be advisable 

L 

Results for the 299-W23-7 well were excluded since the 
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Anomalies in Well 299-W23-7 Occurrences of strontium-90 (up to 6 2 pCi/L) 
cesium-I37 (up to 49 pCi/L) uranium (up to 90 pg/L), and traces of transuranics 
(< 0 1 pCi/L) were identified in well 299-W23-7 The radionuclides are primarily 
particulate in nature based on comparison of filtered and unfiltered samples 
(Johnson and Chou, 1998) Well 299-W23-7 typically produces water samples 
with very high turbidities and does not readily yield water when pumped 
Currently the well can not produce enough water to reach the surface by 
pumping therefore the results are questionable due to the physical condition of 
the well Whether the activity is an artifact of the well (e g fugitive dust carrying 
tank waste contaminants) or representative of aquifer conditions is unclear 
Follow-up testing was proposed (Johnson and Chou 1998,1999a 1999b) 
Because it is unlikely that the well can be rehabilitated a new well near this 
location would be needed to determine if the contaminant anomaly is 
representative of aquifer conditions or an artifact of the well 

Mobile constituents Figure 3-7 illustrates the occurrences of mobile tank 
waste indicators in RCRA monitoring wells The correspondence of peaks in 
concentrations for technetium-99 chromium, and nitrate suggest a tank waste 
source since this pattern and combination (co-vanance with elevated chromium) 
does not occur in upgradient monitoring wells 

High concentrations of tritium and traces of technetium-99 and nitrate occur in 
upgradient wells due to past discharges to cribs (e g to 216-5-25 Crib 216-54) 
and to the 216-U-14 ditch U Pond Residual contaminants from past-practice 
upgradient sources are still present in groundwater due to the slow drainage from 
the soil column beneath the cribs and slow travel time (25-50 m/yr) through the 
area (Johnson and Chou, 1998 1999a) Concentrations from the sources tend 
to extend over many years as illustrated for tritium in wells at major upgradient 
sources (Figure 3-8) The persistence of high tritium concentrations at Crib 
216-S-25 is due to discharges of process condensate from the 2424 Evaporator 
Crib 2164-25 also received treated effluent from a pump and treat campaign 
conducted over 6-month period in 1985 The treated effluent contained uranium 
nitrate and an unknown amount of technetium-99 The latter source accounts 
for the presence of modest concentrations (IO - 100 pCi/L) of technetium-99 
that occur in the upgradient RCRA monitoring well (299-W23-14) and were 
observed in groundwater from borehole 41-09-39 (Myers et al 1998) 

In contrast to the upgradient crib sources (Figure 3-8) contaminants attributed to 
tank waste and related sources tend to occur in groundwater as short-term or 
transient events (Johnson and Chou, 1998) The events occur as either short 
events of 1-2 months or longer events of 1-2 years as indicated in Figures 3-9 
and 3-7 respectively The number location and duration of known events is 
summarized in Table 3-5 
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Figure 3-9 Transient Concentrations of Gross Beta and Nitrate in 
Wells 299-W23-2 and 299-W23-3 
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Table 3 5 Summaw of Historical Contaminant Groundwater Occurrences in the 

Well 

!99 W23 1 
Event '1 
NO3 
Beta (pCiIL) 
"Tc (pCi/L) 

NO3 (mglL) 
Beta (pCiIL) 
"Tc (pCi/L) 

Event '2 

!99-W23 2 
Event '1 
Beta (pCiIL) 

Event '2 
NO3 (mglL) 
Beta (pCi/L) 

Event '3 
NO3 (mglL) 

9 c  (pCdL) 

B9Tc (pCJL) 
Beta (pCiIL) 

99-W23 3 
Event '1 
NO3 (mg/L) 

Event *2 
NO3 (mgW 
Beta (pCiIL) 
Y C  (PCIIL) 

Time 

6/27/86 
6/27/86 
6/27/86 

1/21/98 
1/21/98 
1 12 1 198 

12/27/55 

9/22/87 
12/1/87 

12/28/87 

9/27/94' 
9/27/94* 
No Data 

11/21/61 

1211 9/88 
511 9/88 
No Data 

ansient Occur 
eak 
Concentratior 

76 
3 470 
a 250 

50 
1 090 
2 890 

16 000 

36 4 
1440 
5 420 

56' 
2 260' 

No Data 

62 

21 5 
129 

No Data 

ces 

Duration 

8/85 - 12/87 
8/85 - 12/87 
8/85 9/87 

7 9/98 
4/97 9/98 
7 9/98 

12/55 - 1 156 

3/86 7 
3/86 7 
3/86 - 7  

7 - 8/97 
7 - 8/97 
No Data 

12160- 12/61 

6/86 7 
6/86 7 
No Data 

Information 
Sourcea 

3 
1 2 3  
1 2 3  

3 
3 

2 3  

3 

3 
1 2 3  

3 

3 
3 

3 

3 
1 2 3  

Commentb 

Monthly precipitabon was 
2 3 times higher than 
normal in 11/83 12/83 
3/84 6/84 11 /84 9/85 
1/86 and 2/86 Rapid 
snowmelt was noted in 
2/85 

Monthly precipitabon was 
2 3 times higher than 
normal in 
12/95 1/96 2/96 3/96 
11/96 12/96 and 1/97 
Rapid snowmelts were 
noted in 2/96 and 1/97 

Monthly precipitabon was 
-2 times higher than 
normal in 11/55 12/55 
and 1/56 

Monthly precipitabon was 
2 3 times higher than 
normal in 6/84 11/84 
9/85 1/86 2/86 9/86 anc 
3/87 Rapid snowmelt was 
noted in 2/85 

Monthly prewpltabon was 
2 3 times higher than 
iormal in 6/91 4/92 6/92 
1/93 2/93 and -10 times 
n 7/93 Rapid snowmelts 
uere noted in 1/93 and 
3/93 

Monthly precipitabon was 
2 3 times higher than 
iormal in 2/61 and 3/61 

Monthly precipitabon was 
2 3 times higher than 
iormal in 6/84 11/84 
3/85 1/86 2/86 and 9/86 
3apid snowmelt was 
ioted in 2/85 
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299 W23 7 
Event '1 
Beta (pCi/L) 
"Tc (pCiIL) 
NO3 (a7glL) 

NO3 ( m W  
Beta (pCiIL) 
"Tc (pCiIL) 

Event 2 

ahformation SI 

1/18/88 
1/18/88 
No Data 

Not 
observed 
9/16/98 
9/16/98 

3/4/93 
3/4/93 
3/4/93 
3/4/93 

5/8/97 
5/8/97 
5/8/97 
5/8/97 

1211 5/98 
1211 5/98 
1211 5/98 
12/15/98 

rces 

1 200 
7 830 

No Data 

Not 
observed 

1 380 
674 

76 
3 000 
7 740 

42 

52 2 
2 270 
5 020 
39 4 

38 4 
38 3 
1160 
16 1 

7 10189 
7 - 1/91 
No Data 

8/97 7 
8/97 - 7 

7 - 11/96 
7-11/96 
7-11/96 
7 - 11/96 

2/96 7 
2/96 7 
2/96 7 
2/96 7 

4/93 - 7 
2/96 - 7 
8/96 7 
8/97 7 

1 2 3  
1 2 3  

2 3  
3 

1 2 3 4  
1 2 3  

1 2 3 4  
1 2 3 4  

1 2 3 4  
1 2 3  

1 2 3 4  
1 2 3 4  

3 4  
3 

3 4  
3 4  

Monthly precipitahon was 
2 3 bmes higher than 
normal in 1/86 2/86 9/86 
3/87 and 7/87 Rapid 
snowmelt was noted in 
2/85 
Monthly precipitabon was 
2 3 times higher than 
normal in 
12/95 1/96 2/96 3/96 
11/96 12/96 and 1/97 
Rapid snowmelts were 
noted in 2/96 and 1/97 

Monthly precipitabon was 
2 3 times higher than 
normal in 6/91 4/92 6/92 
1/93 and 2/93 Rapid 
snowmelt was noted in 
1/93 

Monthly precipitabon was 
2 3 times higher than 
normal in 1/95 4/95 6/95 
7/95 12/95 1/96 2/96 
3/96 11/96 12/96 and 
1/97 Rapid snowmelts 
were noted in 2/96 and 
1/97 

Monthly precipitabon was 
2 3 times higher than 
normal in 1/95 4/95 6/95 
7/95 12/95 1/96 2/96 
3/96 11/96 12/96 and 
1/97 Rapid snowmelts 
were noted in 2/96 and 
1/97 

1 = S SX Groundwater Assessment Report (Johnson and Chou 1998 PNNL 11810) 
2 = Draft S SX RCRA Assessment Plan (Johnson and Chou 1999b PNNL 121 14) 
3 = HElS and/or GeoDAT database 
4 = FY 1998 Groundwater Annual Report (Hartman and Dresel 1999 PNNL 12086) 

blnformation sources Hanford Meteorological Station Monthly and Annual Precipitation and 
Johnson and Chou 1998 PNNL 1810 
'Filtred results 
Assumed due to insufficient data 
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The transients in gross beta and nitrate in wells 299-W23-2 and 299-W23-3 
(Figures 3-9) occurred very near the time Tank Farm operations first began Well 
299-W23-3 is located immediately adjacent to Tank 241-SX-113 While not 
located next to a tank well 299-W23-2 is very near a tank waste spill that 
occurred in the 1950 s An evaluation was not made to determine whether the 
source was tank waste leaks that migrated rapidly through the vadose zone to 
groundwater or fluid migrating along the outside of the well casing The latter is a 
likely explanation because the older wells were not sealed between the casing 
and the soil or formation until after 1975, when the wells were perforated and 
grouted 

High precipitation and/or rapid melting of snow may have served as a driving 
force for some of the transient occurrences summarized in Table 3-5 For 
example higher than normal precipitation and/or snowmelt events occurred 1- 2 
years prior to the two nitrate and technetium-99 transients that occurred in well 
299-W23-1 respectively (June 1986 and January 1998) Likewise the gross 
beta transient in well 299-W23-2 (December 1955) occurred 1 - 2 months after 
higher than normal precipitation The same pattern appears to apply to the 
December 1987 transient event and well 299-W23-3 (Table 3-7) In fact most of 
the transient contamination events listed in Table 3-5 were preceded by some 
type of abnormal precipitation 

contaminant Ratios The concentration ratios of contaminants may be useful to 
evaluate spatial relationships between contaminant occurrences and distinguish 
upgradient sources from tank waste sources For example if contaminant 
occurrences in different wells have a similar ratio a common source is implied 
The ratro should remain constant even though concentrations may vary over a 
wide range When the information is combined with flow direction and other 
factors it may be possible to narrow down the approximate location of the 
vadose zone contaminant source based on the groundwater observations 

Figure 3-10 illustrates some spatial and temporal variation in the technetium- 
99/nitrate ratios for upgradient and downdgradient wells at the SX Tank Farm 
The error bars for the ratio data shown are the 2-sigma total error (counting error 
plus method error) Most of the uncertainty is due to the ion exchange column 
separation step Although potential changes in technetium-99 oxidation state 
may alter the ratio from the theoretical ratio (e g Agnew 1997), the peak ratios 
are only about 2-fold lower than expected (based on estimated technetium and 
nitrate in Tanks 241-SX-108, -109 and -1 15) than if no chemical fractionation 
occurred Even if technetium-99 were depleted relative to the nitrate inside the 
tanks and/or in the soil column the ratio should be relatively stable once the 
constituents are in the groundwater and moving through the aquifer 

W 

\y 
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Ratio of Tc-99Mitrate vs Time 
241-SX Tank Farm 
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Figure 3-10 VdNitrate Ratios in Groundwater at SX Tank Farm 

The technetium-99hitrate ratio plots shown in Figure 3-10 demonstrate that the 
ratios for the upgradient well are dramatically different (lower, indicating a 
different source type) than those for the downgradient SX WBIIS where high 
technetium-99 nitrate and chromium concentrations were observed (wells 299- 
W23-15 and 29SW22-46) Also it was hypothesized (Johnson and Chou 1998) 
that the source that passed well 299-W23-15 accounted for the contaminant 
occurrences in downgradient well 299W22-46 and that a single source near the 
southwest corner of the SX farm might account for the observed groundwater 
contamination in the two wells However, the shape of the ratio plots for 
299-W23-15 and 299-W22-46 suggest that the hypothesized source from the 
southwest corner of SX Tank Farm may mix wth another source on the 
southeast side of SX Tank Farm The shape of the chromium versus nitrate and 
technetium-99 plots (Figure 3-7) also suggests there are two different sources 
For example, the chromium concentration declines more rapidly than the nitrate 
and technetium99 in well 299-W22-46 as compared to well 299-W23-15 (I e , a 
low chromiumlhigh technetium-nitrate source appears to overlap wth a high 
chromium-technetium-nitrate source) 
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3 4 3 Correlation with Possible Sources L 

Figure 3-1 1 summarizes tank leaks and spill events (sources) natural 
precipitation events (driving forces), groundwater contamination events 
(observations), and changes in groundwater flow direction over time The 
precipitation events noted are above normal events retrieved from the Site 
meteorological records (summarized in Table 3-5) Total precipitation (rain and 
snow) is the primary information consistently available The amount of rapidly 
melting snow (inches in 24 hours) is available from 1981 Tank leak history is 
from various sources as indicated in the footnotes 

As previously noted, the groundwater contaminant occurrences seem to be 
preceded by some type of natural precipitation event In addition, there were 
very few abnormal (wet) years during the time period when most of the tank 
leaks and or spills apparently occurred The long gap for groundwater data in the 
mid portion of the time line indicates where there are no historical data in the 
HElS database 

The changes in groundwater flow direction indicated at the bottom of Figure 3-1 1 
are a result of changes in wastewater discharge history in the 200 West area 
During the early 1950 s, the flow direction in the vicinity of S-SX Tank Farm was 
to the south due to the dominance of discharges to T Pond at the northwest 
corner of 200 West Area When most of the wastewater was routed to U Pond in 
the mid-I950 s, the groundwater flow direction was shifted to a more 
southeasterly direction beneath S-SX Tank Farm The direction is now becoming 
more easterly as the water table continues to decline 

As illustrated in Figure 3-1 1, the earliest contamination events (wells 299-W23-2 
and 299-W23-3) seem to occur over a very short interval and soon after or 
coincident with abnormally high precipitation Both of these wells are located 
immediately adjacent to tank waste spills (UPR-200-W-51 and UPR-200-W-49 
respectively) that existed prior to the groundwater contamination observed 
following the precipitation event Since the well is very close to the spill source 
groundwater flow direction is less of a consideration in making a connection 
between source and receptor in these two cases Rapid movement of water 
down the outside of the unsealed casings of these wells would be consistent with 
the short-term transient observed Contamination events also occurred recently 
(-1 987 and - 1994) following above normal precipitation However, in the latter 
cases the transient is longer in duration than the 1955 -1961 events This may 
reflect the results of attempts to grout-seal the older wells inside the Tank Farms 
in the mid -1970 s 

W 
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Between 1984-1985 and present (right hand side of Figure 3-1 1) contaminant 
occurrences appear to follow abnormal precipitation but extend over a longer 
time period Flow directions are favorable for upgradient sources to pass more 
than one well However the technetium-99hitrate ratios (Table 3-6) do not 
suggest a common source 

In addition to the abnormal precipitation events in 1996 a water line rupture 
occurred in September 1996 that released an estimated 500 000 gallons of raw 
water (Columbia River water) over a one-hour period Water from this event 
flowed into the north end of the S Tank Farm and ran south along the fence line 
in a shallow depression Most of the water infiltrated along the east side of the 
S Tank Farm Although speculative, the infiltration event may explain the 
transient observed in well 299-W23-1 that peaked in early 1998 There is no 
obvious large source of contamination upgradient from this well However there 
is generally widespread surface contamination in the area (DOE 1998) 

v 
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L Table 3-6 Summary of Ratio of Technetium-99 to Nitrate for Wells 
in the Vicinity of WMA S-SX 

_Notes 
a Superscript following well number denotes the year of installation 

As NO3 ( d L )  
Average ratio k one standard deviation the error shown for the maximum value is based on the 

Outliers removed 

b 

2 sigma counting/ total error for technetium 99 
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4 0 DATA INTEGRATION AND CONTAMINANT MIGRATION 
CONCEPTUALIZATION 

A wide variety of data that are useful for identifying the sources and distributions 
of contaminants in the subsurface (both vadose zone and the unconfined aquifer) 
underlying the S-SX WMA and surrounding area were collected This Section 
provides qualitative conclusions about the nature of the contaminating events by 
synthesizing the vanous kinds of data that were collected Several of the 
conclusions are an iteration of work completed by Johnson and Chou (1998 
1999a, 1999b) Section 4 1 provides a general discussion of the current state of 
contamination and potential future migration within the S-SX WMA Brief 
discussions of contarnination within specific locations of interest are provided in 
Section 4 2 

4 I S-SX WMA Observations 

To evaluate the current state of contamination and to project future migration and 
additional contamination of the subsurface a determination must be made of the 
source term and the driving forces causing migration of contaminants The 
source term includes identification of speclfic contaminants location, and 
distribution in the subsurface The following data are most signlficant 

4 1 1 Cesium-I37 Data 

Of all the radionuclides, cesium-I37 is measured most easily and most often 
The following data are significant 

u 

0 Cesium-I37 is readily dissolvable in tank fluids It has routinely 
been measured in tank supernate In the SX Tank Farm Raymond 
and Shdo (1966) measured cesium-I37 in supemate from Tanks 
241-SX-108 and 241-SX-115 

0 Cesium-I37 is one of the few easily measurable radionuclides in 
the subsurface via gamma measurements and is the pnmary 
source of gamma radiation in S-SX Tank Farm 

Comparison of historical and spectral gamma data (DOE-GJPO, 
1996) with stratigraphic data (this document) indicate that the 
majority of cesium-137 activity appears to be distnbuted along the 
gravel-sand contacts around gravel unit A in the contaminated zone 
underlying Tank 241-SX-108 and to have migrated in the downdip 
direction (southwest) from Tank 241-SX-108 

0 
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0 Raymond and Shdo (1966) documented cesium-137 
concentrations in tank supemate approximately 10 times higher in 
Tank 241-SX-108 than in the Tank 241-SX-115 supernate 
Substantially higher concentrations of cesium-I 37 are also 
observed in the vadose zone underlying Tanks 241-SX-108 and 
241-SX-109 versus Tank 241-SX-115 Gamma logging data 
(DOE-GJPA 1996) corroborate substantially larger cesium-I 37 
concentrations under Tanks 241-SX-108 and 241-SX-109 

Cesium-I37 sorption and desorption Kd values measured in 
contaminated soils taken from Borehole 41-09-39 (Myers et al 
1998) cover a large range (5 to 63,000 mug) The measurements 
were completed wtth different fluid compositions to represent 
potential vanability in vadose zone water Extremely high sorption 
values (>59 000 mug) were measured in the presence of Plio- 
Pleistocene soils and simulated Hanford groundwater 

0 

The observations lead to several important concepts about the occurrence and 
nature of contamination in the S-SX WMA First, within the tank farms where a 
comprehensive gamma logging database and some soil analyses are available, 
the histoncal records and data are well correlated The combined information 
shows that the most contaminated area of vadose zone soils are under Tanks 
241-SX-108 and 241-SX-109 and less contaminated, but potentially significant, 
contamination zones are under Tanks 241-SX-115 and 241-S-104 Conversely, 
given the ready solubility of cesium-137 in tank fluids, it is unlikely that unknown 
areas of discharge wdh comparable contamination levels exist within the tank 
farms This explanation can not be assumed in the region between S and SX 
Tank Farm where gamma logging was not performed In contaminated vadose 
zone soils distnbution of other contaminants of interest in the discharged fluids, 
particularly mobile constituents such as technetium-99 can not be inferred from 
the cesium-137 data except very generally 

Second the cesium-137 distnbution in the vadose zone and the sorption data 
suggest that introduction of tank supernate into the vadose zone created spatial 
and temporal variability in chemical and physical parameters affecting migration 
In both Tank 241-SX-108 and 241-SX-115 leaks, the great majonty of leaked 
cesium-137 is largely concentrated within small soil volumes However, the 
extent and distnbution of the volumes differ High cesium-137 concentrations 
under Tank 241-SX-108 are extended over a larger area, meters to tens of 
meters away from the tank bottom Tank 241-SX-115 cesium-137 
concentrations are essentially adjacent to Tank 241-SX-115 and contaminate 
less soil volume The sorption data in soils taken from Borehole 41-09-39 
indicates that cesium-I37 mobility could have been maximized in the leaked 
Tank 241-SX-108 fluid because of high sodium content in the leak fluid In 
contrast, the Tank 241-SX-115 supernate sodium concentrations (-0 5 M from 

W 
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measurements reported by Raymond and Shdo, 1966) were much lower Other 
factors increasing cesium-I 37 mobility in the Tank 241 -SX-108 supernate could 
have been differences in the physical properties of the fluid (mass, temperature 
release rate) Given these indications of a histoncally dynamic environment 
affecting cesium-I37 mobility, it is feasible that the mobility of other contaminants 
may have been or continue to be influenced by these conditions 

Third, the site specific sorption data support the conclusion that long term 
cesium-I37 mobility is very low, particularly in the Plio-Pleistocene, which resides 
between the primary contamination and the unconfined aquifer The indication of 
occasional cesium-I 37 movement in the vadose zone provided by the synthesis 
of the histoncal gross gamma and spectral gamma data should not be ignored 
and deserves further consideration However, significant cesium-1 37 migration 
in the vadose zone and subsequent groundwater contamination by cesium-I 37 
from the larger inventory sources near the surface is implausible unless 
significant and sustained changes in water chemistry occur in the presently 
contaminated vadose zone The occurrence of cesium-137 in Well 299-W23-7 is 
not contradictory to this conclusion The amounts of contarnination in this well 
are very small and can be explained by the well itself acting as a manmade 
conduit for rapid transfer to the unconfined aquifer 

Fourth, the relative intensities of cesium-I 37 concentrations in supernates leaked 
from different tanks and associated contaminated vadose zone areas are likely to 
indicate relative intensties of other constituents of concern, particularly 
technetium-99 Estimates of supernate and total tank inventories suggest that 
the ratios of cesium-I37 to technetium-99 are relatively constant in the vanous 
leaking fluids If so, a qualitative ranking of technetium-99 inventory leaked into 
the various locations where gamma logging data are available can be made 
based on the intensity of cesium-137 concentrations The largest technetium-99 
inventory was discharged into the vadose zone underlying Tanks 241-SX-108 
and 241-SX-109 followed by substantially smaller inventory discharges from 
Tanks 241-SX-115 and 241-S-104) Indications of subsequent distnbution of 
technetium-99 in the vadose zone can not be determined from initial fluid ratios 

u 

b 

4 1 2 Transient Discharge Events and Groundwater Contamination 
Characteristics 

Transient discharge events and groundwater contarnination characteristics are 
considered together because both illustrate the nature of Contaminant migration 
in the subsurface after initial release The following observations are most 
significant 
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0 Numerous short-term (e g , month duration or less) high volume 
discharges occurred in the S-SX WMA Sources include leakage 
from tanks and ancillary equipment and natural precipitation in the 
form of heavy rain and snow melt One known incident of leakage 
from a broken water main was recorded 

e Some long-term discharge events are also plausible The 
cottonwood tree growth observed south of SX Tank Farm indicates 
consistent longer leakage 

Outside the Tank Farm much larger volumes of water were 
routinely discharged to cnbs and trenches over longer time periods 

General directions of groundwater flow in the S-SX WMA during 
Hanford operations are well known from water elevation readings 
and pond histones General directions were in the range of north to 
south and west to east Currently, the general direction is 
northwest to southwest in the northern part of the S-SX WMA and 
becomes more easterly just to the south 

Two types of contaminant concentrations versus time trends were 
observed in groundwater monitoring wells around the S-SX WMA 
One trend is a rapid rise in contaminant concentration at a well to a 
value that is then sustained for a long penod of time For example 
tritium in Well 299-W23-9 existed at concentrations around I O 6  
pCilL for more than a 20 years The second trend is a short 
duration (2-5 years) but high intensity spike event, such as was 
found for the nitrate chromium and technetium occurrences in 
Well 299-W22-46 

Spike contamination events occur with technetium-99, nitrate, and 
chromium in monitonng wells to the south and east of the S-SX 
WMA In each of two southern wells, (299-W23-15 and 
299-W22-46), technetium-99, nitrate, and chromium peak 
simultaneously indicating at least one common tank source 

Maximum technetium-99 peaks in groundwater occur in the wells 
south of SX Tank Farm 

0 

e 

By combining these observations with the cesium-I37 data, some inferences can 
be drawn to link potential contaminant sources with observed groundwater 
contarnination Three sources or source areas of contamination that are causing 
current contamination events in the S-SX WMA monitonng wells were identified 
(Johnson and Chou, 1998,1999a) Given the general direction of groundwater 
flow all hypothesized sources are west to northwest of the well locations The 
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sources include the 216625 crib Tank 241-SX-115, and a less well defined 
source from within the S Tank Farm (e g , leakage from Tank 241-S-104 or 
ancillary equipment spills) A brief discussion of each is provided below The 
source area from Tanks 241-SX-108, -109, -1 11, and -1 12 is also discussed 
The source area does not appear to be a current source of groundwater 
contamination, but the potential for contnbuting to future groundwater 
contarnination is large 

u 

4 2 

This Section provides a discussion of contaminant releases from the 21 6-S-25 
crib S Tank Farm area sources Tank 241-SX-115 and the Tank 241-SX-108 
area are discussed The cntical data for each source location are defined and 
hypotheses are provided to explain the data 

4 2 1 Contaminant Releases from 2164-25 Cnb 

Key information includes the following 1) 2164-25 is the most recently used crib 
to receive S-SX Tank Farm condensate via the 2424 Evaporator, 2) large 
volume discharges (3 x 10' L over the last 20 years) occurred, 3) treated waters 
from the unconfined aquifer underlying U cribs containing uranium and 
technetium-99 were also discharged into 2164-25 in 1985, 3) tritium uranium, 
and technetium-99 are found upgradient of the S-SX Tank Farm (west and south) 
and in samples from Well 41-09-39,4) tntium was measured at a consistently 
high level from 1977 to 1980 and from 1986 to present and 5) tntium is currently 
pervasive underneath the S-SX Tank Farm 

The collected data are consistent wdh typical crib discharges of contaminated 
fluids Because the tntium data were collected extensively over time and space, 
the data are particularly illuminating Large discharge rates over long periods of 
time through a crib increases moisture content in the underlying soil column 
perhaps to saturation The conditions, high discharge rates and soil moisture 
content create rapid travel times for water and mobile contaminants migrating 
through the vadose zone (probably on the order of months once saturation is 
achieved) If soluble contaminants in the discharging fluid are maintained at a 
fairly constant level, contaminant concentrations in downstream groundwater 
should build up rapidly to a peak level and remain at that level as long as the 
discharge rate continues The tritium data from Well 299-W23-9 show this 
pattern Because discharge to 216-S-25 ceased, the tntium levels immediately 
downstream should begin to drop off within a few years The tritium 
contamination from this source is small as shown by the current concentrations 
(e g , Well 41-09-39 shows concentrations of 100 pCiIL) Therefore, 2164-25 
does not contain sufficient technetium99 to contaminate groundwater levels 
above the Maximum Concentration Limit (MCL) of 900 pCiIL 

Conceptualization of Specific Contaminating Sources 

L 
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4 2 2 Contaminant Releases from S Tank Farm Area Sources v 

Key information includes the following 1) contaminants were leaked from Tank 
241-S-104 and ancillary equipment, particularly a feed tank between Tanks 241- 
S-I 07 and 241 4 - 1  02 and vanous diversion boxes or valve pits, 2) numerous 
high rainfall events and one large snow melt event occurred dunng the early to 
mid 1980s 3) unplanned release occurred in the SY Tank Farm and extended to 
the 216-S-23 trench in 1985 4) topographic depression exists along the east 
side of the S-SX Tank Farm that is conducive to the collection of precipitation 
runoff and snowmelt, 5) technetium99 peaks were observed in three 
groundwater monitoring wells (299-W23-1 -W23-7, and -W23-2) and possibly 
299-W22-39 and 299-W2246, trending from north to south occurring in 1986 
1988 and 1989 (Johnson and Chou, 1998), 6) about 500,000 gallons of water 
was discharged east of the 2424 Evaporator and 7) second transient 
technetium-99 peak occurred in 299-W23-1 in 1998 

The collected data suggest that vadose zone soils initially contaminated by a 
variety of leaks in the S Tank Farm area were subsequently subjected to a 
transient, but relatively high volume discharges of water from natural and artificial 
sources The precipitation versus technetium-99 peak occurrences at the well 
closest to the source (299-W23-1) suggest about a 1 to 4 year process for 
contamination to be mobilized in the vadose zone and reach a peak in a nearby 
mondoring well The pen& of the peaks (2 to 4 years) indicates the relatively 
short duration of fluid discharge event that created the groundwater 
contamination The occurrence of the water main leak in 1996 and the second 
transient technetium-99 peak in 299-W23-1 occurring in 1998 could be related 
This suggests that spiking events are repeatable if rapid fluid discharges reoccur 
and sufficient contarnination is present in the vadose zone to be remobilized 

4 2 3 Contaminant Releases from Tank 241-SX-115 

Key information includes the following 1) three localized zones of high gamma 
activlty were determined near the tank from soil measurements and laterals 
gamma data 2) relatively dilute fluids (compared to Tank 241-SX-108 supernate) 
were present in the tank at the time of the leak, 3) size of the leak was one of the 
largest from the tanks (-50,000 gallons), 4) technetium, ndrate, and chromium 
groundwater contamination occurred downstream of the Tank 241-SX-115 
location in W-23-15 and W-2246 about 20 years afterthe leak, and 
5) circumstantial evidence provided by the growth of a cottonwood tree just south 
of SX Tank Farm and the presence of a water line in the area suggest leaking 
from the water line in the early 1990's sufficient to permit germination and sustain 
growth in that area 
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As with the north S Tank Farm area, collected data suggest that vadose zone 
soils initially contaminated by leaks from Tank 241-SX-115 were subsequently 
subjected to transient, but relatively high, volume discharges of water from 
natural sources Also, the presence of the cottonwood tree indicates a recent 
underground water source in the area that could act as the driving force to 
remobilize leaked constituents from Tank 241-SX-115 that are still present in the 
vadose zone The rather dilute tank leachate would not be expected to 
substantially alter the soil chemistry or the change the mobility of the 
contaminants The observation of small zones of cesium-I 37 contamination in 
soil near the tank bottom suggests that cesium-137 sorption behavior was 
relatively normal,” therefore, strongly reactive with soils leading to rapid sorption 
(Kd >100mUg) following discharge into the soil column 

Mobile constituents (technetium, chromium, and nitrate) are likely to behave 
normally and not be retarded by chemical and physical processes The 
concurrent appearance in downstream wells is consistent with this hypothesis 
The high technetium-99 peak observed in 299-W23-15 and the small period of 
the pulse IS  consistent with a nearby source that contains a large technetium-99 
inventory (I e Tank 241-SX-115 leak) The technetium89 concentrations at 
299-W2246 are more complex Because of the well location Contaminants from 
both the Tank 241-SX-115 and S Tank Farm sources are likely (see discussion in 
Section 3 5 2) The technetium-99 and nitrate peaks in 299-W22-46 were longer 
lasting than the 299-W23-15 peaks, suggesting overlapping pulses Regardless 
of the complexity, the timing of the peak occurrence in 299-W-22-46 relative to 
that in 299-W23-15, and the known direction and rate of groundwater flow are 
consistent with the technetium-99 concentration pulse occurnng in both wells 
sequentially Almost 30 % decrease in peak technetium-99 concentration occurs 
within 100 meters travel distance in the unconfined aquifer 

L 

W 

4 2 4 contaminant Releases from Tank 241-SX-108 

Key information includes the following 1) highly localized zone of very high gross 
and spectral gamma readings occur in the vadose zone underlying Tank 
241-SX-108 2) compared to Hanford groundwater, large amounts of silicon and 
aluminum were present in the discharged Tank 241-SX-108 liquid, 3) very low 
cesium and technetium concentrations were measured around 130 feet and 
small amounts of technetium-99 and tntium were measured in groundwater 
directly below this area in Borehole 41-09-39, and 4) only small changes in 
gamma distnbution over time were observed in the contaminated vadose zone 

Leaks from Tanks 241-SX-108, -109, -1 11, and -1 12 formed a contamination 
zone with the greatest concentration of gamma constituents (pnmanly 
cesium-137) in the depth range of 60 to 90 feet The high silicon and aluminurn 
content in leaks from Tanks 241-SX-108 and 241-SX-109 are unique among 
leaks identified in the S-SX WMA The constituents are potentially conducive to b 
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substantial chemical reaction wlth the soils underlying the tanks and could have 
caused formation of large amounts of amorphous materials, thereby, plugging 
pores, impeding spreading of the tank fluids, and allowing entrapment of the 
majority of contaminant mass within the main body of the leaked fluid 

The high initial sodium content in the tank supernate solution and gamma 
indicators of widespread cesium distribution underlying Tanks 241-SX-I08 and 
241-SX-109 suggest that cesium was fairly mobile within the tank fluid when it 
was first released into the vadose zone However, as the tank fluid reacted with 
soil and water, cesium-I37 mobility decreased substantially and perhaps rapidly 
If so the rapid drop-off of cesium concentrations provided by the gamma logging 
data suggest that cesium is a fairly good indicator of the initial tank fluid 
distribution and supports the idea that the tank fluids were largely contained 
within a specific soil volume The potential for dissolution/precipitation and the 
minimal technetium concentrations at 130 feet in Borehole 41 -09-39 may indicate 
that technetium-99 is still strongly associated wlth cesium-137 in this leak If so 
technetium-99 contarnination in the groundwater would not result from these 
sources However, due to the apparent large source of contamination in this 
area, future contarnination of groundwater in larger concentrations than presently 
observed is plausible particularly if a transient fluid discharge (e g , water line 
break) migrates through the contamination zone 

W 
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U 5 0 FUTURE GROUNDWATER CONTAMINATION POTENTIAL 
AND DATA GAPS 

In the previous chapters information pertinent to the occurrence of contaminants 
in RCRA groundwater monitoring wells surrounding the S-SX WMA attributed to 
tank waste sources was provided Qualitative hypotheses of events leading to 
the observed groundwater contamination were derived from the information 
(Chapter4) some of which originated in previous documentation (e g , Johnson 
and Chou 1998) The pnmary observations include 

0 Numerous sources of contamination are present in the S-SX WMA 
and surrounding region 

Apparent contamination levels are quite varied, with contaminants 
underlying Tanks 241-SX-108 -109, -1 11, and -1 12 being the most 
concentrated (gamma concentrations are orders of magnitude 
higher) 

Large short-term discharges of water into the vadose zone 
occurred previously and could occur again, given current 
environmental conditions (e g , permeable tank farm cover ponding 
areas, operating water lines) and proposed remediation actions 
(e g , retrieval) 

Recent groundwater contamination attnbuted to tank waste sources 
occurred after brief travel time (-20 years or less) through the 
vadose zone and are short-term (-2 to 4 years) 

Some perhaps large fraction of contaminants released from the 
tank farm infrastructure remains in the vadose zone 

To make remediation decisions in the future (e g , corrective action retrieval and 
closure decisions), a more quantitative evaluation of the contaminating events in 
the past and are ongoing, is required Estimates of the potential for future 
contamination are also required To complete the evaluations additional site- 
specific data must be gathered and modeling analyses must be completed that 
estimate contaminant migration through the vadose zone underlying the S-SX 
WMA and into the unconfined aquifer Some of the pnmary uncertainties are 

0 

0 

0 

a 

0 Quantity, distnbution and mobility of contaminants remaining in the 
vadose zone that were observed in the groundwater 
(technetium-99, nitrate, chromium) 
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8 Identification, concentration and distribution of addltional 
contaminants that are present in sufficient quantity in the vadose 
zone and sufficiently mobile to contaminate groundwater at 
concentration levels of concern 

Quantification of recharge events that account for the observed 
transient (2 to 4 years) pulses of contaminant concentration in 
RCRA monitoring wells 

Site-specific hydrologic properties of the vadose zone soils and the 
influence of geologic heterogeneities (e g , clastic dikes) on 
contaminant migration 

8 

8 

The remainder of Chapter 5 0 provides additional options for vadose zone 
characterization (data collection) and modeling needs and approaches including 
some that are in progress Options listed are partly based on recommendations 
from the Expert Panel and Steenng Committee associated with the initial DQO 
meetings for decommissioning Borehole 41-09-39 and drilling the borehole near 
Tank241-SX-115 

5 1 Vadose Zone Characterization Needs and Approaches 

Contaminant migration charactenstics can be categorized in vanous ways A 
convenient method for evaluating characterization options is to separate 
characterization needs among three broad topics 1) source term, 2) hydraulic 
driving forces and 3) physical setting In this Section, the discussion of 
characterization approaches considered during the DQO process for the S-SX 
WMA are grouped according to the three broad topics The source term includes 
the nature and extent of contamination existing in the vadose zone and mobility 
of contaminants when exposed to hydraulic driving forces The driving forces are 
processes or events that push contaminants through the vadose zone and in to 
the unconfined aquifer The physical setting includes geologic hydrologic and 
geochemical properties of the vadose zone that affect contaminant migration 

5 1 1 Source Term 

The previous discussion in this document established that contamination in the 
vadose zone underlying the S-SX WMA is unevenly distnbuted and occurs at 
varying degrees of concentration On a relative scale, gamma data indicates the 
greatest concentration of contaminants is found in a soil volume 70 to 80 feet 
beneath Tanks 241-SX-108 and 241-SX-109, and the next highest areas of 
contarnination are in the vicinity of Tanks 241-SX-115 and 241-S-104 In 
addition, the distnbution of specific contaminants is not uniform or consistent 
Given the multiple areas of contamination likely vanabiltty of contaminant 
distribution within each broad soil volume and limitations on resources, some 
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amount of data extrapolation is unavoidable when using the source region as 
input to a fate and transport model Consequently a rationale that identifies the 
amount of characterization must be developed and decisions related to specific 
locations for characterization and types of characterization is needed Several 
approaches to source characterization that were used or proposed are bnefly 
discussed below 

W 

Soil Sampling and Analysis Collection and analysis of soil samples from 
contaminated zones are the most direct means of quantifying the type and level 
of contamination present in the vadose zone at a specific location Previously 
completed soil sampling within the S-SX WMA was summarized in preceding 
chapters Currently, soil samples are being collected from Borehole 41-09-39 as 
it is being decommissioned Borehole 41-09-39 intersects the contamination 
zone adjacent to Tanks 241-SX-108 and 241-SX-109 A second vertical 
borehole is being completed near and southwest of Tank 241-SX-115 that will 
extend to the unconfined aquifer Sampling over much of the borehole length is 
planned A suite of analyses is planned for each of the boreholes These 
include analysis for radionuclides and chemicals known to be present or may be 
present Other chemicals that are indicative of soil contact with the tank fluids 
and may influence contaminant mobility will be analyzed Leaching tests will be 
run on the soil samples to evaluate water chemistry and mobility of contaminants 
related to ongoing recharge within the vadose zone The moisture content will be 
measured If the samples are sufficiently large and intact, matric potential, 
moisture retention and hydraulic conductivity will also be measured 

Collection of samples from other locations within the S-SX WMA should be 
considered during the DQO process because some of the information collected 
from soil sample collection and analysis can not be denved by other methods 
(e g , in-situ technetium-99 concentration and mobility) Charactenzation data 
that can be denved by soil sample collection and analysis include 

Tanks 241-SX-108 and 241-SX-109 Vadose Zone Reaion 

L 

Technetium-99 nitrate, and chromium vertical distribution and 
concentrations particularly in the most concentrated gamma zone 

Contaminants and concentration distributions and identifications 

Cesium-1 37 distnbution versus other contaminants 

In-situ moisture content and hydrologic properties 

Contaminant leachability in the highest concentrated gamma zone 
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e Mineralogical, chemical reactivity, denstty and porosity changes in 
soil from interactions with tank fluid in the highest gamma 
concentration zone 

Chemistry of extracted pore water (pH inorganic and organic 
concentrations) 

Cation exchange capacity of soils 

e 

0 

Tanks 241-SX-115 and 241-S-104 Vadose Zone Reaion 

Technetium-99, nitrate and chromium vertical distnbution and 
concentrations 

Additional contaminant and concentration identification and 
distribution 

Cesium-I 37 distnbution versus other contaminants comparison 

In-situ moisture content and hydrologic properties 

contaminant leachability in the soil column (indicator of 
contaminant mobility) 

Chemistry of extracted pore water (pH inorganic and organic 
concentrations) 

Cation exchange capacity of soils 

Soil samples can be collected using a borehole dnlling ng or a cone 
penetrometer The methods have advantages and disadvantages that must be 
considered carefully when making decisions to collect additional characterization 
data Borehole dnlling provides the opportunity to collect relatively large soil 
samples in a continuous and discrete fashion with depth Samples can be 
collected throughout the vadose zone and in the unconfined aquifer, if desired 
Borehole drilling was utilized many times, although some desirable techniques 
designed to minimize drag down are less routine 

There are disadvantages to borehole drilling approach Borehole dnlling, soil 
sampling and analysis are the costliest charactenzation methods available to the 
point that a substantial portion of an annual charactenzation budget can be 
consumed by one borehole Within the Tank Farms, underground infrastructure 
and tanks limit the locations available to dnll a borehole Sampling techniques 
are less favorable for collecting large samples when sampling in highly 
radioactive zones is required Currently, a sidewall sampling technique is being 
implemented as part of the Borehole 41-09-39 decommissioning effort With the 
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sidewall sampling technique, the borehole casing is first placed in the borehole 
and gamma readings are measured as a function of depth to determine the 
zones of highest contamination Soil samples are taken from the sidewalls using 
a flexible bonng tube as the casing is raised This technique is safer for the 
worker because it predetermines the most radioactive samples and limits the size 
of the sample 

The potential advantage of the cone penetrometer approach is that the cost of 
sample collection may be lower than borehole drilling, and that soil samples can 
be collected in several locations from one setup The disadvantage of the cone 
penetrometer method is that it was not used in a production mode in the tank 
farms therefore, real costs and success rate are not well known Also, the 
sample size that can be collected is smaller than the borehole sample and the 
feasible depth of penetration may be limited to soils with large cobbles 

The cone penetrometer may be more effectively utilized for investigating shallow 
contamination sites (e g , between S-SX Tank Farm), borehole dnlling for 
investigating deeper contamination sites (Tanks 241-SX-108 and 241-SX-109) 
and interrogating the deep vadose zone for evidence of contaminant pathways 
between tank waste sources and contaminated groundwater Another option to 
consider is extending existing drywells deeper into the vadose zone to identify 
deep vadose zone contamination 

Gamma Logging An extensive amount of gamma logging was completed 
within the S-SX WMA Gross gamma logging ceased in 1994 and spectral 
gamma logging, which began in the early 1990 s is ongoing From the data, 
locations and relative intensities of gamma contaminants pnmanly cesium-1 37 
were identified Also because gamma measurements were frequently taken 
overtime in the same locations cesium-137 movement in the soil column was 
detected Reinstltution of gross gamma logging extends the currently available 
database thereby enabling the evaluation of gamma movement over a greater 
period of time Similarly, limited continuation of spectral gamma logging within 
the S-SX WMA extends the spectral gamma database developed over the last 
5 years 

The advantages of gamma logging include techniques that provide the most 
extensive interrogation of the contaminated soil volume in the vadose zone, best 
histoncal record of contaminating events and are easy to deploy once boreholes 
(vertical and laterals) are in place The disadvantages include inaccessibillty of 
contamination zones (e g , zones directly under numerous tanks) and 
measurements largely confined to a small area around a borehole (typically a few 
inches) that make extrapolation between data points uncertain Also, the 
distnbution of non gamma emitting radionuclides and chemical contaminants are 
not measurable and additional information (e g , soil sampling in the 
contamination zone) is needed to determine if some correlation between gamma 
distnbution and other contarninants is feasible 

L’ 
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‘d Opportunities for additional gamma data collection include any new boreholes or 
cone penetrometer holes, existing dry wells and laterals Gamma logging was 
utilized during the decommissioning of Borehole 41-09-39 and is being used 
during the drilling of the borehole near Tank 241-SX-115 For cone penetrometer 
holes gamma logging may be useful as a screening tool to locate contaminated 
zones for future sampling during placement of the hole Long-term use of the 
hole would be required to permtt collection of high quality gamma data, which 
requires accurate control over the movement of the gamma probe as a function 
of depth The laterals underneath SX tanks are currently inaccessible and 
require an evaluation of necessary actions to reopen them 

Neutron Logging, Neutron Activation, Electrical Resistance Tomography 
(ERT) and Thermal Measurements Neutron logging provides an indication of 
relative moisture content in soil and was used with spectral gamma logging The 
data are qualitative and provide an indication of zones that retained greater 
amounts of liquid than surrounding soils The information combined with gamma 
data may improve the understanding of contaminant plume extent The 
advantage of neutron logging is that measurements can be taken simultaneously 
with gamma measurements and are inexpensive to obtain The disadvantages 
of neutron logging are 1) measurements are relative and can only be made 
quantitative with accompanying soil measurements, and 2) increased moisture 
content may not indicate interaction with tank fluid (I e , natural vanations in 
particle size distribution impose variations in moisture content, lenses with a high 
fine particle size fraction tend to retain moisture in the pore structure) 

Neutron activation and ERT are two techniques that have the capacity for 
detecting the occurrence of tank fluid constituents in the vadose zone Neutron 
activation logs could detect anomalous concentrations of salts, calcium, and 
aluminum in soils ERT could detect anomalous salt concentrations The 
information combined with gamma data could provide further definition of 
contaminant plume distribution in the vadose zone Neutron activation 
equipment can be deployed in the same fashion as gamma and neutron moisture 
probes and have the same advantages and disadvantages of location availability 
However an important disadvantage is the lack of use in the tank farms or on- 
site in a production mode ERT is more difficult to deploy because equipment 
must be placed in the vadose zone using some type of hole emplacement 
method that allows direct contact with surrounding soil, therefore, currently 
available drywells and boreholes or drilling new holes must be adapted 

Temperature readings can be taken in any borehole and may provide additional 
information regarding gamma and tank fluid distnbution within the vadose zone 
when coupled with computational analyses designed to estimate temperature 
distribution as a function of contaminant distnbution (pnmanly cesium-137) 
Ideally, temperature readings would be taken with instrumentation directly in 
contact with vadose zone soil rather than in cased boreholes or in contact with 
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casing This approach would be dependent on removing the casing dunng the 
borehole decommissioning effort At present, the majority of boreholes are 
drywells used for gamma probes A large number of the holes are unlikely to be 
decommissioned Measurements on the casing surface are difficult to 
extrapolate to soil temperatures but are cheap to measure and provide a 
qualitative indication of the extent of contamination 

5 2 Contaminant Driving Forces 

The pnmary dnving forces that move contaminants through the vadose zone are 
hydraulic As described previously, the sources of fluids discharged into and the 
resulting recharge through the vadose zone are varied Quantitative site-specific 
data to measure fluxes or recharge are limited to the measuring the matric 
potential values on soil samples taken from Borehole 41-09-39 (Myers et al 
1998) Consequently estimates of effective recharge through the vadose zone 
are qualitative and the ability to quantitatively model contaminant releases that 
occurred is hindered Three standard measurement techniques are feasible 
1) matric potential 2) moisture retention curves and hydraulic conductivity 
measurements on retrieved soil samples and 3) emplacement of tensiometers in 
the soil column, and lysimeters in the soil column 

Measured matric potential in combination with moisture retention data and 
unsaturated hydraulic conductivity can be used to quantify recharge estimates in 
a soil column When matnc potential is measured in soil samples at different 
depths, a matnc potential gradient can be defined that indicates the direction of 
water movement The advective flow rate can then be estimated if the 
unsaturated hydraulic conductivity is known Measurement of the properties is 
inexpensive and rapidly performed if soil samples are available and sufficiently 
undisturbed during extraction from the soil column Confidence in estimates of 
recharge rates using this approach is enhanced as greater numbers of samples 
are analyzed in a greater number of locations Samples in undisturbed 
sediments below the tank bottoms are more indicative of actual recharge One 
disadvantage of measunng matnc potential is the high cost of collecting deeper 
representative samples Another disadvantage is that matnc potential 
measurements reflect recharge conditions at the time of sampling Given the 
variety of transient fluid discharges into the soil column, recharge rates can 
change over time, which adds uncertainty to recharge estimates 

Another option for measunng matnc potential is to install tensiometers in-situ at 
depth Using data from tensiometers avoids the issue of whether the relevant 
properties of sampled soils were altered dunng retneval Tensiometer data can 
be taken over time allowing an evaluation of the degree of vanation that may 
occur due to seasonal infiltration and leaks from the tank infrastructure 
Development of a tensiometer-derived database is limited to the number of 
devices that can be installed Installation is dependent on borehole dnlling to 
reach the deeper locations The benefit derived from a more representative data 
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base must be balanced against the additional cost of installation The database 
is enhanced by increasing the time penod over which measurements are taken 

Lysimeters were used extensively on the Hanford Site to measure recharge rates 
through a variety of soils and engineered barriers from natural and enhanced 
precipitation infiltration sources (Gee et al 1992) Typically, the rate of recharge 
is measured by penodically collecting the water that passes through the media of 
interest Some of the data were collected for media similar to current tank farm 
covers and used to estimate average recharge However site-specific data were 
not collected Lysimeters are a simple and standard data collection technique 
that could be placed near the tank farm boundary in tank farm cover matenals 
Once recharge rate data is collected, site-specific seasonal and average 
recharge rates from precipitation would be quantified 

5 3 Physical Setting 

u 

Characterization of the physical setting consists of data collection to define 
geologic hydrologic, and geochemical properties of the vadose zone that 
influence contaminant migration The geologic database is the most complete 
because of the numerous well log descnptions that were developed over time, 
not only in and around the S-SX WMA, but also across the 200 West area Most 
recently, split spoon samples from Borehole 41-09-39 below 130 feet were 
characterized for stratigraphic correlation and particle size distnbution The 
existence of geologic heterogeneities such as, clastic dikes are known to occur 
within the vadose zone, although precise locations are unknown Features, such 
as, cross bedding were noted in well logs Similar charactenzation was 
completed for additional boreholes dunng fiscal year 1999 (e g , new borehole 
near Tank 241-SX-115 and three RCRA boreholes east of the SX Tank Farm) 
and planned for future boreholes 

Hydrologic data includes moisture content, matric potential and unsaturated 
hydraulic conductivities Site-specific data are unavailable except for moisture 
content in RCRA monitonng wells and matnc potential data for the split spoon 
samples taken from Borehole 41-09-39 Compared to contaminated soil samples 
retrieved from boreholes inside the tank farm, soil samples collected from RCRA 
monitoring wells will provide the best opportunlty for collecting high quality 
hydrologic property data The RCRA samples will be larger and less disturbed 
The qualtty of the data are always limited because only a few small samples 
relative to the total soil volume of interest can be collected Some disturbance of 
the matenals is unavoidable dunng retneval, leading to uncertainty in the 
accuracy of the measurements Additionally, the data must be used to represent 
larger soil volumes in modeling analyses Despite the drawbacks, no other 
practical means of quantlfying vadose zone hydrologic properties is available 
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L Geochemical properties affecting contaminant mobility includes pore water 
chemistry mineralogy and cation exchange capacity Standard tests are 
routinely used to measure the properties With hydrologic property 
measurements, the quality of measurement is largely dependent on the integnty 
of the soil sample A companson of the properties in contaminated zones (e g , 
Tanks 241-SX-108 and 241-SX-109 contamination zone) near the source of 
contaminant release with soils having minimal interaction with tank fluids is of 
interest due to differences in contaminant mobility because of tank fluid-soil 
interactions 

5 4 Modeling Approaches 

A modeling approach and computer code or codes is needed to simulate past, 
current, and potential groundwater contamination events due to migration of 
contarninants from the S-SX WMA sources A numerical simulation of past 
contamination events is useful in the event that similar processes leading to the 
observed contamination recur If the processes can be quantified, the adequacy 
of remediation actions to prevent or mitigate the processes can be more 
effectively evaluated 

To date, site-specific modeling of contaminant transport through the vadose zone 
underlying the S-SX WMA is not available Vadose zone modeling was 
conducted only for the AX Tank Farm (DOE-RL, 1998) The model should 
simulate critical environmental properties and processes hypothesized to 
influence contaminant migration These include 

L/ 

0 

0 

Short term (years or less) transient recharge 

Partially saturated flow in the vadose zone coupled to saturated 
flow in the adjacent unconfined aquifer out to a monitoring well 

Variable chemical reactivity of contaminants 0 

0 Geohydrologic heterogeneities in the soil column (e g clastic 
dikes) 

Contaminant concentration histories at vanous potential compliance 
boundaries (e g WMA boundary, 200 Area boundary, and future 
Site Used Working Group Exclusion and Buffer Zone boundaries) 

a 

A numencal modeling approach is needed that can represent release through the 
vadose zone into the unconfined aquifer Numerical computer codes are 
available that were previously used by Hanford projects to the modeling These 
include VAM3D-CG for solid low-level waste bunal grounds (Wood, et al , 1995 
1996), PORFLOW for an immobilized low-level tank waste disposal facility (Mann W 
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et al , 1998), and STOMP for the composite analysis (Kincaid, et al 1998) Far 
field modeling in the unconfined aquifer can be addressed by the site wide 
groundwater model (CFEST) L' 
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APPENDIX A 

SUPPORTING STRATIGRAPHIC INFORMATION 

Appendix A provides the detailed stratigraphic cross sections (Section A 1) and 
an evaluation of the uncertainty (Section A 2) in stratigraphic unit/depth 
assignments used to construct the revised subsurface physical model of S-SX 
Waste Management Area (WMA) 

A 1 Stratigraphic Cross Sections 

Section A 1 contains five geologic cross sections through or in the vicinlty of the 
S-SX Tank Farm area Figure A l - I  shows the locations of the cross sections 
present in Figures AI-2 to A1-6 Two cross sections are west to east (A-A and 
B-B ) and three are north to south (C-C D-D’ and E-E’) 

Drilling logs archived samples, and geophysical logs are the pnncipal data sets 
used to construct the cross sections In addition, numerous reports descnbing the 
geology of the S-SX Tank Farm area and vicinity are available and were used in 
the present effort (Pnce and Fecht 1976a, 1976b, 1976c, Tallman et al , 1979 
DOE, 1988, Lindsey, 1991 1995, see main text reference section) Archived 
natural gamma geophysical logs from boreholes in the S-SX Tank Farms and 
surrounding area were located and the logs incorporated into the interpretations 
The previously unused geophysical logs included were from surrounding waste 
disposal sites obtained pnor to discharge of effluent and provide an invaluable 
source of information for stratigraphic correlation 

Initially, well-site geology logs or dnlling logs were examined and compared to 
geophysical logs from the boreholes The quality of drilling logs vanes because 
many wells and boreholes were drilled without a geologist present at the site In 
addltion well logs are constrained by the dnlling method and by sample recovery 
Sample retneval in the vadose zone is difficult and typically does not allow the 
exact depth of samples and contacts to be determined Samples are archived in 
5-fOOt intervals, thus, can introduce as much as a 5-foot uncertainty in lithology in 
ether direction Changes in dnlling-blow counts provide additional information on 
depth of lithology changes because of drffenng sediment resistance to dnlling 

Geophysical logs (e g , gross gamma ray) provide a continuous record of the 
borehole and in most cases allow more precise placement of geologic contacts 
Geophysical logs can show subtle lithology dfferences because of dffenng 
amounts of natural gamma-ray emitters (most commonly potassium40) Gamma- 
ray logs are proportional to clay and silt abundance and record changes in grain 
size When geophysical logs are compared to the well-slte geology logs and 
archived samples, the uncertainty in the depth of llthologic changes is greatly 
reduced The newly located natural gamma-ray logs allowed older wells for which 
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only dnlling logs were previously available to be reinterpreted and correlated with 
newer wells This greatly increased the confidence in locating stratigraphic 
contacts, especially the Plio-Pleistocene-Hanford contact In additton, the 
signature of the geophysical response from the borehole can provide an additional 
tool for correlating stratigraphy between boreholes Although the geophysical logs 
were important tools for developing the stratigraphy and correlations, for 
presentation purposes only the unlt contacts determined from the dnlling logs and 
geophysical logs are shown on these cross sections 
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Figure AI- I  Location of Cross Sections 
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A 2 Uncertainty Evaluation 

The principal sources of uncertainty in borehole data are related to the dnlling 
technique logging of the borehole and sample collection Subtle differences 
between stratigraphic units, such as, silty sandy layers of the Hanford formation 
and the underlying Plio-Pleistocene unit make identification of the contact 
difficult The quality of the dnlling/geology logs archived samples and use of 
geophysical logs become crucial to reducing this type of uncertainty 

In addition to the uncertainty in borehole data, uncertainty exists in the geometnc 
shape of the sediment body Because of the nature of the cataclysmic flooding 
that produced the Hanford formation, very few analogs are available to compare 
the geologic model at the S-SX Tank Farm to a field locality Borrow pits in the 
Pasco Basin may provide a glimpse into the geometric shape of a sediment 
body, but often the nature of the sediment body must be interpreted from 
boreholes 

L 

A 2 1 Dnlling Techniques 

Most boreholes at and near the S-SX Tank Farms were dnlled using cable tool 
techniques or air rotary techniques Cable tool drilling was the standard 
technique from earliest drilling at Hanford because drilling can be performed with 
out adding water The dnll tool advances by use of dnve barrel or hard tool and 
driven temporary casing The technique generally provides good sample control 
and is successful More recently, in uncontaminated areas air rotary was the 
preferred technique There are several disadvantages to the cable tool drilling 

L 

e Sample size is limited 
e 

e 

e 

0 

Samples can be difficult to retain in the drive barrel, especially 
samples from very dry zones 
Gravels are not easily retneved because they are not easily 
retained in the drive barrel 
The depth of the sample is difficult to control 
Cemented units or large gravels must be drilled with a "hard tool 
which breaks up to sample and alters the grain size distribution of 
samples 

Pnor to the 1980 s most boreholes were drilled without a well-site geologist to 
log the samples Thus, the only records of early dnlling are dnlling logs that vary 
in the quality of the sample descnptlon The quality of the geology logs may also 
vary from borehole to borehole For example, a geologist new to the site will 
recognize the major sediment changes in dnll cuttings, but may not recognize the 
subtler changes that also represent changes in stratigraphy 
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Many boreholes were completed without the beneflt of being geophysically 
logged Geophysical logging is an important tool for determining the depth of 
lithologic changes Geophysical logs show subtle llthology differences stemming 
from diffenng amounts of natural gamma-ray emitters (most commonly 
potassium40) Gamma-ray logs typically are proportional to clay and silt 
abundance and record changes in grain size When geophysical logs are used 
along with the well-stte geology logs and archived samples the uncertainty in the 
depth of ldhologic changes is greatly reduced 

A 2 2 Borehole Location and Coverage 

Borehole coverage is usually dictated by factors other than addressing a geologic 
problem (e g , installation of groundwater monitoring wells and vadose zone 
investigations of tank leaks) Therefore, the spatial coverage of boreholes IS 
generally inadequate to address geologic descriptions on an appropnate scale 

A 2 3 Sampling 

Sample retrieval is often difficult and sample quantities are limited Sample 
recovery from vadose zone boreholes is often difficult because the samples are 
typically dry and are not easily retained in the drive barrel Thus the incomplete 
lithologic record adds to uncertainty in visual stratigraphic description As 
indicated above, the grain size of the sample can also be affected by the dnlling 
technique such as, “hard tool dnlling or sonic drilling increase the fine-grained 
portion of the sediment samples 

In order to perform certain tests samples from several depths must be 
composited Also, certain tests performed on samples may also destroy the 
integnty of the sample For example, in the past, particle-size testing resulted in 
loss of fines when the samples were returned to the Hanford Geotechnical 
Sample Library 

A 2 4 Discussion on Quality of the Data 

For the reasons considered above, the quality of the borehole data available for 
the Hanford Site is vanable This Section discusses how the uncertainty of the 
data was factored into the geologic model 

Drilling All except seven boreholes were drilled using the cable tool method 
The seven exceptions were drilled using air rotary techniques Both techniques 
provide cuttings that can be logged Both methods provide samples and, if the 
dnlling technique is recorded, sample quality can be easily factored in to the 
geologic interpretations (e g , the cable tool method uses a hard tool that breaks 
up gravel, thus particle size distnbutions in gravels are in error and not usable for 
S-SX Tank Farm geologic interpretations) 
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Geology and Drilling Logs The main factor affecting data quality is the drilling 
log Prior to the late 1970 s, the geologist did not sit the well during drilling thus, 
logs are poor to fair Some dnllers were very good at descnbing the sediments 
dnlled, but even then only the major stratigraphic changes or properties are 
recorded The best quallty well logs are those written by experienced geologists 
The seven Resource Conservation and Recovery Act (RCRA) wells (299-W22- 
39,299-W224,299-W22-45,299-W2246,299-W23-13,299-W23-14 and 299- 
W23-15) have the highest quality geologist logs for the S-SX Tank Farms 

Geophysical Logs Geophysical logging techniques improved over the years, 
but even an older gross gamma-ray log from a borehole is an invaluable piece of 
information Probably the poorest quality interpretation is from a borehole with 
only a dnlling log The borehole logged by a geologist provides a higher quality 
interpretation and a borehole with a geology log and a gross gamma-ray log offer 
the highest quality information for interpretation 

The newly located natural gamma-ray logs for which only dnlling logs were 
previously available, allowed the older wells to be reinterpreted and correlated with 
newer wells This greatly enhanced the confidence in locating stratigraphic 
contacts especially the Plio-Pleistocene-Hanford contact In addtion, the 
signature of the geophysical response from the formations provided an additional 
tool for correlating stratigraphy among boreholes 

Geologic Model Uncertainty in the geologic model is the sum of all the 
uncertainties In order to reduce the uncertainty in the geologic model data sets 
are pnoritized (weighted) to ensure that the main features of the model are based 
on the highest quality data Lower quality data can be used but given less 
weight 

The first prionty data used for this model were for the seven RCRA wells with 
higher quality geology logs, good samples, and geophysical logs The location of 
the wells provided reasonable spatial coverage of the S-SX Tank Farms Next 
data for boreholes and wells with gross gamma-ray logs and dnlling logs were 
used The newly located natural gamma-ray logs served as a valuable aid in 
interpreting dnlling logs The wells were close enough to the RCRA wells that a 
direct comparison of the geophysical logs could be made It was the newly 
located gross gamma-ray logs that allowed confirmation of the initial 
interpretation from the seven RCRA wells The lowest quality data sets were for 
boreholes and wells with only drilling logs These were used to help control 
contacts and/or for confirmation 

Building of the model followed a series of steps that were designed to ensure the 
data were used properly First, the main stratigraphic units and contacts were 
located in the RCRA boreholes This was done by companng the geology log 
with the gross gamma-ray log and picking the contact In the case of the RCRA 
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boreholes chip samples were examined to confirm stratigraphic units and lateral 
changes in the percentage of silt sand and gravel Next, boreholes with dnlling 
logs and gross gamma-ray logs that lie between the RCRA wells were examined 
The selection of contacts in these wells was based more on the gross gamma- 
ray signatures and less on the dnlling descnptions The gross gamma-ray logs 
for the wells were compared to the gross gamma-ray logs from the RCRA 
boreholes This was particularly important for selecting the contact between the 
Hanford silty sands and the Plio-Pleistocene unit 

In this way, the model was built around the highest quality control points in 
incremental steps At each step the contacts and the nature of the sediments 
cornpnsing a layer were determined and compared to adjoining wells for changes 
in percentages of silt, sand, and gravel Once the model was assembled, a 
geologist familiar with the Hanford stratigraphy and the geophysical logs checked 
the stratigraphic interpretations and contacts The results of this process were 
presented in a series of cross sections in Section A 1 

A 2 5 Geostatistical Approach to Quantify Uncertainty in Borehole Stratigraphy 

Section A 2 5 descnbes two approaches used to quantify the uncertainty in S-SX 
Tank Farm stratigraphic correlations Both approaches used a statistical analysis 
of the geophysical logs from boreholes 299-W22-39,299-W2244 299-W22-45, 
299-W22-46 299-W23-13 299-W23-14, and 299-W23-15 to correlate 
stratigraphic units between boreholes In one approach, the geology contacts 
were included and tested in the second, no prior correlation was made and the 
analysis was allowed to chose the best statistical correlation The first approach 
found good levels of correlations between wells using the geology contacts 
Correlations among stratigraphic units for adjacent boreholes derived using the 
second approach were found to be relatively consistent with the results obtained 
using the geology contacts Both approaches indicated that the stratigraphy in 
the S-SX Tank Farms is relatively consistent However, the greater the distance 
between two boreholes, the lower the correlation coefficients became The 
principal factor that caused lower correlations between boreholes was changing 
amounts of silt, sand, and gravel in the sedimentary unlts 

Geophysical Log Correlation The correlation between boreholes was 
quantlfied by calculating the cross-correlation of the existing geophysical well log 
data Seven RCRA well logs surrounding the Tank Farm were selected 
(Table A2-1) The wells have high quality geology logs and geophysical logs, 
and provide good coverage of the tank farms 

The values of the geophysical well logs were digitized at the interval of 1 foot, 
generally beginning from 2 feet to 240 feet below ground surface The effects of 
casing overlaps were removed to ensure that only geologic factors were 
influencing the geophysical logs, thus the correlation coefficients 
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The correlation coefficients between pairs of wells using the entire digitized 
geophysical log for each well are listed in Table A2-1 There is a good linear 
correlation between most pairs of well logs (at an = 0 01 significance level, 
Hogg and Tanis, 1993), except, when a well is paired with well 299-W2244 The 
lower correlations seen in wells paired with borehole 299-W22-44 are expected 
because this borehole is located In the northeast part of the tank farms where the 
Hanford sandy gravels are becoming less gravelly and more sandy The change 
in texture is reflected in changes in the geophysical log in response to a more 
sandy-like unit compared to the intercalated sands and gravels elsewhere at the 
S-SX Tank Farms This change is most evident (low correlation) between well 
299-W224 and 299-W22-14 as indicated in Table A2-1 (e g correlation 
coefficient of 0 514) The two wells are located the maximum distance apart in 
the S-SX Tank Farm area and reflect slightly different depositional environments 

b 

W23-13 
W23-14 0 789 
W23-15 0672 

W23-14 W23-15 W22-39 W22-44 W22-45 

0656 
W22-39 
w22-44 
W22-45 
W22-46 

Stratigraphic Correlation Two approaches were used to examine how well the 
geophysical logs could be used to correlate stratigraphy between the wells In 
the first approach, the main correlation points in the geophysical well logs were 
based on the geological interpretation of the borehole stratigraphy The four 
layers described in Section 1 were used as primary correlatlon points The 
layers are 1) top of the Ringold gravels, 2) top of the Plio-Pleistocene unit 3) top 
of gravelly unit B, and 4) bottom of gravelly unrt A 

Starting with the geologists correlation points in the wells, a search radius of 
15 vertical feet and a window of 21 vertical feet centered at the correlation points 
were used to compare the two wells’ geophysical logs The search radius and 
window values ensured that random noise in the geophysical logs would not 
influence the correlations The correlation coefficients were then calculated for 
the values within the window and the search radius By companng the 
correlation coefficients in one well wrth the neighboring locations in each of the 
other wells located within the search radius, the best-correlated locahons were 
determined and listed along with the original correlation points (Table A2-2) 

0644 0634 0713 
0668 0514 0655 0672 
0622 0596 0742 0762 0677 
0736 0671 0712 0750 0646 0700 
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Table A2-2 Correlation Coefficients of Well Logs with Original 
and Local Optimal Correlation Points 

Note The number of values within a moving window centered at the listed locations along the 
well logs is 21 Therefor the lowest value for Gravelly unit B will be 20 
Unit Designations are B = Bottom of Gravelly unit B A = Top of Gravelly unit A PPU = Top of 
Plio-Pleistocene unit RG =Top of Ringold Gravels 
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The second approach was to use all depths in one geophysical well log as 
potential correlation points rather than using a limited search radius and window 
Then, as described in the first approach the correlation coefficients in one well 
compared with potential correlation points in the other well were calculated The 
only difference is that no pnor correlation points (the geology contacts) were 
assigned, and the detailed cross-correlation between all locations in two well logs 
were obtained This approach resulted in a list of correlation coefficients 

However when using the second approach the list of correlations should be 
carefully checked against the geologic units A threshold value can be used as a 
cutoff to screen the low correlation coefficients A continuous high correlation is 
preferred in screening, indicating vertical continuity with a geologic unit between 
the two well logs 

A 2 6 Results 

W 

The two approaches descnbed above were applied to the geophysical well log 
data from the seven RCRA wells Table A 2-2 lists the correlation coefficients 
between the geology correlation points and locally optimal correlated point within 
the search radius of 15 vertical feet As might be expected in sediments that 
have lateral changes in silt, sand and gravel contents the pnor correlation points 
were not necessarily the best points in terms of correlation coefficients Borehole 
299-W22-44 is a good example The Hanford gravelly units become increasingly 
more sandy in the area penetrated by borehole 299-W22-44 The results might 
better define the extent of the dominant llthologies or percent silt, sand, and 
gravel in a geological unit 

In the second approach the correlation coefficients for all points in one entire 
well against a second well were calculated for the seven well logs Analysis 
results indicate that sequential depths wtth high correlation coefficients in one 
major stratigraphic unit in one well are correlated to sequential depths with high 
correlations of the same major stratigraphic unit in the paired well As with well 
299-W22-44 in the first approach, the correlations are not as high because of 
changes in the percentage of silt, sand, and gravel across the S-SX Tank Farm 
area 

A 2 7 Conclusions 

u 

Both approaches used to evaluate stratigraphiddepth uncertainty indicate that 
the stratigraphy in the S-SX Tank Farms is relatively consistent across the area 
The geophysical logs have similar shapes, which indicates a coherent and 
predictable stratigraphy at the tank farms Geology correlations based on a 
combination of geology logs and geophysical logs typically include good 
correlation coefficients when analyzed using the geophysical logs alone Using 
21 samples for calculating the correlation coefficients, the test of correlation L/ 
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indicated that the correlation coefficients higher than 0 369 and 0 503, for original 
depth and optional depth were accepted at an = 0 05 and 0 01 significance 
level, respectively (Hogg and Tanis, 1993) The uncertainty usually resided in 
measurement deviations made during the digitizing of the well logs and the 
random noise of the well log signals The uncertainty factors reduced and 
screened the underlying correlation behavior between geophysical logs By 
correcting the signals based on knowledge of casings or water table, the 
correlations can be improved 

The optimal depths for stratigraphic correlation based on geophysical logs were 
typically within a few feet to ten feet of the original geologists selection This is 
an indication that the geologists critena for selecting a contact were valid When 
prior contacts were omitted and the selection was based on geophysical logs 
alone, the major contacts picked by the geologist were reasonably close This 
also indicates valid criteria were used for selecting horizons that correlate 
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APPENDIX B 

SUPPORTING HYDROLOGIC AND CONTAINMENT 
INFORMATION 

B 1 Introduction 

Appendix A provides additional hydrologic information summarizing the historical 
information known about hydrologic conditions at the Hanford Site and the S-SX 
Waste Management Area (WMA) (Figures B-1 and B-2, Table B-l), the available 
hydrologic property data considered applicable to the S-SX WMA (Table 8-2) 
and current contamination in the unconfined aquifer underlying the 200 West 

Figure B-1 provides the chronological sequence of water table levels under the 
Hanford Site from 1944 to 1998 Figure 8-2 provides the discharge history for 
cribs and trenches involved in S-SX Tank Farm operations Table 6-1 provides 
monthly and annual precipitation at the Hanford Site form 1946 to 1998 Table 
6-2 summarizes physical and hydrologic soil property data collected from soil 
samples in the 200 West area 

Figures B-3 and 8-4 provide measured contaminant concentrations 
(radionuclrdes and chemical, respectively) and extrapolated plumes in the 
unconfined aqurfer underlying the 200 West area Contaminants currently 
underlying the S-SX WMA that originated from sources other than the S-SX 
Tanks include uranium and tritium (onginating in the S-25 crib) and carbon 
tetrachlonde (originating from the Plutonium Finishing Plan (PFP) liquid waste 
disposal sites) The large nitrate, uranium and technetium-99 plumes to the east 
of the S-SX Tank Farm area are due to past discharges to the 216-U-1/2 cribs 
from U Plant operations 
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Table B-I Monthly and Annual Preapitation at the Hanford Site, 1946 to 1998 

Monthly and Annual Precipltation (inches) 
Amounts in RED are Maxlmums BLUE are Minimums 
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Figure B 3  Major Radlonuclide Plumes in the 200 West Area 
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Figure 8-4 Major Hazardous Chemical Plumes in the 200 West Area 
L 

B-15 



HNF-4936 
Revision 0 

This page intentionally left blank 

, 

B-16 



HNF-4936 
Revision 0 

APPENDIX C 
U 

SUPPORTING GAMMA LOGGING INFORMATION 

Appendix C (Table C-I) provides a summary of analyses of gamma logging data 
that uses histoncal gross gamma logs and recently acquired spectral gamma 
logs taken from drywells in the SX Tank Farm The summary provides the data 
to deduce migration of gamma emitting radionuclides (pnmarily cesium-137) in 
the vadose zone as a function of drywell location and time 
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