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The Ringold Formation lies directly on top of the Columbia River Basalt Group and is
approximately 125 m (410 ft) thick beneath the S and SX tank farms. A relict erosional and
weathered surface occurs at the top of the Ringold Formation beneath the SX tank farm and dips
to the southwest beneath that tank farm. The northwest-southeast trending trough-shaped surface
appears to conform to an ancestral Cold Creek channel and drainage system that developed
following late Pliocene incision of the Ringold Formation, and prior to early Pleistocene
cataclysmic flooding, during the period between approximately 2 to 3 million years ago.

The Ringold Formation locally consists of three principal stratigraphic units (see Figure 3.1):

e Fluvial gravels of unit A
o Fine-grained, paleosol-lacustrine sequence referred to as the lower mud unit
¢ Fluvial gravels of unit E.

Ringold unit E contains the main unconfined aquifer beneath 200 West Area.

In addition to the primary stratigraphic units described, clastic dikes may be present in the WMA
S-SX vadose zone. Although clastic dikes have been observed in numerous locations around
WMA S-SX, none have been observed in the WMA S-SX vadose zone itself. Clastic dikes are
vertical to near-vertically oriented sedimentary structures that cut across horizontal bedding
planes. The dikes have been observed in all types and ages of geologic materials found beneath
the Hanford Site including basalt; interbed sediments; the Ringold Formation; and the sands,
mud, and gravels of the Hanford formation (Fecht et al. 1999). Clastic dikes are especially
notable within the sand- and silt-dominated facies of the Hanford formation where they have
been observed to be a few centimeters to more than a meter thick and extend to depths of 36 m
(120 ft) bgs or more.

3.1.2 Hydrology

Tank leaks occur under variably saturated conditions, making natural recharge from meteoric
water (from winter precipitation and snowmelt), artificial recharge from operations-related
sources, and vadose zone hydrology important drivers for contaminant movement to
groundwater. Recharge, vadose zone, and groundwater conditions for WMA S-SX are briefly
discussed in the following sections.

3.1.2.1 Recharge. S and SX tank farm surfaces are covered with gravel to prevent vegetation
growth and provide radiation shielding for site workers. Bare gravel surfaces, however, enhance
net infiltration of meteoric water, compared to undisturbed, naturally vegetated surfaces.
Infiltration is further enhanced in the tank farms by the effect of percolating water being diverted
by an impermeable, sloping surface of the tank domes. This umbrella effect is created by the

23 m (75 ft) inside diameter buried tank domes. Water, shed from the tank domes, flows down
the tank walls into underlying sediments. Sediments adjacent to the tanks, while remaining
unsaturated, can attain elevated moisture contents (Kline and Khaleel 1995). Enhanced
infiltration from a gravel-covered tank dome can provide potential for faster transport of
contaminants to the water table. In addition, other sources of recharge include unintentional
surface spills, infiltration of surface runoff from leaking water lines, and ancillary tank-related
equipment.
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Natural recharge can vary greatly depending on factors such as climate, vegetation, surface
condition, and soil texture. Studies conducted at the Hanford Site suggest that recharge rates can
vary from less than 0.1 mm/yr (0.004 in./yr) on a variety of soil and vegetative combinations to
greater than 130 mm/yr (5.1 in./yr) on bare basalt outcrops or bare, gravel-covered waste sites
(Gee et al. 1992). Data from experimental sites such as the Field Lysimeter Test Facility and the
prototype Hanford barrier, both in the 200 East Area, suggest that recharge through gravels can
vary from 15% to 70% of precipitation, with the lower amount occurring under vegetated
conditions (Gee et al. 1993; Fayer and Walters 1995; Fayer et al. 1996; Gee et al. 1996). With a
long-term annual average precipitation of 160 mm (6.3 in.), the higher percentage translates into
a recharge rate of about 100 mm/yr (4.0 in./yr) and was observed on clean gravels that were kept
free of vegetation. Drainage from bare sands is about 70 mm/yr (2.8 in./yr) under Hanford Site
climatic conditions (Ward et al. 1997). However, there has been no direct measurement of
recharge on tank farm gravels, which are known to contain a larger amount of fines than clean
gravels. Thus, it is entirely possible that the tank farms experience a recharge rate that rar s
between that observed for bare sand and clean gravels (Ward et al. 1997).

Recharge estimates based on environmental tracer techniques (Prych 1995; Murphy et al. 1996)
are generally consistent with those based on lysimeter studies. However, the tracer techniques,
while powerful, are not applicable to disturbed sites such as the tank farms. Also, these
techniques have been unable to measure significant recharge at sites with coarse soils and
shallow-rooted vegetation, because of deep percolation of natural tracer at these sites.

Soil matric potential 1s often used as an indicator for deep drainage (recharge) conditions.
However, it should be noted that, while matric potentials ca provide useful information about
the variability of recharge across WMA S-SX, they cannot discern differences in contribution to
recharge from natural and artificial sources.

Matric potential measurements are available for sediments from four boreholes
(Serme et ¢ 2001a, 2001b, 2001c):

e RCRA boreholes 299-W22-48 and 299-W22-50 outside of the SX tank farm
o Contaminated borehole 41-09-39 near tank SX-109
e Contaminated borehole 299-W23-19 near tank SX-115.

The matric potential measurements for the 10 sleeves from borehole 299-W23-19 are relatively
high (sediments relatively wet) throughout the sediment profile, and the measurements suggest a
draining profile. Unit gradient conditions persist throughout the profile. Serne et al. (2001b)
postulates that a recharge estimate of 50 to 100 mm/yr (2.0 to 4.0 in./yr) would not be
inconsistent with the measured matric potentials for borehole 299-W23-19 samples. However, it
should be noted that it is more likely that an artificial source, rather than meteoric recharge, is
responsible for the high matric potential values at borehole 299-W23-19 near tank SX-115.
There is a huge depression south of tank SX-115 and an 8-in. water line running directly south of
the tank. Water lines are prone to leaks and the depression south of tank SX-115 provides an
excellent location for collection of water from water-line leaks. In fact, a cottonwood tree has
grown in this area (Johnson and Chou 1998). This, combined with the upward trend of
technetium-99 in borehole 299-W23-19 directly west-southwest of tank SX-115, provides
circumstantial evidence that the matric potential data for borehole 299-W23-19 are more of a
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A substantial database has been developed to quantify past and current geochemical conditions
in contaminated areas in WMA S-SX. The majority of data used to understand geochemical
conditions are soil sample and soil water analyses from bor. oles drilled in contamination areas
inside the SX tank farm and in nearby relatively undisturbed zones (see Appendix B for detailed
discussion). Also, laboratory studies and analyses focused on mechanisms controlling
contaminant migration (see Appendix D for detailed discussion) provide useful insights.
Geochemical conditions are of greatest interest in soils contaminated by the tanks SX-107,
SX-108, SX-109, and SX-115 leaks. Because the tank leak fluid chemistry has some significant
differences that have affected contaminant migration, geochemical conditions are discussed
separately for each contamination area as well as the undisturbed area east of WMA S-SX.

3.2.1 Undisturbed WMA S-SX Vadose Zone Soil Geochemical Conditions

Two RCRA groundwater monitoring wells (299-W22-48 and 299-W22-50) were drilled on the
east side of WMA S-SX where vadose zone soils have not been subjected to tank leaks.

The soils analysis database (Serne et al. 2001a) shows a standard set of soil minerals (primarily
quartz, feldspars, and minor amounts of smectite, illite, chlorite, kaolinite, and calcite) and
particle-size distribution typical of the stratigraphic units in this area. Cation exchange capacity
varies between 6 and 40 meq/100 g depending on the procedure used.

For the most part, soil water chemistry derived from 1:1 extracts is fairly consistent throughout
the soil column. The pH values in both boreholes fall into a normal range (7 to 8.5) except at

18 to 21 m (60 to 68 ft) bgs in borehole 299-W22-50 where elevated pH values (about 10 and 9)
are measured. The reason for this increase is not clear. Primary anions are nitrate, chloride, and
sulfate concentrations. Other than slight enrichment of nitrate and sulfate in Plio-Pleistocene
subunit PPlc, the profiles are undistinguished.

Water extract cation concentrations as a function of depth are listed for borehole 299-W22-48 in
Appendix B, Table B.21 and graphed in Appendix B, Figure B.28. Appendix B, Table B.22
provides cation concentrations for borehole 299-W22-50. Primary cations are sodium,
magnesium, potassium, and calcium. Generally, total anion concentrations are 50 to 60 mg/L.
In both boreholes slight elevations of calcium and natural strontium occur in subunit PPlc
because of the relatively high quantities of calcium carbonate (40 wt%). A slight unexplained
calcium enrichment anomaly occurs at 18 m (60 ft) bgs in borehole 299-W22-50.

3.2.2 Tanks SX-107, SX-108, SX-109 Vadose Zone Soil Geochemical Conditions

Soil samples from two boreholes near tanks SX-107, SX-108, and SX-109 were collected and
analyzed. The SX-108 slant borehole was drilled beneath tank SX-108 to collect samples as
close to the leak point from the tank and beneath the tank, a location that had not been previously
sampled. Borehole 41-09-39 lies about 20 m (66 ft) southwest of tank SX-108, and soils from
this borehole represent a location far enough removed form the tank leak point to demonstrate
the effects of lateral movement on tank fluid distribution in the vadose zone.

Based on the presumed volumes leaked and gamma radiatic measurements taken in many
drywells, the tank SX-108 leak is considered to be the primary source of tank waste
contamination in borehole 41-09-39 and the SX-108 slant borehole. Estimates of tank fluid
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Additional features of cesium-137 distribution in these boreholes include separate
high-concentration zones or, within the primary high concentration zones, smaller zones of high
and low concentrations. For example, in borehole 41-09-39, in addition to the primary
high-concentration zone in subunit H1, a secondary peak concentration also occurs in subunit H2
at 31 and 33 m (103 and 109 ft) bgs. This multiple peak characteristic is seen frequently with
other tank fluid contaminants as well in these soil columns. These variations could be attributed
to variability in hydrologic properties for soil lenses occurring at different depths, geochemical
variability affecting contaminant migration, or multiple leak events. The two-leak concept is
supported by iodine fission product isotope measurements (iodine-127/iodine-129) in the SX-108
slant borehole (Appendix D, Section D.6.1) showing two distinct isotopic ratio signatures
separated by depth in the analyzed soils. The two-leak concept adds complexity to the genesis of
current vadose zone contamination from tank leaks but does not significantly alter the proposed
conceptualization of contaminant migration.

Thermal-effects modeling results suggest at least two mechanisms that also may have influenced
contaminant migration during the initial phase. First, temperatures exceeded 100 °C (212 °F) in
soils near the tanks, creating dry zones that may have extended to and below subunit H1 for
some time. If so, tank fluid would have boiled off, leaving contaminants in place until
temperatures dropped below boiling and allowed re-saturation and a resumption of recharge.
Second, a heat-pipe effect may have occurred near the 100 °C (212 °F) isotherm with water
vapor being driven away from the heat source until it reached a cooler region and condensed and
liquid water being drawn toward the heat source by capillary pressure. Constituents in the water
vapor and water being pulled back toward the heat source would tend to concentrate near the
point of vaporization. Whether or not this chemical concentration process could have affected
tank fluid constituents is not known. The net effect would have been to delay further migration
of contaminants by maintaining dry conditions where tank fluid contaminants were initially
deposited and preventing recharge until temperatures dropped below 100 °C (212 °F).

The second phase of tank fluid migration began when the leak stopped, reducing and finally
eliminating the hydraulic driver for relatively rapid vertical and lateral migration of the tank
fluid. Over time, vadose zone soil temperatures dropped below boiling and the physical driver
became infiltration from natural events with vertical and lateral migration essentially governed
by natural recharge and geologic heterogeneities. The lateral migration is induced by
heterogeneities and moisture-dependent anisotropy (Section 3.1.2 and Appendix E).

Also, control of local chemical conditions by tank fluid chemistry diminished as tank fluids
migrated downward and reacted with the ambient soil phases and pore water. During this time, a
complex series of transient conditions evolved, affecting contaminant behavior and other

chemic: parameters.

The second phase of migration is indicated by the occurrence of tank fluid contaminants other
than cesium-137 at different depths in the vadose zone in these boreholes. With downward
movement and changing chemical conditions, the more mobile tank fluid constituents migrated
deeper in the vadose zone, creating a crude chromatographic profile, an observation common to
both boreholes. These data provide examples of a presumably more widespread occurrence over
the area marked by cesium-137 distribution attributed to this leak. However, additional data are
not available to evaluate the radial lateral or three-dimensional aspects of second-phase
migration.
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Figure 3.12. Technetium-99 Activity in Porewater in Borehole 41-09-39
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3.4.3 Conceptual Model of the Tank S-104 Area

Additional data that have been collected in the tank S-104 area are limited to the investigation of
shallow soil contamination using a cone penetrometer and collection of groundwater monitoring
samples downstream of the tank S-104 area. The cone penetrometer data provided minimal data
relevant to the tank S-104 leak. The groundwater data consist of elevated levels of
technetium-99 and nitrate, which are tentatively linked to the tank S-104 leak by relative location
and historical knowledge. This suggests that the tank S-104 leak is the largest known plausible
technetium-99 source in S tank farm. Technetium-99 concentrations at wells 299-W?22-44 and
299-W22-48 currently appear to be going through a short-term spiking event in downstream
wells at peak concentrations of the same order of magnitude as found at well 299-W22-46
attributed to the tank SX-115 leak. Also, technetium-99/nitrate ratios are c¢levated above
background.

Given the limited amount of new data, the conceptual model of contamination genesis and
migration remains unchanged. Environmental contamination indicators at this site resemble that
of the tank SX-115 leak. First, vadose zone contamination began with a relatively large tank
leak where highly reactive contaminants (e.g., cesium-137) dropped out of solution rapidly and
mobile constituents continued to migrate with tank fluid. Second, at least one large pipe leak is
known to have occurred in the region and the local topography has been conducive to collection
of runoff and snowmelt. Accelerated recharge is plausible and mobile constituent contaminants
(e.g., technetium-99) currently do appear in groundwater that may be attributed to this source.
The timing of technetium-99 groundwater contamination that may be attributed to the tank S-104
leak is more or less concurrent with the technetium-99 groundwater contamination attributed to
the tank SX-115 leak.

3.4.4 Representation of Conceptual Models in Contaminant Migration Modeling

Projection of future contaminant migration through modeling (see Section 4.0 and Appendix E)
1s necessary to make long-term waste management decisions where multi-generational
environmental impact is a key concern of regulators and stakeholders. Frequently, as in the case
of vadose zone contamination, the evolution of contaminant distribution into the natural
environment is a slow process that can take many decades or longer to evolve. When waste
management decisions are required in a shorter timeframe, modeling is the only tool available to
estimate potential human health risk estimates needed to make near-term decisions. Modeling
approaches that provide useful results must accommodate the uncertainties intrinsic to both the
natur: system being modeled and estimates of future events and outcomes.

Natural system heterogeneities, including those inherent in the environmental setting and those
associated with physical and chemical processes controlling contaminant migration, cannot be
truly simulated in real time and space because of an insufficient database and limited
computational capabilities. Therefore, simplifying assumptions and representations of real
conditions and events that provide a reasonably conservative (e.g., bounding) approximation
rather than a true prediction of future environmental impact and associated risk must be selected.
At the same time, the degree of conservatism must be selected carefully to avoid very large risk
estimates that require costly and inefficient waste management actions.
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Given this perspective, aspects of the conceptual model that have been incorporated into the base
case numerical modeling configuration include the following:

e Two-dimensional modeling of contaminant transport through the vadose zone in
representative cross-sections at each of the three high-contamination areas

e Placement of initial vadose zone inventory in a present-day configuration consistent with
historical knowledge and field data

e Imposition of several steady state recharge rates that approximate average yearly
recharge from natural precipitation, depending on the surface barrier characteristics as the
hydraulic driver for contaminant transport to the underlying aquifer.

Having taken this approach, aspects of the conceptual model have not been simulated or are only
simulated by the primary numerical model summarized in Section 4.0. A deliberate decision was
made not to model the initial leak events but to model future contaminant migration beginning
with current conditions. This decision allowed avoidance of extremely complex events for
which only a fraction of the necessary data is available. The leak events were highly transient
involving variable release rates, nonisothermal conditions (spatial and temporal), and variable
tank leak chemistry as tank fluids migrated through the soil column, interacting with soils and
soil water. Some aspects of these events have been modeled y the S&T activity (Appendix D).

i¢ potential drawback of this decision was the chance that processes actively influencing
contaminant migration during the initial leakage phase could still be affecting contaminant
mobility such that modeling results do not account for still active primary driving forces.
Chief among these potentially significant processes include the following:

e Heat effects on fluid migration and contaminant chemical reactivity
e Tank fluid chemistry effects on contaminant mobility.

The evolution of thermal gradients has been modeled by the S&T activity (Appendix D). Results
indicate that current and future profiles are reaching a quasi  :ady state condition that leaves
ambient temperatures not greatly above natural condition values, a condition that should not
seriously affect future moisture movement. Lingering heat effects on moisture would likely
retard moisture movement relative to that assumed in the modeling analysis. Thus, an isothermal
modeling approach should provide a conservative result (faster travel time and higher
contamination levels in the unconfined aquifer) and is used (Section 4.0).

Empirical desorption tests on soils have been used from the characterization boreholes
(Appendix B) to estimate current in situ mobility. In particular, continuation of initially very
high cesium-137 mobility in the tank SX-108 leak needed to be assessed. The results indicate
that the mobility of contaminants of interest are now relatively similar to those observed in
undisturbed Hanford Site soils. In essence, tank fluid chemistry has been buffered to the extent
that 1t no longer dominates contaminant behavior compared to undisturbed soil conditions.
Assumptions of normal retardation coefficients are adequate to represent likely future occurrence
of contaminants in the unconfined aquifer. Realistically, only technetium-99, nitrate, and
chromium—the constituents currently observed in groundwater and attributed to tank leak
sources—are likely to reach groundwater from this source at other than negligible concentration
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levels. Iodine-129 may also be of some concern but has only been measured in a small zone at
the bottom of the SX-108 slant borchole. These contaminants are assumed to be completely
mobile (K4 = 0 mL/g) in the modeling analyses. This assumption maximizes aquifer
concentration estimates and eliminates any relevance of geochemical conditions to the
groundwater contamination estimate.

Heterogeneities in vadose zone hydrologic properties and rer  arge events are considered in the
modeling analysis. Heterogeneities occur somewhat randomly over small regions that cannot be
characterized. Geologic heterogeneities include stratigraphic controls that may induce lateral
migration to occur. Clastic dike features may provide conduits for preferential flow. As noted

ove, particularly in the tank SX-115 area, the Plio-Pleistocene unit may have a variable
capability to divert fluid migration. The modeling approach considers hydrologic properties and
variable, moisture-dependent anisotropy for the major geologic strata in the vadose zone based
on laboratory measurements of hydrologic properties for samples representative of each
stratigraphic unit (Section 4.0 and Appendix E). Clastic dikes are known to occur in the vicinity
of the WMA S-SX tank leaks and have been postulated as significant pathways for enhancing
contaminant migration rates and groundwater concentrations. Because of this concern, a
sensitivity case (Section 4.0) was considered to evaluate the influence of a clastic dike feature on
contaminant migration, despite the fact that exact site-specific location and hydrologic properties
of these features are not known.

Recharge events derived from natural processes (i.e., precipitation, snowmelt, and runoff) are
transient, random events. Similarly, water-line leaks that are assumed to occur at various
locations in WMA S-SX are unpredictable events. Neither of these types of processes are
modeled in this analysis realistically. Recharge from precipitation and infiltration is modeled as
a steady-state event that is correlated to a yearly average. This is a standard, well-accepted
approach and quantification of recharge is based on lysimeter data of recharge through gravel
materials that are similar to tank farm barriers. Events that have caused short-term, high volume
water releases to the vadose zone (water-line leaks) are only evaluated in a few sensitivity cases
for two reasons.

e The database that adequately quantifies water fluxes from these events does not exist and
probably cannot be generated.

e The focus of the modeling analysis is long-term contaminant migration.

Steps already have been taken to eliminate the possibility of future high-volume discharge
occurrences (e.g., underground water lines will be entirely capped off, surface covers will be
engineered to minimize infiltration and prevent ponding of runoff or snowmelt) in FY 2001.

3.5 INTERIM MEASURES

The interim measures and ICMs that have been evaluated and/or implemented as they relate to

WMA S-SX are described in this section. Interim measures are initial response actions that can
be taken while characterization activities are underway and while long-term strategies are being
developed to reduce the impacts of tank leaks on groundwater. Interim measures do not require
comprehensive evaluation in a CMS. Interim measures identified to date for WMA S-SX focus
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on actions to minimize infiltration and contaminant migration to groundwater. Four categories
of interim measures have been implemented at WMA S-SX during the past three years
(see Section 3.5.1).

ICMs are response actions with the objective of reducing contaminant migration to groundwater
to acceptable regulatory levels and that require balancing risk, benefits, and costs. In general,
ICMs involve a substantial commitment of resources, require a more thorough evaluation, and
are intended to provide a more permanent solution to the long-term threats posed by a release.
Detailed evaluation of the proposed WMA S-SX ICMs will be undertaken in a CMS or an
accelerated CMS pending results of this FIR.

Detailed information on WMA S-SX interim measures and [CMs is contained in Appendix F.
3.5.1 Interim Measures Identification

An engineering report (FFS 1999) was published November 1999 that assessed potential
measures to limit infiltration through the vadose zone at the SST farms. That report was updated
and revised in May 2001 (Anderson 2001). Anderson (2001) evaluates leaking water lines, wells
within the SST farms, and surface water (both recharge and run-on). Updated rough order of
magnitude cost estimates are also provided in Anderson (2001).

Included in Anderson (2001) are a number of interim measures that are ‘good housekeeping’
actions considered for implementation because they clearly would reduce water infiltration at the
tank farms and limit the migration of contamination through the vadose zone.

3.5.1.1 Abandonment of Active Water Lines. Combined, the S and SX tank farms contain
approximately 1,930 m (6,300 ft) of active water lines that could be or have been abandoned to
eliminate persistent leaks and prevent future water line breaks. These lines were mainly installed
during original tank farm construction in the 1950s and 1960s and have exceeded their design
life of 20 years. Pipe breaks, failed leaded joints, and poorly functioning gate valves are
common. The Hanford Site-wide failure rate appears to be increasing geometrically.

Four pressurized water lines entering the S and SX tank farms from the east were identified as
still potentially operational or pressurized.

3.5.1.2 Decommissioning Unfit-for-Use Wells. Wells and drywells identified as unfit-for-use
in Anderson (2001) are potential preferential pathways for downward contaminant migration.

It is important to note that many of the wells and boreholes do not extend to the groundwater.
Anderson (2001) identifies six wells in the S and SX tank farms that are potential Priority 1
candidates for near-term decommissioning.

3.5.1.3 Upgradient Surface Water Run-On Control Measures. Upgradient surface water
run-on control consists of some combination of regraded ground surfaces, gravel berms, asphalt
pavement, and concrete curbs and valley drains constructed outside the SST farms to prevent
surface water from pressurized water-line leaks and unusual meteorological events from flowing
onto the tank farm areas. Photographic evidence shows that low areas of the SX tank farm were
flooded in 1979 when rapid snowmelt occurred. Anderson (2001) recommends that run-on
control be established to prevent surface water from entering the SST farms from outside sources
even if no other interim measures are selected to reduce infiltration within each SST.
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3.5.2 Interim Corrective Measures Identification

ICMs have the same overall purpose as interim measures. Because of size, complexity, or
impact to operations, a more careful study must be performed before an ICM is implemented.
Many potential ICMs for mitigation of potential impacts at WMA S-SX have been identified;
however, some of these potential ICMs are likely to be implemented sooner than others.

3.5.2.1 Identification of Potential Near-Term Interim Corrective Measures. The activities
that have been undertaken to identify potential ICMs for all of the WMAs are as follows.

e In 1992 an engineering study, documented in Single-Shell Tank Interim Cover
Engineering Study (Young et al. 1992), evaluating 4 approaches for reducing surface
infiltration at all of the WMAs was completed. The surface infiltration reduction
approaches evaluated were (1) polvmer-modified asphalt, (2) fine-soil cover,

(3) buildings (structures), and (4) ..cxible membrane liners. The engineering study
concluded that implementation of these approaches for all of the WMAs ranged from
$40 million to $158 million. Cost and other factors were the reasons that none of the
approaches were implemented.

e On May 4 through 6, 1999 a forum was held in Richland, Washington to discuss
techniques for reducing and monitoring infiltration at the SST farms. DOE, Hanford Site
contractors, and various vendors from throughout the United States and Canada attended.
Pacific Northwest National Laboratory summarized this conference in “Reducing Water
Infiltration Around Hanford Tanks” (Molton 1999). Four technical sessions were
conducted to discuss (1) moisture monitoring and characterization, (2) structures or
buildings to cover the WMAS, (3) surface modifications or covers, and (4) near-surface
modifications (barriers and permeability reduction techniques). The forum concluded
that existing commercial capabilities could be employed to reduce and monitor
infiltration in the WMAs, but that no one technology was appropriate for all seven
WMAs. Another conclusion of the forum was that the costs shown in
Young et al. (1992) were 50% to 80% higher then those reflected by the vendors
attending the forum. During the course of the forum a number of DOE officials and
Hanford Site subcontractors addressed site-specific constraints that the vendors may not
have taken into account before they submitted their estimated or typical-unit costs.

e In June 2000 DOE revised Phase 1 RCRA Facility Investigation/Corrective Measures
Study Work Plan for Single-Shell Tank Waste Management Areas (DOE-RL 2000).
Section 4.2 of that document identifies a number of general response actions and
technology and process options associated with each general response action, and it
screens each option based on effectiveness, ability to implement, worker safety, and cost.

¢ In November 1999 an engineering report by Fluor Fe :ral Services (FFS 1999) was
completed. This report was revised and updated in May 2001 (Anderson 2001).
In addition to evaluating water lines and wells within the WMAs, the report also
evaluated surface water both from natural causes and catastrophic events. Alternatives
considered in that report include (1) no action, (2) site grading, (3) geo-fabric liners,
(4) asphalt concrete paving, (5) building enclosure with asphalt apron, and (6) run-on
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control. The report recommends that a combination of a building enclosure with asphalt
apron and run-on control be implemented. While the building enclosure is not the
preferred option (because of the cost) the report concludes that it provides the best
operational and technical alternative.

Three potentially viable near-term ICMs are: near-surface barriers, surface barriers, and
overhead structures. The following sections describe how each of those three near-term [CMs
would apply to WMA S-SX.

3.5.2.2 Near-Surface Barrier. A near-surface barrier would consist of an impervious,
geo-fabric (geomembrane liner or geosynthetic clay) system over the entire WMA S-SX to direct
surface water to the outer boundaries of the tank farms. A run-off collection system consisting
of ditches and pipes would be required to route collected surface water to existing drainage
routes.

3.5.2.2.1 Implementation at WMA S-SX. Implementation of a near-surface barrier would
be disruptive to other tank farm activities. The entire area, 18,000 m’ (194,000 ft%) at the S tank
farm and 20,500 m? (220,000 ft*) at the SX tank farm, would require hand excavation to remove
30 cm (12 in.) of existing soil and subsequent replacement of this soil as a cover over the liner to
allow for traffic. The soil would have to be hand excavated because of the tank dome-loading
restrictions and the many utilities within the tank farm. Some of those utilities may require
support during construction or relocation to a depth below the liner. Installation of the
near-surface barrier would require more time than a typical installation because of the many
obstructions protruding above the ground surface. During the period that the near-surface barrier
1s required to control surface water, repairs would be required if any tank farm activities required
work below the liner.

3.5.2.2.2 Cost. The estimated costs cited in the engineering study (Anderson 2001) for
implementation of a subsurface barrier are $7.1 million for the S tank farm and $8.1 million for
the SX tank farm.

3.5.2.3 Surface Barrier. The only surface barrier evaluated is a 6 cm (2.5 in.) layer of asphalt
cement pavement. Surface barriers that were not evaluated but have been used successfully on
other projects include various liquid and solid reagents that are applied and allowed to penetrate
the surface materials or are mixed with the surface materials to form a crust. A run-off collection
system comprised of ditches and pipes would be required to route collected surface water to
existing drainage routes. It is recommended an engineering trade study be conducted to examine
the impact an interim surface barrier on tank farm operations would create through the annual
interim measures discussions between ORP and Ecology.

3.5.2.3.1 Implementation at WMA S-SX. Implementation of a surface barrier would be
disruptive to other tank farm activities. The entire area, 18,000 m? (194,000 ft%) at the S tank
farm and 20,500 m* (220,000 ft*) at the SX tank farm, would require hand excavation to remove
10 cm (4 in.) of existing gravel cover, which would be taken from the site and disposed of if
contaminated or used in the production of the asphalt. The material would have to be hand
excavated because of the tank dome-loading restrictions and the many utilities within the tank
farm. Some of these utilities may require relocation if they are near the surface following
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