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The SSTs were constructed in place with carbon steel (ASTM 2005) lining the bottuu auu siucs
of a reinforced concrete shell. The tanks have concave bottoms (i.e., center of tanks lower than
the perimeter) and a curving intersection of the sides and bottom. The inlet and outlet lines are
located near the top of the liners (Figure 2-64). The 100-Series tanks were constructed with
cascade over Hw lines in a 3-tank series that allowed gravity flow of liquid between tanks.

The 200-Series tanks were connected and fed to diversion box C-252 (Crumpler 2004).

2.10.2.2 Ancillary Equipment

A complete listing of the WMA C ancillary equipment currently identified for inclusion in the
SS system closure is provided in Lee (2004). As discussed in Section 2.5.4, the ancillary
components included in the SST PA consist of the underground waste transfer lines and MUSTs
located inside each WMA boundary. For WMA C, the ancillary components analyzed consist of
the C tank farm waste transfer piping and five MUSTs. The MUSTs consist of one catch tank
(24 301) and the four tanks in the R vault R-001. ~ 14-CR-0i | 003,
244 -0 ).

Multiple levels of piping were installed over time in WMA C. A time line of piping installations
is described in Williams (2001c). It is estimated that there are approximately 9.3 mi (+/- 2.7 mi)
of waste transfer piping in the C tank farm (Field 2003a).

2.10.3 Geology

Following is an overview of the geology of WMA C summarized from the information

provide in Reidel et al. (2006). Because WMAs A-AX and C are in close proximity (Figure 2-2
in Section 2.3) and have similar geologic conditions, :y are discussed together in

Reidel et al. (201 1 and will be discussed together here. A generalized cross-section through
WMAs A-AX and C is shown in Figure 2-65. Maps and cross-sections presented in

Reidel et al. (2006) illustrate the distribution and thicknesses of these units in additional detail.
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Figure 2-66. Vadose Zone Monitoring Network for Waste Management Area C
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Limitations of estimates on the extent of contamination include the following:
No data are available from directly under the tanks.

e No data are available below the bottoms of drywells. The deepest drywell in WMA C 1s
155 ft bgs (well 30-00-03), and the maximum logged depth is 143 ft bgs (well 30-04-08).

As part of the ongoing vadose zone characterization, a WMA C Phase I field investigation study
is presently underway (Crumpler 2004). A FIR will document the results of the field
characterization data. Additional information on manmade radionuclide distribution and
movement with WMA C will be discusse in the FIR scheduled to be issued in fiscal year ~106.

2.10.5.2 Contamination

Figure 2-67 provides a visualization of the vadose zone contamination beneath WMA C as
represented by ces” -137 ° a. This figure is a three-" " " perspective of WMA C
providing locations of tanks and associated drywells. Tanks considered to be assumed leakers
based on information in Field and Jones (2005) are shown with darker shading. Each drywell is
represented with a single vertical line. Shaded rings around the drywells indicate the level of
vadose zone contamination based on spectral gamma logging results. Only the more significant
soil contamination zones are shown. Zones with contamination levels less than 10 pCi/g are
not shown.

An overall assessment of the spectral gamma logging data from C farm drywells indicates that,
with the exception of contamination zones near tank C-105 and three unplanned pipeline
releases, most vadose zone contamination originated from surface or near-surface contamination
events that were not generally associated with particular recorded events and are not considered
to be significant sources of vadose zone contamination (Wood et al. 2003).

Nei er tank C-104 nor tank C-105 1s listed as a confirmed or suspected leaker in Hanlon (2005).
Spectral gamma )gging data indicate the presence of contamination in the region between tanks
C-104 and C-105. The most concentrated contamination occurs at drywell 30-05-07 on the
southwest side of tank C-105 (Figures 2-66 and 2-67), where two high cesium-137 concentration
zones occur at and below the tank bottom (Wood et al. 2003). The origin of the contamination
has not been conclusively established and a leak from tank C-105 cannot be ruled out.

A characterization borehole was drilled between tanks C-104 and C-105 during fiscal year 2004
(Crumpler 2004). Vadose zone sample data from that borehole will be incorporated into the
analysis presented in the FIR for WMA C.

vidence from the historical record indicates that three unplanned near-surface release events
(UPR-200-E-81, UPR-200-E-82, UPR-20-E-86) occurred on the southwest side of the C tank
farm (Figure 2-63). These events are known to have made relatively significant contributions
to vadose zone contamination (Wood et al. 2003). The UPR-200-E-81 event occurred near the
2¢ .CR-151 diversion box and involved the loss of approximately 36,000 gal of waste.
The UPR-200-E-82 event occurred near the 241-C-152 diversion box and involved the loss of
approximately 2,600 gal of waste. The UPR-200-E-86 event occurred in a pipeline break near
the southwest corner of the C tank farm and involved the loss of approximately 17,400 gal of
waste.
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2.10.7.1 Past Un] mnned Releases

The WMA C reference case includes eight past UPRs associated with SSTs (C-101, C105, C110,
C-1 1, C-201, C-202, C-203, C-204) and four past UPRs associated with ancillary equipment
(UPR-200-E-81, UPR-200-E-82, UPR-200-E-86, UPR-200-E-107). Volume estimates for those
12 waste loss events were developed by Field and Jones (2005) and vadose zone contaminant
inventories were generated by Corbin et al. (2005) (Section 2.5.2).

2.10.7.2 Residual Single-Shell Tank Waste

The WMA C reference case includes residual waste in each of the 12 100-Series and

four 200-Series SSTs in the C tank farm. Residual waste volume estimates for all tanks except
C-106 were bas¢ on retrieving waste to the HFFACO Milestone M-45-00 goals (360 ft* for
100-Series tanks and 30 ft* for 200-Series tanks) (Ecology et al. 1989). Tank C-106 has been
retrieved and is now undergoing an Appendix H exception request (Sams 2004b). Inventory
estimates for tanks other than C-106 were generated with the use of the [WOS model
(Kirkbride et al. 2005), which accounts for the waste retrieval technology and tracks the fate of
s¢ 1ble and insoluble constituents in the waste (Section 2.5.3). Residual inventories for

tank C-106 arel  :d on post-retrieval sample analyses (Sams 2004a) rather than the

HTWOS model.

2.10.7.3 Resid 1 Anc ary Equipment Waste

16 WMA C reference case includes the plugged and blocked piping in the C tank farm and the
residual waste in five ] JSTs consisting of one catch tank (241-C-301) and the four tanks in the
244-CR vault (244-CR-001, 244-CR-002, 244-CR-003, 244-CR-011) (Section 2.5.4). In the
previous risk assessment for WMA C (Lee 2004), no information existed on the volume of
plugged pipelines and a very conservative estimate was made. For that estimate, the length of all
pipelines within WMA C was totaled (approximately 20,000 linear ft). It was assumed that 25%
of those lines were blocked or plugged, which led to a volume of 250 ft* of blocked pipelines.
Since that assumption was made, Lambert (2005) has developed a revised estimate (28 L) of the
volume of p  :ged and blocked pipelines in WMA C. That estimate is much lower than the
previous estimate but was based on information about the actual conditions of the pipeline
systems in WMA C. The blocked pipeline, a cascade line, was designed to drain by gravity, as
were most other ipelines. For this reason, most failed pipelines (i.e., failed ressure testing of
the pipeline) are expected to have only a small inventory of residual waste.

Volume estimates for the residual waste in the WMA C MUSTSs were calculated by assuming
each tank would be retrieved to a residual volume proportional to that required under the
HFFACO Milestone M-45-00 for 200-Series tanks (Ecology et al. 1989). Contaminant
inventories associated with the residual ancillary equipment waste were estimated using the
average chemical composition of the waste in the WMA C SSTs.
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Figure 2-78. Ground Water Monitoring Network for Waste Management Area B-BX-BY *
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2.0 7.1 astU planned Releases

The WMA B-BX-BY reference case include 12 past UPRs associated with SSTs ._ -107, B-110,
B- 12, B-201, B-203, B-204, BX-101, BX-102, BX-108, BY-103. BY-107, BY-108) and nine
past UPRs associated with ancillary equipment (UPR-200-E-6, U R-200-E-38, UPR-200-E-73,
UPR-200-E-74. UPR-200-E-75, UPR-200-E-105, UPR-200-E-108, UPR-200-E-109,
UPR-200-E-1 )). Volume estimates for those 21 waste loss events were developed by

Field and Jones (2005) and vadose zone contaminant inventories were generated by

Corbin et al. (2005) (Section 2.5.2). No volume or inventory estimates were assigned to the
waste loss events associated with tanks B-101, B-103, B-105, B-111, BX-110, BX-111,
BY-105, and BY-106 because of insufficient information to quantify or verify the releases
(Field and Jones 2005). If new information becomes available to quantify the waste loss events
from those tanks, the data will be evaluated under the integrated regulatory closure process
described in Chapter 1.0.

2 1.7.2 Residual Single-Shell Tank Waste

The WMA B-BX-BY reference case includes residual waste in each of the 36 100-Series and
four 200-Series SSTs in the B, BX, and BY tank farms. The HFFACO Milestone M-45-00 goal
allows up to 360 ft* of waste to remain in the 100-Series tanks after retrieval in the event that
retrieval beyond at level becomes impracticable (Ecology et al. 1989). Thus, the analysis
includes a 360 ft’ source term associated with residual waste remaining in each of the tanks after
retrieval. The inventory estimates were generated with the use of the HTWOS model

<irkbride et al. 2005), which accounts for the waste retrieval technology and tracks the fate of
soluble and insoluble constituents in the waste (Section 2.5.3).

2.11.7.3 Resi al Ancillary Equipment Waste

The WMA B-BX-BY reference case includes the | 1gged and blocked piping in the B, BX, and
( tank farms and cre lual waste in seven MUSTs consisting of two catch tar s (241-B-301,
241-BX-302A), one double-contained receiver tank (244-BX DCRT), and the four tanks in the
244-BXR vault (244-BXR-001, 244-BXR-002, 244-BXR-003, 244-BXR-011) (Section 2.5.4).
Volume and inventory estimates for the waste in the plugged and blocked piping (none in B tank
farm, 28 L in BX tank farm, none in BY tank farm) were developed by Lambert (2005).
Volume estimates for the residual waste in the MUSTs were calculated by assuming each tank
would be retrieved to a resic 1l volume proportional to that required under the “FACO
Milestone M-45-00 for 200-Series tanks (Ecology et al. 1989). Contaminant inventories
associated with the residual ancillary equipment waste were estimated using the average
chemical composition of the waste in the WMA B-BX ¢ SSTs.
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3.0 ANALYSIS OF PERFORMANCE

3.1 INTRODUCTION

The SST PA provides an assessment of the long-term human health impacts associated with the
proposed closure of the WMAs in the 200 Areas of the Hanford Site. As part of that assessment,
the postulated events (scenarios) that can lead to adverse human health impacts and the pathways
by which contaminants within the final closed system can potentially reach humans in the future
mu be identified. This chapter provides the methodology developed to assess the scenarios and
pathways that were discussed in Chapter 1.0, and describes the approach used to estimate the
impacts from the proposed closure action.

Specifically, this chapter describes the models, computer codes, and input data used to analyze
the long-term performance of WMAs in the 200 East and 200 West Areas following their

clo re. For the analyses, the information discussed in Chapter 2.0 was translated into
conceptual physical models that incorporate each feature of the natural and engineered barrier
systems that impact the system performance. These conceptual models were then translated into
numerical models to estimate the risk for each pathway. The best available data were used in the
numerical models to estimate the long-term system performance. Where data were not available
or were uncertain, assumptions were made and sensitivity cases identified to explore the
functionality and capability of each feature of the natural and engineered barrier system.

The strategy for this SST PA was to define and analyze both a reference case and a suite of
sensitivity cases. The reference case was developed using the best available information for the
physical system and the WMA facilities, and the closure plans for each WMA. Sensitivity cases
were defined to explore the relative impact of uncertainties in the models and data, and the
assumptions on the estimated health impacts. For example, any potential leaks that may occur
dur g retrieval of tank wastes are not included as part of the reference case, but were considered
as part of the sensitivity analyses.

The following topics are discussed in this chapter:

e Performance Assessment Methodology: Section 3.2 describes the conceptual models
developed for this SST PA, the translation of these conceptual models to numerical
models, and the integration of the overall methodology used in the analyses.

e Numerical Implementation: Section 3.3 describes the software codes used to calculate
the contaminant concentrations associated with different pathways at different locations
and the translation of these concentrations as risk estimates to human health.

e Values and Assumptions: Section 3.4 describes the values and assumptions used in the
numerical calculations to estimate the impacts. This section provides the estimate for the
anticipated inventories in the WMASs at closure. This section also describes the values
and assumptions associated with a reference case that are developed from the Hanford
Site data.

Sensitivity Cases: Section 3.5 describes sensitivity cases that reflect the variability in
the system performance or data selected for the reference case.
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In an effort to establish credibility and confidence in the data, assumptions, and methods used in
the analysis, the following aspects were recognized and addressed:

e Nearly all data, including those for contaminant inventory, geology, hydrology, and
geochemistry, were based on site characterization, sampling, measurements, and
supplemented by modeling.

e Field-scale processes that are characteristic of highly heterogeneous Hanford Site
sediments (e.g., lateral flow and migration) were simulated in vadose zone flow and
transport models.

e Independent scientific and technical peer reviews were conducted.
e All computer codes used were benchmarked and verified.

e S itivity .lyses were conducted to provide insight into the variability and robustness
in the estimated impacts to selected assumptions and data choices made with respect to
the calculations.

Results using the models and values are presented in Chapter 4.0 for the groundwater pathway
scenario, in Chapter 5.0 for intruder scenarios, and in Section 6.5 for the air pathway scenario.
Chapter 6.0 also presents the comparison to performance objectives.

An important aspect of the SST PA analysis is the conceptual model for vadose zone flow and
transport, and its basis for use in the SST PA. As discussed in Section 3.2.2.4 (vadose zone
conceptual model), each heterogeneous geologic unit within the vadose zone is replaced by its
homogeneous equivalent. Each geologic unit is assigned its upscaled or effective hydraulic
properties. As part of testing of the vadose zone conceptual model, the moisture content data
that were collected at the Vadose Zone Test Facility (also known as the Sisson and Lu site) in
the 200 East Area were analyzed as part of a separate task. The results of the analyses are
presented in “Stochastic analysis of moisture plume dynamics of a field injection experiment”
(Ye et al. 2005). A comparison of the observed moisture plume and the simulated moisture
plume using an effective unsaturated hydraulic conductivity tensor for the Sisson and Lu site is
described in “Estimation of effective unsaturated hydraulic conductivity tensor using spatial
moments of observed moisture plume” (Yeh et al. 2005). The upscaled or effective hydraulic
conductivities compare well with the laboratory-measured unsaturated hydraulic conductivity
data based on small core samples at the site. As discussed in Yeh et al. (2005), the simulated
moisture plume does reproduce the general behavior of the observed moisture plume at the field
site. Spatial moments of the simulated plume based on the effective hydraulic conductivities are
in reasonably good agreement with those for the observed plume (Figure 3 in Yeh et al. 2005),
thereby providing an evaluation of the upscaling or effective parameter approach used in the
modeling.

3.2 PERFORMANCE ASSESSMENT METHODOLOGY

The SST PA methodology uses conceptual models that are based on the physical system and
expected contaminant migration pathways. The conceptual models were then translated into
numerical models that are then used to estimate the risk for each pathway.
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3.2.1 Overview

Figure 3-1a provides a schematic representation of both the tank system as it will exist at closure
and the contaminant migration pathways evaluated in this SST PA. The manmade components
of the system that influence contaminant migration include a surface barrier, the tanks and tank
infrastructure, the tank fill, and the distribution of waste in the subsurface. The natural
components of the system that influence contaminant migration are a number of mostly
horizontal stratigraphic layers within the vadose zone and an underlying stratigraphic layer that
is part of the unconfined aquifer. Figure 3-1b shows the translation of the conceptual model for
the groundwater path to the implementation of the numerical models to calculate the impacts at
the WMA fenceline.

The major pathways for contamination entering the environment are the groundwater pathway,
the air pathway, and an intruder pathway. Under the groundwater pathway, it is assumed that
water frc  rain and snowfall it¢ tI subsi ace, contacts waste, and carries dissolved
contaminants to the unconfined aquifer. Under the air pathway, contaminant gases diffuse from
the contaminant sources and into the atmosphere through the Modified RCRA Subtitle C Barrier.
Finally, under the intruder pathway, a well is drilled through the contamination located within
the tanks or ancillary equipment or in the vicinity of past releases within the vadose zone; the
contamination is then brought to the surface where it comes into contact with humans.

Based on the conceptual models for these different pathways, numerical models were developed
to estimate the contaminant concentrations within water, air, or soil as a function of time for
various scenarios discussed in Chapter 1.0. Functional numerical models cannot be devised to
precisely calculate contaminant migration processes in a natural system; simplifying assumptions
are required to approximate ubiquitous heterogeneities of the natural system. Also, some aspects
of future closure decisions that may affect contaminant migration estimates have not been
finalized. Therefore, the numerical modeling approach must be sufficiently flexible to
accommodate these uncertainties and to evaluate the effects of different closure decisions on
contaminant migration estimates. Finally, contaminant concentration information is used to
calculate estimated impacts with respect to the different exposure scenarios discussed in

Chapter 1.0.

The SST PA methodology provides deterministic calculations of the estimated impacts from the
proposed closure action. The risk impacts are calculated with the numerical models and a set of
input values and assumptions that are most representative of the disposal system. This case is
referred to as the reference case. The reference case provides the “expected” estimate for how
the system may perform given the information available. As more information concerning the
waste form, the disposal facility design, and disposal site location is gathered, the definition of
the reference case is expected to evolve. The approach used in the reference case is not all
inclusive; however, it does provide a reasonable estimate of the expected performance. Selected
sensitivity cases have also been used to provide an indication of the sensitivity of the reference
case results to assumptions and uncertainty in key parameters.
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Figure 3-2. Overall Modeling Approach for Performance Assessment
for the Groundwater Pathway

1. Recharge (infiltrating) water source

| -

2. Most water diverted laterally by the tank umbrella 3b. Sometime after closure, any infiltrating moisture
structure during operations or around the surface interacts with residual tank wastes, wastes in
barrier during closure (Figure 3-1) ancillary equipment and pipelines
v
3a. Release of contami s withir = vadose 3c. Moisture and contaminants leave the
from past releases nto infiltrating moisture degraded tank structure

4. Moisture and contaminants travel through the vadose zone

!

5. Contaminants travel downgradient in the unconfined aquifer,
mixing with the groundwater, diluting the contaminant concentration

6. Contaminant breakthrough curves® due to contribution from all sources and for all tanks and
ancillary equipment in a WMA are combined via a spatial and temporal superposition,
following mixing in groundwater at the WMA fenceline

7. Exposure scenarios are applied to determine risk

“ Contaminant vreakthrough curves provide the concentration versus time hisiory.

Key Assumptions. Although much information exists concerning the Hanford Site, much less
information exists that is specific to each WMA. The key assumptions were as follows:

e The closure barrier (i.e., Modified RCRA Subtitle C Barrier) for tanks and facilities in a
WMA limits infiltration through the waste for a time period that is determined by the
time of emplacement of the barrier and the time-dependent barrier performance.

e The fill material in the tanks is cementitious grout. The grout hydraulic properties are not
varied during the simulation time.

¢ The reference case for this assessment assumes that the contaminant release from tank
residual wastes is typical of a grouted waste (Section 3.2.2.3.2).
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e Calculations are performed for unit curie (Ci) or unit mass (kg) as a source term for each
of the three sources (i.e., tank residuals, tank ancillary equipment, and past releases).
The contaminant BTC calculations assume proportionality between contaminant source
inventory and estimated groundwater contaminant levels.

e Each of the three primary contaminant sources (past releases, tank residuals, and ancillary
equipment residuals) can be modeled independently. Release and migration from one
source does not alter similar processes occurring with the other sources (see discussion of
superposition in Section 3.2.2.4.7).

e For each contaminant source in a WMA, the principle of spatial and temporal
superposition is used to obtain a composite contaminant BTC at the WMA fenceline for
all sources (Section 3.2.2.4.7).

e Pastreleases and their cc  'aminanf ~ ‘entories are based on the best available
information. In modeling past releases, vadose zone contaminant distributions are used
as the initial condition, and the analysis begins in the year 2000.

o Inventories for residual waste in tanks and residual waste in the infrastructure for most
cases are the best available estimates at this time.

e The vadose zone is modeled as an aqueous-gas porous media system where flow and
transport through the gas phase are neglected (Section 3.2.2.4.7).

Each heterogeneous geologic unit within the vadose zone is replaced by its homogeneous
equivalent (see Figure 3-3 for WMA C and Figure 3-4 for WMA S-SX). Each geologic
unit is assigned its upscaled or effective hydraulic properties. A range of K4 values is
used to represent sediment-contaminant chemical interaction (Section 3.2.2.4.7).

e Results based on closure risk assessments for WMA C and WMA S-SX are used as the
respective templates for analyses for the 200 East and 200 West Area WMAs. Future
revisions to this SST PA will have separate analyses for other WMAs.

e Post-closure groundwater flow beneath WMA C was assumed to be parallel to tank row
C-103, C-106, C-109 and C-112; similarly, post-closure groundwater flow beneath
WMA S-SX was assumed to be parallel to tank row S-101, S-102, and S-103.

e All known contaminants in each WMA were modeled. A number of K, bins are used to
represent the range of sediment-contaminant chemical interaction for the variety of
contaminants in various WMASs (Section 3.2.2.4.7).

The timeline for human actions used in this assessment is based on the best estimates available at
the time of this writing.

For the groundwater pathway (Figure 3-2), the following models were developed to estimate the
risk:

o Numerical models for contaminant release from the contaminant sources associated with
the disposal action (step 3 in Figure 3-2) (Section 3.2.2.3)
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e Numerical flow and transport model that calculates the flow and contaminant transport
through the vadose zone and the unconfined aquifer up to the fenceline (steps 4 through 6
in Figure 3-2) (Section 3.2.2.4)

e Numerical calculation of the estimated risks associated with the public use of the
groundwater (step 7 in Figure 3-2) (Section 3.2.2.5).

For this initial PA for the SSTs, detailed conceptual models and corresponding numerical models
have been developed for WMA C and WMA S-SX. The results from these numerical
calculations have provided estimated contaminant concentrations in the groundwater at the
fen line for each WMA and source term based on a unit curie (Ci) basis. The results are then
scaled according to the appropriate inventory estimate. The results from the WMA C
calculations are extrapolated to other WMAs in the 200 East Area (WMAs A-AX and
B-BX-BY) (Section 3.2.2.4.8). Similarly, the results from the WMA S-SX calculations have
bec extrapola ltootl WMAsintl 200W t Area (WMAs T, TX-TY, and U).

A discussion of the justification for such an approach is provided in Section 3.2.2.4.8.

Future revisions to this SST PA will include site-specific model calculations, as they are
completed, for the contaminant transport to the fenceline for other WMAs.

3.2.2.2 Recharge

The term recharge (infiltration) is used to denote the moisture flux flowing past the
evapotranspiration zone (i.e., the plant root zone) that percolates as deep drainage flux to the
water table. Recharge is a major driver for contaminant transport from various waste sources to
groundwater and to an eventual receptor. Long-term recharge estimates are needed for four
different time periods:

e Before construction of tank farms

e During operation of tank farms

e The period during which a fully functional surface barrier is in place

e The period during which the surface barrier is degraded.

Recharge for conditions prior to construction of tank farms 1s primarily a function of soil type
and infiltration characteristics of the native soils. During the operational period, a tank farm
ground surface is covered with gravel to prevent growth of vegetation and provide radiation
shic ling for site workers. Bare gravel surfaces, however, enhance net infiltration of meteoric
water, compared to undisturbed naturally vegetated surfaces. Infiltration is further enhanced in
tank farms by the effect of percolating water being diverted by the impermeable sloping surface
of the tank domes. This umbrella effect is created by the 75-ft (23-m) inside diameter of buried
tank domes. Water, shed from the tank domes, then flows down the tank walls into the
underlying sediments.

A Modified RCRA Subtitle C Barrier, which significantly reduces the meteoric recharge, is
assumed to be in place over the tank farms by year 2032 and to function at its design
specification for 500 years. Potential long-term barrier degradation mechanisms include periodic
fires that temporarily remove vegetation and transpiration capability. Subsidence or animal
burrowing (i.e., biointrusion) can also potentially create localized regions of enhanced moisture
via infiltration. Critical components of the near-surface engineered systems include:

3-9 April 2006




w2

o I I “ AT, T

21
22
23
24

25
26
27
28

29

30
31
32
33
34

35
36
37
38
39
40
41

DOE/ORP-2005-01, Rev. 0

1) the vegetative cover to remove water by evapotranspiration, 2) the storage capacity of the
suri ial sediments to hold water in the shallow zone where it can be readily evapotranspired, and
3) biointrusion barriers to limit human, animal, and plant intrusion into the waste.

3.2.2.2.1 Simplifying Assumptions and Justifications. Recharge potential is enhanced for
episodic events during the winter months when the precipitation is at its maximum ar the
evapotranspiration potential is at its minimum. Vadose zone flow and transport numerical
modeling assumes that, for the long-term simulations over tens of thousands of years, the
infiltration rates can be averaged on a yearly basis and the discrete nature of the precipitation
events can be ignored. The effect of episodic precipitation events on vadose zone flow was
investigated as part of a separate task. The results of simulation for a 20-year period of
temporally varying precipitation for a surface barrier and a clean graveled surface are included in
Simulations of Infiltration of Meteoric Water and Contaminant Plume Movement in the Vadose
Zone at Single-Shell Tank 241-T-106 at the Hanford Site (Smoot et al. 1989, pp. 18-21).

The results show that the temporal variation in drainage can effectively be ignored a1 an
average value can be used with little loss of accuracy. Infiltration with depth through the thick,
heterogeneous vadose zone in the 200 Areas dampens the effect of discrete events; therefore,
episodic precipitation events can be replaced by an average annual recharge rate. Any potential
unfavorable impacts from above-average, short-term infiltration events are not sustained over an
extended depth within the thick, heterogeneous vadose zone that is characteristic of the

200 Areas.

Loss of vegetation through fire is temporary (i.e., 1 to 2 years) (Fayer and Szecsody 2004).
Also, any potential subsidence is expected to be minimal because of the nature of the underlying
material (grouted tanks). Burrowing animals do not create large-volume flow paths under
unsaturated conditions (Fayer and Szecsody 2004).

The details of the surface barrier are not explicitly modeled in the numerical model. Instead, an
average recharge rate is assumed at the bottom of the Modified RCRA Subtitle C Barrier shown
in the conceptual model in Figure 3-1. Average recharge rates (pre- and post-barrier) that are
inp parameters to flow and transport models are described in Section 3.4.2.

3.2.2.3 Contaminant Release Model

The distribution of residual waste contaminants within the SSTs and ancillary equipment 1s not
known. Contaminants within the tank farm pipelines (residual waste) are assumed to be readily
ava ible for transport with the infiltrating water. Residual wastes within the tanks are assumed
to be surrounded by grout during the closure process. Release of residual wastes from MUSTSs is
modeled similarly to release of tank residual wastes.

Up closure of a WMA, contaminants will be located either in the soils surrounding or beneath
the 1k farm structures, or within these structures. The contaminants currently residing within
the vadose zone soils are from past releases (i.e., tank leaks and UPRs) during tank farm
operations. Wastes currently residing within the vadose zone are therefore distributed over
varying dimensions and depths. Two types of contaminant releases are considered:

1) instantaneous release (e.g., from past releases) and 2) releases occurring over an extended
period (e.g., from residual waste). In the first case, the entire inventory is available for
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The rate of loss of diffusing substance per unit area from the semi-infinite medium when the
surface concentration is zero is given by Equation 3.2:

oC _ D.
Ox S0 = Co it

(D. Eq.3.2

Equation 3.2 has the form of diffusional mass transfer based on leaching theory. The simplified
release model leads to the following form:

D
=AC £ Eq. 3.3
q 0 7Z‘t q

wh =

q release rate from a single waste cell (Ci/yr)
A effectiv surface area of a single cell

Cy = concentration in a cell.

The residual waste is likely contained in various cells with differing sizes and shapes. For the
release model used herein, the cells were assumed to be of the same size and shape so that the
diffusive release rate, Q, from all residual wastes in a tank can be based on Equation 3.4:

A &
Q_COV Tt ;A:

Eq.34
= CoA, D
7t
where:
n = the number of cells
A; = the surface area of individual cells
A, = the total surface area.
Assuming that the cells are of constant size:
I=CyY Vi=CoV, Eq. 3.5
i=1
whe 3
I = the total inventory
V; = the volume of i-th cell
V, = the total volume of all cells.
Combining the preceding equations:
=14 D Eq.3.6
V. \ nt
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3.2.2.4 Vadose Zone Moisture Flow and Contaminant Transport Considerations

As discussed in Chapter 1.0 with respect to defense in depth, the vadose zone beneath a WMA is
considered a natural barrier. Once contaminants enter the vadose zone, the low recharge

(inf ration rate) controlled by the surface cover, the thickness of the vadose zone between tank
bottom and the unconfined aquifer, and the soil-contaminant interaction prevent all but the least
reac ve contaminants from reaching the unconfined aquifer for thousands of years.

3.2 4.1 Overview. This section provides an overview of major features that affect flow and
transport within the vadose zone underlying a WMA. The transport of contaminants from their
loc: ons within the closed system to the groundwater is a complicated process that depends on
data and assumptions made for the following physical systems:

e  WMA structures
Vadose zone beneath a WMA.

First, this section describes the WMA facility structures (Section 3.2.2.4.2) important to the
SST PA methodology. This is followed by a description of vadose zone stratigraphy

(Section 3.2.2.4.3), hydraulic properties (Section 3.2.2.4.4), and geochemical effects

(Section 3.2.2.4.5) that impact contaminant transport. Next, an overview is presented of the
vadose zone flow and transport numerical model used in the SST PA (Section 3.2.2.4.6).
Finally, a detailed justification is provided of important assumptions and simplifications of the
vadose zone flow and transport model (Section 3.2.2.4.7).

3.2.2.4.2 Waste Management Area Structures. Section 2.4 provides a description of the
engineered systems and barriers common to the WMA. The physical system includes the closure
bar rand the complex structures that make up the closed WMA. These structures include the
tank structures and the ancillary equipment that includes piping, diversions boxes, and other
systems that support tank farm operations. These complex structures impact not only the release
of contaminants but also the flow of moisture through the system. Moisture is one of the major
transport mechanisms for moving contaminants from the closed system to the groundwater.
Within the shallow subsurface, moisture fluxes are non-uniform because grout-filled tanks divert
moisture flow between the tanks and increase flow rates in these regions. The varying moisture
fluxes, however, even out within the deep subsurface below the tanks.

For e conceptual model, the following simplifying assumptions were made:

e The impact of the closure barrier on moisture flow was approximated by an assumed
recharge rate into the facility (Section 3.2.2.2).

e The impact of the tanks on moisture flow was handled by assuming that the tanks are
impermeable structures that divert flow.

e Details associated with all ancillary equipment on moisture flow were neglected.

The justification for using an estimated recharge rate is provided in Section 3.2.2.2. Also, the
justification for neglecting the structural impacts on contaminant release is discussed in
Section 3.2.2.3.2. The long-term performance of the tank structures as hydraulic barriers to the
flow of moisture within the closed system is not known. It can be hypothesized that eventually
cracks will form in the concrete and the steel will degrade at some point in the future.
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Modeling Data Package for an Initial Assessment of Closure of the S and SX Tank Farms
{haleel et al. 2006b]). For each stratum defined by the stratigraphic cross-sectional model, the

small-scale laboratory measurements were upscaled to obtain equivalent horizontal and vertical

unsaturated hydraulic conductivities as a function of mean tension (Khaleel et al. 2002).

In addition, to reflect field conditions, the laboratory-measured moisture retention data were

correcte for the presence of any gravel fraction in the sediment samples (Khaleel and

Relyea 1997). As with flow modeling, each stratum was modeled with different transport

parameters (i.¢., bulk density, diffusivity, and dispersivity). See Section 3.4.4 for additional

details on the equations for hydraulic properties and parameters used for the flow and

contaminant transport calculations.

3.2.2.4.5 Geochemical Effects. Contaminant migration rates are element-specific

because of the varying degrees of their chemical reactivity with soils (Krupka et al. 2004).
Some co1 nants are |~ non-sorbii  (i.e.,  :hnetium)and m ate withrecha :water.
Others are highly reactive and migrate very slowly (i.e., cesium).

Chemical reactions that occur when contaminants interact with soil solid phases and retard
contaminant migration relative to water flow through the vadose zone are represented by

single sorption (Kq) values (Section 3.2.2.4.7). Different K4 values are considered for

particular contaminants, but only over a limited range (0 to 5 mL/g). The K4 value is the ratio

of « 1taminant mass attached to soil solids versus mass dissolved in solution. The advantage

of this approach is that K4 values can be easily incorporated in modeling transport.

The disadvantage is that K4 values are entirely empirical and are used to represent many different
kin . of chemical reactions that are dependent on the contaminant of interest, the soil solid
phases present in the vadose zone, and the soil water chemistry. The effects of physical variables
(moisture content and gravel fraction) and reactions (colloid formation and migration) are also
incorporated in the K4 concept.
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Despite its limitations, the empirical approach is considered adequate for several reasons.

A range of K4 values can be derived for any contaminant discharged into the subsurface
underlying the WMASs because contaminant reactivity with the subsurface system is dependent
on the chemical nature of the contaminant and the ambient geochemical environment. If the
geochemical environment remains fairly stable and can be simulated in the laboratory,

arc oducible database can be developed to measure a range of K4 values that 1s reliable,
regardless of the exact chemical reactions controlling observed behavior. Numerous analyses of
undisturbed vadose zone soils and water chemistry at many locations in and around the WMAs
have defined a consistent geochemical environment (Section 3.2.2.4.7). A long history of
experimental work (Section 3.4.4.1.3) has provided an extensive database that has measured the
reactivity of numerous contaminants under site-specific geochemical conditions characteristic of
the ambient vadose zone. From this database, bounding ranges of Ky values have been
developed for many contaminants of interest (Section 3.4.4.1.3).

Finally, for past releases and potential future leaks, the contaminant migration 1s assumed to be
controlled by the current ambient geochemical environment. For past releases, the contaminant
distribution in the soils was driven by the addition of tank waste into the vadose zone with

che ical properties quite different from ambient soil water. Tank fluid properties (e.g., high salt
content, high heat) influenced water and contaminant migration in the vadose zone near the
source of release temporarily (Appendix D of Knepp 2002a). At the SX tank farm, for example,
tank leaks containing hot, caustic, saline solution (8 to 10 molar sodium at 350°F or more)

occ red. Cesium-137 mobility was thus greatly enhanced because high sodium content in the
tank fluid pre-empted sorption sites causing cesium to migrate deeper than usual within the
vadose zone (Appendix D of Knepp 2002a). Recent field characterization studies show that
while these contaminants were mobilized shortly after the tank leak, their current state of
mobility is consistent for ambient conditions. For example, desorption experiments and solids
characterization data from recent characterization borehole sediments (e.g., Knepp 2002a) show
that cesium-137, strontium-90, and uranium are now largely immobile in vadose zone soil.

The potential for enhanced mobility for contaminants associated with past releases has been
considered in these analyses through the use of effective Ky values associated with chemically
impacted soils (pore water chemistry having high pH). See Section 3.4.4 for additional details
on the geochemical model and parameters used for the flow and contaminant transport

cal' lations.

3.2.2.4.6 Vadose Zone Flow and Transport Numerical Model. A two-dimensional flow
and transport numerical model along a row of tanks was used for the integrated vadose
zone-unconfined aquifer vertical cross-section. To account for three-dimensional aspects, the
tank centerline mass flux and BTCs were transformed to average values across the tank farm
fenceline on the basis of comparison of three- and two-dimensional results; the comparison
evaluated the peak to peak comparison of contaminant concentrations for a long-lived mobile
radionuclide (Zhang et al. 2004). See Section 3.2.2.4.9 for additional details.

The two-dimensional numerical model for WMA C assumes that the groundwater flow beneath
the WMA is parallel to tank row C-103, C-106, C-109, and C-112. This flow direction is
assumed to be consistent with the post-Hanford unconfined aquifer hydraulic gradient.

Similarly, the two-dimensional numerical model for WMA C assumes that the groundwater flow
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surface barrier), 3) surface barrier performance (during its design life), and 4) surface barrier
performance for the degraded surface barrier (after its design life). The numerical simulations
for the SST PA were run starting in the year tank farms were constructed, and continue for
10,000 years after closure. Recharge estimates for the period prior to the tank construction were
neer 1 to estimate the steady-state moisture conditions within the vadose zone prior to the start
of simulations. Recharge estimates corresponding to current operations and corresponding to
surface barrier performance are key inputs into the transport calculations discussed in

Section 3.2.2.4.

34.2.1 Recharge Estimates for Pre-Development Conditions

Rec rge estimates for the conditions prior to tank construction are based on correlations of soil
types and infiltration characteristics of the native soils. Data supporting these recharge estimates
for the 200 East and 200 West Areas soils are documented in Last et al. ~  b). Within the
200 st Area, recharge estimates range between 0.9 and 3.0 mm/yr for with establisl |
shrub-steppe vegetation. Similarly, within the 200 West Area, recharge estimates range between
3 and 4 mm/yr for soils with established shrub-steppe vegetation.

For the numerical simulations, the initial moisture contents (and the initial matric suctions)
for the flow domain are established by allowing the vadose zone model to equilibrate with an
infiltration rate representative of natural infiltration for tank farm location. For both WMAs C
and S-SX, the representative infiltration rate was assumed to be 3.5 mm/yr (0.14 in./yr).

3.4.2.2 Recharge During Tank Farm Operations

Currently, each tank farm ground surface is covered with gravel to prevent vegetation grow

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 tank farms by the effect of percolating water being diverted by
the impermeable, : Hping surface of the tank domes. This umbrella effect is created by the 75-ft
(23-m) inside diameter of buried tank domes. Water, shed from the tank domes, then flows
down the tank walls into the 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 tar dome can provide potential for faster transport
of contaminants to the water table. Although site-specific infiltration data are being collected in
BX, S, and T tank farms, insufficient data are available for site-specific estimates of natural
infiltration at each farm.

For purposes of this SST PA, a reference case infiltration estimate of 100 mm/yr (3.93 in./yr) is
used prior to barrier emplacement (Table 3-2). Data from experimental sites such as the Field
Lysimeter Test Facility and the prototype Hanford barrier, both in the 200 Areas, suggest that
rect ge through gravels can vary from 15 to 70% of precipitation, with the lower amount

occ 1ing under vegetated conditions (Gee et al. 1996; Fayer and Walters 1995;

Fayer et al. 1996).
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Table 3-5. Effective Bulk Density (g/cm’) Estimates
at Waste Management Areas C and S-SX

Strata/Material Tvpe E[pol

_Backﬁll B 2.13
Sandy H2 1.76
Gravelly sand H3 1.94
Gravelly sand H1 2.07
Plio-Pleistocene silty sand 1.65
Plio-Pleistocene/Ringold gravels 2.13

? Khaleel et al. (2006a; 2006b)

Diff ivity. It was assumed that the effective, large-scale diffusion coefficients for all strata at a
WMA are a function of volumetric moisture content, 4, and can be expressed using the
Millington-Quirk (1961) empirical relation:

610/3
De (6) = DO 7 Eq. 3.11
where:
Dt = effective diffusion coefficient of an ionic species as a function of moisture content
Dy = molecular diffusion coefficient for the same species in free water.

The molecular diffusion coefficient for all species in free water was assumed to be
2.5 x 10 em%/sec (Kincaid et al. 1995).

Macrodispersivity Estimates for Nonreactive Species. The Gelhar and Axness equation
(Gelhar 1993) is used to estimate asymptotic values of macrodispersivity. To account for the
effects of unsaturated flow, a modified version is used:

A, (<h>)=0] 2 Eq. 3.12
where the longitudinal macrodispersivity depends on the mean tension < 4 >.

To apply Equation 3.12, an estimate of the vertical correlation scale for unsaturated conductivity
is needed. A correlation length of the order of about 50 cm was obtained for saturated hydraulic
conductivity for sediments near the C tank farm (Khaleel et al. 2006a). For unsaturated
conditions, an increase in the variance of log unsaturated conductivity is expected to be

com nsated in part by a decrease in the correlation scale of log unsaturated conductivity.

A correlation length of 30 cm is assumed for log unsaturated conductivity for all strata.

Table 3-6 provides the log unsaturated conductivity variances and the estimated longitudinal (4;)
and nsverse (A7) macrodispersivities for various strata. The transverse dispersivities are
estimated as one tenth of the longitudinal values (Gelhar et al. 1992).
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for most Hanford Site impact zones and source categories is 0.8 mL/g, with a range of 0.2 to 4.
A reference case of 0.6 mL/g is selected for use in the reference case to represent a balance
between possible conditions associated with tank wastes near the source and within the much
larger vadose zone away from the source.

Technetium-99 (as Pertechnetate). The best estimates for the K4 values of pertechnetate are
zero. The ranges were taken to be from zero to 0.1 mL/g for all source and impact zone
categories (except gravel corrected). When comparing this range to values tabulated in
Cantrell et al. (2002), the range may appear to be somewhat narrow; however, in most cases
whe higher K4 values were measured, the Ky values were not significantly greater than the
stan rd deviation. As a result of this and the fact that it is known that pertechnetate is a very
weak adsorbate, the narrow range for the Ky values was selected.

Todine-129 (as Iodide). The value selected for the iodide K4 appropriate for most Hanford Site
impact zones and source categories is 0.2 mL/g with a range of 0.1 to 2 mL/g. Kq4values are
assumed to be the same as those for groundwater.

Chromium. The geochemical behavior of chromium has been reviewed by Rai et al. (1988),
Palmer and Wittbrodt (1991), Richard and Bourg (1991), and Palmer and Puls (1994).

Ball and Nordstrom (1998) present a critical review of the thermodynamic properties for
chromium metal and its aqueous ions, hydrolysis species, oxides, and hydroxides.

A ¢ plete discussion on chromium geochemistry in the Hanford sediments can be found in
Krupka et al. (2004).

Chromium(VI) as chromate (CrO,”) 1s likely to be the dominant chromium species in the
Hanford vadose zone and upper unconfined aquifer because its domain of predominance extends
over a wide range of pH and Eh conditions that are appropriate for the vadose zone and upper
unconfined aquifer. Chromium (IIT) complexes with dissolved ligands such as fluoride,
ammonia, and cyanide (Baes and Mesmer 1976).

Lim d studies infer that Cr(III), like other +3 cationic metals, is strongly and specifically
absorbed by iron and manganese oxides present in soil (Korte et al. 1976). Cantrell et al. (2003)
compiled in a single source, K4 values measured with Hanford sediment for radionuclides and
CoCs that have potential human health effects in the vadose zone and groundwater at the
Hanford Site. Cantrell et al. (2003, Table 10) list the K4 values determined for Cr(VI) for
Hanford sediments; they found only a limited number of studies of Cr(VI) adsorption on Hanford
sediments. The measured K values for Cr(VI) on Hanford sediments range from 0 to 1, with
typical values being zero or close to zero, and based on these results, concluded that adsorption
of Cr(VI) is very w to nonexistent under normal Hanford groundwater conditions unless
conditions are acidic. '

Nit1 e and Nitrite. The behavior of nitrogen species, such as nitrate, in aqueous, soil, and
geochemical systems has been discussed by Lindsay (1979), Lindsay et al. (1981),

Stumm and Morgan (1981), Rai et al. (1987), Hem (1986), and others. A large number of
studies have been completed related to the chemical and biological processes that transfer
nitrogen between the atmosphere, lithosphere, hydrosphere, and biosphere. Nitrate (NO5") is
highly mobile and does not sorb or precipitate in sediment systems.
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Nitr. : is one of the most widespread contaminants associated with past Hanford Site operations.
Nitr: : does not readily adsorb on minerals under near-neutral and slightly alkaline pH
conditions common in sediment systems, and is typically not included in most databases of Kg.
Nitr. : and nitrite (NO;) are typically assigned K4 values of 0 mL/g. Cantrell et al. (2003)
identified only one study in which nitrate adsorption was measured using Hanford sediments.
The limited number of Ky values determined for nitrate from this study are listed in Table 12 of
Cantrell et al. (2003). Based on these measurements, Cantrell et al. (2003) concluded that within
experimental error, nitrate adsorption under Hanford Site relevant conditions is essentially zero

(i.e., Kg=0).

Table 3-8 summarizes the contaminant distribution coefficients used for the reference case and
the measured ranges in these values for non-impacted soils.

Table 3-8. Contaminant Distribution Coefficients (mL/g)
for Non-Impacted Soils *°

Contaminant Reference Case Minimum Maximum
_ranium 0.6 0.2 4
ydine-129 0.2 0.1 2
Technetium-99 0 0 0.1
Nitrite 0 0 0
Nitrate 0 0 0
Chromium 0 0 0.3
* Refers to far-field modeling domain with ambient conditions, and unaffected by past releases and tank leak
chemistry.

b Last et al. (2004b)

3.4.4.2 Use of Waste Management Areas C and S-SX Breakthrough Curves for Other
Waste Management Areas

Detailed contaminant transport calculations using STOMP have only been performed for
WMA C and WMA S-SX. Detailed calculations are planned for the other WMAs and will be
inco orated into future revisions of the SST PA. To provide an estimate of the human health
impacts anticipated from other WMAs that have not been explicitly modeled, the modeling
results from WMA C calculations have been used to scale the estimated impacts for other
WMAs in the 200 East Area. Similarly, the modeling results from the WMA S-SX calculations
have been used to scale the estimated impacts from other WMASs in the 200 West Arca.

Section 3.2.2.4.8 provides a description of this approach and discusses the reasons why such an
approach can provide reasonable estimates for the impacts for other WMAs.

3.4.5 Unconfined Aquifer

For the integrated, saturated-unsaturated, two-dimensional, cross-sectional model up to the
WMA fenceline, the flow parameters needed for unconfined aquifer calculations are saturated
hydr 1lic conductivity, effective porosity, hydraulic gradient, and depth to water table.

These parameters for WMAs C and S-SX are given in Table 3-9. Estimates of hydraulic
properties shown in Table 3-9 are taken from the work of Wurstner et al. (1995) that was used to
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the soil contaminant concentration used in the dose calculation is the average in the contaminated
pasture. The soil contaminant concentration depends on the factors listed in Table 3-17.

The waste composition is not listed because the relative amounts of various radionuclides can
vary widely.

Table 3-17. Intruder Pathway — Summary of Reference Case Parameters
and Expected Ranges

Parameter Range
Parameter
Minimum Reference Maximum
1. Waste concentration at closure 0.1° varies 10°
2. Decav time at intrusion 100 vr 500 vr 1.000 vr
. 0.15m
4. Waste thickness — unnlanned releases 0.25 m* varies 4 m*
5. Fraction available for internal dose (residual tank
0.01 0.1 1
waste only)
6. Borehole depth — acute 70 m 80 m 90 m
7. Borehole diameter — chronic 8 in. 10 1n. 12 1n.
8. Spreading area — chronic 3.000 m* | 5.000 m* 7,000 m’
9. Tilling depth — chronic [ 0.1 m [0.15m 0.20 m

® Fraction of reference case value representing minimum or maximum value for range.
* indicates multiply by the number.

Table 3- 7, row 1, labeled “Waste concentration at closure” is the activity per unit volume or
mass of the various radionuclides in a tank or UPR. The present inventory is the best estimate,
but it may be larger or smaller by an order of magnitude. The inventory estimates err on the high
side, so the largest concentration is unlikely to exceed a factor of 10 greater than the estimates
used.

Row 2 labeled “Decay time at intrusion” is the time between site closure and intrusion.
The range shown comes from DOE M 435-1.1 as the time period of interest for inadvertent
intrusion.

Rows 3 and 4 address the assumed waste thickness. Two rows are needed because residual
waste and the UPRs to soil have different uncertainties. The residual waste in the tanks has an
average thickness of 1 in. or less. Due to the shape of the bottom of the tank and the difficulty in
removing some attached solids, the waste thickness will vary. Based on the shape of the tank
bottom, the amount of waste exhumed could be larger by a factor of 6 if the intruder’s well
passes through the center of the tank. The intruder dose varies linearly with the thickness of the
residual tank waste.

The thickness of UPRs to the soil depends on the horizontal spread of the plume. As discussed
earlier, releases can lead to significant horizontal spreading (Section 3.2.2). The reference case
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assumes that the plume has a diameter equal to its height. The relative height and width of the
plume could vary by a factor of 5, based on observed plumes near the underground tanks that
have leaked in the past. Another consideration is the volume of the soil compared to the volume
of liquid that entered the soil. The reference case assumes that the contaminated soil has a
volume 10 times the volume of the liquid. The likely range for the soil-filling fraction is 5% to
15% based on soil porosity and residual moisture content. The combination of these ranges leads
to a waste thickness that may vary by a factor of 4 from the reference case.

The fraction of the exhumed waste that is available to produce internal dose (row 5) is important
because the external pathway may sometimes be a small contributor to the intruder dose.
For these cases, the intruder dose is roughly proportional to the fraction available for internal
dose. When the external pathway is important, there is a sublinear relationship between this
fraction and the intruder dose. The fraction available is estimated to range from 1% up to a

of 100%. ¢ e the fraction usec *~ the ““*ruc calculatic  1s 10%, ction
available could be larger or smaller by a factor of 10. The intruder doses will vary by nearly
the same factor.

The borehole depth (row 6) is important for the well driller scenario (acute). The ratio of waste
thickness to borehole depth determines the waste dilution. The uncertainty in this parameter is
small. The depth to groundwater is known and unlikely to change significantly in the future.

The borehole diameter (row 7) 1s important for the rural pasture scenario (chronic). The volume
of waste exhumed depends on the cross-sectional areas for the well. The uncertainty in this
parameter is small. The well diameter is based on current drilling practices near the

Hanford Site.

Rows 8 and 9 indicate the volume of soil into which the exhumed waste is diluted. The dilution
volume is the product of the spreading area and the tilling depth. Note that the pasture area is
much larger than the likely spreading area for the borehole cuttings. The cow forages over the
well cuttings and elsewhere in the pasture until it obtains the amount of food it eats in a year.
The milk concentration varies during the year, but the average is proportional to the average soil
concentration in the pasture.

Note also that if the spreading area (row 8) changes appreciably, other exposure parameters

must change also. Smaller spreading areas lead to reduced contact with the contaminants.

They require less attention, so the individual spends less time in the contaminated area and
therefore receives smaller external doses. The individual also inhales and ingests less
contaminated dust. For the pasture scenario, the spreading area is driven by the caloric intake r
the cow. Reducing the area of the pasture means higher concentrations in the pasture grass, but
the cow eats less from the pasture and obtains food elsewhere. Hence, the spreading area is
assumed to vary by no more than the range shown in Table 3-17.

The tilling depth (row 9) is also related to the thickness of soil from which grasses derive
nutrients. If the tilling depth is much smaller, the soil concentration is larger, but the plants
obtain a portion of their nutrients from uncontaminated depths of the soil. Hence, the tilling
depth is assumed to vary by no more than the range shown in Table 3-17.
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3.5.6 Air Pathway Risk — Sensitivity to Parameter Assumptions

The air pathway addresses volatile contaminants remaining in the closed disposal system and
their migration through the grouted tank structure and surface cover. An examination of this
pathway leads to the following observations supporting the use of a bounding analysis:

e Few contaminants in the waste are volatile.

e For the important volatile contaminants (tritium, carbon-14, and radon-222), estimations
of remaining inventory indicate small quantities will remain in the tank waste at closure.

e Very low human exposure impacts are estimated under credible exposure scenarios.

The low human exposure impact considered possible through this pathway, even under an
extreme set of bounding conditions (¢ :tion 3.2.3), does not warrant a more complicated
analysis ex: n _ features and processes of the  ease ‘hant  for vapors.
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4.5.2

For the 10,000-year simulation period, twenty contaminants had their estimated concentrations
above the effective zero at the WMA TX-TY fenceline. Table 4-9 defines the tank rows in
WMA TX-TY and summarizes waste sources included in each row. The designation for each
tank row is the lowest numbered tank in the sequence (e.g., TX-101 identifies the row consisting
of tanks TX-101, TX-102, TX-103, and TX-104). Such a designation is used throughout
Section 4.5. Table 4-10 lists the contaminants with fenceline concentrations above the effective
zero indicating the dominant source term and the tank row resulting in the inventory responsible
for the peak conc

DC .., ORP-2005-01, Rev. 0

e Based on borehole data, the FIR uses site-specific distribution of contaminants within the
vadose zone, while the SST PA modeling uses a more generic distribution of
contaminants within the vadose zone.

ration.

Waste Management Area TX-TY Fenceline Results

Table 4-9. Waste Management Area TX-TY Tank Rows and
Waste Components Included in the Modeling

Ragjdnal Waste

Past Keleases

Tank Row
Tanke Ancillary Equipment Tank Leaks Past Shallow Releases
244-TXR vault

TXR vault None TX-302A catch tank None None
241-TX-101
241-TX-102

TX-101 241-TX-103 TX-302XB catch tank None None
241-TX-104
241-TX-105
241-TX-106

TX-105 241-TX-107 None 241-TX-107 leak UPR-200-W-100
241-TX-108
241-1X-109
241-TX-110

TX-109 241-TX-111 None None None
241-TX-117
241-TX-113

TX-113 241-TX-114 None None None
241-TX-115
241-TX-116

TX-116 241-TX-117 None None None
241-TX-118
241-TY-101

TY-101 241-TY-102 241-TY-302B catch tank | 241-TY-101 leak None
241-TY-103 241-TY-103 leak

TY-103 241-TY-104 None 241-TY-104 leak | Om€
241-TY-105 241-TY-105 leak

TY-105 241-TY-106 241-TY-302A catch tank 241-TY-106 leak None
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Figures 4-22 through 4-27 show the simulated BTCs for each of the six indicator contaminants.
Each one of the first five plots in the figure represents a separate source component, with the
bottom plot containing the previous five plots superimposed on each other to illustrate the
maximum impact. Blank plots indicate cases where the concentration from a source component,
for any tank row, does not exceed the effective zero over the 10,000-year simulation period.

In those cases, the tank row with the greatest inventory is indicated. Again, a linear scale
(y-axis) is used for the individual source component plots, but in order to include the range of
data, the maximum impact plot is shown using a logarithmic scale. Each plot represents the BTC
for the tank row contributing the peak concentration estimate for that source component.

Also given in each of the plots is the time of the peak and the inventory for each of the like
source terms in the row. The tank row containing the largest inventory is shown even though the
peak concentration falls below the effective zero.

4.6.3 Discussion of Results and Conclusions for Waste Man: - “ment Area U

Estimated long-term groundwater impacts resulting from three contaminant source components
(i.e., past releases inventory, tank residuals inventory, and ancillary equipment residuals
inventory) in WMA U are modeled. For WMA U, contamination at depth from tank row U-104
is projected to contribute to the highest past releases component concentration for all the
radionuclides considered. Except for uranium, tank row U-110 is projected to contribute to the
highest past releases component concentration for the nonradionuclides. Uranium is not
projected to have a concentration above the effective zero for the duration of the simulation.
Results also indicate that, regardless of contaminant mobility, concentrations resulting from
contamination at depth are orders of magnitude higher than those resulting from the tank
residuals component. For WMA U, tank row U-107 is responsible for the peak concentration for
all contaminants having concentrations greater than the effective zero. Although the 244-UR
vault and 244-U DCRT ancillary equipment residuals provide negligible contribution to the
overall fenceline concentration for mobile and semi-mobile contaminants, plugged and blocked
pipelines provide contributions equivalent in magnitude to some WMA U tank row residuals.

Tank retrieval to the HFFACO prescribed volume and inventories estimated by

Kirkbride et al. (2005) results in an impact from tank residuals that is two to four orders of
magnitude below that of past releases. Note that, for the tank residuals and for all indicator
contaminants, only the row with the maximum impact is shown; the other tank rows are usually
within a factor of 3 below the row with peak concentration, with tank row UR vault almost a
factor of 30 lower (Tables 4-15 and 4-16).

Due to existing vadose zone contamination and the maximum operation recharge occurring
during that period, contaminants with high mobility (Kq4 less than 0.2 mL/g) exhibit
concentration peaks that occur early in the simulation and prior to emplacement of the Modified
RCRA Subtitle C Barrier. Contaminants with lower mobility (Kq = 0.2 mL/g or greater) exhibit
increasing concentrations at the end of the simulation period, dominated by the contamination at
depth source component.
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