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Executive Summary
This report summarizes groundwater-related numerical calculations that will support groundwater
flow and transport analyses associated with the scheduled 2005 performance assessment of the Integrated
Disposal Facility (IDF). The report also provides potential supporting information to other ongoing
Hanford Site risk analyses associated with the closure of single-shell tank farms and related actions.
The IDF 2005 performance assessment analysis is using well intercept factors (WIFs), as outlined in
the 2001 performance assessment of the IDF. The flow and transport analyses applied to these
calculations use both a Site-wide regional-scale model and a local-scale model of the area near the IDF.
The regional-scale model is used to evaluate flow conditions, groundwater transport, and impacts from
the IDF in the central part of the Hanford Site, at the core zone boundary around the 200 East and 200
West Areas, and along the Columbia River. The local-scale model is used to evaluate impacts from
transport of contaminants to a hypothetical well 100 m downgradient from the IDF boundary. Analyses
similar to the regional-scale analysis of IDF releases are also provided at individual tank farm areas as
additional information.
The WIF approach for estimating groundwater concentrations involves simulating the groundwater
system response from a known concentration of contaminant in water entering the groundwater system
from the vadose zone over a water-table surface area that corresponds to the facility footprint. Using this
approach, the groundwater system response from a specific mass flux can be simulated independently.
The ratio of the estimated concentration in the groundwater to the contaminant concentration at the
bottom of the vadose zone can be used to estimate groundwater concentrations at selected locations from
mass releases calculated independently from waste release and vadose zone flow and transport to the
underlying groundwater system. This approach can be useful in estimating groundwater concentrations at
specific locations and can be a desirable alternative when there are more combinations of inventory distributions and parameter sets than there are waste form release, vadose zone transport, and groundwater
flow and transport scenarios to be simulated.
To gain insight on how the WIF approach compares with other approaches for estimating
groundwater concentrations from mass releases to the unconfined aquifer, groundwater concentrations
were estimated with the WIF approach for two hypothetical release scenarios and compared with similar
results using the convolution approach. The convolution approach for estimating groundwater
concentrations involves simulating a system response from a unit inventory release through each of the
process models (i.e., source release, vadose zone flow and transport, and groundwater flow and transport)
and using the results of the calculations with principles of superposition to estimate concentrations in
groundwater for a specific constituent inventory distribution. A unit release in each of the process models
can be simulated independently. Then, by assuming linearity, the unit release responses from each source
area via the process models can be combined or superimposed.
One release scenario evaluated with both approaches (WIF and convolution) involved a long-term
source release from immobilized low-activity waste glass containing 25,550 Ci of technetium-99 near the
IDF (adapted from Mann et al. 2001); another involved a hypothetical shorter-term release of ~0.7 Ci of
technetium over 600 years from the S-SX tank farm area, as adapted from Zhang et al. (2004). Direct
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simulation results for both of these release scenarios were also provided to compare with WIF and
convolution results.
For a long-term increasing release of technetium-99 from immobilized low-activity waste (ILAW)
glass from the IDF, both methods produced results similar to those from direct simulation, and both
methods produced breakthrough curves downgradient from the source area that are similar in shape to the
long-term release curve used in the simulation. However, the concentrations estimated by the convolution
approach were very like direct simulation results at comparable locations. Predictions using the
convolution approach were about 4 percent higher and 10 percent lower than direct simulation predictions
at the core zone and along the river, respectively. Results with the WIF approach were similar to those of
convolution and direct simulation at the same locations; at the core zone and along the river, WIF results
were within 10 percent (higher) and 11 percent (lower), respectively, of direct simulation results.
The shorter-term contaminant release scenario simulates a 600-year release of 0.7 Ci of technetium99 from a hypothetical tank leak in the S-SX tank farm. The convolution approach estimated peak
concentrations similar to direct simulation at comparable locations; predictions were about 7 percent
higher, 3 percent lower, and 5 percent lower than direct simulation at the 250 m downgradient location,
core zone, and river, respectively. The WIF approach produced peak concentrations that were higher at
comparable locations than those predicted by convolution and direct simulation. WIF results were most
like direct simulation results at the 250 m location, where they were about 50 percent (1.5 times) higher.
However, they were much higher at the core zone and along the river—about 17 and 22 times higher,
respectively.
This analysis concluded that, because the WIF estimation of peak concentration involves scaling the
time series of input source concentrations from the vadose zone to the aquifer, results were reasonably
accurate for groundwater concentrations near the source. But the convolution approach more closely
approximated direct simulation results at locations far from the source. For the two cases considered, the
WIF approach overestimated peak concentration locations away from the source area—e.g., at downgradient locations, as breakthrough curves deviated from the shape of the input function in response to
plume dispersion. Results are generally influenced by two factors: 1) the duration of the source term
release to the water table and 2) the distance to points of calculation. Comparing WIF results with direct
simulation results for the two cases provides a measure of the magnitude of the deviation that could be
expected at the core zone and along the river from long- and short-term releases from the IDF in 200 East
Area and a tank farm in 200 West Area.
Peak concentrations estimated with the WIF approach tend to be closer to results from direct
simulation of long-term releases of contaminants from ILAW glass. The breakthrough curves at various
points of calculation have shapes similar to the original release curve in the source area. Peak concentrations estimated with the WIF approach are higher for short-term releases of contaminants where
breakthrough curve shapes at various points of calculation are influenced by plume dispersion and deviate
from the original release curve in the source area. For the hypothetical tank leak case evaluated at the SSX tank farm in the 200 West Area, where the points of calculation are considerably farther from the
source, WIF results for the core zone and along the river were on the order of 360 and 210 percent (3.6
and 2.1 times) higher, respectively, than direct simulation results.
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The Site-wide model used to support these calculations is now being recalibrated to include current
data. Many of the calculations in this report will need to be repeated with the recalibrated model when it
becomes available later this year. When the updated calculations are completed, this report will be
revised and reissued to support ongoing maintenance of the IDF PA. In the interim, the report is being
made available electronically to only a limited number of onsite personnel. An electronic version of this
report can also be acquired online using the search feature at http://www.pnl.gov/main/publications/.
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Acronyms and Abbreviations
CFEST

Coupled Fluid, Energy, and Solute Transport code

CHARIMA

General-purpose computer code for simulating water, sediment, and contaminant
movement in channels

GRTPA

A computer code that calculates human dose from groundwater

ILAW

Immobilized low-activity waste

IDF

Integrated Disposal Facility

INTEG

Computer program that calculates groundwater contamination and human dose

LLBG

Low-level waste burial grounds

RCRA

Resource Conservation and Recovery Act

STOMP

Subsurface Transport over Multiple Phases (code)

WIF

Well intercept factor
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1.0 Introduction
The purpose of this report is to summarize the results of numerical calculations that will support
groundwater flow and transport analyses associated with the 2005 performance assessment of the
Integrated Disposal Facility (IDF). This report also provides supporting information to other ongoing
Hanford Site risk analyses associated with the closure of single-shell tank farms and related actions.
The 2005 IDF performance assessment analysis will use well intercept factors (WIF) and methods
that were outlined by Bergeron and Wurstner (2000) for the 2001 performance assessment of the IDF
(Mann et al. 2001). The flow and transport analysis applied to the calculations summarized in this report
employ both a Site-wide regional-scale model and a local-scale model of the area near the IDF. The
regional-scale model was used to evaluate flow conditions, groundwater transport, and impacts from the
IDF and individual tank farm areas near the core of the Hanford Site—around the 200 East and 200 West
Areas and along the Columbia River. The local-scale model was used to evaluate impacts from the
transport of contaminants at a hypothetical well 100 m downgradient from the IDF boundaries. Analyses
similar to the regional-scale analysis of IDF releases are also provided at individual tank farm areas as
additional information.

1.1 Background
Several approaches are available to estimate the concentration of contaminants in groundwater from
estimated mass releases to the aquifer. In this report we examine two of them. The first involves directly
simulating the mass releases generated from process models of waste release and transport through the
vadose zone to the underlying groundwater system at specific locations of interest. This approach
requires that calculations be performed sequentially, with each simulation representing a unique inventory
distribution and parameter set. It has been used extensively and is preferred when transient vadose zone
and groundwater conditions are important and the number of combinations of inventory distributions and
parameter sets is more than the number of simulations required.
For assessments that consider only the impacts of future releases, after the effects of transient changes
to the vadose zone and aquifer are considered less important, steady-state flow conditions can be assumed
and alternative approaches used to estimate groundwater concentrations involving development of system
output or response from a specified release at each source area. Background information on the WIF
approach and another approach referred to in this report as the convolution approach is presented below.
1.1.1

Well Intercept Factor (WIF) Approach

The WIF approach simulates the groundwater system response to a known concentration of a
contaminant in water entering from the vadose zone over a specific water table surface area. This system
response to a specific mass flux can be simulated independently. The ratio of estimated concentration in
groundwater at a specific location to assumed contaminant concentration at the bottom of the vadose zone
can be used to estimate groundwater concentrations at the same location from mass releases calculated
independently with the waste release and vadose zone flow and transport process model. This approach
can be useful for estimating groundwater concentrations at specific locations and can be a desirable
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alternative when there are more combinations of inventory distributions and parameter sets than there are
waste form release, vadose zone transport, and groundwater flow and transport scenarios needing to be
simulated.
A good example of the WIF approach at Hanford is its application in the immobilized low-activity
waste (ILAW) performance assessment described in Bergeron and Wurstner (2000) and (Mann et al.
2001). In that analysis, the computational code INTEG (Mann 1996) calculated a specific impact (dose
rate or concentration level) based on the inventory, vadose zone and aquifer transport, and dosimetry
factors. The dose rate depends on the dosimetry factor (e.g., all pathways, drinking water). The program
solves the following equation for each year being considered:
Response = ΣI Ii(t) Γi(t) wi Di / (r A)

(1.1)

where
Ii = amount (or inventory) of radionuclide i (Ci). The time-dependent value is calculated by
INTEG based on the initial inventory and decay and the ingrowth from other radionuclides.
Γi = flux of contaminants at the bottom of the vadose zone normalized to a unit-source inventory
for radionuclide i ([Ci/y]/Ci). The time-dependent value is calculated by VAM3DF.
wi = ratio of concentration of radionuclide i at the well location relative to contaminant concentration at the bottom of the vadose zone (dimensionless). This quantity was called the WIF in
earlier Hanford performance assessments. The peak value calculated by the Coupled Fluid,
Energy, and Solute Transport (CFEST) code is used.
Di = dose rate factor (mrem/yr per Ci/m3). Di is unity when the response that is calculated is a
concentration.
r = recharge rate (m/yr). The value at 10,000 years is used at all analysis times.
A = the area over which the contaminant flux enters the aquifer (m2). The value used is the area of
the disposal facility being modeled.
INTEG is modeled after GRTPA (Rittmann 1993), which served a similar function in earlier work
(Rawlins et al. 1994; Mann et al. 1995). INTEG allows greater freedom in specifying data used in the
integration. The code has been benchmarked against the results of GRTPA (Mann 1996). An auxiliary
code was written to translate the output of VAM3DF into a readable format for INTEG.
The 2001 performance assessment (Mann et al. 2001) used the WIF approach to evaluate a base-case
disposal concept that consisted of six remote-handled waste trenches in the northern part of the new IDF
area. Each trench was underground, open-topped, and approximately 80 m (262.5 ft) wide, 260 m (853
ft) long, and 10 m (32.8 ft) deep with 3:1 side slopes. The release from these trenches in the model was
approximated using the plan view area (80 m by 260 m) of each trench.
In this analysis, the primary objective of the groundwater flow and transport calculations was to
determine the WIF, which is defined as the ratio of the concentration at a well in the aquifer to the
concentration of water entering the aquifer. For these calculations, the concentration of source entering
the aquifer was assumed to be 1 Ci/m3. The rate of mass flux associated with this concentration is a
function of the infiltration rate assumed for the IDF covered by the modified RCRA subpart C barrier.
With a rate of 4.2 mm/yr assumed for the IDF, the resulting solute flux entering the aquifer from each of
the disposal concepts was 4.2 x 10-3 Ci/yr/m2. This is the product of the contaminant concentration in the
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infiltrating water and the infiltration rate. In all simulations performed, the WIF was calculated at a
hypothetical well approximately 100 m (328 ft) downgradient from the boundary of the IDF site along the
centerline of the simulated plume.
Transport model results for the remote-handled trench concept were based on local-scale flow
conditions. These conditions were developed based on boundary conditions provided by the steady-state
simulation of future post-Hanford flow conditions performed with the Hanford Site-wide model (Cole et
al 2001a, b). Under the post-Hanford flow conditions represented in this analysis, groundwater moves
across the IDF site in a southeasterly direction before exiting the local-scale model in the southeast corner
of 200 East Area.
1.1.2

Convolution Approach

The convolution approach for estimating groundwater concentrations, conceptually described in Lee
(1999), simulates a system response from a unit inventory release through each of three process models
(i.e., source release, vadose zone flow and transport, and groundwater flow and transport). It then uses
the results with principles of superposition to estimate groundwater concentrations for a specific
constituent inventory distribution. A unit release in each process model can be simulated independently.
Then, by making the assumption of linearity, the unit release responses from each individual source area
with each of the process models can be combined or superimposed. This approach can be useful in
estimating groundwater concentrations at specific locations and can be a preferred alternative when there
are more combinations of inventory distributions and parameter sets than there are vadose zone and
groundwater flow and transport scenarios needing to be simulated.
In the convolution approach, the concentration in the groundwater at a specific location i at time t
(Ci,t) can be estimated using Equations 1.2 and 1.3:
n

t

s =1

Τ =1

Ci ,t = ∑ Μ s ∑ (f s ,Τ cs ,i ,t −Τ+1 )

(1.2)

t

f s ,t = ∑ (rs ,Τ f s ,t −Τ+1 )

(1.3)

Τ =1

where

Ci ,t

=

concentration at location i at time t

Ms

=

inventory at source s

c s ,i ,t

= groundwater concentration at i based on a unit release from s (CFEST model output)

rs ,t

=

fractional release of unit inventory in source s at time t (release model output)

f s ,t

=

flux to water table from source s at time t based on unit release from s
(Subsurface Transport over Multiple Phases [STOMP] model output)

n

Τ

=
=

number of sources
time integration variable.
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and cs ,i ,t and f s ,t are the discrete response functions estimated with the vadose zone and groundwater
models based on a unit release. These discrete responses can be combined easily with Equations 1.2 and
1.3 (that is, superimposed) in a variety of ways to estimate system response to different inventory
distributions and parameter sets. (Equations 1.2 and 1.3 are discrete approximations of the classic
convolution approach used in calculating superposition of responses in linear response systems.) The
form of Equation 1.2 was also used to estimate the time-varying flux of a contaminant to the Columbia
River by substituting the groundwater concentration based on a unit release from s with the calculated
flux to the river based on a unit release from s. This river flux was combined with average annual flow in
the Columbia River to estimate concentration levels that are the basis for potential human health impacts
and ecosystem risk from exposure to Columbia River water.
A good example of the convolution approach at Hanford was its application to analyze the potential
impacts from the subsurface transport pathway for the low-level waste burial grounds (LLBGs), as
described in the Hanford Solid Waste Environmental Impact Statement (DOE/RL 2004). In this analysis,
contaminant inventory for the LLBGs was assumed to be released to the vadose zone according to an
appropriate model. Transport within the vadose zone was estimated with a steady-state, one-dimensional,
variably saturated vadose zone transport model by assuming a unit release for a range of recharge rates.
Travel times for releases of unit mass were defined by arrival of 50 percent of each unit mass. These
travel times were used to translate mass releases from the LLBGs into mass releases at the water table.
The time-varying mass flux arriving at the water table reflects the entire time history of the mass release
from the source area as well as the calculated travel time in the vadose zone.
Estimates of contaminant release transport from the LLBGs to the groundwater were evaluated by
first calculating transport of 10-year releases of a unit of dry mass into the unconfined aquifer at the
LLBGs at the water table. These transport calculations were made with a steady-state, three-dimensional,
saturated groundwater flow and transient transport model. These calculated concentrations, based on a
unit release, were then used in the convolution approach to translate transport of mass releases from the
LLBG through the vadose zone and the aquifer to specified locations downgradient from the source areas.
The concentrations in the groundwater plumes for each radionuclide were translated into doses using
methods described in Appendix F of DOE/RL (2004).
The sequence of calculations in the long-term assessment required estimation of the potential groundwater quality impacts using a suite of process models that estimate source-term release, vadose zone flow
and transport, and groundwater flow and transport. The computational framework for these process
models and the relationship of software elements, schematically illustrated in Figure 1.1, is as follows:
1. Excel™ workbook
2. Dynamically linked library version of the STOMP code (White and Oostrom 1996, 1997;
Nichols et al. 1997)
3. CFEST code (Gupta 1987, 1997).
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Figure 1.1. Schematic Representation of Computational Framework and Codes Used in the
Hanford Solid Waste Environmental Impact Statement (DOE/RL 2004)
The convolution approach and the implicit assumption of linearity are reasonable for approximating
the long-term release of constituents from solid waste disposal facilities for the following reasons:


The environment of solid waste sources in Hanford solid waste disposal facilities has been
characterized as low-organic, low-salt, and nearly neutral geochemically (Kincaid et al. 1998),
and processes such as nonlinear adsorption and other complex chemical reactions are not
expected to have a substantial effect on contaminant release and transport through the vadose
zone and groundwater at the scales of interest (that is, 100 m downgradient from the waste
facilities toward the Columbia River).



Wastes disposed in Hanford solid waste disposal facilities are largely dry solids with no
substantial amounts of liquids or complex chemical fluids that could enhance migration of
constituents to the underlying water table.



Waste releases are expected to occur over long periods and will likely reach the water table when
the effect of past artificial discharges has dissipated and the unconfined aquifer returns to more
natural conditions. Using estimates of infiltration through the vadose zone to the underlying
groundwater that would reflect long-term average rates of natural recharge appears reasonable.

1.2 Purpose and Scope of Report
The primary purpose of this report is to summarize calculations using the WIF approach that support
groundwater flow and transport analyses associated with the 2005 performance assessment of the IDF.
This document can be referenced for WIF calculations for the IDF PA and can provide supporting
information to other ongoing Hanford Site risk analyses associated with the closure of single-shell tank
farms and related actions.
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Because the Site-wide model that supports these calculations is being recalibrated to incorporate
current data, this report is being made available electronically to a limited number of onsite personnel.
Many of the calculations in this report will be redone using the recalibrated model when it becomes
available later this year. The report will be reissued when the updated calculations are completed, to
support ongoing maintenance of the IDF PA. Meanwhile, an electronic version of this report can be
accessed online using the search feature at http://www.pnl.gov/main/publications/.
Section 2 describes the conceptual and numerical groundwater flow and transport model that provided
the basis for the simulated results summarized in this report. Section 3 summarizes results using the WIF
approach at selected waste release locations from the IDF in the 200 East Area and from tank farms in the
200 East and 200 West Areas. Section 4 summarizes results using the convolution approach for the same
sites and waste releases. To see how the WIF approach compares with the convolution approach for
estimating groundwater concentrations from mass releases to the unconfined aquifer, groundwater
concentrations were estimated with the both approaches for two hypothetical release scenarios. Results
for the two release scenarios are summarized and compared in Section 5. Section 6 discusses our
conclusions, and Section 7 contains cited references.
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2.0 Conceptual and Numerical Groundwater Model
Used in Analyses
This section describes the conceptual and numerical groundwater flow and transport models used to
develop results for the approaches summarized in this report. For these analyses, contaminant transport
was simulated with the three-dimensional Site-wide groundwater flow and transport model of the
unconfined aquifer described in Cole et al. (2001a)

2.1 Hydrogeologic Framework
The major hydrogeologic units that make up the unconfined aquifer system simulated in the Hanford
Site-wide model are described briefly in Table 2.1. A graphic comparison of the model units taken from
Thorne et al. (1993) with the major units of the stratigraphic column defined in Lindsey (1995) is shown
in Figure 2.1. Although nine hydrogeologic units were defined in this framework, only seven (Units 1, 4,
5, 6, 7, 8, and 9) were generally found to be below the water table during post-Hanford conditions (Cole
et al. 1997, 2001). These are the odd-numbered Ringold model units (5, 7, and 9), which are
predominantly coarse-grained sediments; the even-numbered Ringold model units (4, 6, and 8), which are
predominantly fine-grained sediments with low permeability; and the Hanford formation and preMissoula gravel deposits combined, which were designated as Model Unit 1. Model Units 2 and 3,
comprising the early Palouse soil and Plio-Pleistocene deposits, respectively, lie above the current water
table. The predominantly mud facies of the upper Ringold unit identified by Lindsey (1995) was
designated Model Unit 4. However, the lower, predominantly sand portion of the upper Ringold unit
described in Lindsey (1995) was grouped with Model Unit 5, which also includes Ringold gravel/sand
Units E and C, because the predominantly sand portion of the upper Ringold is expected to have hydraulic
properties similar to Units E and C. The lower mud unit identified by Lindsey (1995) was designated as
Model Units 6 and 8. Where they exist, the
Table 2.1. Major Hydrogeologic Units Used in the Site-Wide Three-Dimensional Model
Unit
Number
1
2
3

Hydrogeologic Unit
Hanford Formation
Palouse Soils
Plio-Pleistocene Unit

4
5

Upper Ringold Formation
Middle Ringold (Units E and C)

6

Middle Ringold (Lower Ringold Mud)

7
8

Middle Ringold (Units B and D)
Lower Mud Sequence (Lower Ringold
and part of Basal Ringold mud units)
Basal Ringold (Unit A)
Columbia River Basalt

9
10
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Lithologic Description
Fluvial gravels and coarse sands
Fine-grained sediments and eolian silts
Buried soil horizon containing caliche and
basaltic gravels
Fine-grained fluvial/lacustrine sediments
Semi-indurated coarse-grained fluvial
sediments
Fine-grained sediments with some interbedded coarse-grained sediments
Coarse-grained sediments
Lower blue or green clay or mud sequence
Fluvial sand and gravel
Basalt

Figure 2.1. Comparison of Generalized Hydrogeologic and Geologic Stratigraphy
[from Thorne et al. (1993) and after Lindsey (1995)]
gravel and sand Units B and D within the lower Ringold were designated Model Unit 7. Gravels of
Ringold Unit A were designated as Model Unit 9, and the underlying basalt was designated as Model
Unit 10. The basalt was assigned a very low hydraulic conductivity and was treated as essentially
impermeable in the model.
The lateral extent and thickness of each hydrogeologic unit were defined based on information from
drillers’ well logs, geologists’ logs, geophysical logs, and an understanding of the geologic environment.
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These interpreted areal distributions and thicknesses were then integrated into EarthVision™ (Dynamic
Graphics, Inc., Alameda, CA), a three-dimensional visualization software package that was used to
construct a database of the three-dimensional hydrogeologic framework.
2.1.1

Recharge and Flow System Boundary Conditions

The Site-wide groundwater model (Cole et al. 2001a) considered both natural and artificial recharge
to the aquifer. Natural recharge to the unconfined aquifer system occurs from infiltration of 1) runoff
from elevated regions along the western boundary of the Hanford Site, 2) spring discharges originating
from the basalt-confined aquifer system and along the western boundary, and 3) precipitation falling
across the Site. Some recharge also occurs along the Yakima River in the southern portion of the Site.
Natural recharge from runoff and irrigation in the Cold Creek and Dry Creek Valleys, upgradient from the
Site, also provide a source of groundwater inflow. Natural recharge from precipitation on the Site is
highly variable, both spatially and temporally, and depends on local climate, soil type, and vegetation.
The other source of recharge to the unconfined aquifer has historically come from wastewater
disposal. The large volume of artificial recharge from wastewater discharged from disposal facilities on
the Hanford Site over the past 60 years has substantially affected groundwater flow and contaminant
transport in the unconfined aquifer system. This volume of artificial recharge has decreased significantly
in the past 10 years, and the water table has declined steadily. After Site closure, the unconfined aquifer
system eventually will reach more natural conditions. Because flow conditions simulated for this
assessment focus on conditions that are likely to exist after closure and well into the future, the effects of
past and current wastewater discharges on the unconfined aquifer system were not considered.
Peripheral boundaries defined for the three-dimensional model are shown in Figure 2.2 along with the
three-dimensional flow-model grid. The flow system is bounded by the Columbia River on the north and
east and by the Yakima River and basalt ridges on the south and west. The Columbia River represents a
point of regional discharge for the unconfined aquifer system. The amount of groundwater discharged to
the river is a function of local hydraulic gradient between the groundwater elevation adjacent to the river
and the river-stage elevation. This hydraulic gradient is highly variable because the river stage is affected
by releases from upstream dams.
Because of the regional scale and long timeframe considered in this assessment, Site-wide flow and
transport modeling did not include the short-term and local-scale transient effects of the Columbia River
system on the unconfined aquifer. However, the long-term effect of the Columbia River as a regional
discharge area for the unconfined aquifer system was approximated in the three-dimensional model with a
held-head boundary applied at the uppermost nodes of the model at the river’s approximate left bank and
channel midpoint. Nodes representing the thickness of the aquifer below those representing the midpoint
of the river channel were treated as no-flow boundaries. This boundary condition was used to
approximate the groundwater divide that exists beneath the river where groundwater from the Hanford
Site and the other side of the river discharge into the Columbia. This head boundary was held constant at
the long-term, average river stage elevations implemented in the Site-wide model based on results from
previous work (Walters et al. 1994) for the Columbia River with the CHARIMA model. The Yakima
River was also represented as a constant head boundary at surface nodes approximating its location and
average flow and stage. Like the Columbia, nodes representing the thickness of the aquifer below the
Yakima’s channel were treated as no-flow boundaries. Short-term fluctuations in level do not influence
modeling results.
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Figure 2.2. Peripheral Boundaries Defined for the Three-Dimensional Model (after Cole et al. 1997)
In the Cold Creek and Dry Creek Valleys, the unconfined aquifer system extends westward beyond
the boundary of the model. To approximate the groundwater flux entering the modeled area from these
valleys, both constant-head and constant-flux boundary conditions were defined. A constant-head
boundary condition was specified for Cold Creek Valley for the steady-state model calibration runs. The
fluxes resulting from the specified-head boundaries in the calibrated steady-state model were then used in
the steady-state simulation of flow conditions after Hanford Site closure. The constant-flux boundary was
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used because it represents the response of the boundary to a declining water table better than a constanthead boundary does. Discharges from Dry Creek Valley resulting from infiltration of precipitation and
spring discharges are approximated using the same methods.
The basalt underlying the unconfined aquifer sediments represents a lower boundary for the system.
The potential for interflow (recharge and discharge) between the basalt-confined and unconfined aquifer
systems is largely unquantified, but it is postulated to be small relative to the other flow components
estimated for the unconfined aquifer system (Cole et al. 1997, 2001a, b). Therefore, interflow with
underlying basalt units was not included in the three-dimensional model. The basalt was defined in the
model as an essentially impermeable unit underlying the sediments.
2.1.2

Flow and Transport Properties

The development of estimates of flow and transport properties in the Hanford Site-wide model is
described in detail in Wurstner (1995) and Cole et al. (1997, 2001a). In the original calibration procedure
described in Wurstner et al. (1995), measured transmissivity values of the aquifer were used in a twodimensional model with an inverse calibration procedure to determine the transmissivity distribution of
the unconfined aquifer system. Hydraulic head conditions for 1979 were used in the inverse calibration
because measured hydraulic heads were relatively stable at that time. Details about the updated
calibration of the two-dimensional model are provided in Cole et al. (1997). The resulting transmissivity
distribution for the unconfined aquifer system is shown in Figure 2.3.
Hydraulic conductivities were assigned to the three-dimensional model units so the total aquifer
transmissivity from inverse calibration was preserved at every location. The vertical distribution of
hydraulic conductivity at each spatial location was determined based on the transmissivity value and other
information, including facies descriptions and hydraulic property values measured for similar facies. A
complete description of the seven-step process used to distribute the transmissivity vertically among the
model’s hydrogeologic units is presented in Cole et al. (1997).
The current version of the Site-wide model relies on a three-dimensional representation of the aquifer
system that was calibrated to groundwater monitoring data collected during Hanford operations from
1943 to the present. The calibration procedure and results for this model are described in Cole et al.
(2001a). This recent work is part of a broader effort to develop and implement a stochastic uncertainty
estimation methodology in future assessments and analyses using the Site-wide groundwater model (Cole
et al. 2001b). The resulting distribution of hydraulic conductivities from this recent calibration effort is
provided in Figures 2.4 and 2.5.
Information on transport properties used in this analysis relied on parameters developed in past
modeling studies at the Hanford Site (Wurstner et al. 1995). Estimates of selected model parameters were
developed to account for contaminant transport dispersion in all simulations. Specific model parameters
required included longitudinal and transverse dispersivity (DL and DT) and effective porosity.
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Figure 2.3. Transmissivity Distribution for the Unconfined Aquifer System Based on TwoDimensional Inverse Model Calibration (after Wurstner et al. 1995)
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Figure 2.4. Distribution of Estimated Hydraulic Conductivities at Water Table from Best-Fit
Inverse Calibration of Site-Wide Groundwater Model (after Cole et al. 2001a)
For this analysis, a longitudinal dispersivity, DL, of 95 m (310 ft) was selected based on the scale of
interest. Although transport results produced in this analysis span a range of scales, the key scale of
interest is the minimum distance between some of the source areas in the Central Plateau and the buffer
zone boundary surrounding this area. For some sources in 200 East Area, the distance of interest is on the
order of 1 to 2 km. Thus, a dispersivity value used in the original analysis was selected to be
approximately equal to 10 percent of the minimum travel distance of interest of about 1 km (0.6 mi).
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Figure 2.5. Distribution of Estimated Hydraulic Conductivities along Section Lines A-A’ and B-B’ from
Best-Fit Inverse Calibration of Site-Wide Groundwater Model (after Cole et al. 2001a)
The longitudinal dispersivity was also selected to be consistent with the range of recommended grid
Peclet numbers (Pe <4) to reach an acceptable solution. The 95-m (310-ft) estimate is about one-fourth of
the grid spacing in the finest part of the model grid in the Central Plateau, where the smallest grid spacing
is about 375 x 375 m (1230 × 1230 ft).
The corresponding transverse dispersivity used in the analysis was selected to be consistent with
general available regulatory and technical guidance. EPA guidance on the subject suggests a 1 to 3 ratio
for DT to DL (Mills et al. 1985). Freeze and Cherry (1979) report that transverse dispersivities are
normally lower than longitudinal dispersivities by a factor of 5 to 20 (that is, 0.2 to 0.05). Walton (1985)
states that reported ratios of DT to DL vary from 1 to 24, but common values are 0.2 and 0.1. Considering
this information, a transverse dispersivity, DT, used in Composite Analysis simulations (Kincaid et al.
1998) was assumed to be about 20 m (65.6 ft), which is approximately 20 percent of the selected
longitudinal dispersivity.
The effective porosity was estimated from specific yields obtained from multiple-well aquifer tests.
These values range from 0.01 to 0.37. Laboratory measurements of porosity that range from 0.19 to 0.41
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were available for samples from a few Hanford wells and were also considered. The few tracer tests
conducted indicate effective porosities ranging from 0.1 to 0.25. Within the model, a porosity value of
0.21 was used for the Ringold Formation (Model Unit 5), and a value of 0.07 was used for the Hanford
Formation (Model Unit 1) to be consistent with specific yield estimates for these units obtained from
inverse model calibration by Cole et al. (2001). Porosity values of other Ringold Model Units (Units 4, 6,
7, 8, and 9) were set at a value of 0.1. For the lower water table conditions expected during the postHanford period, the Early Palouse and Plio-Pleistocene hydrogeologic units (Model Units 2 and 3) existed
above the projected water table and so were not considered in the analysis.
To support calculations made at the IDF boundary in this analysis, additional calculations 100-m
downgradient from the IDF boundary were developed using a more refined local-scale version of the
regional-scale model. The distributions of hydraulic characteristics and geometry of major hydrogeologic
units used in the local-scale model were based on the interpolation of regional-scale model characteristics
and interpretation of major units onto the local-scale model grids. Like the regional-scale transport
simulations, calculations were performed for post-Hanford conditions, as described in Section 2.2.
In the local-scale analysis, a longitudinal dispersivity, DL, of 10 m (33 ft) was selected to be approximately equal to 10 percent of the minimum travel distance of interest of about 100 m. A transverse
dispersivity of about 20 percent of the longitudinal dispersivity, or 2 m, was also used in the analysis.

2.2 Simulation of Post-Closure Flow Conditions
Past projections of water table conditions after Site closure have estimated the impact of Hanford
operations ending, and the resulting changes in artificial discharges have been used extensively as a part
of Site waste management practices (Hartman 2000). Simulations of transient-flow conditions from 1944
through the year 3050 were conducted by Bryce et al. (2002). Their three-dimensional model shows an
overall decline in the hydraulic head and hydraulic gradient across the entire water table within the
modeled region. These simulations suggest that the groundwater flow in portions of the unconfined
aquifer would reach steady state in 100 to 350 years. The results were generally consistent with findings
for similar conditions in earlier modeling by Cole et al. (1997) and Kincaid et al. (1998).
Given the expected long delay for contaminants from potential long-term releases from the IDF and
tank farm areas to reach the groundwater, the hydrologic framework of all groundwater transport
calculations was based on a postulated post-Hanford, steady-state water table estimated with the threedimensional model. These conditions would only reflect estimated boundary condition fluxes (for
example, natural recharge and lateral boundary fluxes), not the effect of past and current wastewater
discharges, on the unconfined aquifer system.
Flow modeling results also suggest that, as water levels drop in the central areas where the basalt
crops out above the water table, the saturated thickness of the unconfined aquifer will decrease, and
portions of the aquifer may actually dry out. This thinning/drying of the aquifer is predicted to occur in
the area just north of the 200 East Area between Gable Butte and the outcrop south of Gable Mountain.
The drying would separate this northern area of the unconfined aquifer hydrologically from the area south
of Gable Mountain and Gable Butte. Because of the uncertainty in the potential natural recharge and
boundary fluxes from upgradient areas, the potential movement of contaminants through the gap or east
toward the Columbia River is also uncertain.
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For this analysis, flow conditions reflective of assumed basalt subcrops north of the 200 East Area
that effectively cut off the flow and transport from both the 200 East and West Areas to the north through
the gap between Gable Mountain and Gable Butte were considered (see Figure 2.6). The extent of
subcrops of basalt bedrock shown in this figure was developed by comparing predictions of the water
table with the current interpretation and potential uncertainty of the top of underlying basalt. This
assumed basalt subcrop distribution and the associated flow condition lead to a predominant easterly flow
from most of the 200 East and West Areas. This easterly flow scenario is consistent with that used in
supporting groundwater flow and transport calculations from the original ILAW performance assessment
(Bergeron and Wurstner 2000; Mann et al. 2001) and the preliminary IDF risk assessment (Mann et al.
2003a, b). This flow condition is also considered for some of the transport simulations evaluated in the
Solid Waste Environmental Impact Statement (DOE/RL 2004).

Figure 2.6. Predicted Post-Hanford Water Table Conditions (predominant easterly flow)
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3.0 Results Using the Well Intercept Factor Approach
The following discussion summarizes results achieved with the WIF approach at selected locations
from waste releases at the IDF in 200 East Area and at the tank farms in both the 200 East and West
Areas. The locations selected reflect those being evaluated in the groundwater flow and transport
analyses associated with the performance assessment of the IDF and the preliminary performance
assessment for closure of single-shell tank farms at the Hanford Site, both scheduled to be completed
during FY 2005.

3.1 Integrated Disposal Facility Results
Simulations with the WIF were performed for the IDF with both regional- and local-scale models, as
described in Section 2. In both cases, a 1 Ci/m3 concentration source input was applied to an area equal to
the IDF footprint. The assumed IDF disposal area and the equivalent inventory release in Ci/yr for both
local- and regional-scale model simulations are listed in Table 3.1. Release for the local-scale model
includes the full facility and the northeast, southeast, southwest, and northwest quadrants of the IDF. The
coarser grid spacing of the regional-scale model results in lower resolution of the contaminant plume than
the local-scale model. Results for the local-scale model simulations are provided at 100 and 1000 m
downgradient from the facility boundary, as shown in Figure 3.1. Results of the regional-scale model
include locations 1000 m from the facility boundary, in the east segment of the core zone, in the south
segment of the core zone, as shown in Figure 3.2, and along the Columbia River.
Releases simulated from the IDF site in the local-scale model considered the effect of potential source
release over the full disposal area and over each of the four quadrants of the disposal area individually.
The mass loading of the quadrant areas was equivalent to one-quarter of the mass loading for the full
facility. Figure 3.1 provides the location of the regional- and local-scale model nodes used for source
release in these calculations. The black dashed boxes around the regional-scale model nodes in the figure
show the effective area of source release when the source is applied to these specific nodes.
Table 3.1. Assumed Disposal Area and Annual Curie Loading for IDF Site Configurations
Used in Local and Regional-Scale Model Simulations (loading rates based on
assumed infiltration rate, 5 mm/yr)
IDF Disposal Area
Full Disposal Area(a)
NE Quadrant Area(b)
NW Quadrant Area(b)
SE Quadrant Area(b)
SW Quadrant Area(b)

Disposal Area
(m2)

Annual Curie Loading
(Ci/yr)

205,318
51,330
51,330
51,330
51,330

1026.6
256.6
256.6
256.6
256.6

(a) Used in both local- and regional-scale simulations of this IDF Site configuration.
(b) Only used in local-scale modeling of these IDF site configurations.

3.1

136000

Regional IDF nodes

Northing (m)

135500
IDF Boundary

135000

100 m Compliance Boundary

1 km Compliance Boundary

134500

134000
574000

YEAR

Figure 3.1.

574500

575000

575500

576000

576500

Easting (m)

1.0

Grid Spaces Used to Simulate Contaminant Releases from the IDF in 200 East Area and
Associated 100- and 1000-m Lines of Analysis Used in Local-Scale Model (nodes used
to approximate contaminant release from IDF in regional-scale model shown as red dots)

144000
142000

Northing (m)

140000

Core Zone Boundary

138000

IDF Facility
Boundary

136000
134000

1 km Point of
Analysis

132000
130000
565000

YEAR

0

570000

575000

Easting (m)

Figure 3.2. Location of IDF, Associated 1 km and Core Zone Lines of Analysis, and
Regional Model Grid Spacing

3.2

Because of the uncertainty in expected infiltration rates at the IDF locations, results developed for the
5 mm/yr rate for each of the cases were scaled to other infiltration rates that have been postulated from
surface and soil conditions near the IDF (Bergeron and Wurstner 2000). Other infiltration rates evaluated
in this analysis and summarized in each of the result tables included 0.1, 1.0, 4.2, 10, and 50 mm/yr.
Figures 3.3 and 3.4 show concentration histories developed with the local-scale model at the 100 and
1000 m downgradient locations. These provide the basis for WIFs calculated from releases for the full
IDF disposal area and the four quadrants at 100 and 1000 m, respectively, given in Table 3.2. The
concentration histories and resultant calculated WIFs for a range of infiltration rates show that the highest
values are derived from a release area representative of the full IDF disposal area. Releases to the
northwest quadrant of the disposal facility yielded the lowest WIFs of the four quadrants. This is
expected because groundwater flow is from the northwest to the southeast, and the flow path from the
northwest quadrant to the locations of interest is the longest of the four quadrants. Of the simulations that
considered release to each of the quadrants, the highest WIF was for the southeast quadrant. This was
expected because the flow path from the southeast quadrant to the locations of interest is the shortest of
the four quadrants. WIF values resulting from the four quadrant releases at the 100 m location selected
for the full disposal area option are provided in Table 3.2 as additional information.
Figure 3.5 shows concentration histories developed with the regional-scale model from source
releases at selected locations in the full IDF disposal area. These locations include a line of analysis
1000 m downgradient from the disposal area, at the east segment of the core zone, at the south segment of
the core zone, and along the Columbia River. These concentration histories provide the basis for the
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Figure 3.3. Concentration Histories at 100 m for IDF Release Areas Using Local-Scale Model
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Figure 3.4. Concentration Histories at 1000 m for IDF Release Areas Using Local-Scale Model
WIFs calculated from releases for a base rate of 5 mm/yr and other infiltration rates for the full IDF
disposal area at the selected downgradient locations summarized in Table 3.3. WIFs in the northern
segment of the core zone are not apparent in these plots because predicted plumes migrate primarily
through the east and south segments on their way to the discharge points along the Columbia River.
As expected, the WIF calculated from source releases for the full IDF disposal area exceeds those
calculated for releases from the northwest quadrant of the disposal area only. Calculated WIFs along the
east segment of the core zone are greater than those calculated along the south segment of the core zone
because the main trajectory of the simulated plume is primarily through the east segment of the core zone
from the IDF. Calculated results for the four quadrants at the 100- and 1000-m locations of maximum
WIFs for the full disposal area simulation are also provided as additional information in Table 3.2.
General consistency between local- and regional-scale model results can be evaluated by examining
concentration histories and related WIF simulations at the 1000-m downgradient location (see Tables 3.2
and 3.3 and Figures 3.4 and 3.5). A comparison of equivalent plots and WIFs indicates that local results
are larger than regional results in both models. This is expected because the grid resolution used in the
regional node is coarser than that of the local-scale model used in the source region. The effective source
area of the regional model grid is 562,500 m2, while the effective source area of the local model grid is
445,272 m2. A higher level of plume resolution, related peak concentrations, and resultant WIFs would
be realized in the finer local-scale model grid than in the coarser regional-scale model grid.
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Table 3.2. WIFs at Selected Points of Analysis for Different IDF Release Areas and
Recharge Rates Using Local-Scale Model
Point of
Analysis
100 m
1000 m

0.1

1.0

1.21E-04
5.73E-05

1.21E-03
5.73E-04

100 m
100 m(a)
1000 m
1000 m(a)

3.64E-05
1.66E-05
1.48E-05
1.35E-05

3.64E-04
1.66E-04
1.48E-04
1.35E-04

Recharge Rate mm/yr
4.2
5.0
Full IDF Area
5.08E-03
2.41E-03

6.05E-03
2.86E-03

10.0

50.0

1.21E-02
5.73E-03

6.05E-02
2.86E-02

3.64E-03
1.66E-03
1.48E-03
1.35E-03

1.82E-02
8.30E-03
7.40E-03
6.76E-03

3.11E-03
3.12E-03
1.45E-03
1.45E-03

1.56E-02
1.56E-02
7.25E-03
7.25E-03

4.48E-03
4.48E-03
1.63E-03
1.61E-03

2.24E-02
2.24E-02
8.15E-03
8.04E-03

NE Quadrant of IDF Area
1.53E-03
6.97E-04
6.21E-04
5.67E-04

1.82E-03
8.30E-04
7.40E-04
6.76E-04

NW Quadrant of IDF Area
100 m
100 m(a)
1000 m
1000 m(a)

3.11E-05
3.12E-05
1.45E-05
1.45E-05

3.11E-04
3.12E-04
1.45E-04
1.45E-04

1.31E-03
1.31E-03
6.09E-04
6.09E-04

1.56E-03
1.56E-03
7.25E-04
7.25E-04

SE Quadrant of IDF Area
100 m
100 m(a)
1000 m
1000 m(a)

4.48E-05
4.48E-05
1.63E-05
1.61E-05

4.48E-04
4.48E-04
1.63E-04
1.61E-04

1.88E-03
1.88E-03
6.85E-04
6.75E-04

2.24E-03
2.24E-03
8.15E-04
8.04E-04

SW Quadrant of IDF Area
100 m
5.11E-05
5.11E-04
2.14E-03
2.55E-03
5.11E-03
2.55E-02
(a)
100 m
2.86E-05
2.86E-04
1.20E-03
1.43E-03
2.86E-03
1.43E-02
1000 m
1.57E-05
1.57E-04
6.58E-04
7.83E-04
1.57E-03
7.83E-03
1000 m(a) 1.35E-05
1.35E-04
5.67E-04
6.75E-04
1.35E-03
6.75E-03
(a) WIF at 100- and 1000-m locations selected for the full disposal release area option.
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Figure 3.5. Comparison of Concentration Histories at Selected Points of Analysis for the Full IDF
Release Area and Recharge Rate of 5 mm/yr Using Regional-Scale Model (results for north,
east, and south core locations represent maximum concentrations estimated along the
respective segments of the core zone downgradient from the source areas)

Table 3.3. WIFs at Selected Points of Analysis for the Full IDF Release Area and
Recharge Rates Using Regional-Scale Model
Point of
Analysis

0.1

1.0

Recharge Rate (mm/yr)
4.2
5.0
Full IDF Area

1000m
East Core(a)
South Core(a)
River

10.0

50.0

2.11E-05
2.11E-04
8.86E-04
1.06E-03
2.11E-03
1.06E-02
1.32E-05
1.32E-04
5.56E-04
6.62E-04
1.32E-03
6.62E-03
8.70E-06
8.70E-05
3.65E-04
4.35E-04
8.70E-04
4.35E-03
5.69E-06
5.69E-05
2.39E-04
2.85E-04
5.69E-04
2.85E-03
(a) Results for the east and south core locations represent maximum WIFs estimated along the east
and south segments of the core zone downgradient of the source areas.
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3.2 Tank Farm Area Results
Simulations for the tank farms were performed with WIFs only for the regional-scale model described
in Section 3. For these simulations, a 1 Ci/m3 concentration source input was applied to an area equal to
the assumed tank farm area footprint. Some of the tank farms were grouped together because their
collective area could be approximated only with a single node within the grid resolution of the model.
Figures 3.6 and 3.7 show the location of the tank farms on the regional grid for the 200 East and West
Areas, respectively. The assumed combined tank farm areas in both 200 East and 200 West and the
resulting curie loading release, in Ci/yr, are listed in Table 3.4.
3.2.1

200 East Area Tank Farms

Figure 3.8 shows concentration histories from releases at the aggregate 200 East Area tank farms at
the east and south segments of the core zone. The highest WIFs resulting from these concentration
histories occur in the east segment of the core zone for all 200 East tank farms. Figure 3.9 shows the
concentration histories from releases at the aggregate 200 East Area tank farms along the Columbia River.
WIFs resulting from these concentration histories at the core zone and along the Columbia River are
provided in Table 3.5. Results at the core zone location have been subdivided to reflect maximum WIFs
estimated along different segments (i.e., north, south, and east segments) of the core zone boundary.
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Figure 3.6. Location of Nodes (denoted in blue) Used to Simulate Contaminant Releases
for Aggregated Tank Farms in 200 East Area in Regional-Scale Model Grid
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Table 3.4. Assumed Tank Farm Areas and Annual Curie Loading Used in Regional-Scale Model
Simulations (loading rates based on assumed infiltration rate of 5 mm/yr)
Aggregated Tank Farm
Area
AN-AY-AZ
A-AX
AW-AP
B-BX-BY
C
S-SX
T-TX-TY
U

Assumed Release Areas
(m2)
200 East
28,800
9,600
12,800
57,600
19,200
200 West
30,400
35,200
9,600

Assumed Curie Loading
(Ci/yr)
144
48
64
287.9
96
152
176
48

Modeling results for these releases indicate the plume crosses only the east and south segments of the
core zone. Thus, for the 200 East Area tank farms, results for the north segment of the core zone are not
included.
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Figure 3.8. Concentration Histories at Segments of Core Zones for 200 East Tank Farm Release
Areas Using the Regional-Scale Model. Results for east and south core locations
represent maximum WIFs estimated along east and south segments of core zone
downgradient from source areas.
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Figure 3.9. Concentration Histories Along Columbia River for 200 East Tank Farm
Release Areas Using Regional-Scale Model
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Table 3.5. WIFs at Selected Locations for 200 East Tank Farm Release Areas
Using Regional-Scale Model
Location

0.1

East core(a)
South core(a)
River

8.85E-07
3.53E-07
2.37E-07

Recharge Rate (mm/yr)
1.0
4.2
5.0
A-AX Tank Farm Area
8.85E-06
3.53E-06
2.37E-06

3.72E-05
1.48E-05
9.95E-06

4.43E-05
1.77E-05
1.18E-05

10.0

50.0

8.85E-05
3.53E-05
2.37E-05

4.43E-04
1.77E-04
1.18E-04

2.75E-05
9.89E-05
7.03E-05

1.38E-04
4.94E-04
3.51E-04

1.54E-04
3.87E-05
3.87E-05

7.70E-04
1.93E-04
1.93E-04

4.42E-04
2.24E-04
1.60E-04

2.21E-03
1.12E-03
8.01E-04

AN-AY-AZ Tank Farm Area
(a)

East core
South core(a)
River

2.75E-07
9.89E-07
7.03E-07

2.75E-06
9.89E-06
7.03E-06

East core(a)
South core(a)
River

1.54E-06
3.87E-07
3.87E-07

1.54E-05
3.87E-06
3.87E-06

1.16E-05
4.15E-05
2.95E-05

1.38E-05
4.94E-05
3.51E-05

AW-AP Tank Farm Area
6.47E-05
1.62E-05
1.62E-05

7.70E-05
1.93E-05
1.93E-05

B-BX-BY Tank Farm Area
(a)

East core
South core(a)
River

4.42E-06
2.24E-06
1.60E-06

4.42E-05
2.24E-05
1.60E-05

1.86E-04
9.39E-05
6.73E-05

2.21E-04
1.12E-04
8.01E-05

C Tank Farm Area
East core(a)
South core(a)
River

1.93E-06
1.93E-05
8.10E-05
9.65E-05
1.93E-04
9.65E-04
6.60E-07
6.60E-06
2.77E-05
3.30E-05
6.60E-05
3.30E-04
5.37E-07
5.37E-06
2.25E-05
2.68E-05
5.37E-05
2.68E-04
(a) Results for east and south core locations represent maximum WIFs estimated along east and
south segments of the core zone downgradient of the source areas.

Table 3.6 summarizes ratios of release areas for each tank farm relative to the largest assumed area at
B-BX-BY tank farm and ratios of associated WIFs relative to the B-BX-BY WIF at the core zone and
river for the base-case infiltration of 5 mm/yr. A comparison of WIF ratios with ratios of assumed release
areas to the largest release area at the B-BX-BY tank farm shows that the higher the assumed release area,
the higher the predicted WIF at any given location. However, at the core zone, the ratios of WIFs do not
exactly correspond to the ratios of the assumed areas because of the effect of local-scale groundwater
flow regimes and flow paths. At the river, however, the relation of the WIFs at other farms to the B-BXBY result is nearly identical to those of release areas at the source area.
In general, the highest WIF at the east segment of the core zone is calculated for mass releases from
the B-BX-BY and AN-AY-AZ tank farms, and the lowest is from the AW-AP tank farm. Based on
position alone, one would expect the B-BX-BY tank farm to show the lowest WIF and the AW-AP tank
farm to show one of the highest. However, the assumed release area of the B-BX-BY tank farm is about
4.5 times larger than the assumed AW-AP tank farm area, and the B-BX-BY tank farm area is in an area
of a relatively higher groundwater flow conditions. This combination of factors affects the calculation of
the WIF at this core zone location in this tank farm area.
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Table 3.6. Comparison of Ratios of Assumed Release Area to Largest Release Area in 200 East
(B-BX-BY Tank Farm Area) and 200 West (T-TX-TY Tank Farm Area); ratios of
WIF to WIFs based on releases in the same areas
Aggregated
Tank Farm
Area
200 East
A-AX
AN-AY-AZ
AW-AP
B-BX-BY
C
200 West
S-SX
T-TX-TY
U

Ratio of Assumed Release
Ratio of WIF to WIF from Releases
Area to Release Area
Relative to B-BX-BY Tank Farm
East Segment of
River
Core Zone
0.17
0.20
0.15
0.50
0.06
0.44
0.22
0.35
0.20
1.00
1.00
1.00
0.33
0.44
0.33
Relative to T-TX-TY Tank Farm
East Segment of
River
Core Zone
0.86
0.86
0.86
1.00
1.00
1.00
0.27
0.27
0.31

The resulting WIFs, highest to lowest, observed at the east segment of the core zone location are
repeated at the river, though at a lower value. The ratio of the WIF at the east segment of the core zone
relative to the river is generally about 3.8 for the 200 East Area tank farms. At the river, the ratio of the
WIF calculated from releases at each tank farm area to the WIF calculated from releases at the B-BX-BY
tank farm (the largest area of release from 200 East tank farms) is very close to the ratios of release areas
at the sources (see Table 3.6).
3.2.2

200 West Area Tank Farms

Figure 3.10 provides concentration histories for the three segments of the core zone location for
releases from the aggregate tank farms in 200 West Area. Figure 3.11 shows concentration histories from
the same 200 West Area tank farm releases along the Columbia River. WIFs resulting from these
concentrations at the core zone and along the Columbia River are provided in Table 3.7. The WIFs
calculated for releases from these tank farms are provided at the northern, southern, and eastern segments
of the core zone. The WIFs at the core zone for the aggregate T-TX-TY tank farm area are highest in the
northern segment. The WIFs for releases from the U tank farm, in the center of 200 West Area, are only
slightly higher in the northern segment of the core zone than in the southern segment. The WIFs for
releases from the aggregate S-SX tank farm are the largest in the southern segment of the core zone.
A review of the calculations at the east core zone location shows that the WIFs from releases at the
T-TX-TY tank are higher than the other two farms in ratios similar to those of the assumed release areas.
Comparing the WIFs at the river with those calculated at the east core boundary reveals a decrease of a
factor of about 2.8 for releases from T-TX-TY and S-SX tank farms in these two locations. This factor is
about 2.3 for releases from U tank farm. At the river, the ratio of the WIFs calculated from releases at
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Figure 3.10. Concentration Histories at Segment Core Zones for 200 West Tank Farm
Release Areas Using the Regional-Scale Model. Results for north, east, and south
segments of the core locations represent maximum WIFs estimated in the east and
south segments of the core zone downgradient from the source areas.
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Figure 3.11.

Concentration History Along Columbia River for 200 West Tank Farm
Release Areas Using the Regional-Scale Model

each tank farm area to the WIF calculated from releases at the T-TX-TY tank farm area (the largest area
of release for the 200 East Area tank farms) is nearly identical to the ratios of the release areas at the
sources (see Table 3.6).
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Table 3.7. WIFs at Selected Locations for 200 West Tank Farm Release Areas Using
the Regional-Scale Model
Location
East core(a)
North core(a)
South core(a)
River

0.1
1.79E-06
4.92E-07
1.02E-06
7.49E-07

Recharge Rate (mm/yr)
4.2
5.0
S-SX Tank Farm Area

1.0
1.79E-05
4.92E-06
1.02E-05
7.49E-06

7.52E-05
2.07E-05
4.28E-05
3.14E-05

8.95E-05
2.46E-05
5.10E-05
3.74E-05

10.0

50.0

1.79E-04
4.92E-05
1.02E-04
7.49E-05

8.95E-04
2.46E-04
5.10E-04
3.74E-04

2.07E-04
5.69E-04
1.18E-04
8.67E-05

1.04E-03
2.85E-03
5.91E-04
4.34E-04

T-TX-TY Tank Farm Area
(a)

East core
North core(a)
South core(a)
River

2.07E-06
5.69E-06
1.18E-06
8.67E-07

2.07E-05
5.69E-05
1.18E-05
8.67E-06

8.71E-05
2.39E-04
4.96E-05
3.64E-05

1.04E-04
2.85E-04
5.91E-05
4.34E-05

U Tank Farm Area
East core(a)
North core(a)
South core(a)
River

5.68E-07
5.68E-06
2.38E-05
2.84E-05
5.68E-05
2.84E-04
8.22E-06
8.22E-05
3.45E-04
4.11E-04
8.22E-04
4.11E-03
3.90E-07
3.90E-06
1.64E-05
1.95E-05
3.90E-05
1.95E-04
2.65E-07
2.65E-06
1.11E-05
1.33E-05
2.65E-05
1.33E-04
(a) Results for the north, east, and south core locations represent maximum WIFs estimated along
the east and south segments of the core zone downgradient of the source areas.
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4.0 Results Using the Convolution Approach
This section summarizes results using the convolution approach for the same source release locations
discussed in Section 3. In this approach, the regional-scale model was used to evaluate concentration
breakthrough curves from a unit release (1 Ci) over a 10-year period from the IDF and eight aggregate
tank farms. Releases from five tank farm areas were evaluated in the 200 East Area, and releases from
three aggregate tank farm areas were evaluated in the 200 West Area. Results from all of these releases
were evaluated at the core zone and along the Columbia River and are shown in Table 4.1.
The breakthrough curves at the east segment of the core zone location and along the river for unit
releases from the IDF and aggregate tank farms in the 200 East Area are provided in Figures 4.1 and 4.2.
The breakthrough curves at the east segment of the core zone location and along the river are provided in
Figures 4.3 and 4.4 for unit releases from the aggregate tank farms in the 200 West Area.
As expected, breakthrough curves for release from aggregate tank farms closest to the core zone in
the 200 East Area show the earliest arrival times and highest concentrations. The breakthrough curve for
releases from the aggregate B-BX-BY tank farms, which are farthest from the core zone, shows the latest
peak arrival time and lowest concentration levels. These results reflect the effect of higher-velocity flow
regimes directly beneath the B-BX-BY tank farms in the current model. The breakthrough curve for
releases from the aggregate A-AX and AW-AP tank farms, which are closest to the core zone, shows the
earliest peak arrival times and highest peak concentrations. These results reflect the effect of slightly
lower-velocity flow regimes directly beneath these tank farms in the current model.
Table 4.1. Comparison of Unit Release Results at Core Zone and River for IDF and Tank Farm Release
Areas with Regional-Scale Model; results for eastern core location represent maximum
estimated concentration along east segment of core zone downgradient from source areas
(pCi/L)
200 East Area
Peak (yr)
East core
16.7
30
29.4
22
29.4
22
31.9
26
16.2
32
19.2
30
200 West Area
1.9
280
2.4
230
2.1
280
(a)

IDF Site
A-AX Tank Farm
AN-AY-AZ Tank Farm
AW-AP Tank Farm
B-BX-BY Tank Farm
C Tank Farm
S-SX Tank Farm
T-TX-TY Tank Farm
U Tank Farm

River(b)
1.96
2.18
1.93
1.93
1.84
1.66

Peak (yr)
80
85
85
99
95
90

0.66
0.58
0.63

380
360
380

(a) Maximum concentration, in pCi/L, over time along the east segment of the core zone.
(b) Maximum concentration, in pCi/L, in groundwater over time along the Columbia River.
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Figure 4.1. Concentration Histories at East Segment of Core Zone for Unit 10-year Release from IDF
and Aggregate Tank Farm in 200 East Area Using the Regional-Scale Model. Results for
the east core location represents maximum concentration estimated along the east segment
of the core zone downgradient from the source areas.
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Figure 4.2. Concentration Histories Along the Columbia River for a Unit 10-year Release from
IDF and Aggregate Tank Farms in 200 East Area Using the Regional-Scale Model
Along the river, the concentration differences between releases from the IDF and tank farm locations
are less pronounced, reflecting the dampening effect of the aquifer system and dispersion along flow
paths to the river. But the predicted arrival times and concentration levels at the river also show the same
general trend—releases from the closest aggregate tank farms exhibit slightly higher concentrations and
earlier arrivals.
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Figure 4.3. Concentrations at the East Segment of the Core Zone for Unit 10-yr Release from the
Aggregate Tank Farms in 200 West Area Using Baseline Regional-Scale Model.
Results for the east segment of the core zone represent maximum WIFs estimated
along the east segment of the core zone downgradient of the source areas.
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Figure 4.4. Concentrations Along the Columbia River for a Unit 10-yr Release from
Aggregate Tank Farms in 200 West Area Using the Regional-Scale Model
Concentrations in the 200 West Area tank farm releases are affected by the distance to the eastern
segment of the core zone. The first peak arrival at the eastern segment is the release from the aggregate
T-TX-TY tank farm. Breakthrough curves for releases from the aggregate U and S-SX tank farms arrive
at the same time, about 55 years later. Peak concentrations from these releases are slightly lower than
those estimated for the T-TX-TY tank farm, which can be attributed to increased dispersion over the
longer transport time. Peak concentration levels from U tank farm releases are slightly lower than those
calculated for the S-SX release because they arrive at the core zone along slightly different flow paths.
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Like the 200 East Area tank farms, the concentration differences between releases from the different
locations are less pronounced once they reach the river. Peak concentrations for releases from the
aggregate T-TX-TY and U tank farms are lower than releases from the aggregate S-SX tank farm because
part of the plume passes through the gap between Gable Mountain and Gable Butte to the north. The
main trajectory of the simulated plume from the aggregate S-SX tank farm area is to the east.
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5.0 Comparison of Alternative Methods
The discussion in this section compares the results from the alternative approaches for two example
mass-release scenarios: 1) a long-term increasing contaminant release from glassified low-level wastes
disposed in 200 East Area and 2) a shorter-term hypothetical mass release from a tank farm in 200 West
Area.
The long-term contaminant release example was adapted from work by Mann et al. (2001) for a
10,000-yr base case involving a source release from ILAW disposed of as a glass waste form at the IDF in
200 East Area. This analysis evaluated a source release from the glass wastes with an assumed
technetium-99 inventory of 25,550 Ci.
The shorter-term release example was derived from a hypothetical release postulated for a tank waste
retrieval scenario at the S-SX tank farm in the 200 West Area in the tank farm closure analysis. This
scenario was one of several cases evaluated by Zhang et al. (2004) as a part of that analysis. This specific
case involved a source release of an assumed technetium-99 inventory of 0.7 Ci over 600 years. Results
of the two calculations are also compared with results from a direct simulation approach.

5.1 Long-Term Increasing Release Scenario
Predicted concentrations at the core zone boundary and along the Columbia River using direct
numerical simulation were established for the long-term contaminant release case described above to
facilitate comparison of results from the WIF approach with results using the convolution approach. This
simulation was based on a steady-state flow field calculated with the regional flow model. The specific
annual release rate used in the simulation is shown in Figure 5.1. The annual release rate is
5.75E-11 Ci/yr at the start of the simulation, increasing to 1.68E-02 Ci/yr at 10,000 years. The overall
cumulative release during the 10,000 years of interest was about 84 Ci.
Concentration breakthrough curves from this simulation for the east segment of the core zone and the
Columbia River are provided in Figure 5.2. The peak concentration established at the end of 10,000 years
was 12 pCi/L in the eastern segment of the core zone and 6.5 pCi/L at the river. The calculated
breakthrough curves at the core zone and along the river, while different in magnitude, are similar in
shape and reflect the nature of the increasing contaminant release rate introduced into the model during
the course of the simulation (Figure 5.1).
Figure 5.3 compares predicted technetium-99 concentrations in the eastern segment of the core zone
and along the Columbia River from direct simulation with predictions from the WIF and convolution
approaches. In this specific long-term release case, all three methods produce breakthrough curves at any
location downgradient from the source area that are similar in shape to the long-term release curves used
in the simulation. Results at the core zone and along the river using the convolution approach were very
similar to those developed with direct simulation at comparable locations. Predictions using the
convolution approach were about 4 percent higher and 10 percent lower at the core zone and along the
river, respectively, than direct simulation predictions.
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Figure 5.1. Annual and Cumulative Long-Term Contaminant Release Example—a Source
Release from ILAW Glass Wastes Containing 25,550 Ci of 99Tc near the IDF
(adapted from Mann et al. 2001). The overall cumulative release during
the10,000 years of interest was about 84 Ci.
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Figure 5.2.

Predicted 99Tc Concentrations at East Segment of Core Zone and Along the
Columbia River by Direct Simulation of Long-Term Source Release from
ILAW Glass Wastes Containing 25,550 Ci of 99Tc near the IDF (adapted
from Mann et al. 2001). The overall cumulative release during the
10,000 years of interest was about 84 Ci.
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Figure 5.3. Comparison of Predicted 99Tc Concentrations Using Direct Simulation with the WIF
and Convolution Approaches at the Eastern Segment of the Core Zone and Along the
Columbia River. Results are for a long-term source release from ILAW glass wastes
containing 5,550 Ci of 99Tc at the IDF (adapted from Mann et al. 2001). The overall
cumulative release during the10,000 years of interest was about 84 Ci.
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The comparison also showed that results developed with the WIF approach were similar to the
convolution and direct simulated approaches at comparable locations. WIF results were quite similar to
direct simulation results at the core zone and along the river (see Figure 5.3 and Table 5.1). Core zone
results were within 10 percent (higher) of those from direct simulation, and results along the river were
within 11 percent (lower) of comparable direct simulation results.
Table 5.1. Comparison of Predicted Peak 99Tc Concentrations Using Direct Simulation with WIF and
Convolution Approaches at the East Segment of the Core Zone and Along Columbia River.
Results are for a long-term source release from ILAW glass wastes containing 25,550 Ci of
99
Tc at the IDF (adapted from Mann et al. 2001).
Estimation Methods
Location
East Segment of
the Core Zone
Along the River

Well Intercept
Convolution
Factor
99
Tc Concentration (pCi/L)

Direct Simulation

12.1

13.3

12.6

6.5

5.8

5.8

5.2 Shorter-Term Release Scenario
A predicted set of concentrations at the core zone boundary and along the Columbia River using
direct numerical simulation was established for the example shorter-term contaminant release case. This
hypothetical tank leak from the S-SX tank farm area evaluated in Zhang et al. (2004) was used to
facilitate comparisons of the alternative approaches. This simulation, which is described more fully in
Zhang et al. (2004), was based on a steady-state flow field calculated with the regional flow model and
based on the annual release rates shown in Figure 5.4. The annual release rate starts at 1.0E-14 Ci/yr and
increases to a peak of 5.0E-03 Ci/yr before declining to a rate of 8.0E-05 at 600 years. Overall
cumulative release after 600 years of simulation was about 0.7 Ci.
Concentration breakthrough curves for the east segment of the core zone location and Columbia River
resulting from direct simulation of the shorter-term release case are provided in Figure 5.5. The peak 99Tc
concentration established with direct simulation during the 600 years was about 3 pCi/L along the eastern
segment of the core zone and about 1 pCi/L along the river. The calculated breakthrough curves at the
core zone and along the river, while different magnitudes, are similar in shape and different from the
relatively short-duration release curve used in the simulation (Figure 5.4). Because of dispersion, the
rounding and flattening of the input source release curve was expected as it is introduced into the aquifer
and transported over several kilometers before reaching the east segment and the river.
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Figure 5.4. Annual and Cumulative Shorter-Term Contaminant Release Example. Results are from
600-yr release of ~0.7 Ci of 99Tc from S-SX tank farm (adapted from Zhang et al. (2004)
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Figure 5.5. Comparison of Predicted 99Tc Concentrations Using Direct Simulation with the WIF and
Convolution Approaches at Eastern Segment of Core Zone and Along the Columbia River.
Results are from 600-yr release of ~0.7 Ci of 99Tc from S-SX Tank Farm (adapted from
Zhang et al. 2004).
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Table 5.2. Comparison of Predicted 99Tc Concentrations Using Direct Simulation with the WIF and
Convolution Approaches at the East Segment of the Core Zone and Along Columbia River.
Results are from 600-yr release of ~0.7 Ci of 99Tc from S-SX tank farm adapted from
Zhang et al. (2004).
Estimation Methods
Location

Well
Intercept Convolution
Factor
99
Tc Concentration (pCi/L)
71.5
107.3
76.1
1.9
32.7
1.8
0.9
19.9
0.8

Direct
Simulation

~250 m downgradient from tank farm
East segment of core zone
Along the river

Figure 5.5 compares predicted technetium-99 concentrations for the shorter-term release case at three
selected locations based on the direct simulation, WIF, and convolution approaches. Selections include
locations about 250 m downgradient of the S-SX tank farm boundary, at the east segment of the core
zone, and along the Columbia River. In this specific shorter-term release case, the convolution approach
produced estimated concentrations that were closest to those developed with direct simulation.
Specifically, compared to direct simulation results at comparable locations, predicted results using the
convolution approach were about 7 percent higher, 3 percent lower, and 5 percent lower at the 250 m
downgradient location, the core zone, and along the river, respectively. The convolution approach comes
closest to results from direct simulation because the effect of dispersion is directly considered in the
calculations.
The intercomparison of results showed that estimates of peak concentration obtained using the WIF
approach, as shown the long-term release case, were higher at comparable locations than those estimated
with the convolution and direct simulation approaches. Results from the WIF approach were closest to
direct simulation results at the 250 m location, where they were about 50 percent (1.5 times) higher. The
WIF results were much higher at the core zone and along the river—3.6 and 2.1 times higher,
respectively.
For this specific case, higher concentration levels would be expected using the WIF approach because
it estimates downgradient groundwater concentrations by scaling the inventory release curve coming in
from the vadose zone by a calculated dilution factor. Thus WIFs can reproduce the overall dispersal of
the plume and the shape of the concentration breakthrough curves as the contaminant migrates from the
source over the large distances. In this specific case, the overall downgradient distance to the core zone
and to the Columbia River was 10 to 15 kilometers. With a shorter-term release occurring over a few
hundred years, as in the case considered, shapes of predicted breakthrough curves at this distance from the
source area have enough space and time to disperse and deviate significantly from the shape of the
original release curve at the source area, as shown in Figure 5.5.
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6.0 Summary and Conclusions
Alternatives to direct numerical simulation of contaminant transport and dispersion are available and
useful for assessments that need to estimate groundwater concentrations migrating from future vadose
zone mass to the unconfined aquifer. These methods can be appropriate for estimating groundwater
concentrations from vadose zone releases if:


mass release reaches the unconfined aquifer after the effects of current transient changes to the
vadose zone and aquifer system have dissipated



flow conditions in the unconfined aquifer can be assumed to be at steady-state.

Comparisons of results using the WIF and convolution approaches with results from direct simulation
for two contrasting cases yield the following conclusions:
For the long-term contaminant release scenario case (a source release from ILAW glass wastes
containing 25,550 Ci of technetium-99 near the IDF) (adapted from Mann et al. 2001), the convolution
approach estimated concentrations that were closest to those developed with direct simulation. Results at
the core zone and along the river using the convolution approach were very similar to results at
comparable locations developed with direct simulation. Predictions using the convolution approach were
about 4 percent higher and 10 percent lower than direct simulation at the core zone and along the river,
respectively.
The comparison also showed that results developed with the WIF approach were similar to those
estimated with the convolution and direct simulation approaches at comparable locations. The WIF
predictions at the core zone and along the river were within 10 percent (higher) and 11 percent (lower),
respectively, of direct simulation.
For the shorter-term contaminant release scenario (a hypothetical 600-yr release of ~0.7 Ci of
technetium-99 from the S-SX tank farm area) (adapted from Zhang et al. 2004), the convolution approach
estimated concentrations that were closest to those developed with direct simulation. Specifically, when
compared to direct simulation results at comparable locations, predictions from the convolution approach
were about 7 percent higher, 3 percent lower, and 5 percent lower at the 250 m downgradient location,
core zone, and along the river, respectively. The convolution results are closest to estimates from direct
simulation because the effect of dispersion is directly considered in the calculations.
The intercomparison of results from the WIF approach, as shown in the long-term release case,
produced higher peak concentrations than those estimated with the convolution and direct simulation
approaches at comparable locations. Compared with direct simulation, results from the WIF approach
were closest to direct simulation results at the 250 m location—where they were about 1.5 times higher.
The WIF results were much higher at the core zone and along the river—about 17 and 22 times higher,
respectively.
This analysis concludes that because estimating peak concentrations with the WIF approach basically
involves scaling the time series of input source concentrations from the vadose zone to the aquifer by the
calculated WIFs, results would be reasonably accurate for estimating groundwater concentrations near the
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source release. However, the convolution approach would more closely approximate groundwater
concentrations at locations farther from the source area. For the two cases considered, the WIF approach
overestimates peak concentrations away from the source area. The WIF method overestimates predicted
peak concentrations at downgradient locations as the breakthrough curves deviate from the shape of the
input function in response to plume dispersion. Results are generally influenced by two factors: the
duration of the source term release to the water table and the downgradient distance to points of
calculations. Comparison of WIF results with direct simulation results for the two cases evaluated
provided a general measure of the overall magnitude of the deviation that could be expected for IDF and
tank farm locations.
Peak concentrations estimated with the WIF approach would tend to be closer to results from direct
simulation for longer-term releases of contaminants where the shapes of breakthrough curves at various
points of calculations are similar to the original release curve introduced in the source area. For the
ILAW glass release case evaluated at the IDF in 200 East Area, WIF results at the core zone and along
the river were within 10 percent (higher) and 11 percent (lower), respectively, of comparable direct
simulation results.
The overestimation of peak concentrations with the WIF approach tends to be higher for shorter-term
releases of contaminants where breakthrough curve shapes at various points of calculations are influenced
by plume dispersion and deviate from the original release curve introduced in the source area. For the
hypothetical tank leak case evaluated at the S-SX Tank Farm in the 200 West Area, where the points of
calculations are considerably farther away from the source area, WIF results at the core zone and along
the river were on the order of 17 and 22 times higher than comparable direct simulation results.
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