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Table S-77b. Map 11: Chemical Inventories (kilograms) (continued)
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UPR-200- | UPR-200-E-1 L - - - - 2.03 2.28x10° -
E-18 Unplanned Release
UPR-200- | UPR-200-E-3 L - - 1.07x107* - 3.29x107 | 3.64x10' -
E-32 Unplanned Release
UPR-200- | UPR-200-E-85 L - 2.51x107 | 4.40x107 | 8.06<107 2.65x107 | 3.27710° - -
E-85 Unplanned Release
216-B-4 [ 216-B-4 Reverse L - - 1.43x10° | 1.68x107 - 1.80x107 | 1.26x107 ~ -
Well
216-B-6 | 216-B-6 Reverse L - - - - 6.42x10° | 6.73x10° - PP
Well
200-E-30 | 200-E-30 Sand Filter | S - - - - - - -
|-B Sand Filter)
200-E-55 -E-55 French L - 2.88<107 | 1.44x107° | 1.67x107 - 6.16%107 | 6.11x10" - - 1.78<10"
rain
uu-E-95 -E-95 French L - 2692107 | 1.35x10° | 1.56x107 - 6.29<107 | 6.09x10 - - 1.81x107
Drain
216-B- 216-B-10A Crib L - - 1.42x107 | 1.85x10™ - 1.09x10" | 1.32x10° - - 4.83
10A
216-B- 216-B-10B Crib L - - - - 3.00 3.14x10° - - - 2.63%107
10B
UPR-200- | UPR-200-E-77 L -~ - - - - 3.57x107 | 4.36x10" - - - - 3.30x10~
E-77 Unplanned Release

Key: HNO;=nitric acid; ID=identifier; L=liquid; NO,=nitrogen dioxide; S=solid; WIDS—Waste Information Data System.

Source: SAIC 2006.

2 This site was not modeled because not all information needed to prepare model input files was available and assumptions could not be made.
Note: Dash ( ) means no data found or inventory is estimated to be 0 or below detectable levels.
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APPENDIX T
SUPPORTING INFORMATION FOR THE
SHORT-TERM CUMULATIVE IMPACT ANALYSES

This appendix contains the detailed tables that =1inport the short-term cumulative impacts presented in Chapter 6
of this Tank Closure and Waste Managerm=nt  vironmental Impact Statement for the Hanford Site, Richland,
Washington. The cumulative impact methc  logies are described in Appendix R.

This section presents detailed tables for short-term cumulative impacts for the following resource areas:
land resources, ecological resources, cultural and paleontological resources, socioeconomics, and
transportation (see Tables T—1 through T—4). Other resource areas do not need detailed tables to support
their short-term cumulative impact analyses.

The tables in th appendix describe the = t, present, and
reasonably foreseeable future actions in the regions of | Effects on the environment that result
influence that were considered in the cumulative impact | from the proposed action when added to
assessment for these resource areas. Past and present actions other past, present, and reasonably

. . . . foreseeable future actions, regardless of
that may contribute to cumulative impacts include those | it agency or person undertakes such
conducted by government agencies, businesses, or | other actions (40 CFR 1508.7).
individuals within the regions of influence considered. As
desc ed in Appendix R, Table R—4, 52 projects or sets of
projects were evaluated for their contributions to cumulative impacts.

The methodology used in this Tank Closure and Waste Management Environmental Impact Statement for
the Hanford Site, Richland, Washington to estimate cumulative impacts was divided into four phases:
(1) selection of resource areas and appropriate regions of influence, (2)selection of reasonably
foreseeable future actions, (3) estimation of cumulative impacts, and (4) identification of monitoring and
mitigation. A flow chart showing the four phases of cumulative impacts analysis is presented in
Appendix R, Figure R-2. The tables presented in this Appendix T form a portion of Phases 2 and 3 and
contain detailed information to support the short-term cumulative impacts analysis presented in Chapter 6.
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Table T-1. Past, Present, and Reasonal

Foreseeable Future Actions Potentially Affect

: Land and Ecological Resources (continued)

Total Land
Area/ Area
Terrestrial Shrub-
Habitat Steppe Distance from
Affected? Affected Threatened and 200 Areas
Project/Action (hectares) (hectares) Endangered Species (kilo ters) Notes Source
Other Projects/Activities in the Region of Influence (continued)
Transportation 324 25.1 Not addressed. 53 s¢ 1east | The roadway is WSDOT 2007.
Project, Roadway 17.7k  meters long and
from Interstate 82 to 11 meters wide. Assuming
Finley, Washington 3.7 meters are needed on each
side of zroad, the total
width is 18.3 meters. The
road passes through open
land, which appears to be
primarily shrub-steppe habitat
with some agricultural land
(based on Google Earth aerial
photography). It was assumed
that 13.7 kilometers are shrub-
steppe  \bitat.
Finley Columbia 223 0 No impact. 62 southeast | 16.2 to 22.3 hectares of Columbia Ethanol Plant
Ethanol Plant, agricultural land would be Holdings 2006:22, 23,
Benton County, disturbed. Plantis adjacentto | 27, 29.
Washington industrial facility. Area is
zoned industrial. Aesthetic
impacts would be negligible
Operation of the 18.2 0 No impact. 3.2 southeast | The project would impact DOE 1998:8, 20, 21,

Perma-Fix Northwest
(formerly Pacific
EcoSolutions) Waste
Treatment Facility in
Richland,
Washington

18.2 hectares of disturbed
grassland. No sensitive
habitats would be affected.
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Table T-2. Past, Present, and Re:

p]y Foreceeahle Fuutnre Actinne Patentially Affactine (ultnral Recanresc

Total Area
Disturbed
Action (hectares) Cultural Resources ar  Visual Impacts Source
TC & WM EIS Activities
Alternative 2 On site. Chapter 4, Section 4.4.7.
Combination 1 Specific elements of the TC & WM EIS
Alternative Combination 1 are addressed in
Chapter 4, Section 4.4.7.
Alternative 307 On site. Chapter 4, Section 4.4.7.
Combination 2 Specific elements of the TC & WM EIS
Alternative Combination 2 are addressed in
Chapter 4, Section 4.4.7.
Alternative 793 On site. Chapter 4, Section 4.4.7.

Combination 3

Specific elements of the TC & WM EIS
Alternative Combination 3 are addressed in
Chapter 4, Section 4.4.7.

Other DOE Activities at the Hanford Site

Central Plateau closure 112.1 On site. Fluor Hanford 2004.
Although specific mining plans and precise areas
and schedules for material excavation have not
been identified, Borrow Area C and/or gravel pit
No. 30 are the designated source areas for all
ge gic materials. Changes to the viewshed
would nccur. Future uses of the Central Plateau
woulc kely include structures and activities
consistent with Industrial-Exclusive use.
Decommissioning of the 6.1 On site. DOE 1989:4.39; 1992.
eight surplus production The location is in a highly developed area. There
reactors and their support would be a possible impact on archaeological or
facilities in the 100 Areas cultural properties that could be found within the
along the 100 Areas and/or the 100-B Reactor.
Columbia Riverd
Decommissioning of the 0 On site. OE 2005.

N Reactor and its support
facilities

105-N and 109-N Buildings. Impacts are not
expected because the project is in a highly
developed area.

S2SAIOUY JIOAUT DANL prevanss]) UWLAD [ -1A0YS BY) A0 UOYDULIOU] unrsoddng « [ Xipusddy































Appendix T = Supporting Information for the Short-Term Cumulative Impact Analyse«
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U.2 HUMAN HEALTH

This section presents the results of the long-term cumulative impacts analysis for human health. The
same methodology used for the alternatives analysis was used to analyze cumulative impacts. A
description of this methodology is presented in Appendix Q.

The long-term human health impacts due to release of radionuclides are estimated as dose and as lifetime
risk of incidence of cancer. Potential human health impacts due to release of chemical constituents
include both carcinogenic effects and other forms of toxicity. Impacts of carcinogenic chemicals are
estimated as lifetime risk of incidence of cancer. Noncarcinogenic effects are estimated as a Hazard
Quotient, the ratio of the long-term intake of an individual chemical to the intake that produces no
observable effect, and as a Hazard Index, the sum of the Hazard Quotient of a group of individual
chemical constituents.

As with the individual alternatives, four r sures of human health impacts are considered in this
analysis—lifetime risk of developing cancer from radiological constituents, lifetime risk of developing
cancer from chemical constituents, dose from radiological constituents, and Hazard Index from chemical
constituents. These measures are calculate each year for 10,000 years for applicable receptors at three
locations of analysis (i.e., Core Zone Boundary, Columbia River nearshore, and Columbia River surface
water). This is a large amount of information that must be summarized to allow interpretation of results.
The method chosen is to present dose for the year of maximum dose, risk for the year of maximum risk,
and Hazard Index for the year of maximum Hazard Index. This choice is based on regulation of
radiological impacts as dose and the observation that peak risk and peak noncarcinogenic impacts
expressed as Hazard Index may occur at times other than that of peak dose.

The three onsite locations of analysis are the Core Zone Boundary, the Columbia River nearshore, and the
Columbia River. The offsite location of analysis is for population centers downstream of the site. The
total offsite population is assumed to be 5 million people.

Consistent with DOE guidance (DOE Guide 435.1-1), the potential consequences of loss of
adm trative or institutional control are considered by estimations of impacts on onsite receptors.
Beci @ DOE does not anticipate loss of control of the site, these onsite receptors are considered
hypothetical and are used to develop estimates for past and future periods of time.

Four types of receptors are considered. The first type, a drinking-water well user, uses groundwater as a
source of drinking water. The second type, a resident farmer, uses groundwater for drinking water
consumption and irrigation of crops. Garden size and crop yield are adequate to produce approximately
25 percent of average requirements of crops and animal products. The third type, an American Indian
resident farmer, also uses groundwater for drinking water consumption and irrigation of crops. Garden
size and crop yield are adequate to produce the entirety of average requirements of crops and animal
products. The fourth type, an American Indian hunter-gatherer, is impacted by both groundwater and
surface water because he drinks surface water and consumes both wild plant materials, which use
groundwater, and game animals, which use surface water.

The significance of dose impacts is evaluated by comparison against the 100-millirem-per-year
all-pathway standard specified for protection of the public and the environment in DOE Order 5400.5.
The level of protection provided for the drinking water pathway is evaluated by comparison against
applicable drinking water standards presented in Chapter 5, Section 5.1.1. The significance of
noncarcinogenic chemical health effects is evaluated by comparison against a Hazard Index guideline
value of less than unity.
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Potential human health impacts of the past, present, and reasonably foreseeable future actions
(non—-7C & WM EIS actions) are summarized in Tables U-3 through U-5. The key radiological
constituent contributors to human health risk are trittum, carbon-14, strontium-90, technetium-99,
iodine-129, cesium-137, uranium isotopes, neptunium-237, and plutonium isotopes. The chemical risk
and hazard drivers are 1-butanol, carbon tetrachloride, chromium, fluoride, hydrazine/hydrazine sulfate,
manganese, mercury, nickel (soluble salts), nitrate, total uranium, and trichloroethylene. As shown in
Tables U-3 through U-5, the peak radiolo al dosc and risk have already occurred for all locations and
all receptors. For the peak Hazard Index and nonradiological risk, the peak has either already occurred or
would occur between the years 2200 and 2500. For the period of time prior to calendar year 2000,
lifetime radiological risks for the year of peak risk at the Core Zone Boundary and Columbia River
locations were high, approaching unity. For the period after calendar year 2000, risks remain high, with
values between 1 x 107 and 1 x 10”. The estimate of radiological dose for the years of peak dose for the
offsite population is 215 person-rem per year, approximately 0.01 percent of the average background
dose.

U-51
















Draft Tank Closure and Waste Management Environmental Impact Statement for the
Honford Site, Richland, Washington

Potential human health impacts of Alternative Combination 1, with the past, present, and reasonably
foreseeable future (non-TC & WM EIS) actions discussed above, are summarized in Tables U-6
through U-8. The key radiological constituent contributors to human health risk are tritium, carbon-14,
strontium-90, technetium-99, iodine-129, cesium-137, uranium isotopes, neptunium-237, and plutonium
isotopes. The chemical risk and hazard drivers are 1-butanol, acetonitrile, boron and boron compounds,
carbon tetrachloride, chromium, fluoride, hydrazine/hydrazine sulfate, manganese, mercury, nickel
(soluble salts), nitrate, total uranium, and trichloroethylene. The impacts of Alternative Combination 1
are dominated by the impacts of non—7C & WM EIS sources. The estimate of radiological dose for the
year of peak dose for the offsite population is 215 person-rem per year, approximately 0.01 percent of
average background dose.
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Potential human health impacts of Alternative Combination 2, with the past, present, and reasonably
foreseeable future (non—-7TC & WM EIS) actions discussed above, are summarized in Tables U-9 through
U-11. The key radiological constituent contributors to human health risk are tritium, carbon-14,
strontium-90, technetium-99, iodine-129, cesium-137, uranium isotopes, neptunium-237, and plutonium
isotopes. The chemical risk and hazard drivers are 1-butanol, boron compounds, carbon tetrachloride,
chr¢  ium, fluoride, hydrazine/hydra e sulfate, manganese, mercury, nickel (soluble salts), nitrate, total
uranium, and trichloroethylene. The impacts of Alternative Combination 2 are dominated by the impacts
of non—TC & WM EIS sources. The estimate of radiological dose for the year of peak dose for the offsite
population is 215 person-rem per year, approximately 0.01 percent of the average backgro d dose.
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Potential human health impacts of Alternative Combination 3, with the past, present, and reasonably
foreseeable future (non-TC & WM EILS) actions discussed above, are summarized in Tables U-12 through
U-14. The key radiological constituent contributors to human health risk are tritium, carbon-14,
strontium-90, technetium-99, iodine-129, cesium-137, uranium isot ¢s, neptunium-237, and plutonium
isotopes. The chemical risk and hazard drivers are 1-butanol, boron and boron compounds, carbon
tetrachloride, chromium, fluoride, hydrazine/hydrazine sulfate, manganese, mercury, nickel (soluble
salts), nitrate, total uranium, and trichloroethylene. The impacts of Alternative Combination 3 are
dominated by the impacts of non—7C & WM EIS sources. The estimate of radiological dose for the year
of peak dose for the offsite population is 215 person-rem per year, approximately 0.01 percent of the
average background dose.

With the addition of the alternative combinations to the past, present, and reasonably foreseeable future
(non—TC & WM EIS) actions, and comparing among the alternative combinations, the peaks for the dose,
risk, and Hazard Index occur at similar times and concentrations. A more-detailed discussion of the
results of the cumulative impact analyses is presented in Chapter 6.
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APPENDIX V
BLACK ROCK RESERVOIR SENSITIVITY ANALYSIS

This appendix describes a variant of the regional-scale groundwater flow model for the Hanford Site.

V.1 BACKGROUND

The velopment of the Tank Closure and Waste Management Environmental Impact Statement for the
Hanford Site, Richland, Washington (TC & WM EIS) Base Case flow model that was used to analyze
long-term groundwater impacts for the alternative and cumulative impact analyses is presented in
Appendix L. The variant discussed in this appendix is presented to provide information on the potential
influence of a reasonably foreseeable future scenario—construction of the Black Rock Reservoir (BRR)
west of the Hanford Site (Hanford). Previous studies (see Section V.3.1) suggested that leakage from this
reservoir has the potential to impact groundwater elevations and flow velocities beneath Hanford, which
could in turn affect the comparison of the long-term impacts of the alternatives examined in this
TC & WMEIS.

V.2  SENSITIVITY ANALYSIS PURPOSE AND SCOPE
V.2 Purpose of Analysis

The overall goal of the analysis is to illustrate the consequences of leakage from the proposed BRR on the
potential differences among 7C & WM EIS alternatives with respect to long-term groundwater impacts.

Specific purposes of this analysis are to determine the following:

e The change in water table elevation and flow velocities beneath Hanford resulting from water
flux added by leakage from the BRR.

e Potential changes in vadose zone contaminant transport times resulting from a shortened vadose
zone.

e Potential changes in groundwater plume predictions resulting from mobilization of vadose zone
contaminants under rising water table supply activities. Excluded are evaluation of the BRR’s
impact on human health and the environment, as well as the comprehc ive, long-term
(10,000-year) impacts of any alternative addressed in this 7C & WM EIS.

V.2.2 Scope of Modeling Effort
The scope of the modeling cffort included:

e Obtaining predictions of the additional groundwater flux induced by leakage from the proposed
BRR from the U.S. Department of the Interior, Bureau of Reclamation (BOR)

e Inserting these fluxes into the Base Case MODFLOW [modular three-dimensional finite-
difference groundwater flow model] and predicting changes in water table elevation and flow
velocities

e Comparing the BRR flow ficld with the Base Case flow field

e Using the STOMP [Subsurface Transport Over Multiple Phases] model (see Appendix N) to
predict vadose zone travel times under shortened vadose zone conditions
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V3
V3.1

Comparing the BRR and Base Case flow fields with respect to the time to appearance of peak
concentrations of technetium-99 at the Columbia River from a 1-curie release from various
200 Area release locations

Evaluating the results to determine any differential impacts across the 7C & WM EIS alternatives
MODEL DEVELOPMEN

Previous Studies

In preparation of the BRR sensitivity analysis performed by Science Applications International
Corporation (SAIC), the following documents were reviewed:

1.

Final Planning Report/Environmental Impact Statement, Yakima River Basin Water Storage
Feasibility Study, Yakima Project, Washington, December 2008 (BOR 2008)

This document “examined the feasibility and acceptability of storage augmentation for the benefit

fish, irrigation, and future municipal water supply for the Yakima River basin.” In efforts to
supply additional water storage in the Yakima River basin, the document considered three
alternatives other than the No Action Alternative: (1) the Black Rock Reservoir Alternative,
(2) the Wymer Dam and Reservoir Alternative, and (3) the Wymer Dam plus Yakima River
Pump Exchange Alternative. Other programmatic joint alternatives discussed within the
document include the Enhanced Water Conservation Alternative, the Market-Based Reallocation
of Water Resources Alternative, and the Groundwater Storage Alternative. For a variety of
reasons, most notably issues related to the cost-benefit ratio assessments of each alternative, BOR
identified the No Action Alternative as the Preferred Alternative. No site-specific Hanford
Reservation groundwater modeling was performed for the examined alternatives. SAIC utilized
the document for background knowledge regarding the Black Rock Reservoir Alternative.

Modeling Groundwater Hydrologic Impacts of the Potential Black Rock Reservoir: A Component
of the Yakima River Basin Water Storage Feasibility Study, Washington Pacific Northwest
Region, September 2007 (BOR 2007)

As a component of the Final Planning Report/Environmental Impact Statement, Yakima River
Basin Water Storage Feasibility Study, Yakima Project, Washington (discussed above), this
document was published to further examine the Black Rock Reservoir Alternative. The report
documents results pertaining to a potential groundwater seepage analysis of 1 BRR. The
analysis quantifies potential reservoir seepage to surrounding aquifers and provides an indication
of flow direction associated with the seepage. The modeling in this report, performed using
various MODFLOW software packages, further characterizes potential impacts on the western
boundary of Hanford (e.g., increased hy ™ wlic head, estimated groundwater fl  surface-water
discharge). The analysis does not examine proposed secpage mitigation controls nor examine
potential site-specific impacts on the Hanford Reservation.

This scepage analysis, performed by BOR, ultimately provided flux values along the western
boundary of Hanford, which were used to develop SAIC’s BRR variant flow field model
discussed in this “Black Rock Reservoir Sensitivity Analysis.” The BOR flux values used by
SAIC were requested via a formal data request (Schmidt 2007). Further discussion of
development of the BRR variant flow field model is included in Section V.3.2. Initially, two
BRR permeability cases were developed for analysis as proposed by BOR—BRR Permeability
Case 1 and BRR Permeability Case 2.  wring this analysis, direction was given to SAIC to only
proceed with Permeability Case 2.
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3. Potential Impact of Leakage from Black Rock Reservoir on the Hanford Site Unconfined Aquifer:
Initial  Hypothetical ~Simulations of Flow and Contaminant Transport, March 2007
(Freedman 2008)

This analysis was performed by Pacific Northwest National Laboratory (PNNL) to identify
potential impacts associated with the development of the BRR at Hanford. Simulated lateral
recharge (or flux) along the western boundary of Hanford was calculated using water table
elevations (hydraulic head values) no greater than the highest groundwater elevation attained in
the Central Plateau of Hanford during the Hanford operational period. PNNL developed three
steady state flow fields to assess the fate and transport of site contaminants; varying western
>undary fluxes of (1) 27,000 acre-feet/year, (2) 16,000 acre-feet/year, and (3) a no additional
flux Base Case of 365 acre-feet/year. The transport of four radionuclides (hydrogen-3 [tritium],
iodine-129, technetium-99, and uranium-238) was modeled over a 300-year period. Simulated
radionuclide concentration distributions across Hanford in 2005 were used as initial mod
conditions prior to running each model. Model transport analysis provided (1) peak concentration
downstream  d points of compliance, (2) areas of Hanford contaminated above drir” ~ g water
standards, and (3) the total activity within the model domain at the end of transpc  simulation.

PNNL’s analysis results of all three simulated BRR models indicated that the models (1) “had
little impact on regional flow directions,” (2) “accelerated contaminant transport,” and (3) “the
accelerated transport caused dilution and a more-rapid decline of concentration relative to the
Base Case.” Further, PNNL results indicated that increased western boundary flux caused an
increase in the highly retarded uranium-238, but the concentrations were found not to exceed
drinking water standards. PNNL noted no significant effects of contaminant concentrations at the
designated Hanford Core Zone or the Columbia River.

No specific data or results derived from the PNNL study were used for the BRR variant flow field
analysis discussed in this appendix. The PNNL study was used as background information only.

V3.2 Relationship to 7C & WM EIS Modeling Framework

The TC & WM EIS Base Case groundwater flow model was developed for input to the 7C & WM EIS
groundwater transport model, which is used for simulating the fate and transport of contaminants to
analyze the alter ives and cumulative impacts. The Base Case groundwater flow model development
and the associated flow field extraction methods are discussed in Appendix L. The 7C & WM EIS Base
Case groundwater transport mod  levelopment and application are discussed in Appendix O.

The Base Case groundwater flow and transport models : ¢ rated to historical field observations of
groundwater hydraulic heads and contaminant concentrations. This calibration to historical field
observations provides an indication that the Base Case models can reasonably predict future hydraulic
heads and contaminant concentrations. The calibrated results produced in the Base Case groundwater
modeling simulations are used as inputs to the long-term impacts analysis in this 7TC & WM EIS.

The Bl is considered to be a reasonably foreseeable future scenario that may impact groundwater flow
and transport beneath Hanford. BOR has developed a separate groundwater flow model that simulates the
additional water flux to groundwater in areas surrounding the proposed reservoir, includi  Hanford.

The BOR flow model covers an arca of about 4,480.7 square kilometers (1,730 square miles) with
discrete model cells that range from 0.2 to 0.83 square kilometers (0.08 to 0.32 square miles)
(Schm  2007). The T7C & WM EIS groundwater flow model covers an areca of about 1,942.5 square
kilometers (750 square miles) with discrete model cells that cover 0.039 square kilometers (0.015 square
miles) each. The larger scale and coarser gridding of the BOR model allow macro-1 :l encoding of
model properties and macro-level analysis, which are appropriate for the BOR study; however, the
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smaller scale and finer gridding of the 7C & WM EIS Base Case flow model is preferred to make
predictions about the impacts of the proposed reservoir on contaminant fate and transport bencath
Hanford.

To simulate the impacts on Hanford resulting from the proposed BRR, the 7C & WM EIS groundwater
modeling team worked with the BOR groundwater modeling team to identify a line of model interface
(line of flux), where the agreed-upon line is included geographically in both the BOR model and the
TC & WM EIS Base Case flow model. This line of flux or interface was then used to represent the
changes in flux into and out of the TC & WM EIS model based on the results of the BOR flow model
simulation. The line of model interface (as encoded into the TC & WM ELS Base Case model) is
illustrated in Figure V-1.

This line of water flux from the BOR model was provided to SAIC’s TC & WM EIS groundwater
mt ling team in “Data Request #279 Related to Hanford Tank Closure & Waste Management
Environmental Impact Statement” (Schmidt 2007). This data set provided flux values along the line of
1 based on the model | Iding in DR model. This data set was processed by the 7C & WM EIS
groundwater modeling team to translate the locations and values from the coarser BOR model gridding to
the finer 7C & WM EIS model gridding. This revised data set was then encoded as recharge flux into a
BRR variant of the 7C & WM EIS Base Casc flow model. Encoded flux values include positive and
negative values and are from the perspective of the BOR model. Therefore, negative values represent
flux into the BRR variant model, and positive values represent fluxes out of the BRR variant model.
Cell (model row and column) specific flux values are included in Table V-1. Within the BRR variant
mc 1, row 1 is the first row starting frc  the north, and column 1 is the first column irting from the
west.
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V.33 Methodology for Evalu: ng Changes in Flow Field and Transport Patterns

The variant flow field spread of recharge (flux along the western model domain boundary) extends
from d Creek (northeastern region of the model domain) surface water discharge, along the western
model domain past the Dry Creek discharge regions, to near the northern reaches of West Richland. To
aid model convergence, the BRR flux was stepped in at 20 percent flux intervals over the first five model
time periods prior to reaching the full designated flux volumc.

To evaluate and characterize how the BRR variant flow field model’s additional western boundary fluxes
affect the flow and transport pattcrns across Hanford, the following investigative methods were uscd:

1. Steady state flow field head « tribution analysis generated by MODFLOW. The BRR

variant flow field head distributions were compared to the head distributions in the TC & WM FEIS

se Case flow field. Standard color ramp scales were  :d to com  : model hydraulic head

values. :ad information was provided at the cnd-of-timc (long-tcrm steady state) model
simulation time step of both models.

2. Hanford Central Plateau direc nal flow field tracers (particle pathlines) analysis. Central
Plateau—originating directional flow pathlines (generated by MODPATH [MODFLOW particle-
tracking postprocessing package]) from the long-term steady state flow field of the BRR variant
flow field model were compared to those from the long-term steady state 7C & WM FEIS Base
Case flow model.

3. Steady state flow field vector analysis. Groundwater Vistas, Version 4.2.5, Build 22 (ESI
2004), was utilized to interpret MODFLOW-generated flow field vectors within the BRR variant
flow field model and compare them to the 7C & WM EIS Base Case flow model vectors.
Groundwater Vistas utilizes end-of-time (long-term steady state) MODFLOW output files to
internally calculate model cell X and Y flow vectors. Vector length is on a logarithmic scale for
display purposes. Standard color ramp and logarithmic scales used to distinguish vector lengths
equ vy represent the velocities in the two flow fields. Contour lines are used to indicate a
relative ratio of velocities between the two models.

The results of these analyses are included in Section V. 4.1.
V.34 Methodology for Evaluating Vadose Zone Inundation

To determine the inundation depth to be applied to each Base Case STOMP model result, the
TC & WM EIS Base Case flow model and the BRR variant flow field model were interrogated at each
STOMP model location across Hanford to determine the inundation depth resulting from the additional
flux om the BOR flow model. The inundation depth at these locations is equal to the calculated
difference between the hydraulic head or water table elevation (above mean sea level [amsl]) in the
TC & WM EIS Base Case flow model and the hydraulic head in the BRR variant flow field model. The
inundation depth results from the rising water table. A calculation of the vadose zone decrease in depth
(percentage) under BRR variant conditions compared to T7C & WM EIS Base Case vadose zone depths
was also performed.

The results of this analysis are included in Section V.4.2.

V.3.5 Methodology for Evaluating Changes to Vadose Zone Thickness and Travel
Times

Analysis of the movement of water and various solutes through the vadose zone (unsaturated zone
between the ground surface and groundwater) was required to evaluate the 7C & WM EIS long-term
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For comparison, in general, the Hanford operational period increased the groundwater elevation beneath
the Core Zone more than 20 meters (66 feet) in the 200-West Area and approximately 10 meters (33 feet)
in the 200-East Area through direct injection of wastewater discharge from the surface (Freedman 2008).
The R variant flow field rise in groundwater elevation in the Core Zone (compared to the
TC & WM EIS Base Case flow field) is less  an the elevations observed during the Hanford operational
period.
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Steady State Flow Field Vectors

Considering that the BRR variant flow field significantly increased recharge flux along the western model
boundary and the subsequent increase in hydraulic gradient, groundwater flow velocities have increased
relative to the 7C & WM ELS Base Case flow field. Model cell X and Y steady state vector velocities are
used to help iantify lateral flow direction of the BRR variant flow field relative to the 7C & WM EIS
Basc Case fiow field. Figures V-7 through V-20 are flow field vector illustrations generated by
Groundwater Vistas comparing multiple layers within the BRR variant and TC & WM EIS Base Case
flow ficlds. Groundwater Vistas utilizes end-of-time (long-term steady statc) MODFLOW output files to
internally calculate model cell X and Y flow vectors. Vector length is calculated using a logarithmic
scale for purposes of display clarity. Standardized color ramps and logarithmic scales are used to
uniformly distinguish and equally compare groundwater vectors between the two flow fields. Contour
lines are used within the BRR variant flow field vector illustrations to indicate a relative ratio of velocity
compared to the TC & WM EIS Base Case flow field. Model layers range in thickness but are identical in
both models. Depending on model layer clevation, portions of Hanford may not have groundwater
ava for vector analysis (e.g., the model layer is above the specified water table elevation).
Ap x L, Section L.4, further discusses groundwater flow field model grid design, cell properties, and
boundary conditions and includes a sample cross section illustrating the depth of each model layer.

Model Layers 3 (135 to 140 meters [442.9 to 459.3 feet] amsl), 9 (122 to 123 meters [400.3 to
403.6 feetjam , 11 (120 to 121 meters [393.7 to 397 feet] amsl), 14 (117 to 118 mecters [383.9 to
387.2 feet] amsl), 15 (116 to 117 meters [380.6 to 383.9 feet] amsl), 16 (115 to 116 meters [377.3 to
380.6 feet] amsl), and 20 (100 to 105 meters [328.1 to 344.5 feet] amsl) were compared between the
two models.

The highest groundwater elevations that are easily comparable are observed in Layer 3 (135 to 140 meters
[442.9 to 459.3 feet] amsl) of each model. In Layer 3, groundwater flow is only represented in the
western reaches of the model domain near Cold Creek. The area of saturation within the model domain at
this elevation is greater in the BRR model. BRR velocities within the Central Plateau are slightly higher,
and there is a tendency for vectors to indicate direction to the north rather than to the east (as displayed in
the 7C & WM EIS Base Case model) beneath the Central Plateau. South of the Central Plateau, unlike the
TC & WM EIS Base Case model, velocities are higher in the BRR model due to saturation of highly
cor  :tive Hanford formations due to the rising water table.

In Layer 9 (122 to 123 meters [400.3 to 403.6 feet] amsl) of both models, groundwater covers the entire
Central Plateau. In general, velocities (0.1 to 1.5 meters [0.33 to 4.9 feet])/day) found in the area are
similar benea the Central Plateau with the exception of velocities closest to and within Gable Gap,
where there is significantly greater velocity (greater than 10 meters [32.8 feet]/day) directed to the north
within the BRR variant flow field model. In general, a larger area of the Hanford formation within the
BRR model is covered with groundwater flow at this model layer elevation. Within the BRR variant flow
field model, significantly more groundwater is flowing at higher velocities between the 200-East Area
and the 400 Area, where the highly conductive Hanford formation is encountered.

Similar to Layer 9, Layer 11 (120 to 121 meters [393.7 to 397 feet] amsl) of both models indicates vectors
beneath the western regions of the Central Plateau are similar, except the BRR model vector has a general
tendency more to the north, while the 7C & WM EIS Base Case model vector has a general tendency to
the east. Order of magnitude velocity differences between the two models are noted in and north of Gable
Gap. Unlike the 7C & WM EIS Base Case model, the BRR model indicates a relatively high velocity
channel of groundwater tracking through Gable Gap in a northwestern direction towards the Columbia
River. This northwestern channel is further supplied by high velocity flow emitting from another shallow
basalt gap west of Gable Gap. No significant differences in flow vectors between the two models are
noted in the central and southern regions of Hanford.
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Table V-5. STOMP Vadose Zone Waste Vianaoement Simulation Summarv

Vadose Zone Release to riow
Field (Flux/Time)
Figure Number
Hanford Site Solute T7C & WM EIS | BRR Variant
Disposal TC & WM EIS Waste Management Modeled Base Case Flow Field
Location Alternative Description3 (1 Curie) Flow Model Model
Waste Management Alternative 2,
200-East Area Disposal Group 1 - Offsite waste (waste . .
Integrated . Te-99 Figure V-20 Figure V-21
Disposal Facility meeting Hanford Waste Acceptance
Criteria, grouted waste form)
200w | S Mameemen Aemate S
Integrated pe p Tc-99 Figure V-22 Figure V-23
Disposal Facilit meeting Hanford Waste Acceptance
p acity Criteria, grouted waste <~ _
Waste Management Ancinauve 1,
200-West Area Non-CERCLA Waste — miscellaneous
StATe waste meeting Hanford Waste Tc-99 Figure V-24 Figure V-25
trench 31 . .
Acceptance Criteria, stored in 55-gallon
drums
Waste vianagement anernative 1,
200-West Area— Non-CERCLA Waste — miscellaneous
estArea waste meeting Hanford Waste Te-99 Figure V-26 Figure V-27
trench 34 . .
Acceptance Criteria, stored in 55-gallon
drums
Central Plateau— | Waste Management Alternative 2,
River Protection Disposal Group 1 — Onsite-generated . » .
Project Disposal contaminated soils and decommissioned Te-99 Figure V-28 Figure V-29
Facility ~cill C ot
200-East Area ]v)\/.astt: lvllzglagcmlegt .Alten;z.ilt'ived2l,
Integrated 15posal roup 1Mmoblzed Tow= Te-99 Figure V-30 Figure V=31
. e activity waste, poured glass in steel
Disposal Facility aminbnog

a  Additional details regarding the Waste Management alternatives are included in Chapter 2 of this 7C & WM EIS.

Key: BRR=Black Rock Reservoir;, CERCLA=Comprehensive Environmental Response, Compensation, and Liability Act;
STOMP=Subsurface Transport Over Multiple Phases; Tc=technetium; TC & WM EIS=Tank Closure and Waste Management
Environmental Impact Statement for the Hanford Site, Richland, Washington.

In all waste management scenarios examined (see Table V—4), the results of the STOMP modeled
long-term vadose zone transport simulations indicate essentially no differences in either timing of the
release or the amount released between the BRR variant flow field conditions and the TC & WM EILS Base
Case conditions.

Additional sensitivity analysis regarding vadose zone transport within this 7C & WM EILS can be found in
Appendix N, Section N.3, “Sensitivity Analysis.”
V4.3 Changes to Timing of Groundwater Peak Concentrations at the

Columbia River

Groundwater flow and transport analysis was performed using the BRR variant flow field and the
TC & WM EIS Base Case flow field to evaluate peak concentration arrival time to the Columbia River
from a l-curie release of technetium-99 at each barrier location. Table V-6 provides the results of this
analysis. The year of peak concentration arrival at the Columbia River from all releases is earlier in the
BRR variant model. In general, the peak year variances are minimal compared to the overall period of
waste release and the length of the TC & WM EIS Base Case transport simulation (10,000 years).
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