CHAPTER 5
LONG-TERM ENVIRONMENTAL CONSEQUENCES

Chapter 5 presents the potential long-term impacts on the existing natural and human environment and on human
health of implementation of reasonable alternatives for each of the following: (1) tank waste retrieval and treatment
and single-shell tank system closure at the Hanford Site (Hanford); (2) decommissioning of the Fast Flux Test
Facility and auxiliary facilities and disposition of Hanford’s inventory of radioactively contaminated bulk sodium;
and (3) management of waste resulting from the above and other Hanford activities and limited volumes from other
U.S. Department of Energy sites. Impact analyses for the alternatives and options considered for each of the three
sets of proposed actions are presented separately in Sections 5.1, 5.2, and 5.3, respectively. Impact analyses are
grouped first by resource area or discipline (i.e., groundwater, human health, and ecological risks) and then by
alternative so that impacts of releases to air and groundwater can be meaningfully compared across alternatives.
All disciplines are analyzed in a manner commensurate with their importance and the expected level of impact on
them under a specific alternative—the sliding-scale assessment approach. The combined impacts of
implementing selected alternatives from each of the three sets of proposed actions are presented in Section 5.4.
Cumulative impacts associated with the alternative combinations are presented in Chapter 6. Mitigation measures
to reduce the potential for environmental impacts are summarized in Chapter 7, Section 7.1. Analyses of
comparative impacts across the alternatives are presented in Chapter 7, Sections 7.2 through 7.4. A detailed
discussion of each alternative is provided in Chapter 2, Section 2.5.

The long-term impact analysis results for groundwater, human health, and ecological risk through the
10,000-year period of analysis presented in this Tank Closure and Waste Management Environmental
Impact Statement for the Hanford Site, Richland, Washington (TC & WM EIS) are derived from modeling
releases to air and groundwater, as appropriate. The air modeling process used for this TC & WM EIS is
described in Appendix F and Appendix G. Figure 5-1 describes the groundwater modeling process used
for this TC & WM EIS. The process begins with development of inventories of constituents of potential
concern (COPCs) for the alternative and cumulative impact analyses described in Appendices D and S,
respectively.
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Figure 5-1. Groundwater Modeling Process
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The Release to Vadose Zone code uses site-specific parameters to estimate release rates to the vadose
zone for each source location analyzed in the alternative and cumulative impact analyses. Parameter
examples include contaminant inventories, aqueous recharge, and subsurface geology. Appendix M
includes further description of the Release to Vadose Zone code. The output of the Release to Vadose
Zone code is an input file to the vadose zone model STOMP [Subsurface Transport Over Multiple
Phases] computer code (White and Oostrom 2000, 2006). Appendix M also presents the releases from a
number of assumed source forms, some of which are intact and leaching during the entire 10,000-year
period of analysis.

The STOMP model uses an integrated-volume finite-difference approach to solve nonlinear water and
solute transport balances for the vadose zone. The development and implementation of the vadose zone
modeling are presented in Appendix N. The vadose zone modeling provides contaminant and aqueous
releases to the aquifer over time, which are incorporated into the groundwater contaminant transport.

A groundwater flow field was developed to determine the direction and rate of water movement in the
aquifer, that is, where contaminants entering the groundwater will go and how long it will take to move a
given contaminant from the point where it enters the groundwater to any given point along its trajectory
toward a location of interest. Groundwater flow through the unconfined aquifer is simulated using the
U.S. Geological Survey MODFLOW [modular three-dimensional finite-difference groundwater flow
model] 2000 Engine, Version 1.15.00 (USGS 2004). The commercial version used in this TC & WM EIS
is Visual MODFLOW, Version 4.2 (WHI 2006). A description of the development of the groundwater
flow field is provided in Appendix L.

The input for the groundwater contaminant transport runs was based on the output from the vadose zone
flow and transport runs that were calculated using the STOMP code. The particle-tracking code
(see Appendix O, Section 0.2), in combination with the MODFLOW Base Case flow field (see
Appendix L), was used to calculate a fully three-dimensional transient analysis of groundwater transport
over a period of 10,000 years for each site. The particle-tracking model provides contaminant
concentrations in the groundwater over time. A description of the particle-tracking model, along with the
listing of benchmarks used to compare COPC concentrations, is provided in Appendix O. These
concentrations were used to analyze ecological and human health risk. Detailed descriptions of these risk
analyses are provided in Appendices P and Q, respectively. Appendix Q also provides the process to
identify the COPCs used for long-term analysis. A map of the Core Zone and barrier boundaries used for
the analysis is also provided in Chapter 2, Figure 2-80, and Appendix O, Figure O-1.

5.1 TANK CLOSURE ALTERNATIVES

This section describes the potential long-term environmental impacts associated with implementation of
each of the 11 Tank Closure alternatives considered in this TC & WM EIS for retrieving and treating the
tank waste inventory generated during the defense production years at the Hanford Site (Hanford). The
impact analysis also considers different closure scenarios associated with the single-shell tank (SST)
system.

Tank Closure Alternative 1, No Action, reflects the environmental baseline against which the impacts of
the other action alternatives can be compared. Under Alternative 1, the U.S. Department of Energy
(DOE) has assumed for purposes of analysis that construction of the River Protection Project Waste
Treatment Plant (WTP) would be terminated in 2008. The tank waste in the SST and double-shell tank
(DST) systems would remain in the tank farm indefinitely. DOE would maintain security and
management of the site for a 100-year administrative control period (ending in calendar year [CY] 2107),
after which the tank waste would be available for release to the environment.
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In contrast, Tank Closure Alternatives 2 through 6 involve the construction, subsequent operations, and
eventual deactivation of new facilities over varying timeframes (ranging from 34 to 161 years) in the
200-East and 200-West Areas of Hanford to support tank waste retrieval, treatment, and disposal. The
waste in the SST and DST systems would be retrieved, treated, and disposed of. With the exception of
Alternative 2A, each alternative also analyzes closure of the SST system by either landfill closure
(i.e., construction of a surface barrier) or selective or full clean closure (i.e., removal) of the SST system
and associated waste and contaminated soils. Each of the 11 Tank Closure alternatives (Alternatives 1
through 6C) are described in detail in Chapter 2, Section 2.5, of this environmental impact
statement (EIS).

51.1 Groundwater
51.1.1 Tank Closure Alternative 1: No Action

This section describes the groundwater analysis results for Tank Closure Alternative 1, including
long-term groundwater impacts of contaminant sources within the tank farm barriers. Impacts of sources
removed from within the tank farm barriers and disposed of in an Integrated Disposal Facility (IDF) and
the River Protection Project Disposal Facility (RPPDF) are presented in Section 5.3, which discusses
waste management impacts.

51.1.11 Actions and Timeframes Influencing Groundwater Impacts

Under Tank Closure Alternative 1, no sources would be removed from within the tank farm barriers.
Summaries of the proposed actions and timelines for this alternative are provided in Chapter 2,
Section 2.5. For the long-term groundwater impact analysis, three major periods were identified for Tank
Closure Alternative 1, as follows:

e The past-practice period was assumed to start with the onset of tank farm operations in 1944 and
continue through 2007, when tank and infrastructure upgrades were complete. Releases to the
vadose zone occurred during the past-practice period from past leaks at the SST farms and
discharges to the cribs and trenches (ditches) associated with the B, BX, BY, T, TX, and TY tank
farms.  The groundwater impacts during the past-practice period under Tank Closure
Alternative 1 that are presented in this section would be common to all of the Tank Closure
alternatives.

e The administrative control period was assumed to start in 2008 and end in CY 2107 (100-year
duration). It was assumed that during this administrative control period, corrective action or
emergency response measures would preclude further releases from the SST and DST systems,
but that releases that occurred during the past-practice period would continue to migrate through
the vadose zone and groundwater system.

e The post—administrative control period was assumed to start in CY 2108 and continue through the
10,000-year period of analysis until CY 11,940. During this post-administrative control period,
releases that occurred during the past-practice period would continue to migrate through the
vadose zone and groundwater system. In addition, all stored waste at the SST and DST farms
(referred to as “other tank farm sources” in this chapter) would be released to the vadose zone at
the start of the post—administrative control period.
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5.1.1.1.2 COPC Drivers

A total of 19 COPCs were analyzed for Tank Closure Alternative 1. Complete results for all 19 COPCs
are tabulated in Appendices M, N, and O. The discussion in this section of long-term impacts associated
with Tank Closure Alternative 1 is focused on the following COPC drivers:

o Radiological risk drivers: hydrogen-3 (tritium), iodine-129, technetium-99, and uranium-238
e Chemical risk drivers: none
e Chemical hazard drivers: chromium, nitrate, and total uranium

The COPC drivers for Tank Closure Alternative 1 were selected by evaluating the risk or hazard
associated with all 19 COPCs during the year of peak risk or hazard at the Core Zone Boundary during
the 10,000-year period of analysis and selecting the major contributors. This process is described in
Appendix Q. Uranium-238 and total uranium were added to the COPC drivers; although their
contribution to risk and hazard are not dominant during the year of peak risk or hazard, they become
major contributors toward the end of the period of analysis. Tritium was added to the list of COPC
drivers because of its contribution to risk during the early part of the period of analysis. The radiological
risk drivers account for essentially 100 percent of the radiological risk. The only predicted chemical risk
is from 2,4,6-trichlorophenol, calculated as 1 x 10™, which is negligible for purposes of this discussion.
The chemical hazard drivers account for 100 percent of the chemical hazard associated with Tank Closure
Alternative 1.

The COPC drivers that are discussed in detail in this section fall into three categories. lodine-129,
technetium-99, chromium, and nitrate are all mobile (i.e., move with groundwater) and long-lived
(relative to the 10,000-year period of analysis), or stable. They are essentially conservative tracers.
Tritium is also mobile, but short-lived. The half-life of tritium is about 13 years, and tritium
concentrations are strongly attenuated by radioactive decay during travel through the vadose zone and
groundwater systems. Finally, uranium-238 and total uranium are long-lived, or stable, but are not as
mobile as the other COPC drivers. These constituents move about seven times more slowly than
groundwater. As the analyses of release, concentration versus time, and spatial distribution of the COPC
drivers are presented, the distinct behavior of these three groups will become apparent.

The other COPCs that were analyzed are the radionuclides carbon-14, cesium-137, neptunium-237,
plutonium-239, and strontium-90 and the chemicals acetonitrile, benzene, 1-butanol, lead, mercury,
polychlorinated biphenyls, and 2,4,6-trichlorophenol. These constituents do not significantly contribute
to drinking water risk at the Core Zone Boundary during the period of analysis because of limited
inventories, high retardation factors (i.e., retention in the vadose zone), short half-lives (i.e., rapid
radioactive decay), or a combination of these factors.

51.1.1.3 Analysis of Release and Mass Balance!

This section presents the impacts of Tank Closure Alternative 1 in terms of total amount of COPCs
released to the vadose zone, groundwater, and the Columbia River during the 10,000-year period of

1A “mass balance” (also called a material balance) is an application of conservation of mass to the analysis of a physical
system, i.e., the mass of a chemical or radionuclide that enters a system must, by conservation of mass, either leave the
system, accumulate within the system, or decay/react to a different chemical or radionuclide (input = output + accumulation +
decay/reaction). By accounting for material entering and leaving a system, mass flows can be identified that might have been
unknown, or difficult to measure without this technique.

Applied to this EIS, mass balance refers to accounting for the total amount of COPCs released from key sources to the vadose
zone, groundwater, and Columbia River during the 10,000-year period of analysis at various locations and points in time,
taking into consideration retardation factors (retention in the vadose zone and aquifer) and radioactive decay. This accounting
allows tracking of the mass flows, accumulations, and decays at each stage through transit from source to arrival at the
Columbia River.
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analysis. Releases of radionuclides are totaled in curies, chemicals in kilograms (see Figures 5-2 through
5-7). Three subtotals are plotted representing releases from cribs and trenches (ditches), past leaks, and
other tank farm sources. Note that the release amounts are plotted on a logarithmic scale to facilitate
visual comparison of releases that vary over four orders of magnitude.

Figure 5-2 shows the estimated release to the vadose zone for the radiological risk drivers and
Figure 5-3, the chemical hazard drivers. For all three types of sources, the release to the vadose zone is
controlled by the inventory (i.e., 100 percent of the inventory was released during the period of analysis).
The predominant sources for tritium are the cribs and trenches (ditches) associated with the B, BX, BY,
T, TX, and TY tank farms. For all other COPC drivers the predominant sources are other tank farm
sources. This suggests that other tank farm sources, which are released in the analysis during the
post—-administrative control period, are an important impact driver under Tank Closure Alternative 1.
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Figure 5-2. Tank Closure Alternative 1 Releases of Radiological Constituent of Potential Concern
Drivers to Vadose Zone for Entire 10,000-Year Analysis Period
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Figure 5-3. Tank Closure Alternative 1 Releases of Chemical Constituent of Potential Concern
Drivers to Vadose Zone for Entire 10,000-Year Analysis Period

Figure 5-4 shows the estimated release to groundwater for the radiological risk drivers and Figure 5-5,
the chemical hazard drivers. In addition to the inventory considerations discussed in the previous
paragraph, release to groundwater is controlled by the transport properties of the COPC drivers and by the
rate of moisture movement through the vadose zone. For the conservative tracers (iodine-129,
technetium-99, chromium, and nitrate), the amount released to groundwater is essentially equal to the
amount released to the vadose zone.
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Figure 5-4. Tank Closure Alternative 1 Releases of Radiological Constituent of Potential Concern
Drivers to Groundwater for Entire 10,000-Year Analysis Period
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Figure 5-5. Tank Closure Alternative 1 Releases of Chemical Constituent of Potential Concern
Drivers to Groundwater for Entire 10,000-Year Analysis Period

For tritium, the amount released to groundwater is attenuated by radioactive decay in the vadose zone.
For cribs and trenches (ditches), about 70 percent of the total inventory of tritium reached groundwater in
the analysis; for past leaks, only 2 percent; and for other tank farm sources, less than 1 percent reached
the water table. These results suggest that tritium impacts on groundwater are dominated by releases
from cribs and trenches (ditches), and that radioactive decay of tritium is an important attenuation
process.

For uranium-238 and total uranium, the amount released to groundwater is less than that of the release to
the vadose zone because of vadose zone retention. The amount of this retention depends on the type of
contaminant source, specifically volume and timing of moisture addition and movement through the
vadose zone. For cribs and trenches (ditches), where moisture movement through the vadose zone is
relatively rapid (because of the volume of water associated with the source), about 14 percent of
uranium-238 and 8 percent of total uranium inventory reached groundwater during the period of analysis.
For past leaks, about 18 percent of uranium-238 and 14 percent of total uranium of the total inventory
reached groundwater during the period of analysis. For other tank farm sources, about 4 percent of
uranium-238 and 7 percent of total uranium of the total inventory reached groundwater during the period
of analysis. These results also suggest that uranium-238 and total uranium impacts would occur later in
the post—administrative control period because of the long travel times for these COPCs in the vadose
zone.

Figure 5-6 shows the estimated release to the Columbia River for the radiological risk drivers and
Figure 5-7, the chemical hazard drivers. Release to the Columbia River is controlled by the transport
properties of the COPC drivers. For the conservative tracers (iodine-129, technetium-99, chromium, and
nitrate), the amount released to the Columbia River is essentially equal to the amount released to
groundwater.
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Figure 5-6. Tank Closure Alternative 1 Releases of Radiological Constituent of Potential Concern
Drivers to Columbia River for Entire 10,000-Year Analysis Period
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Figure 5-7. Tank Closure Alternative 1 Releases of Chemical Constituent of Potential Concern
Drivers to Columbia River for Entire 10,000-Year Analysis Period

For uranium-238 and total uranium, the amount released to the Columbia River is less than that of the
release to groundwater because of retardation. Overall, about 25 percent of the amount released to
groundwater during the period of analysis reached the Columbia River.

For tritium, the amount released to the Columbia River is attenuated by radioactive decay. Overall, only
about 3 percent of the tritium released to groundwater reached the Columbia River during the period of
analysis. These results suggest that tritium impacts on the Columbia River are strongly attenuated by
radioactive decay. They also suggest that uranium-238 and total uranium impacts on the Columbia River
would occur later in the post—administrative control period because of the long travel times in the vadose
zone and through the groundwater system for these COPCs.
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51.1.14 Analysis of Concentration Versus Time

This section presents the analysis of Tank Closure Alternative 1 impacts in terms of groundwater
concentration versus time at the tank farm barriers, Core Zone Boundary, and the Columbia River.
Concentrations of radionuclides are in picocuries per liter, chemicals in micrograms per liter
(see Table 5-1 and Figures 5-8 through 5-14). The benchmark concentration for each radionuclide and
chemical is also shown. Because of the discrete nature of the concentration carried across a barrier or the
river, a line denoting the 95" percentile upper confidence limit of the concentration is included on several
of these graphs. This confidence interval was calculated to show when the actual concentration over a
certain time interval is likely (95 percent of the time) to be at or below this value. The confidence interval
is basically a statistical aid to interpreting data with a significant amount of random fluctuation (noise).
The confidence interval was calculated when the concentration had a reasonable degree of noise, the
concentration’s trend was level, and the concentrations were near the benchmark. Note that the
concentrations are plotted on a logarithmic scale to facilitate visual comparison of concentrations that
vary over five orders of magnitude. Although the concentration-versus-time plots presented in this
section (as well as in the following sections and throughout this TC & WM EIS) appear similar in
structure to the classic advection-dispersion breakthrough curves, the reader is cautioned that the curves
presented in these sections are not amenable to the classic analysis. The classic presentation is a
time-series plot of concentration from a single source at a fixed location. In this TC & WM EIS, each
concentration-versus-time plot is from a multiple number of sources (typically on the order of 30) at a
variable location (the location of the highest peak concentration along the line of analysis). Therefore,
attempts to apply classic transport theory to these results can, in general, result in misleading conclusions.
Table 5-1 lists the maximum concentrations of the COPCs in the peak year after CY 2050 at the tank
farm barriers, Core Zone Boundary, and Columbia River nearshore.
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Table 5-1. Tank Closure Alternative 1 Maximum COPC Concentrations in the Peak Year at the Tank Farm Barriers,
Core Zone Boundary, and Columbia River Nearshore

Columbia
Core Zone River Benchmark
Contaminant A Barrier |BBarrier | SBarrier T Barrier U Barrier Boundary Nearshore |Concentration

Radionuclide in picocuries per liter

Hydrogen-3 (tritium) 4,190 2,690 2,460 5,570 12 3,790 180 20,000
(2112) (2052) (2117) (2052) (2051) (2102) (2054)

Technetium-99 70,100 175,000 38,700 15,000 14,800 350,000 5,230 900
(2114) (3837) (3238) (2051) (3536) (3837) (4032)

lodine-129 71 398 67 71 29 682 13 1
(2114) (3801) (3312) (3756) (3536) (3801) (4411)

Uranium isotopes (includes 23 490 259 102 40 1,070 6 15

uranium-233, -234, -235, -238) | (11,789) | (11,749) (11,730) (11,820) (11,758) (11,683) (11,918)

Chemical in micrograms per liter

Chromium 284 5,050 1,650 911 308 12,200 165 100
(2114) (3628) (3172) (2050) (3587) (3524) (4019)

Nitrate 69,600 1,740,000 107,000 201,000 34,900 1,130,000 23,500 45,000
(2119) (2087) (3138) (2088) (3654) (2059) (3911)

Total uranium 5 695 281 96 51 1,220 8 30
(11,769) (11,762) (11,762) (11,836) (11,739) (11,648) (11,591)

Note: Corresponding calendar years shown in parentheses. Concentrations that would exceed the benchmark value are indicated in bold text.
Key: COPC=constituent of potential concern.
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Figure 5-8 shows concentration versus time for tritium. Note that for visual clarity, the time period
shown in this figure is from CYs 1940 through 2440 (500 years), rather than the full 10,000-year period
of analysis. Releases from cribs and trenches (ditches) cause groundwater concentrations to exceed
benchmark concentrations by about three orders of magnitude for a short period of time during the early
part of the period of analysis. During this time, groundwater concentrations at the Columbia River
nearshore approach the benchmark concentration. Because the half-life of tritium is less than 13 years,
radioactive decay rapidly attenuates groundwater concentration, and tritium is essentially not a factor at
times later than CY 2100.
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Figure 5-8. Tank Closure Alternative 1 Hydrogen-3 (Tritium) Concentration Versus Time

Figures 5-9 through 5-12 show concentration versus time for iodine-129, technetium-99, chromium, and
nitrate (the conservative tracers). Releases from cribs and trenches (ditches) cause groundwater
concentrations of iodine-129 to exceed benchmark concentrations by about two to three orders of
magnitude during the early part of the period of analysis. During this time, groundwater concentrations at
the Columbia River nearshore approach or exceed the benchmark concentration. Releases from other
tank farm sources cause groundwater concentrations to exceed benchmark concentrations by about three
orders of magnitude during the middle and latter parts of the period of analysis. During this time,
groundwater concentrations at the Columbia River nearshore exceed the benchmark concentration by
about an order of magnitude, tapering off to near the benchmark concentration at the end of the period of
analysis. Technetium-99, chromium, and nitrate concentrations show a similar curve, with chromium and
nitrate concentrations at the Columbia River nearshore dropping below the benchmark concentrations.
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Figure 5-9. Tank Closure Alternative 1 lodine-129 Concentration Versus Time
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Figure 5-11. Tank Closure Alternative 1 Chromium Concentration Versus Time
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Figure 5-12. Tank Closure Alternative 1 Nitrate Concentration Versus Time
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Figures 5-13 and 5-14 show concentration versus time for uranium-238 and total uranium. Early releases
from cribs and trenches (ditches) result in groundwater concentrations that are one to two orders of
magnitude lower than benchmark concentrations. Releases from other tank farm sources cause
groundwater concentrations to rise, nearing benchmark concentrations by CY 6000. Concentrations
continue to rise throughout the duration of the period of analysis, exceeding benchmark concentrations by
about two orders of magnitude at the end of the period of analysis. Groundwater concentrations at the
Columbia River nearshore rise throughout the period of analysis, nearing the benchmark concentration by
CY 11,940.
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Figure 5-13. Tank Closure Alternative 1 Uranium-238 Concentration Versus Time
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Figure 5-14. Tank Closure Alternative 1 Total Uranium Concentration Versus Time
51115 Analysis of Spatial Distribution of Concentration

This section presents the impacts of Tank Closure Alternative 1 in terms of the spatial distribution of
groundwater concentration at selected times. Concentrations of radionuclides are in picocuries per liter,
chemicals in micrograms per liter (see Figures 5-15 through 5-36). Concentrations for each radionuclide
and chemical are indicated by a color scale that is relative to the benchmark concentration. Note that, in
this section and in subsequent sections, the benchmark concentration is identified as “maximum
contaminant level” in the legend of the spatial distribution figures. Concentrations greater than the
benchmark concentration are indicated by the fully saturated colors green, yellow, orange, and red in
order of increasing concentration. Concentrations less than the benchmark concentration are indicated by
the faded colors green, blue, indigo, and violet in order of decreasing concentration. Note that the
concentration ranges are on a logarithmic scale to facilitate visual comparison of concentrations that vary
over three orders of magnitude.

Figure 5-15 shows the spatial distribution of groundwater concentration for tritium during CY 2005.
Analysis releases from cribs and trenches (ditches) and past leaks, associated primarily with the T, TX,
and TY tank farms, result in a groundwater concentration plume (exceeding the benchmark concentration)
that extends from the center part of the 200-West Area northeast, crossing the Core Zone Boundary, and
extending toward the Gable Mountain—Gable Butte Gap (Gable Gap). Peak concentrations in this plume
are about 10 to 20 times greater than the benchmark, and mostly contained within the Core Zone
Boundary. Tritium concentrations are attenuated by radioactive decay to levels less than one-twentieth of
the benchmark concentration by CY 2135, as shown in Figure 5-8.
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Figure 5-15. Tank Closure Alternative 1 Spatial Distribution of
Groundwater Hydrogen-3 (Tritium) Concentration During Calendar Year 2005

Figure 5-16 shows the spatial distribution of groundwater concentration for iodine-129 during CY 2005.
Analysis releases from cribs and trenches (ditches) and past leaks result in groundwater concentration
plumes that exceed the benchmark concentration associated with the T Barrier, B Barrier, and A Barrier.
Peak concentrations in this plume are about 10 to 50 times greater than the benchmark, and mostly
contained within the Core Zone Boundary. Around CY 3890, releases from other tank farm sources
create a large plume exceeding the benchmark, extending from the A Barrier to the Columbia River
(see Figure 5-17). By CY 7140, most of the mass in the plume has reached the Columbia River, with
only isolated pockets of high-concentration areas where the groundwater flow velocities are extremely
small (see Figure 5-18). Figure 5-19 shows the total area in which groundwater concentrations of
iodine-129 exceed the benchmark concentration in the analysis as a function of time. The area of
exceedance peaks between CY 3240 and CY 4540 as a result of releases from other tank farm sources.
Figures 5-20 through 5-23 show the spatial distribution at the same three times and the total area of
exceedance versus time for technetium-99. The spatial distribution of technetium-99 is similar to that of
iodine-129. The other conservative tracers, chromium (see Figures 5-24 through 5-26) and nitrate (see
Figures 5-27 through 5-29), show similar spatial distributions at selected times.
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Figure 5-16. Tank Closure Alternative 1 Spatial Distribution of
Groundwater lodine-129 Concentration During Calendar Year 2005
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Figure 5-17. Tank Closure Alternative 1 Spatial Distribution of
Groundwater lodine-129 Concentration During Calendar Year 3890
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Figure 5-18. Tank Closure Alternative 1 Spatial Distribution of
Groundwater lodine-129 Concentration During Calendar Year 7140
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Figure 5-19. Tank Closure Alternative 1 Total Area of Groundwater lodine-129 Concentration
Exceeding the Benchmark Concentration as a Function of Time
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Figure 5-20. Tank Closure Alternative 1 Spatial Distribution of
Groundwater Technetium-99 Concentration During Calendar Year 2005
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Figure 5-21. Tank Closure Alternative 1 Spatial Distribution of
Groundwater Technetium-99 Concentration During Calendar Year 3890
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Figure 5-22. Tank Closure Alternative 1 Spatial Distribution of
Groundwater Technetium-99 Concentration During Calendar Year 7140
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Figure 5-23. Tank Closure Alternative 1 Total Area of Groundwater Technetium-99

Concentration Exceeding the Benchmark Concentration as a Function of Time
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Figure 5-24. Tank Closure Alternative 1 Spatial Distribution of
Groundwater Chromium Concentration During Calendar Year 2005
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Figure 5-25. Tank Closure Alternative 1 Spatial Distribution of
Groundwater Chromium Concentration During Calendar Year 3890
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Figure 5-26. Tank Closure Alternative 1 Spatial Distribution of
Groundwater Chromium Concentration During Calendar Year 7140
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Figure 5-27. Tank Closure Alternative 1 Spatial Distribution of
Groundwater Nitrate Concentration During Calendar Year 2005
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Figure 5-28. Tank Closure Alternative 1 Spatial Distribution of
Groundwater Nitrate Concentration During Calendar Year 3890
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Figure 5-29. Tank Closure Alternative 1 Spatial Distribution of
Groundwater Nitrate Concentration During Calendar Year 7140
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Uranium-238 and total uranium show a different spatial distribution in the analysis over time. These
COPCs are not as mobile as those discussed above, moving about seven times slower than the pore water
velocity. As a result, travel times through the vadose zone are longer, release to the aquifer is delayed,
and travel times through the aquifer to the Columbia River are longer. Figure 5-30 shows the distribution
of uranium-238 during CY 2135. There is a small plume associated with cribs and trenches (ditches) and
past leaks at the T Barrier that is less than one-twentieth of the benchmark concentration that is
predominantly contained within the Core Zone Boundary. By CY 3890 (see Figure 5-31), the area of the
plume has grown, but there are no significant increases in peak concentration. At CY 11,885
(see Figure 5-32), the greatest development of the plume during the analysis period is seen, resulting
primarily from the release of other tank farm sources at the A and B Barriers. Figure 5-33 shows the total
area in which groundwater concentrations of uranium-238 exceed the benchmark concentration as a
function of time. The area of exceedance is largest near the end of the period of analysis. Figures 5-34
through 5-36 show the corresponding spatial distribution for total uranium.
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Figure 5-30. Tank Closure Alternative 1 Spatial Distribution of
Groundwater Uranium-238 Concentration During Calendar Year 2135
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Figure 5-31. Tank Closure Alternative 1 Spatial Distribution of
Groundwater Uranium-238 Concentration During Calendar Year 3890
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Figure 5-32. Tank Closure Alternative 1 Spatial Distribution of
Groundwater Uranium-238 Concentration During Calendar Year 11,885
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Figure 5-33. Tank Closure Alternative 1 Total Area of Groundwater Uranium-238 Concentration
Exceeding the Benchmark Concentration as a Function of Time
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Figure 5-34. Tank Closure Alternative 1 Spatial Distribution of
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Figure 5-35. Tank Closure Alternative 1 Spatial Distribution of
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Figure 5-36. Tank Closure Alternative 1 Spatial Distribution of
Groundwater Total Uranium Concentration During Calendar Year 11,885

51.1.1.6 Summary of Impacts

In general, the inventory remaining in the tank farms, available for release to the environment at the start
of the post—-administrative control period, is the predominant contributor in the analysis. Discharges to
cribs and trenches (ditches) and past leaks during the past-practice period are a secondary contributor.

For the conservative tracers, concentrations at the Core Zone Boundary exceed benchmark standards by
two to three orders of magnitude during most of the period of analysis. Concentrations at the Columbia
River are about two orders of magnitude smaller. The intensities and areas of these groundwater plumes
peak between CY 3200 and CY 4000.

For tritium, concentrations at the Core Zone Boundary exceed the benchmark by about three orders of
magnitude during the first 100 years of the period of analysis. Concentrations at the Columbia River
approach the benchmark during this time. Attenuation by radioactive decay is a predominant mechanism
that limits the intensity and duration of groundwater impacts of tritium. After CY 2100, tritium impacts
are essentially negligible.
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For uranium-238 and total uranium, limited mobility is an important factor governing the timeframes and
scale of groundwater impacts. The concentrations of these retarded species exceed the benchmark at the
Core Zone Boundary beyond CY 6000, and approach the benchmark at the Columbia River after
CY 10,000. The peak intensity and area of the contamination plume are largest near the end of the period
of analysis.

5.1.1.2 Tank Closure Alternative 2A: Existing WTP Vitrification; No Closure

This section describes the groundwater analysis results for Tank Closure Alternative 2A, including
long-term groundwater impacts of contaminant sources within the tank farm barriers. Impacts of sources
removed from within the tank farm barriers and disposed of in an IDF and the RPPDF are presented in
Section 5.3, which discusses waste management impacts.

51121 Actions and Timeframes Influencing Groundwater Impacts

Summaries of the proposed actions and timelines for Tank Closure Alternative 2A are provided in
Chapter 2, Section 2.5. For the long-term groundwater impact analysis, three major periods were
identified for Tank Closure Alternative 2A, as follows:

e The past-practice period was assumed to start with the onset of tank farm operations in 1944 and
continue through 2007, when tank and infrastructure upgrades were complete. Releases to the
vadose zone occurred during the past-practice period from past leaks at the SST farms and
discharges to the cribs and trenches (ditches) associated with the B, BX, BY, T, TX, and TY tank
farms.  The groundwater impacts during the past-practice period under Tank Closure
Alternative 2A that are presented in this section would be common to all of the Tank Closure
alternatives.

e The retrieval period was assumed to start in 2008 and end in CY 2193. Waste treatment
operations were assumed to be complete for immobilized high-level radioactive waste (IHLW)
and immobilized low-activity waste (ILAW) in 2093; starting in 2094, tanks and facilities would
be maintained in operational standby condition for 100 years. It was assumed that 99 percent of
waste volume would be retrieved from the tanks. The leakage rate for SSTs was assumed to be
15,140 liters (4,000 gallons) per SST. Releases that occurred during the past-practice period
would continue to migrate through the vadose zone and groundwater system.

e The post—administrative control period was assumed to start in CY 2194 and continue through the
10,000-year period of analysis until CY 11,940. Releases that occurred during the past-practice
period would continue to migrate through the vadose zone and groundwater system during the
post—administrative control period. In addition, all remaining waste at the SST and DST farms
(other tank farm sources) would be released to the vadose zone at the start of the
post—-administrative control period.

5.1.1.2.2 COPC Drivers

A total of 19 COPCs were analyzed for Tank Closure Alternative 2A. Complete results for all 19 COPCs
are tabulated in Appendices M, N, and O. The discussion in this section of long-term impacts associated
with Tank Closure Alternative 2A is focused on the following COPC drivers:

o Radiological risk drivers: tritium, iodine-129, technetium-99, and uranium-238
e Chemical risk drivers: none
e Chemical hazard drivers: chromium, nitrate, and total uranium
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The COPC drivers for Tank Closure Alternative 2A were selected by evaluating the risk or hazard
associated with all 19 COPCs during the year of peak risk or hazard at the Core Zone Boundary during
the 10,000-year period of analysis and selecting the major contributors. This process is described in
Appendix Q. Uranium-238 and total uranium were added to the COPC drivers; although their
contribution to risk and hazard are not dominant during the year of peak risk or hazard, they become
major contributors toward the end of the period of analysis.

The radiological risk drivers account for essentially 100 percent of the radiological risk. The only
predicted chemical risk is from 2,4,6-trichlorophenol, calculated as 1 x 10 which is negligible for
purposes of this discussion. The chemical hazard drivers account for 100 percent of the chemical hazard
associated with Tank Closure Alternative 2A.

The COPC drivers that are discussed in detail in this section fall into three categories. lodine-129,
technetium-99, chromium, and nitrate are all mobile (i.e. move with groundwater) and long-lived (relative
to the 10,000-year period of analysis), or stable. They are essentially conservative tracers. Tritium is also
mobile, but short-lived. The half-life of tritium is about 13 years, and tritium concentrations are strongly
attenuated by radioactive decay during travel through the vadose zone and groundwater systems. Finally,
uranium-238 and total uranium are long-lived, or stable, but are not as mobile as the other COPC drivers.
These constituents move about seven times more slowly than groundwater. As the analyses of release,
concentration versus time, and spatial distribution of the COPC drivers are presented, the distinct
behavior of these three groups will become apparent.

The other COPCs that were analyzed do not significantly contribute to drinking water risk at the Core
Zone Boundary during the period of analysis because of limited inventories, high retardation factors
(i.e., retention in the vadose zone), short half-lives (i.e., rapid radioactive decay), or a combination of
these factors.

51123 Analysis of Release and Mass Balance

This section presents the impacts of Tank Closure Alternative 2A in terms of total amount of COPCs
released to the vadose zone, groundwater, and the Columbia River during the 10,000-year period of
analysis. Releases of radionuclides are totaled in curies, chemicals in kilograms (see Figures 5-37
through 5-42). Three subtotals are plotted representing releases from cribs and trenches (ditches), past
leaks, and other tank farm sources. Note that the release amounts are plotted on a logarithmic scale to
facilitate visual comparison of releases that vary over four orders of magnitude.

Figure 5-37 shows the estimated release to the vadose zone for the radiological risk drivers and
Figure 5-38, the chemical hazard drivers. The predominant sources for tritium, chromium, and nitrate are
the cribs and trenches (ditches) associated with the B, BX, BY, T, TX, and TY tank farms. For all other
COPC drivers the predominant sources are both past leaks and other tank farm sources.

Figure 5-39 shows the estimated release to groundwater for the radiological risk drivers and
Figure 5-40, the chemical hazard drivers. In addition to the inventory considerations discussed in the
previous paragraph, release to groundwater is controlled by the transport properties of the COPC drivers
and by the rate of moisture movement through the vadose zone. For the conservative tracers (iodine-129,
technetium-99, chromium, and nitrate), the amount released to groundwater is essentially equal to the
amount released to the vadose zone from cribs and trenches (ditches) and past leaks.
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Figure 5-39. Tank Closure Alternative 2A Releases of Radiological Constituent of Potential
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Figure 5-40. Tank Closure Alternative 2A Releases of Chemical Constituent of Potential
Concern Drivers to Groundwater for Entire 10,000-Year Analysis Period

For tritium, the amount released to groundwater is attenuated by radioactive decay in the vadose zone.
For cribs and trenches (ditches), about 74 percent of the total inventory of tritium reached groundwater in
the analysis; for past leaks, only 2 percent; and for other tank farm sources, only one-third of 1 percent of
the inventory reached the water table. These results suggest that tritium impacts on groundwater are
dominated by releases from cribs and trenches (ditches), and that radioactive decay of tritium is an
important attenuation process.
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For uranium-238 and total uranium, the amount released to groundwater is less than that of the release to
the vadose zone because of vadose zone retention. The amount of this retention depends on the type of
contaminant source, specifically volume and timing of moisture movement through the vadose zone. For
cribs and trenches (ditches), where moisture movement through the vadose zone is relatively rapid
(because of the volume of water associated with the source), about 14 percent of uranium-238 and
8 percent of total uranium inventory reached groundwater during the period of analysis. For past leaks,
about 18 percent of uranium-238 and 14 percent of total uranium of the total inventory reached
groundwater during the period of analysis. For other tank farm sources, about 4 percent of uranium-238
and 7 percent of total uranium of the total inventory reached groundwater during the period of analysis.
These results also suggest that uranium-238 and total uranium impacts would occur later in the
post—-administrative control period because of the long travel times in the vadose zone for these COPCs.

Figure 5-41 shows the estimated release to the Columbia River for the radiological risk drivers and
Figure 5-42, the chemical hazard drivers. Release to the Columbia River is controlled by the transport
properties of the COPC drivers. For the conservative tracers (iodine-129, technetium-99, chromium, and
nitrate), the amount released to the Columbia River is essentially equal to the amount released to
groundwater. For tritium, the amount released to the Columbia River is attenuated by radioactive decay.
Overall, only about 3 percent of the tritium released to groundwater reached the Columbia River during
the period of analysis. These results suggest that tritium impacts on the Columbia River are strongly
attenuated by radioactive decay. For uranium-238 and total uranium, the amount released to the
Columbia River is less than that of the release to groundwater because of retardation. Overall, about
38 percent of the amount of uranium-238 and about 40 percent of total uranium released to groundwater
reached the Columbia River during the period of analysis. These results also suggest that uranium-238
and total uranium impacts on the Columbia River would occur later in the post-administrative control
period because of the long travel times in the vadose zone and through the groundwater system for these
COPCs.
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Figure 5-41. Tank Closure Alternative 2A Releases of Radiological Constituent of Potential
Concern Drivers to Columbia River for Entire 10,000-Year Analysis Period
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Figure 5-42. Tank Closure Alternative 2A Releases of Chemical Constituent of Potential
Concern Drivers to Columbia River for Entire 10,000-Year Analysis Period

51124 Analysis of Concentration Versus Time

This section presents the analysis of Tank Closure Alternative 2A impacts in terms of groundwater
concentration versus time at the Core Zone Boundary and the Columbia River. Concentrations of
radionuclides are in picocuries per liter, chemicals in micrograms per liter (see Table 5-2 and
Figures 5-43 through 5-49). The benchmark concentration for each radionuclide and chemical is also
shown. Because of the discrete nature of the concentration carried across a barrier or the river, a line
denoting the 95th percentile upper confidence limit of the concentration is included on several of these
graphs. This confidence interval was calculated to show when the actual concentration over a certain
time interval is likely (95 percent of the time) to be at or below this value. The confidence interval is
basically a statistical aid to interpreting data with a significant amount of random fluctuation (noise). The
confidence interval was calculated when the concentration had a reasonable degree of noise, the
concentration’s trend was level, and the concentrations were near the benchmark. Note that the
concentrations are plotted on a logarithmic scale to facilitate visual comparison of concentrations that
vary over five orders of magnitude. Table 5-2 lists the maximum concentrations of the COPCs in the
peak year after CY 2050 at the tank farm barriers, Core Zone Boundary, and Columbia River nearshore.

5-40



47|

Table 5-2. Tank Closure Alternative 2A Maximum COPC Concentrations in the Peak Year at the Tank Farm Barriers,
Core Zone Boundary, and Columbia River Nearshore

Columbia
Core Zone River Benchmark
Contaminant A Barrier | B Barrier S Barrier T Barrier U Barrier Boundary Nearshore |Concentration

Radionuclide in picocuries per liter

Hydrogen-3 (tritium) 35 5,030 51 5,220 13 5,630 135 20,000
(2052) (2051) (2050) (2061) (2050) (2051) (2050)

Technetium-99 1,590 31,700 2,820 15,000 546 27,800 204 900
(2055) (2076) (2050) (2051) (2096) (2076) (3464)

lodine-129 3 50 5 30 1 43 0.4 1
(2057) (2072) (2050) (2051) (2089) (2072) (3355)

Uranium isotopes (includes 3 142 7 42 11 148 1 15

uranium-233, -234, -235, -238) | (11,707) (11,814) (11,714) (11,799) (11,763) (11,828) (11,783)

Chemical in micrograms per liter

Acetonitrile 1 0 0 0 0 1 0 100
(3341) (1940) (3417) (1940) (1940) (3551) (3617)

Chromium 12 4,260 290 800 17 1,960 32 100
(2070) (2085) (2050) (2050) (2086) (2066) (2603)

Nitrate 11,600 1,640,000 10,000 168,000 5,800 1,100,000 9,100 45,000
(2068) (2081) (2073) (2086) (2083) (2059) (2400)

Total uranium 1 190 8 20 15 196 1 30
(11,805) (11,839) (9863) (11,709) (10,978) (11,624) (11,809)

Note: Corresponding calendar years shown in parentheses. Concentrations that would exceed the benchmark value are indicated in bold text.

Key: COPC=constituent of potential concern.
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Figure 5-43 shows concentration versus time for tritium. Releases from cribs and trenches (ditches)
cause groundwater concentrations to exceed benchmark concentrations by about two orders of magnitude
for a short period of time during the early part of the period of analysis. During this time, groundwater
concentrations at the Columbia River nearshore are over an order of magnitude below the benchmark
concentration. Because the half-life of tritium is less than 13 years, radioactive decay rapidly attenuates
groundwater concentration, and tritium is essentially not a factor at times later than CY 2040.
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Figure 5-43. Tank Closure Alternative 2A Hydrogen-3 (Tritium) Concentration Versus Time

Figures 5-44 through 5-47 show concentration versus time for iodine-129, technetium-99, chromium,
and nitrate (the conservative tracers). Releases from cribs and trenches (ditches) cause groundwater
concentrations at the Core Zone Boundary to exceed benchmark concentrations by about two to three
orders of magnitude during the early part of the period of analysis, but return to levels below the
benchmark by CY 5000. During this time, groundwater concentrations at the Columbia River nearshore
are about an order of magnitude less than the benchmark concentration and gradually decrease to around
one to two orders of magnitude less than the benchmark concentration.
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Figure 5-44. Tank Closure Alternative 2A lodine-129 Concentration Versus Time
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Figure 5-45. Tank Closure Alternative 2A Technetium-99 Concentration Versus Time
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Figure 5-46. Tank Closure Alternative 2A Chromium Concentration Versus Time
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Figure 5-47. Tank Closure Alternative 2A Nitrate Concentration Versus Time
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Figures 5-48 and 5-49 show concentration versus time for uranium-238 and total uranium. Early releases
from cribs and trenches (ditches) result in groundwater concentrations that are one to two orders of
magnitude lower than benchmark concentrations. Concentrations continue to rise throughout the duration
of the period of analysis, first surpassing the benchmark concentration at the Core Zone Boundary near
CY 5900 for uranium-238 and near CY 6900 for total uranium. Groundwater concentrations at the
Columbia River nearshore rise throughout the period of analysis, but stay below an order of magnitude
less than the benchmark concentration.
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Figure 5-48. Tank Closure Alternative 2A Uranium-238 Concentration Versus Time
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Figure 5-49. Tank Closure Alternative 2A Total Uranium Concentration Versus Time
5.1.1.25 Analysis of Spatial Distribution of Concentration

This section presents the impacts of Tank Closure Alternative 2A in terms of the spatial distribution of
groundwater concentration at selected times. Concentrations of radionuclides are in picocuries per liter,
chemicals in micrograms per liter. Concentrations for each radionuclide and chemical are indicated by a
color scale that is relative to the benchmark concentration. Concentrations greater than the benchmark
concentration are indicated by the fully saturated colors green, yellow, orange, and red in order of
increasing concentration. Concentrations less than the benchmark concentration are indicated by the
faded colors green, blue, indigo, and violet in order of decreasing concentration. Note that the
concentration ranges are on a logarithmic scale to facilitate visual comparison of concentrations that vary
over three orders of magnitude.

Figure 5-50 shows the spatial distribution of groundwater concentration for tritium during CY 2005.
Analysis releases from cribs and trenches (ditches) and past leaks, associated primarily with the T, TX,
and TY tank farms, result in a groundwater concentration plume (exceeding the benchmark concentration)
that extends from the center part of the 200-West Area northeast, crossing the Core Zone Boundary, and
extending toward Gable Gap. Peak concentrations in this plume are about 5 to 19 times greater than the
benchmark, and mostly contained within the Core Zone Boundary. Tritium concentrations are attenuated
by radioactive decay to levels less than one-twentieth of the benchmark concentration by CY 2135
(see Figure 5-51).
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Figure 5-50. Tank Closure Alternative 2A Spatial Distribution of
Groundwater Hydrogen-3 (Tritium)
Concentration During Calendar Year 2005
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Figure 5-51. Tank Closure Alternative 2A Spatial Distribution of
Groundwater Hydrogen-3 (Tritium)
Concentration During Calendar Year 2135
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Figure 5-52 shows the spatial distribution of groundwater concentration for iodine-129 during CY 2005.
Analysis releases from cribs and trenches (ditches) and past leaks result in a low-concentration plume that
extends over most of the site but exceeds the benchmark concentration in only a few patches in and
around the Core Zone Boundary. In CY 2135, the iodine-129 concentration continues to exceed the
benchmark concentration in a few areas, just north of the Core Zone Boundary in Gable Gap
(see Figure 5-53). At CY 3890, the majority of the plume has concentrations below the benchmark
concentration, although there is a high-concentration patch north of the Core Zone Boundary and east of
the 200-East Area that remains above the benchmark (see Figure 5-54). By CY 7140, most of the mass
in the plume has reached the Columbia River, with only isolated pockets of high-concentration areas
where the groundwater flow velocities are extremely small (see Figure 5-55). Technetium-99
(see Figures 5-56 through 5-58), chromium (see Figures5-59 through 5-61), and nitrate
(see Figures 562 and 5-63) show similar spatial distributions at similarly selected times. lodine-129,
technetium-99, chromium, and nitrate are all conservative tracers (i.e., move at the rate of the pore water
velocity).
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Figure 5-52. Tank Closure Alternative 2A Spatial Distribution of
Groundwater lodine-129 Concentration During Calendar Year 2005
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Figure 5-53. Tank Closure Alternative 2A Spatial Distribution of
Groundwater lodine-129 Concentration During Calendar Year 2135

5-50



Chapter 5 = Long-Term Environmental Consequences

lodine-129
(picocuries per liter)
Maximum contaminant level =1

Note: To convert meters to
feet, multiply by 3.281

Figure 5-54. Tank Closure Alternative 2A Spatial Distribution of
Groundwater lodine-129 Concentration During Calendar Year 3890
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Figure 5-55. Tank Closure Alternative 2A Spatial Distribution of
Groundwater lodine-129 Concentration During Calendar Year 7140
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Figure 5-56. Tank Closure Alternative 2A Spatial Distribution of
Groundwater Technetium-99 Concentration During Calendar Year 2005
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Figure 5-57. Tank Closure Alternative 2A Spatial Distribution of
Groundwater Technetium-99 Concentration During Calendar Year 3890

5-54



Chapter 5 = Long-Term Environmental Consequences

Technetium-99
(picocuries per liter)
Maximum contaminant level = 900
<45

45-90

20450

450-800

900-4,500
4,500-9,000
8,000-45,000
45,000

[ core zane Boundary

EECOEEOEE

Note: To convert meters to
feet, multiply by 3.281

Figure 5-58. Tank Closure Alternative 2A Spatial Distribution of
Groundwater Technetium-99 Concentration During Calendar Year 7140
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Figure 5-59. Tank Closure Alternative 2A Spatial Distribution of
Groundwater Chromium Concentration During Calendar Year 2005
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Figure 5-60. Tank Closure Alternative 2A Spatial Distribution of
Groundwater Chromium Concentration During Calendar Year 3890
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Figure 5-61. Tank Closure Alternative 2A Spatial Distribution of
Groundwater Chromium Concentration During Calendar Year 7140
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Figure 5-62. Tank Closure Alternative 2A Spatial Distribution of
Groundwater Nitrate Concentration During Calendar Year 2005
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Figure 5-63. Tank Closure Alternative 2A Spatial Distribution of
Groundwater Nitrate Concentration During Calendar Year 3890
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Uranium-238 and total uranium show a different spatial distribution over time. These COPCs are not as
mobile as those discussed above, moving about seven times slower than the pore water velocity. As a
result, travel times through the vadose zone are longer, release to the aquifer is delayed, and travel times
through the aquifer to the Columbia River are longer. Figure 5-64 shows the distribution of uranium-238
during CY 2005. There is a small plume associated with cribs and trenches (ditches) and past leaks at the
T Barrier that is less than one-twentieth of the benchmark concentration and is contained within the Core
Zone Boundary. By CY 3890 (see Figure 5-65), the area of the plume has grown significantly, but there
are no significant increases in peak concentration. By CY 7140, an area of high concentration has formed
north of the Core Zone Boundary. At CY 11,885 (see Figure 5-66), the greatest development of the
plume during the analysis period is seen, with areas north and east of the Core Zone Boundary reaching
concentrations above the benchmark concentration. Figures 5-67 through 5-69 show the corresponding
results for total uranium, which shows similar spatial distributions at similarly selected times.
Concentrations east of the Core Zone Boundary do not exceed the benchmark concentration for total
uranium, although the area north of the Core Zone Boundary does have concentrations above the
benchmark concentration from CY 7140 to the end of the period of analysis.
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Figure 5-64. Tank Closure Alternative 2A Spatial Distribution of
Groundwater Uranium-238 Concentration During Calendar Year 2005
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Figure 5-65. Tank Closure Alternative 2A Spatial Distribution of
Groundwater Uranium-238 Concentration During Calendar Year 3890
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Figure 5-66. Tank Closure Alternative 2A Spatial Distribution of
Groundwater Uranium-238 Concentration During Calendar Year 11,885
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Figure 5-67. Tank Closure Alternative 2A Spatial Distribution of
Groundwater Total Uranium Concentration During Calendar Year 2135
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Figure 5-68. Tank Closure Alternative 2A Spatial Distribution of
Groundwater Total Uranium Concentration During Calendar Year 3890
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Figure 5-69. Tank Closure Alternative 2A Spatial Distribution of
Groundwater Total Uranium Concentration During Calendar Year 7140

Figures 5-70 through 5-72 show the area covered by concentrations above the benchmark concentration
for iodine-129, technetium-99, and uranium-238. lodine-129 spikes early in the simulation, covering a
peak area of just over 9 square kilometers (3.5 square miles) around CY 2070. This area decreases
rapidly until CY 2590, when it begins to rise again, peaking at 2.5 square kilometers (0.96 square miles)
around CY 3240. The total area covered by the iodine-129 plume that is above the benchmark
concentration drops below 1 square kilometer (0.38 square miles) around CY 5840, continuing its decline
to approximately 0.8 square kilometers (0.3 square miles) by CY 9740 and remaining near that level for
the remainder of the simulation. Technetium-99 shows a similar trend, peaking at approximately 5 square
kilometers (1.9 square miles) in CY 2135 and reaching 0.5 square kilometers (0.19 square miles) in
CY 9740. Uranium-238 shows a distinctly different pattern, without any area above the benchmark
concentration until CY 4540. From CY 4540 until the end of the simulation, areas of uranium-238
concentrations above the benchmark slowly increase, never exceeding 2 square kilometers
(0.77 square miles) during the simulation.
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Figure 5-70. Tank Closure Alternative 2A Total Area of Groundwater lodine-129
Concentration Exceeding the Benchmark Concentration as a Function of Time
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Figure 5-71. Tank Closure Alternative 2A Total Area of Groundwater Technetium-99
Concentration Exceeding the Benchmark Concentration as a Function of Time
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Figure 5-72. Tank Closure Alternative 2A Total Area of Groundwater Uranium-238
Concentration Exceeding the Benchmark Concentration as a Function of Time

5.1.1.2.6 Summary of Impacts

Under Tank Closure Alternative 2A, releases from cribs and trenches (ditches), past leaks, and other tank
farm sources available after the retrieval period are all major contributors in the analysis. The retrieval of
waste from the SSTs lowers the contribution of other tank farm sources relative to Tank Closure
Alternative 1.

For the conservative tracers, concentrations at the Core Zone Boundary exceed benchmark standards by
one to two orders of magnitude early in the analysis, between CY 2100 and 2200. These concentrations
fall below the benchmark between 3,000 and 4,000 years into the analysis. Concentrations at the
Columbia River remain below the benchmark concentration throughout the period of analysis.

For tritium, concentrations at the Core Zone Boundary exceed the benchmark by about two orders of
magnitude during the first 100 years of the period of analysis. Concentrations at the Columbia River
approach the benchmark during this time. Attenuation by radioactive decay is a predominant mechanism
that limits the intensity and duration of groundwater impacts of tritium. After CY 2040, tritium impacts
are essentially negligible.

For uranium-238 and total uranium, limited mobility is an important factor governing the timeframes and
scale of groundwater impacts. Concentrations at the Core Zone Boundary exceed the benchmark
concentration in CY 5900 for uranium-238 and in CY 6900 for total uranium. Groundwater
concentrations at the Columbia River nearshore rise throughout the period of analysis, but stay below an
order of magnitude less than the benchmark concentration.

5.1.1.3 Tank Closure Alternative 2B: Expanded WTP Vitrification; Landfill Closure

This section describes the groundwater analysis results for Tank Closure Alternative 2B, including
long-term groundwater impacts of contaminant sources from within the tank farm barriers. Impacts of
sources removed from within the tank farm barriers and disposed of in an IDF and the RPPDF are
presented in Section 5.3, which discusses waste management impacts.
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Activities under Tank Closure Alternatives 2B, 3A, 3B, 3C, and 6C would be similar in scope and timing.
Tank waste would be retrieved to a volume corresponding to 99 percent retrieval, and residual material in
tanks would be stabilized in place. The tank farms and six sets of adjacent cribs and trenches (ditches)
would be covered with an engineered modified Resource Conservation and Recovery Act (RCRA)
Subtitle C barrier. From the long-term groundwater impact perspective, the results from the analyses of
these alternatives are identical.

51.1.3.1 Actions and Timeframes Influencing Groundwater Impacts

Summaries of the proposed actions and timelines for Tank Closure Alternative 2B are provided in
Chapter 2, Section 2.5. For the long-term groundwater impact analysis, three major periods were
identified for Tank Closure Alternative 2B, as follows:

e The past-practice period was assumed to start with the onset of tank farm operations in 1944 and
continue through 2007, when tank and infrastructure upgrades were complete. Releases to the
vadose zone occurred during the past-practice period from past leaks at the SST farms and
discharges to the cribs and trenches (ditches) associated with the B, BX, BY, T, TX, and TY tank
farms.  The groundwater impacts during the past-practice period under Tank Closure
Alternative 2B that are presented in this section would be common to all of the Tank Closure
alternatives.

e The retrieval period was assumed to start in 2008 and continue through CY 2145. This period
includes retrieval, WTP pretreatment and treatment, landfill closure of the SST farm system, and
100 years of postclosure care. It was assumed that during the retrieval period, 99 percent of
waste volume would be retrieved from the tanks. The SST farm system would be landfill-closed
with a modified RCRA Subtitle C barrier. A retrieval leakage rate of 15,140 liters (4,000 gallons)
per SST (other tank farm sources) was assumed to be released to the vadose zone during the first
part of this period. Releases that occurred during the past-practice period would continue to
migrate through the vadose zone and groundwater system.

e The post—administrative control period was assumed to start in CY 2146 and continue through the
10,000-year period of analysis until CY 11,940. Releases that occurred during the past-practice
and retrieval periods would continue to migrate through the vadose zone and groundwater system
during the post—administrative control period. In addition, the remaining other tank farm sources
waste (e.g., residual waste, ancillary equipment) would be released to the vadose zone at the start
of the post—administrative control period.

5.1.1.3.2 COPC Drivers

A total of 19 COPCs were analyzed for Tank Closure Alternative 2B. Complete results for all 19 COPCs
are tabulated in Appendices M, N, and O. The discussion in this section of long-term impacts associated
with Tank Closure Alternative 2B is focused on the following COPC drivers:

o Radiological risk drivers: tritium, iodine-129, technetium-99, and uranium-238
e Chemical risk drivers: none
e Chemical hazard drivers: chromium, nitrate, and total uranium

The COPC drivers for Tank Closure Alternative 2B were selected by evaluating the risk or hazard
associated with all 19 COPCs during the year of peak risk or hazard at the Core Zone Boundary during
the 10,000-year period of analysis and selecting the major contributors. This process is described in
Appendix Q. Uranium-238 and total uranium were added to the COPC drivers; although their
contribution to risk and hazard are not dominant during the year of peak risk or hazard, they become
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major contributors toward the end of the period of analysis. Tritium was added to the list of COPC
drivers because of its contribution to risk during the early part of the period of analysis. The radiological
risk drivers account for essentially 100 percent of the radiological risk. The only predicted chemical risk
is from 2,4,6-trichlorophenol, calculated as 1 x 10™*, which is negligible for purposes of this discussion.
The chemical hazard drivers account for 100 percent of the chemical hazard associated with Tank Closure
Alternative 2B.

The COPC drivers that are discussed in detail in this section fall into three categories. lodine-129,
technetium-99, chromium, and nitrate are all mobile (i.e., move with groundwater) and long-lived
(relative to the 10,000-year period of analysis), or stable. They are essentially conservative tracers.
Tritium is also mobile, but short-lived. The half-life of tritium is about 13 years, and tritium
concentrations are strongly attenuated by radioactive decay during travel through the vadose zone and
groundwater systems. Finally, uranium-238 and total uranium are long-lived, or stable, but are not as
mobile as the other COPC drivers. These constituents move about seven times more slowly than
groundwater. As the analyses of release, concentration versus time, and spatial distribution of the COPC
drivers are presented, the distinct behavior of these three groups will become apparent.

The other COPCs that were analyzed do not significantly contribute to drinking water risk at the Core
Zone Boundary during the period of analysis because of limited inventories, high retardation factors
(i.e., retention in the vadose zone), short half-lives (i.e., rapid radioactive decay), or a combination of
these factors.

51133 Analysis of Release and Mass Balance

This section presents the impacts of Tank Closure Alternative 2B in terms of total amount of COPCs
released to the vadose zone, groundwater, and the Columbia River during the 10,000-year period of
analysis. Releases of radionuclides are totaled in curies, chemicals in kilograms (see Figures 5-73
through 5-78). Three subtotals are plotted representing releases from cribs and trenches (ditches), past
leaks, and other tank farm sources. For all three types of sources, the release to the vadose zone is
controlled by the inventory (i.e., 100 percent of the inventory was released during the period of analysis).
Note that the release amounts are plotted on a logarithmic scale to facilitate visual comparison of releases
that vary over four orders of magnitude.

Figure 5-73 shows the estimated release to the vadose zone for the radiological risk drivers and
Figure 5-74, the chemical hazard drivers. The predominant sources for tritium, chromium, and nitrate are
the cribs and trenches (ditches) associated with the B, BX, BY, T, TX, and TY tank farms. The
predominant contributing sources for the remaining COPC drivers are a combination of past leaks and
other tank farm sources. This suggests that all three sources are important impact drivers under Tank
Closure Alternative 2B.
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Figure 5-73. Tank Closure Alternative 2B Releases of Radiological Constituent of Potential
Concern Drivers to Vadose Zone for Entire 10,000-Year Analysis Period
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Figure 5-74. Tank Closure Alternative 2B Releases of Chemical Constituent of Potential
Concern Drivers to Vadose Zone for Entire 10,000-Year Analysis Period

Figure 5-75 shows the estimated release to groundwater for the radiological risk drivers and Figure 5-76,
the chemical hazard drivers. In addition to the inventory considerations discussed in the previous
paragraph, release to groundwater is controlled by the transport properties of the COPC drivers and by the
rate of moisture movement through the vadose zone. For the conservative tracers (iodine-129,
technetium-99, chromium, and nitrate), the amount released to groundwater is essentially equal to the
amount released to the vadose zone.
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Figure 5-75. Tank Closure Alternative 2B Releases of Radiological Constituent of Potential
Concern Drivers to Groundwater for Entire 10,000-Year Analysis Period
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Figure 5-76. Tank Closure Alternative 2B Releases of Chemical Constituent of Potential
Concern Drivers to Groundwater for Entire 10,000-Year Analysis Period

For uranium-238 and total uranium, the amount released to groundwater is less than that of the release to
the vadose zone because of vadose zone retention. The amount of this retention depends on the type of
contaminant source, specifically volume and timing of moisture movement through the vadose zone. For
cribs and trenches (ditches) and past leaks, where moisture movement through the vadose zone is
relatively rapid (because of the volume of water associated with the source), about 10 percent of the total
inventory of uranium-238 and total uranium reached groundwater during the period of analysis; for other
tank farm sources, only about 3 percent of the total inventory reached groundwater during the period of
analysis.
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For tritium, the amount released to groundwater is attenuated by radioactive decay. For cribs and
trenches (ditches), about 70 percent of the total inventory reaches groundwater, for past leaks only about
3 percent, and for other tank farm sources, only about one-tenth of 1 percent of the inventory reached the
water table. These results suggest that tritium impacts on groundwater are dominated by releases from
cribs and trenches (ditches), and that radioactive decay of tritium is an important attenuation process.
They also suggest that uranium-238 and total uranium impacts would occur later in the
post—administrative control period because of the long travel times in the vadose zone for these COPCs.

Figure 5-77 shows the estimated release to the Columbia River for the radiological risk drivers and
Figure 5-78, the chemical hazard drivers. Release to the Columbia River is controlled by the transport
properties of the COPC drivers. For the conservative tracers (iodine-129, technetium-99, chromium, and
nitrate), the amount released to the Columbia River is essentially equal to the amount released to
groundwater. For uranium-238 and total uranium, the amount released to the Columbia River is less than
that of the release to groundwater because of retardation. Overall, about 25 percent of the uranium-238
and total uranium released to groundwater during the period of analysis reached the Columbia River. For
tritium, the amount released to the Columbia River is attenuated by radioactive decay. Overall, only
about 2 percent of the tritium released to groundwater reached the Columbia River during the period of
analysis. These results suggest that tritium impacts on the Columbia River are strongly attenuated by
radioactive decay. They also suggest that uranium-238 and total uranium impacts on the Columbia River
would occur later in the post—administrative control period because of the long travel times in the vadose
zone and through the groundwater system for these COPCs.
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Figure 5-77. Tank Closure Alternative 2B Releases of Radiological Constituent of Potential
Concern Drivers to Columbia River for Entire 10,000-Year Analysis Period
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Figure 5-78. Tank Closure Alternative 2B Releases of Chemical Constituent of Potential
Concern Drivers to Columbia River for Entire 10,000-Year Analysis Period

51134 Analysis of Concentration Versus Time

This section presents the analysis of Tank Closure Alternative 2B impacts in terms of groundwater
concentration versus time at the Core Zone Boundary and the Columbia River. Concentrations of
radionuclides are in picocuries per liter, chemicals in micrograms per liter (see Table 5-3 and
Figures 5-79 through 5-85). The benchmark concentration for each radionuclide and chemical is also
shown. Because of the discrete nature of the concentration carried across a barrier or the river, a line
denoting the 95th percentile upper confidence limit of the concentration is included on several of these
graphs. This confidence interval was calculated to show when the actual concentration over a certain
time interval is likely (95 percent of the time) to be at or below this value. The confidence interval is
basically a statistical aid to interpreting data with a significant amount of random fluctuation (noise). The
confidence interval was calculated when the concentration had a reasonable degree of noise, the
concentration’s trend was level, and the concentrations were near the benchmark. Note that the
concentrations are plotted on a logarithmic scale to facilitate visual comparison of concentrations that
vary over five orders of magnitude. Table 5-3 lists the maximum concentrations of the COPCs in the
peak year after CY 2050 at the tank farm barriers, Core Zone Boundary, and Columbia River nearshore.

Figure 5-79 shows concentration versus time for tritium. Releases from cribs and trenches (ditches)
cause groundwater concentrations within the Core Zone Boundary to exceed benchmark concentrations
by about two orders of magnitude for a short period of time during the early part of the period of analysis.
During this time, groundwater concentrations at the Columbia River nearshore approach the benchmark
concentration but stay about one order of magnitude below it. Because the half-life of tritium is less than
13 years, radioactive decay rapidly attenuates groundwater concentration, and tritium concentrations fall
(and stay) below the benchmark concentration at the Core Zone Boundary after CY 2030.
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Table 5-3. Tank Closure Alternative 2B Maximum COPC Concentrations in the Peak Year at the Tank Farm Barriers,
Core Zone Boundary, and Columbia River Nearshore

Columbia
Core Zone River Benchmark
Contaminant A Barrier B Barrier S Barrier | T Barrier | U Barrier | Boundary | Nearshore |Concentration

Radionuclide in picocuries per liter

Hydrogen-3 (tritium) 28 5,080 52 7,270 13 6,080 178 20,000
(2051) (2054) (2050) (2055) (2050) (2054) (2050)

Technetium-99 1,450 30,000 2,660 15,200 284 25,900 205 900
(2058) (2050) (2050) (2050) (3499) (2050) (2480)

lodine-129 3 40 5 30 0.4 34 0.4 1
(2053) (2057) (2050) (2050) (3708) (2057) (2876)

Uranium isotopes (includes 1 55 6 27 8 73 1 15

uranium-233, -234, -235, -238) (11,755) (11,739) (11,765) (11,780) (11,441) (11,691) (11,871)

Chemical in micrograms per liter

Acetonitrile 1 0 0 0 0 1 0 100
(3701) (1940) (3566) (1940) (1940) (3829) (4021)

Chromium 9 3,230 271 768 10 1,670 34 100
(2057) (2055) (2050) (2050) (2050) (2050) (2695)

Nitrate 5,650 1,540,000 8,950 133,000 1,380 1,010,000 8,580 45,000
(2057) (2050) (2050) (2054) (2068) (2050) (2450)

Total uranium 0 46 8 11 12 103 1 30
(11,795) (11,792) (11,602) (11,840) (11,599) (11,683) (11,146)

Note: Corresponding calendar years shown in parentheses. Concentrations that would exceed the benchmark value are indicated in bold text.
Key: COPC=constituent of potential concern.
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Figure 5-79. Tank Closure Alternative 2B Hydrogen-3 (Tritium) Concentration Versus Time

Figures 5-80 through 5-83 show concentration versus time for iodine-129, technetium-99, chromium,
and nitrate (the conservative tracers). Releases from cribs and trenches (ditches) cause groundwater
concentrations to exceed benchmark concentrations by about two to three orders of magnitude during the
early part of the period of analysis. During this time, groundwater concentrations at the Columbia River
nearshore approach the benchmark concentration but remain about one order of magnitude below the
benchmark at peak-year conditions. Releases from past leaks and other tank farm sources cause
groundwater concentrations to continue to exceed benchmark concentrations in the Core Zone Boundary
by about one order of magnitude through about CY 8000 for iodine-129 and CY 5000 for the other
conservative tracers. During this time, groundwater concentrations at the Columbia River nearshore are
below the benchmark concentration and continue to decline through the end of the period of analysis.

Figures 5-84 and 5-85 show concentration versus time for uranium-238 and total uranium. Early releases
from cribs and trenches (ditches) result in groundwater concentrations that are two to three orders of
magnitude lower than benchmark concentrations. Releases from past leaks and other tank farm sources
cause groundwater concentrations to rise in the Core Zone Boundary, nearing benchmark concentrations
by about CY 8000. Concentrations continue to rise throughout the duration of the period of analysis,
exceeding benchmark concentrations by approximately one-half of an order of magnitude at the end of
the period of analysis (CY 11,940). Groundwater concentrations at the Columbia River nearshore rise
throughout the period of analysis but remain below the benchmark concentration by over one order of
magnitude at the end of the period of analysis (CY 11,940).
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Figure 5-80. Tank Closure Alternative 2B lodine-129 Concentration Versus Time
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Figure 5-81. Tank Closure Alternative 2B Technetium-99 Concentration Versus Time
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Figure 5-82. Tank Closure Alternative 2B Chromium Concentration Versus Time
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Figure 5-83. Tank Closure Alternative 2B Nitrate Concentration Versus Time
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Figure 5-84. Tank Closure Alternative 2B Uranium-238 Concentration Versus Time
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Figure 5-85. Tank Closure Alternative 2B Total Uranium Concentration Versus Time

5-79




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

5.1.1.35 Analysis of Spatial Distribution of Concentration

This section presents the impacts of Tank Closure Alternative 2B in terms of the spatial distribution of
groundwater concentration at selected times. Concentrations of radionuclides are in picocuries per liter,
chemicals in micrograms per liter. Concentrations for each radionuclide and chemical are indicated by a
color scale that is relative to the benchmark concentration. Concentrations greater than the benchmark
concentration are indicated by the fully saturated colors green, yellow, orange, and red in order of
increasing concentration. Concentrations less than the benchmark concentration are indicated by the
faded colors green, blue, indigo, and violet in order of decreasing concentration. Note that the
concentration ranges are on a logarithmic scale to facilitate visual comparison of concentrations that vary
over three orders of magnitude.

Figure 5-86 shows the spatial distribution of groundwater concentration for tritium during CY 2005.
Analysis releases from cribs and trenches (ditches) and past leaks, associated primarily with the T, TX,
and TY tank farms, result in a groundwater concentration plume (exceeding the benchmark concentration)
that extends from the center part of the 200-West Area northeast, crossing the Core Zone Boundary, and
extending toward Gable Gap. Peak concentrations in this plume are about 5 to 10 times greater than the
benchmark, and mostly contained within the Core Zone Boundary. By CY 2135, the tritium plume has
diminished to levels less than one-twentieth of the benchmark concentration (see Figure 5-87).

5-80



Chapter 5 = Long-Term Environmental Consequences

(picocuries per liter)
Maximum contaminant level = 20,000
<1,000

1.000-2.000
2,000-10.000
10,000-20,000
20,000-100,000
100,000-200,000
200,000-1,000,000
>1,000.000

D Core Zone Boundary

EEEOCOEE

Note: To convert meters to
feet, multiply by 3.281

Figure 5-86. Tank Closure Alternative 2B Spatial Distribution of
Groundwater Hydrogen-3 (Tritium) Concentration During Calendar Year 2005
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Figure 5-87. Tank Closure Alternative 2B Spatial Distribution of
Groundwater Hydrogen-3 (Tritium) Concentration During Calendar Year 2135
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The conservative tracers (iodine-129, technetium-99, chromium, and nitrate) move at the rate of the pore
water velocity and are discussed as a group, as they show similar spatial distributions. Figure 5-88 shows
the spatial distribution of groundwater concentration of iodine-129 during CY 2005. Analysis releases
from cribs and trenches (ditches) and past leaks result in groundwater concentration plumes that exceed
the benchmark concentration associated with the T Barrier, B Barrier, and A Barrier. Peak concentrations
in this plume are about 10 to 50 times greater than the benchmark, and mostly contained within the Core
Zone Boundary. During CY 2135, releases from other tank farm sources create another, less-intense
plume (up to 5 to 10 times greater than the benchmark) that extends from the A Barrier toward the
Columbia River (see Figure 5-89). By CY 7140, most of the mass in the plumes has reached the
Columbia River, with only isolated pockets of high concentrations in Gable Gap (see Figure 5-90).
Technetium-99, chromium, and nitrate show a similar spatial distribution at selected times (see
Figures 5-91 through 5-99).
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Figure 5-88. Tank Closure Alternative 2B Spatial Distribution of
Groundwater lodine-129 Concentration During Calendar Year 2005
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Figure 5-89. Tank Closure Alternative 2B Spatial Distribution of
Groundwater lodine-129 Concentration During Calendar Year 2135
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Figure 5-90. Tank Closure Alternative 2B Spatial Distribution of
Groundwater lodine-129 Concentration During Calendar Year 7140

5-85



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

Technetium-99
(picocuries per liter)
Maximum contaminant level = 900
<45

45-90

0450

450-900

900-4,500
4,500-9,000
9,000-45,000
>45,000

D Core Zone Boundary

EECOEECOE@

Note: To convert meters to
feet, multiply by 3.281

Figure 5-91. Tank Closure Alternative 2B Spatial Distribution of
Groundwater Technetium-99 Concentration During Calendar Year 2005
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Figure 5-92. Tank Closure Alternative 2B Spatial Distribution of
Groundwater Technetium-99 Concentration During Calendar Year 2135
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Figure 5-93. Tank Closure Alternative 2B Spatial Distribution of
Groundwater Technetium-99 Concentration During Calendar Year 7140
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Figure 5-94. Tank Closure Alternative 2B Spatial Distribution of
Groundwater Chromium Concentration During Calendar Year 2005
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Figure 5-95. Tank Closure Alternative 2B Spatial Distribution of
Groundwater Chromium Concentration During Calendar Year 2135
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Figure 5-96. Tank Closure Alternative 2B Spatial Distribution of
Groundwater Chromium Concentration During Calendar Year 7140
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Figure 5-97. Tank Closure Alternative 2B Spatial Distribution of
Groundwater Nitrate Concentration During Calendar Year 2005
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Figure 5-98. Tank Closure Alternative 2B Spatial Distribution of
Groundwater Nitrate Concentration During Calendar Year 2135
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Figure 5-99. Tank Closure Alternative 2B Spatial Distribution of
Groundwater Nitrate Concentration During Calendar Year 7140
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Figure 5-100 shows the area in square kilometers in which groundwater concentrations of technetium-99
exceed the benchmark concentration in the analysis as a function of time. A peak area of about 4 square
kilometers (1.5 square miles) occurs around CY 2135, followed by a fairly sharp decrease. Another peak
area of about 2 square kilometers (0.77 square miles) occurs around CY 3890, followed by another
decrease. By about CY 6000, the area with a concentration above the benchmark concentration begins to
level out to around 0.5 square kilometers (0.2 square miles). lodine-129 shows a pattern similar to that of

technetium-99, as both constituents are conservative tracers (see Figure 5-101).
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T o+
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Figure 5-100. Tank Closure Alternative 2B Total Area of Groundwater Technetium-99

Concentration Exceeding the Benchmark Concentration as a Function of Time
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Figure 5-101. Tank Closure Alternative 2B Total Area of Groundwater lodine-129

Concentration Exceeding the Benchmark Concentration as a Function of Time
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Uranium-238 and total uranium show a different spatial distribution in the analysis over time. These
COPCs are not as mobile as those discussed above, moving about seven times slower than the pore water
velocity. As a result, travel times through the vadose zone are longer, release to the aquifer is delayed,
and travel times through the aquifer to the Columbia River are longer. Figure 5-102 shows the
distribution of uranium-238 during CY 2005. There is a small plume associated with cribs and trenches
(ditches) and past leaks at the T Barrier that is less than one-twentieth of the benchmark concentration and
is contained within the Core Zone Boundary. By CY 7140, the area of the plume has grown and extended
to the Columbia River (see Figure 5-103). There is only a small area in Gable Gap that is 5 to 10 times
greater in uranium-238 concentration than the benchmark concentration. By CY 11,885, the greatest
development of the plume during the analysis period is seen, resulting primarily from past leaks and the
release of other tank farm sources at the A Barrier and B Barrier (see Figure 5-104).
Figures 5-105 through 5-107 show the corresponding results for total uranium.
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Figure 5-102. Tank Closure Alternative 2B Spatial Distribution of
Groundwater Uranium-238 Concentration During Calendar Year 2005
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Figure 5-103. Tank Closure Alternative 2B Spatial Distribution of
Groundwater Uranium-238 Concentration During Calendar Year 7140

5-97



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

Uranium-238
(picocuries per liter)
Maximum contaminant level = 15

<0.75

0.75-15

1575

7.5-15

15-75

75-150

150-750

>750

D Core Zone Boundary
[ ey s

EECEOOEE

Note: To convert meters to
feet, multiply by 3.281

Figure 5-104. Tank Closure Alternative 2B Spatial Distribution of
Groundwater Uranium-238 Concentration During Calendar Year 11,885
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Figure 5-105. Tank Closure Alternative 2B Spatial Distribution of
Groundwater Total Uranium Concentration During Calendar Year 2005
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Figure 5-106. Tank Closure Alternative 2B Spatial Distribution of
Groundwater Total Uranium Concentration During Calendar Year 7140
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Figure 5-107. Tank Closure Alternative 2B Spatial Distribution of
Groundwater Total Uranium Concentration During Calendar Year 11,885

Uranium-238 does not exceed the benchmark concentration in any area until after CY 5190 (see
Figure 5-108). A sharp increase in area with concentrations above the maximum contaminant level is
seen after this time and continues to rise to over 1.25 square kilometers (0.48 square miles) through the
end of the period of analysis (CY 11,940). It is expected that the majority of the uranium-238 would
continue to migrate through the vadose zone after the period of analysis is over.
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Figure 5-108. Tank Closure Alternative 2B Total Area of Groundwater Uranium-238
Concentration Exceeding the Benchmark Concentration as a Function of Time

5.1.13.6 Summary of Impacts

Under Tank Closure Alternative 2B, concentrations of tritium at the Core Zone Boundary exceed the
benchmark concentration by about two orders of magnitude during the first 100 years of the period of
analysis. Concentrations at the Columbia River nearshore approach but do not exceed the benchmark
during this time. Attenuation by radioactive decay is a predominant mechanism that limits the intensity
and duration of groundwater impacts of tritium.

For the conservative tracers (iodine-129, technetium-99, chromium, and nitrate), concentrations at the
Core Zone Boundary exceed benchmark standards by two to three orders of magnitude during the early
part of the period of analysis and then gradually decline to around one order of magnitude below the
benchmark, where they remain throughout the period of analysis. Concentrations at the Columbia River
nearshore remain below the benchmark throughout the period of analysis.

For uranium-238 and total uranium, limited mobility is an important factor governing the timeframes and
scale of groundwater impacts. The concentrations of these retarded species exceed the benchmark at the
Core Zone Boundary beyond about CY 8000. Concentrations at the Columbia River nearshore rise
throughout the period of analysis but remain below the benchmark by around one order of magnitude.
The peak intensity and area of the contamination plume is at the end of the period of analysis.

5114 Tank Closure Alternative 3A: Existing WTP Vitrification with Thermal Supplemental
Treatment (Bulk Vitrification); Landfill Closure

Activities under Tank Closure Alternatives 2B, 3A, 3B, 3C, and 6C would be similar in scope and timing.
Tank waste would be retrieved to a volume corresponding to 99 percent retrieval, and residual material in
tanks would be stabilized in place. The tank farms and six sets of adjacent cribs and trenches (ditches)
would be covered with an engineered modified RCRA Subtitle C barrier. From the long-term
groundwater impact perspective, the results from the analyses of these alternatives are identical. Refer to
Section 5.1.1.3 for detailed, long-term groundwater analysis results for Tank Closure Alternative 2B,
which are identical to those for Tank Closure Alternative 3A.
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51.1.4.1 Actions and Timeframes Influencing Groundwater Impacts

Refer to Section 5.1.1.3.1 for detailed, long-term groundwater analysis results for Tank Closure
Alternative 2B, which are identical to those for Tank Closure Alternative 3A.

5.1.1.4.2 COPC Drivers

Refer to Section 5.1.1.3.2 for detailed, long-term groundwater analysis results for Tank Closure
Alternative 2B, which are identical to those for Tank Closure Alternative 3A.

51143 Analysis of Release and Mass Balance

Refer to Section 5.1.1.3.3 for detailed, long-term groundwater analysis results for Tank Closure
Alternative 2B, which are identical to those for Tank Closure Alternative 3A.

51144 Analysis of Concentration Versus Time

Refer to Section 5.1.1.3.4 for detailed, long-term groundwater analysis results for Tank Closure
Alternative 2B, which are identical to those for Tank Closure Alternative 3A.

5.1.1.4.5 Analysis of Spatial Distribution of Concentration

Refer to Section 5.1.1.3.5 for detailed, long-term groundwater analysis results for Tank Closure
Alternative 2B, which are identical to those for Tank Closure Alternative 3A.

51146 Summary of Impacts

Refer to Section 5.1.1.3.6 for detailed, long-term groundwater analysis results for Tank Closure
Alternative 2B, which are identical to those for Tank Closure Alternative 3A.

51.15 Tank Closure Alternative 3B: Existing WTP Vitrification with Nonthermal
Supplemental Treatment (Cast Stone); Landfill Closure

Activities under Tank Closure Alternatives 2B, 3A, 3B, 3C, and 6C would be similar in scope and timing.
Tank waste would be retrieved to a volume corresponding to 99 percent retrieval, and residual material in
tanks would be stabilized in place. The tank farms and six sets of adjacent cribs and trenches (ditches)
would be covered with an engineered modified RCRA Subtitle C barrier. From the long-term
groundwater impact perspective, the results from the analyses of these alternatives are identical. Refer to
Section 5.1.1.3 for detailed, long-term groundwater analysis results for Tank Closure Alternative 2B,
which are identical to those for Tank Closure Alternative 3B.

51151 Actions and Timeframes Influencing Groundwater Impacts

Refer to Section 5.1.1.3.1 for detailed, long-term groundwater analysis results for Tank Closure
Alternative 2B, which are identical to those for Tank Closure Alternative 3B.

5.1.1.5.2 COPC Drivers

Refer to Section 5.1.1.3.2 for detailed, long-term groundwater analysis results for Tank Closure
Alternative 2B, which are identical to those for Tank Closure Alternative 3B.
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5.1.1.5.3 Analysis of Release and Mass Balance

Refer to Section 5.1.1.3.3 for detailed, long-term groundwater analysis results for Tank Closure
Alternative 2B, which are identical to those for Tank Closure Alternative 3B.

51154 Analysis of Concentration Versus Time

Refer to Section 5.1.1.3.4 for detailed, long-term groundwater analysis results for Tank Closure
Alternative 2B, which are identical to those for Tank Closure Alternative 3B.

5.1.155 Analysis of Spatial Distribution of Concentration

Refer to Section 5.1.1.3.5 for detailed, long-term groundwater analysis results for Tank Closure
Alternative 2B, which are identical to those for Tank Closure Alternative 3B.

51.15.6 Summary of Impacts

Refer to Section 5.1.1.3.6 for detailed, long-term groundwater analysis results for Tank Closure
Alternative 2B, which are identical to those for Tank Closure Alternative 3B.

5.1.1.6 Tank Closure Alternative 3C: Existing WTP Vitrification with Thermal Supplemental
Treatment (Steam Reforming); Landfill Closure

Activities under Tank Closure Alternatives 2B, 3A, 3B, 3C, and 6C would be similar in scope and timing.
Tank waste would be retrieved to a volume corresponding to 99 percent retrieval, and residual material in
tanks would be stabilized in place. The tank farms and six sets of adjacent cribs and trenches (ditches)
would be covered with an engineered modified RCRA Subtitle C barrier. From the long-term
groundwater impact perspective, the results from the analyses of these alternatives are identical. Refer to
Section 5.1.1.3 for detailed, long-term groundwater analysis results for Tank Closure Alternative 2B,
which are identical to those for Tank Closure Alternative 3C.

51.16.1 Actions and Timeframes Influencing Groundwater Impacts

Refer to Section 5.1.1.3.1 for detailed, long-term groundwater analysis results for Tank Closure
Alternative 2B, which are identical to those for Tank Closure Alternative 3C.

5.1.1.6.2 COPC Drivers

Refer to Section 5.1.1.3.2 for detailed, long-term groundwater analysis results for Tank Closure
Alternative 2B, which are identical to those for Tank Closure Alternative 3C.

51.16.3 Analysis of Release and Mass Balance

Refer to Section 5.1.1.3.3 for detailed, long-term groundwater analysis results for Tank Closure
Alternative 2B, which are identical to those for Tank Closure Alternative 3C.

51.16.4 Analysis of Concentration Versus Time

Refer to Section 5.1.1.3.4 for detailed, long-term groundwater analysis results for Tank Closure
Alternative 2B, which are identical to those for Tank Closure Alternative 3C.
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5.1.1.6.5 Analysis of Spatial Distribution of Concentration

Refer to Section 5.1.1.3.5 for detailed, long-term groundwater analysis results for Tank Closure
Alternative 2B, which are identical to those for Tank Closure Alternative 3C.

5.1.16.6 Summary of Impacts

Refer to Section 5.1.1.3.6 for detailed, long-term groundwater analysis results for Tank Closure
Alternative 2B, which are identical to those for Tank Closure Alternative 3C.

5.1.1.7 Tank Closure Alternative 4: Existing WTP Vitrification with Supplemental Treatment
Technologies; Selective Clean Closure/Landfill Closure

This section describes the groundwater analysis results for Tank Closure Alternative 4, including
long-term groundwater impacts of contaminant sources from within the tank farm barriers. Impacts of
sources removed from within the tank farm barriers and disposed of in an IDF and the RPPDF are
presented in Section 5.3, which discusses waste management impacts.

51171 Actions and Timeframes Influencing Groundwater Impacts

Summaries of the proposed actions and timelines for Tank Closure Alternative 4 are provided in
Chapter 2, Section 2.5. For the long-term groundwater impact analysis, three major periods were
identified for Tank Closure Alternative 4, as follows:

e The past-practice period was assumed to start with the onset of tank farm operations in 1944 and
continue through 2007, when tank and infrastructure upgrades were complete. Releases to the
vadose zone occurred during the past-practice period from past leaks at the SST farms and
discharges to the cribs and trenches (ditches) associated with the B, BX, BY, T, TX, and TY tank
farms.  The groundwater impacts during the past-practice period under Tank Closure
Alternative 4 presented in this section would be common to all the Tank Closure alternatives.

e The retrieval period was assumed to start in 2008 and end in CY 2144. During this period,
99.9 percent of the waste would be retrieved from the tanks. A retrieval loss of 15,140 liters
(4,000 gallons) per tank was assumed for all SSTs. Most tank farms would be landfill-closed
with a modified RCRA Subtitle C barrier. The exceptions are the BX and SX tank farms, which
would undergo clean closure.

e The post—administrative control period was assumed to start in CY 2145 and continue through the
10,000-year period of analysis until CY 11,940. Releases that occurred during the past-practice
period would continue to migrate through the vadose zone and groundwater system during the
post—administrative control period. All remaining waste would be available for release into the
vadose zone at the start of the post-administrative control period.

5.1.1.7.2 COPC Drivers

A total of 19 COPCs were analyzed for Tank Closure Alternative 4. Complete results for all 19 COPCs
are tabulated in Appendices M, N, and O. The discussion in this section of long-term impacts associated
with Tank Closure Alternative 4 is focused on the following COPC drivers:

o Radiological risk drivers: tritium, iodine-129, technetium-99, and uranium-238
e Chemical risk drivers: none
e Chemical hazard drivers: chromium, nitrate, and total uranium
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The COPC drivers for Tank Closure Alternative 4 were selected by evaluating the risk or hazard
associated with all 19 COPCs during the year of peak risk or hazard at the Core Zone Boundary during
the 10,000-year period of analysis and selecting the major contributors. This process is described in
Appendix Q. Uranium-238 and total uranium were added to the COPC drivers; although their
contribution to risk and hazard are not dominant during the year of peak risk or hazard, they become
major contributors toward the end of the period of analysis. The radiological risk drivers account for
essentially 100 percent of the radiological risk. There would be no chemical risk. The chemical hazard
drivers account for 100 percent of the chemical hazard associated with Tank Closure Alternative 4.

The COPC drivers that are discussed in detail in this section fall into three categories. lodine-129,
technetium-99, chromium, and nitrate are all mobile (i.e., move with groundwater) and long-lived
(relative to the 10,000-year period of analysis), or stable. They are essentially conservative tracers.
Tritium is also mobile, but short-lived. The half-life of tritium is about 13 years, and tritium
concentrations are strongly attenuated by radioactive decay during travel through the vadose zone and
groundwater systems. Finally, uranium-238 and total uranium are long-lived, or stable, but are not as
mobile as the other COPC drivers. These constituents move about seven times more slowly than
groundwater. As the analyses of release, concentration versus time, and spatial distribution of the COPC
drivers are presented, the distinct behavior of these three groups will become apparent.

The other COPCs that were analyzed do not significantly contribute to drinking water risk at the Core
Zone Boundary during the period of analysis because of limited inventories, high retardation factors
(i.e., retention in the vadose zone), short half-lives (i.e., rapid radioactive decay), or a combination of
these factors.

51173 Analysis of Release and Mass Balance

This section presents the impacts of Tank Closure Alternative 4 in terms of total amount of COPCs
released to the vadose zone, groundwater, and the Columbia River during the 10,000-year period of
analysis. Releases of radionuclides are totaled in curies, chemicals in kilograms (see Figures 5-109
through 5-114). Three subtotals are plotted representing releases from cribs and trenches (ditches), past
leaks, and other tank farm sources. Note that the release amounts are plotted on a logarithmic scale to
facilitate visual comparison of releases that vary over four orders of magnitude.

Figure 5-109 shows the estimated release to the vadose zone for the radiological risk drivers and
Figure 5-110, the chemical hazard drivers. For all three types of sources, the release to the vadose zone is
controlled by the inventory (i.e., 100 percent of the inventory was released during the period of analysis).
The predominant sources for tritium, chromium, and nitrate are the cribs and trenches (ditches) associated
with the B, BX, BY, T, TX, and TY tank farms. For all other COPC drivers the predominant sources are
past leaks. This suggests that activities during the past-practice period are an important impact driver
under Tank Closure Alternative 4.

Figure 5-111 shows the estimated release to groundwater for the radiological risk drivers and
Figure 5-112, the chemical hazard drivers. In addition to the inventory considerations discussed in the
previous paragraph, release to groundwater is controlled by the transport properties of the COPC drivers
and by the rate of moisture movement through the vadose zone. For the conservative tracers (iodine-129,
technetium-99, chromium, and nitrate), the amount released to groundwater is essentially equal to the
amount released to the vadose zone.
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Figure 5-109. Tank Closure Alternative 4 Releases of Radiological Constituent of Potential

Concern Drivers to Vadose Zone for Entire 10,000-Year Analysis Period
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Figure 5-110. Tank Closure Alternative 4 Releases of Chemical Constituent of Potential

Concern Drivers to Vadose Zone for Entire 10,000-Year Analysis Period
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Figure 5-111. Tank Closure Alternative 4 Releases of Radiological Constituent of Potential
Concern Drivers to Groundwater for Entire 10,000-Year Analysis Period

1.0x108

1.0%107
1.0x108
1.0x105

1.0x104

1.0x10°%

1.0x10%

Release (kilograms)

1.0x10"'
1.0

Chromium Nitrate Total Uranium

I Cribs and trenches @ Past leaks Other sources

Figure 5-112. Tank Closure Alternative 4 Releases of Chemical Constituent of Potential
Concern Drivers to Groundwater for Entire 10,000-Year Analysis Period

For uranium-238 and total uranium, the amount released to groundwater is less than that of the release to
the vadose zone because of vadose zone retention. The amount of this retention depends on the type of
contaminant source, specifically volume and timing of moisture movement through the vadose zone. For
cribs and trenches (ditches) and past leaks, where moisture movement through the vadose zone is
relatively rapid (because of the volume of water associated with the source), about 10 percent of the total
inventory reached groundwater during the period of analysis; for other tank farm sources, only about
2 percent of the total inventory reached groundwater during the period of analysis.
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For tritium, the amount released to groundwater is attenuated by radioactive decay. For cribs and
trenches (ditches), about 70 percent of the total inventory reached groundwater in the analysis; for past
leaks, only 2 percent; and for other tank farm sources, only one-third of 1 percent reached the water table.
These results suggest that tritium impacts on groundwater are dominated by releases from cribs and
trenches (ditches), and that radioactive decay of tritium is an important attenuation process. They also
suggest that uranium-238 and total uranium impacts would occur later in the post-remediation period
because of the long travel times in the vadose zone for these COPCs.

Figure 5-113 shows the estimated release to the Columbia River for the radiological risk drivers and
Figure 5-114, the chemical hazard drivers. Release to the Columbia River is controlled by the transport
properties of the COPC drivers. For the conservative tracers (iodine-129, technetium-99, chromium, and
nitrate), the amount released to the Columbia River is essentially equal to the amount released to
groundwater. For uranium-238 and total uranium, the amount released to the Columbia River is less than
that of the release to groundwater because of retardation. Overall, about 25 percent of the amount
released to groundwater during the period of analysis reached the Columbia River. For tritium, the
amount released to the Columbia River is attenuated by radioactive decay. Overall, only about 3 percent
of the tritium released to groundwater reached the Columbia River during the period of analysis. These
results suggest that tritium impacts on the Columbia River are strongly attenuated by radioactive decay.
They also suggest that uranium-238 and total uranium impacts on the Columbia River would occur later
in the post-remediation period because of the long travel times in the vadose zone and through the
groundwater system for these COPCs.
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Figure 5-113. Tank Closure Alternative 4 Releases of Radiological Constituent of Potential
Concern Drivers to Columbia River for Entire 10,000-Year Analysis Period
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Figure 5-114. Tank Closure Alternative 4 Releases of Chemical Constituent of Potential
Concern Drivers to Columbia River for Entire 10,000-Year Analysis Period

51174 Analysis of Concentration Versus Time

This section presents the analysis of Tank Closure Alternative 4 impacts in terms of groundwater
concentration versus time at the Core Zone Boundary and the Columbia River. Concentrations of
radionuclides are in picocuries per liter, chemicals in micrograms per liter (see Table 5-4 and
Figures 5-115 through 5-121). The benchmark concentration for each radionuclide and chemical is also
shown. Because of the discrete nature of the concentration carried across a barrier or the river, a line
denoting the 95th percentile upper confidence limit of the concentration is included on several of these
graphs. This confidence interval was calculated to show when the actual concentration over a certain
time interval is likely (95 percent of the time) to be at or below this value. The confidence interval is
basically a statistical aid to interpreting data with a significant amount of random fluctuation (noise). The
confidence interval was calculated when the concentration had a reasonable degree of noise, the
concentration’s trend was level, and the concentrations were near the benchmark. Note that the
concentrations are plotted on a logarithmic scale to facilitate visual comparison of concentrations that
vary over five orders of magnitude. Table 54 lists the maximum concentrations of the COPCs in the
peak year after CY 2050 at the tank farm barriers, Core Zone Boundary, and Columbia River nearshore.

Figure 5-115 shows concentration versus time for tritium. Releases from cribs and trenches (ditches)
cause groundwater concentrations to exceed benchmark concentrations by about two orders of magnitude
for a short period of time during the early part of the period of analysis. During this time, groundwater
concentrations at the Columbia River nearshore remain over an order of magnitude below the benchmark
concentration. Because the half-life of tritium is less than 13 years, radioactive decay rapidly attenuates
groundwater concentration, and tritium is essentially not a factor at times later than CY 2050.
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Table 5-4. Tank Closure Alternative 4 Maximum COPC Concentrations in the Peak Year at the Tank Farm Barriers,
Core Zone Boundary, and Columbia River Nearshore

Columbia
Core Zone River Benchmark
Contaminant A Barrier | B Barrier S Barrier T Barrier U Barrier | Boundary | Nearshore |Concentration

Radionuclide in picocuries per liter

Hydrogen-3 (tritium) 28 5,060 4 7,270 13 6,060 178 20,000
(2051) (2054) (2062) (2055) (2050) (2054) (2050)

Technetium-99 1,460 28,200 214 15,200 180 24,100 191 900
(2058) (2050) (2060) (2050) (2060) (2050) (2480)

lodine-129 3 38 0.4 30 0.3 31 0.3 1
(2053) (2057) (2052) (2050) (2052) (2057) (2181)

Uranium isotopes (includes 0 36 1 26 8 48 1 15

uranium-233, -234, -235, -238) (11,814) (11,742) (11,795) (11,780) (11,441) (11,529) (11,891)

Chemical in micrograms per liter

Chromium 9 3,220 36 768 10 1,650 34 100
(2057) (2055) (2057) (2050) (2050) (2050) (2695)

Nitrate 5,530 1,540,000 1,400 133,000 1,230 1,010,000 8,490 45,000
(2056) (2050) (2059) (2054) (2067) (2050) (2450)

Total uranium 0 14 1 11 12 63 1 30
(11,819) (11,678) (11,828) (11,840) (11,599) (11,690) (11,577)

Note: Corresponding calendar years shown in parentheses. Concentrations that would exceed the benchmark value are indicated in bold text.

Key: COPC=constituent of potential concern.
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Figure 5-115. Tank Closure Alternative 4 Hydrogen-3 (Tritium) Concentration Versus Time

Figures 5-116 through 5-119 show concentration versus time for iodine-129, technetium-99, chromium,
and nitrate (the conservative tracers). Releases from cribs and trenches (ditches) cause groundwater
concentrations to exceed benchmark concentrations by about two to three orders of magnitude during the
early part of the period of analysis at the Core Zone Boundary. During this time, groundwater
concentrations at the Columbia River nearshore approach but do not exceed the benchmark concentration.
Technetium-99 and nitrate concentrations fall below the benchmark concentration at the Core Zone
Boundary around CY 4000, while iodine-129 and chromium fall below the benchmark around CY 5000.
Concentrations for all four conservative tracers decline over the remainder of the period of analysis.

Figures 5-120 and 5-121 show concentration versus time for uranium-238 and total uranium. Early
releases from cribs and trenches (ditches) result in groundwater concentrations that are one to two orders
of magnitude lower than benchmark concentrations. These concentrations continue to rise throughout the
duration of the period of analysis. Uranium-238 concentrations exceed the benchmark concentration
around CY 8000, while total uranium concentrations exceed the benchmark around CY 9500.
Groundwater concentrations at the Columbia River nearshore rise throughout the period of analysis but
remain over an order of magnitude below the benchmark concentration for the duration of the simulation.
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Figure 5-116. Tank Closure Alternative 4 lodine-129 Concentration Versus Time
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Figure 5-117. Tank Closure Alternative 4 Technetium-99 Concentration Versus Time
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Figure 5-118. Tank Closure Alternative 4 Chromium Concentration Versus Time

Concentration (micrograms per liter)

1.0x108

1.0x107

1.0x108

1.0x10°

1.0x104 . " |

1.0x10%

1.0x10?

1.0x10° — Core Zone Boundary 1
= Columbia River nearshore
= Benchmark concentration

1.0 (45,000 micrograms per liter) Pt o

1.0x10" : ; . . . : . . - {
1940 2840 3840 4940 5940 6940 7940 8840 9840 10,940 11,940

Calendar Year

Figure 5-119. Tank Closure Alternative 4 Nitrate Concentration Versus Time
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Figure 5-120. Tank Closure Alternative 4 Uranium-238 Concentration Versus Time
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Figure 5-121. Tank Closure Alternative 4 Total Uranium Concentration Versus Time
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51175 Analysis of Spatial Distribution of Concentration

This section presents the impacts of Tank Closure Alternative 4 in terms of the spatial distribution of
groundwater concentration at selected times. Concentrations of radionuclides are in picocuries per liter,
chemicals in micrograms per liter (see Figures 5-122 through 5-146). Concentrations for each
radionuclide and chemical are indicated by a color scale that is relative to the benchmark concentration.
Concentrations greater than the benchmark concentration are indicated by the fully saturated colors green,
yellow, orange, and red in order of increasing concentration. Concentrations less than the benchmark
concentration are indicated by the faded colors green, blue, indigo, and violet in order of decreasing
concentration. Note that the concentration ranges are on a logarithmic scale to facilitate visual
comparison of concentrations that vary over three orders of magnitude.

Figure 5-122 shows the spatial distribution of groundwater concentration for tritium during CY 2005.
Tritium concentrations are attenuated by radioactive decay to levels less than one-twentieth of the
benchmark concentration by CY 2135 (see Figure 5-123).
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Figure 5-122. Tank Closure Alternative 4 Spatial Distribution of
Groundwater Hydrogen-3 (Tritium) Concentration During Calendar Year 2005
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Figure 5-123. Tank Closure Alternative 4 Spatial Distribution of
Groundwater Hydrogen-3 (Tritium) Concentration During Calendar Year 2135
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Plume distribution for iodine-129 during CY 2005 is shown in Figure 5-124. By CY 2135 (see
Figure 5-125), areas of concentrations above the benchmark concentration exist east of the Core Zone
Boundary, north of the 200-East Area, and in three separate areas north of Gable Gap. By CY 7140, most
of the mass in the plume has reached the Columbia River, with only isolated pockets of
high-concentration areas where the groundwater flow velocities are extremely small (see Figure 5-126).
Technetium-99 (see Figures 5-127 through 5-129), chromium (see Figures 5-130 through 5-132), and
nitrate (see Figures 5-133 through 5-135) show similar spatial distributions at selected times.
lodine-129, technetium-99, chromium, and nitrate are all conservative tracers (i.e., move at the rate of the
pore water velocity).
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Figure 5-124. Tank Closure Alternative 4 Spatial Distribution of
Groundwater lodine-129 Concentration During Calendar Year 2005
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Figure 5-125. Tank Closure Alternative 4 Spatial Distribution of
Groundwater lodine-129 Concentration During Calendar Year 2135
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Figure 5-126. Tank Closure Alternative 4 Spatial Distribution of
Groundwater lodine-129 Concentration During Calendar Year 7140
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Figure 5-127. Tank Closure Alternative 4 Spatial Distribution of
Groundwater Technetium-99 Concentration During Calendar Year 2005
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Figure 5-128. Tank Closure Alternative 4 Spatial Distribution of
Groundwater Technetium-99 Concentration During Calendar Year 2135
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Figure 5-129. Tank Closure Alternative 4 Spatial Distribution of
Groundwater Technetium-99 Concentration During Calendar Year 7140
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Figure 5-130. Tank Closure Alternative 4 Spatial Distribution of
Groundwater Chromium Concentration During Calendar Year 2005
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Figure 5-131. Tank Closure Alternative 4 Spatial Distribution of
Groundwater Chromium Concentration During Calendar Year 2135
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Figure 5-132. Tank Closure Alternative 4 Spatial Distribution of
Groundwater Chromium Concentration During Calendar Year 7140
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Figure 5-133. Tank Closure Alternative 4 Spatial Distribution of
Groundwater Nitrate Concentration During Calendar Year 2005
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Figure 5-134. Tank Closure Alternative 4 Spatial Distribution of
Groundwater Nitrate Concentration During Calendar Year 2135
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Figure 5-135. Tank Closure Alternative 4 Spatial Distribution of
Groundwater Nitrate Concentration During Calendar Year 7140
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Uranium-238 and total uranium show a different spatial distribution in the analysis over time. These
COPCs are not as mobile as those discussed above, moving about seven times slower than the pore water
velocity. As a result, travel times through the vadose zone are longer, release to the aquifer is delayed,
and travel times through the aquifer to the Columbia River are longer. The distribution of uranium-238
during CY 2005 is shown in Figure 5-136. By CY 2135 (see Figure 5-137), the area of the plume has
grown, but there are no significant increases in peak concentration. By CY 7140 (see Figure 5-138),
some areas of higher concentration begin to appear in the western part of the Core Zone Boundary and in
the area north of the Core Zone Boundary. At CY 11,885 (see Figure 5-139), the greatest development of
the plume during the analysis period is seen, resulting primarily from releases during the past-practice
period. At this point, a small area of high concentrations has developed just north of the 200-East Area.
Figures 5-140 through 5-143 show the corresponding results for total uranium, which has a similar
distribution.

Uranium-238
(picocuries per liter)
Maximum contaminant level = 15

<0.75

0.75-1.5
15-75
7.5-15
B 1575
75-150 N
B 150-750 w‘é—-l:
v
B -0
5
I:l Core Zone Boundary

0 5,000 10,000 15,000
| Motors

Note: To convert meters to
feet, multiply by 3.281

Figure 5-136. Tank Closure Alternative 4 Spatial Distribution of
Groundwater Uranium-238 Concentration During Calendar Year 2005
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Figure 5-137. Tank Closure Alternative 4 Spatial Distribution of
Groundwater Uranium-238 Concentration During Calendar Year 2135
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Figure 5-138. Tank Closure Alternative 4 Spatial Distribution of
Groundwater Uranium-238 Concentration During Calendar Year 7140
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Figure 5-139. Tank Closure Alternative 4 Spatial Distribution of
Groundwater Uranium-238 Concentration During Calendar Year 11,885
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Figure 5-140. Tank Closure Alternative 4 Spatial Distribution of
Groundwater Total Uranium Concentration During Calendar Year 2005
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Figure 5-141. Tank Closure Alternative 4 Spatial Distribution of
Groundwater Total Uranium Concentration During Calendar Year 3890
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Figure 5-142. Tank Closure Alternative 4 Spatial Distribution of
Groundwater Total Uranium Concentration During Calendar Year 7140
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Figure 5-143. Tank Closure Alternative 4 Spatial Distribution of
Groundwater Total Uranium Concentration During Calendar Year 11,885
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Figures 5-144 through 5-146 show the area covered by concentrations above the benchmark
concentration for iodine-129, technetium-99, and uranium-238. lodine-129 spikes early in the simulation,
covering a peak area of just over 4 square kilometers (1.5 square miles) around CY 2135. The total area
covered by the iodine-129 plume that is above the benchmark concentration drops below 1.1 square
kilometers (0.4 square miles) around CY 3890, continuing its decline to 0.5square kilometers
(0.2 square miles) by CY 9740 and remaining near that level for the remainder of the simulation.
Technetium-99 shows a similar trend, peaking at just over 8 square kilometers (3 square miles) in
CY 2070 and reaching 0.5 square kilometers (0.2 square miles) in CY 7790. Uranium-238 shows a
distinctly different pattern, without any area above the benchmark concentration until CY 5840. From
CY 5840 until the end of the simulation, areas of uranium-238 concentrations above the benchmark

concentration slowly increase, never exceeding 1.1 square kilometers (0.4 square miles).
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Figure 5-144. Tank Closure Alternative 4 Total Area of Groundwater lodine-129

Concentration Exceeding the Benchmark Concentration as a Function of Time
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Figure 5-145. Tank Closure Alternative 4 Total Area of Groundwater Technetium-99

Concentration Exceeding the Benchmark Concentration as a Function of Time
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Figure 5-146. Tank Closure Alternative 4 Total Area of Groundwater Uranium-238
Concentration Exceeding the Benchmark Concentration as a Function of Time

5.11.7.6 Summary of Impacts

Under Tank Closure Alternative 4, discharges to cribs and trenches (ditches) and past leaks are the
predominant contributors. Other tank farm sources, available after the remediation period, are a
secondary contributor.

For the conservative tracers, concentrations at the Core Zone Boundary exceed benchmark standards by
about one order of magnitude during most of the period of analysis. Concentrations at the Columbia
River are about two to three orders of magnitude smaller. The intensities and areas of these groundwater
plumes peak around CY 2070.

For tritium, concentrations at the Core Zone Boundary exceed the benchmark by about three orders of
magnitude during the first 100 years of the period of analysis. Concentrations at the Columbia River
approach the benchmark during this time. Attenuation by radioactive decay is a predominant mechanism
that limits the intensity and duration of groundwater impacts of tritium. After CY 2050, tritium impacts
are essentially negligible.

For uranium-238 and total uranium, limited mobility is an important factor governing the timeframes and
scale of groundwater impacts. The concentrations of these retarded species exceed the benchmark
concentration at the Core Zone Boundary beyond CY 8000, and remain below the benchmark
concentration at the Columbia River nearshore. The intensity and area of the contamination plume
continue to increase until the end of the analysis period.

5.1.1.8 Tank Closure Alternative 5: Expanded WTP Vitrification with Supplemental
Treatment Technologies; Landfill Closure

This section describes the groundwater analysis results for Tank Closure Alternative 5, including
long-term groundwater impacts of sources from within the tank farm barriers. Impacts of sources
removed from within the tank farm barriers and disposed of in an IDF and the RPPDF are presented in
Section 5.3, which discusses waste management impacts.
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5.1.1.8.1 Actions and Timeframes Influencing Groundwater Impacts

Summaries of the proposed actions and timelines for Tank Closure Alternative 5 are provided in
Chapter 2, Section 2.5. For the long-term groundwater impact analysis, three major periods were
identified for Tank Closure Alternative 5, as follows:

e The past-practice period was assumed to start with the onset of tank farm operations in 1944 and
continue through 2007, when tank and infrastructure upgrades would be complete. Releases to
the vadose zone occurred during the past-practice period from past leaks at the SST farms and
discharges to the cribs and trenches (ditches) associated with the B, BX, BY, T, TX, and TY tank
farms. Refer to Tank Closure Alternative 1 (see Section 5.1.1) for groundwater impacts during
the past-practice period.

e The retrieval period was assumed to start in 2008 and end in CY 2139. During this period,
90 percent of the waste would be retrieved from the tanks. A retrieval loss of 15,140 liters
(4,000 gallons) per tank was assumed for all SSTs, with no leakage from DSTs or miscellaneous
underground storage tanks. The SST farm system would be landfill-closed with a Hanford
barrier. Releases that occurred during the past-practice period would continue to migrate through
the vadose zone and groundwater system.

e The post—administrative control period was assumed to start in CY 2140 and continue through the
10,000-year period of analysis until CY 11,940. During this post-administrative control period,
releases that occurred during the past-practice period would continue to migrate through the
vadose zone and groundwater system. In addition, all remaining waste at the SST farms (other
tank farm sources) would be released to the vadose zone at the start of the post-administrative
control period.

5.1.1.8.2 COPC Drivers

A total of 19 COPCs were analyzed for Tank Closure Alternative 5. Complete results for all 19 COPCs
are tabulated in Appendices M, N, and O. The discussion in this section of long-term impacts associated
with Tank Closure Alternative 5 is focused on the following COPC drivers:

o Radiological risk drivers: tritium, iodine-129, technetium-99, and uranium-238
e Chemical risk drivers: none
e Chemical hazard drivers: chromium, nitrate, and total uranium

The COPC drivers for Tank Closure Alternative 5 were selected by evaluating the risk or hazard
associated with all 19 COPCs during the year of peak risk or hazard at the Core Zone Boundary during
the 10,000-year period of analysis and selecting the major contributors. This process is described in
Appendix Q. Uranium-238 and total uranium were added to the COPC drivers; although their
contribution to risk and hazard are not dominant during the year of peak risk or hazard, they become
major contributors toward the end of the period of analysis. Tritium was added to the list of COPC
drivers because of its contribution to risk during the early part of the period of analysis. The radiological
risk drivers account for essentially 100 percent of the radiological risk. The only predicted chemical risk
is from 2,4,6-trichlorophenol, calculated as 1 x 10™, which is negligible for purposes of this discussion.
The chemical hazard drivers account for 100 percent of the chemical hazard associated with Tank Closure
Alternative 5.

The COPC drivers that are discussed in detail in this section fall into three categories. lodine-129,
technetium-99, chromium, and nitrate are all mobile (i.e., move with groundwater) and long-lived
(relative to the 10,000-year period of analysis), or stable. They are essentially conservative tracers.
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Tritium is also mobile, but short-lived. The half-life of tritium is about 13 years, and tritium
concentrations are strongly attenuated by radioactive decay during travel through the vadose zone and
groundwater systems. Finally, uranium-238 and total uranium are long-lived, or stable, but are not as
mobile as the other COPC drivers. These constituents move about seven times more slowly than
groundwater. As the analyses of release, concentration versus time, and spatial distribution of the COPC
drivers are presented, the distinct behavior of these three groups will become apparent.

The other COPCs that were analyzed do not significantly contribute to drinking water risk at the Core
Zone Boundary during the period of analysis because of limited inventories, high retardation factors
(i.e., retention in the vadose zone), short half-lives (i.e., rapid radioactive decay), or a combination of
these factors.

51.18.3 Analysis of Release and Mass Balance

This section presents the impacts of Tank Closure Alternative 5 in terms of total amount of COPCs
released to the vadose zone, groundwater, and the Columbia River during the 10,000-year period of
analysis. Releases of radionuclides are totaled in curies, chemicals in kilograms (see Figures 5-147
through 5-152). Three subtotals are plotted representing releases from cribs and trenches (ditches), past
leaks, and other tank farm sources. Note that the release amounts are plotted on a logarithmic scale to
facilitate visual comparison of releases that vary over four orders of magnitude.

Figure 5-147 shows the estimated release to the vadose zone for the radiological risk drivers and
Figure 5-148, the chemical hazard drivers. For all three types of sources, the release to the vadose zone is
controlled by the inventory (i.e., 90 percent of the inventory was removed during the period of analysis by
supplemental treatment technologies). The predominant sources for tritium are the cribs and trenches
(ditches) associated with the B, BX, BY, T, TX, and TY tank farms. For all other COPC drivers the
predominant sources are other tank farm sources. This suggests that other tank farm sources, which are
released in the analysis during the post-administrative control period, are an important impact driver
under Tank Closure Alternative 5.
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Figure 5-147. Tank Closure Alternative 5 Releases of Radiological Constituent of Potential
Concern Drivers to Vadose Zone for Entire 10,000-Year Analysis Period
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Figure 5-148. Tank Closure Alternative 5 Releases of Chemical Constituent of Potential Concern
Drivers to Vadose Zone for Entire 10,000-Year Analysis Period

Figure 5-149 shows the estimated release to groundwater for the radiological risk drivers and
Figure 5-150, the chemical hazard drivers. In addition to the inventory considerations discussed in the
previous paragraph, release to groundwater is controlled by the transport properties of the COPC drivers
and by the rate of moisture movement through the vadose zone. For the conservative tracers (iodine-129,
technetium-99, chromium, and nitrate), the amount released to groundwater is essentially equal to the
amount released to the vadose zone.
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Figure 5-149. Tank Closure Alternative 5 Releases of Radiological Constituent of Potential
Concern Drivers to Groundwater for Entire 10,000-Year Analysis Period
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Figure 5-150. Tank Closure Alternative 5 Releases of Chemical Constituent of Potential Concern
Drivers to Groundwater for Entire 10,000-Year Analysis Period

For uranium-238 and total uranium, the amount released to groundwater is less than that of the release to
the vadose zone because of vadose zone retention. The amount of this retention depends on the type of
contaminant source, specifically volume and timing of moisture movement through the vadose zone. For
cribs and trenches (ditches) and past leaks, where moisture movement through the vadose zone is
relatively rapid (because of the volume of water associated with the source), about 10 percent of the total
inventory reached groundwater during the period of analysis; for other tank farm sources, only about
2 percent reached groundwater.

For tritium, the amount released to groundwater is attenuated by radioactive decay. For cribs and
trenches (ditches), about 70 percent of the total inventory reached groundwater in the analysis; for past
leaks, only 2 percent; and for other tank farm sources, only one-third of 1 percent reached the water table.
These results suggest that tritium impacts on groundwater are dominated by releases from cribs and
trenches (ditches), and that radioactive decay of tritium is an important attenuation process. They also
suggest that uranium-238 and total uranium impacts would occur later in the post-administrative control
period because of the long travel times in the vadose zone for these COPCs.

Figure 5-151 shows the estimated release to the Columbia River for the radiological risk drivers and
Figure 5-152, the chemical hazard drivers. Release to the Columbia River is controlled by the transport
properties of the COPC drivers. For the conservative tracers (iodine-129, technetium-99, chromium, and
nitrate), the amount released to the Columbia River is essentially equal to the amount released to
groundwater. For uranium-238 and total uranium, the amount released to the Columbia River is less than
that of the release to groundwater because of retardation. Overall, about 25 percent of the amount
released to groundwater during the period of analysis reached the Columbia River. For tritium, the
amount released to the Columbia River is attenuated by radioactive decay. Overall, only about 3 percent
of the tritium released to groundwater reached the Columbia River during the period of analysis. These
results suggest that tritium impacts on the Columbia River are strongly attenuated by radioactive decay.
They also suggest that uranium-238 and total uranium impacts on the Columbia River would occur later
in the post—administrative control period because of the long travel times in the vadose zone and through
the groundwater system for these COPCs.

5-143



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

1.0x105

1.0x104
1.0x103
1.0%102

1.0x107
1.0

Release (curies)

1.0x10-'4
1.0x102

1.0x103

Tritium lodine-129 Technetium-99 Uranium-238

¥ Cribs and trenches M Past leaks Other sources

Figure 5-151. Tank Closure Alternative 5 Releases of Radiological Constituent of Potential
Concern Drivers to Columbia River for Entire 10,000-Year Analysis Period
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Figure 5-152. Tank Closure Alternative 5 Releases of Chemical Constituent of Potential Concern
Drivers to Columbia River for Entire 10,000-Year Analysis Period
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5.1.1.84 Analysis of Concentration Versus Time

This section presents the analysis of Tank Closure Alternative 5 impacts in terms of groundwater
concentration versus time at the Core Zone Boundary and the Columbia River. Concentrations of
radionuclides are in picocuries per liter, chemicals in micrograms per liter (see Table 5-5 and
Figures 5-153 through 5-159). The benchmark concentration for each radionuclide and chemical is also
shown. Because of the discrete nature of the concentration carried across a barrier or the river, a line
denoting the 95th percentile upper confidence limit of the concentration is included on several of these
graphs. This confidence interval was calculated to show when the actual concentration over a certain
time interval is likely (95 percent of the time) to be at or below this value. The confidence interval is
basically a statistical aid to interpreting data with a significant amount of random fluctuation (noise). The
confidence interval was calculated when the concentration had a reasonable degree of noise, the
concentration’s trend was level, and the concentrations were near the benchmark. Note that the
concentrations are plotted on a logarithmic scale to facilitate visual comparison of concentrations that
vary over five orders of magnitude. Table 5-5 lists the maximum concentrations of the COPCs in the
peak year after CY 2050 at the tank farm barriers, Core Zone Boundary, and Columbia River nearshore.

Figure 5-153 shows concentration versus time for tritium. Releases from cribs and trenches (ditches)
cause groundwater concentrations to exceed benchmark concentrations by about two orders of magnitude
for a short period of time during the early part of the period of analysis. During this time, groundwater
concentrations at the Columbia River nearshore approach the benchmark concentration. Because the
half-life of tritium is less than 13 years, radioactive decay rapidly attenuates groundwater concentration,
and tritium is essentially not a factor at times later than CY 2100.

Figures 5-154 through 5-157 show concentration versus time for iodine-129, technetium-99, chromium,
and nitrate (the conservative tracers). Releases from cribs and trenches (ditches) cause groundwater
concentrations to exceed benchmark concentrations by about two to three orders of magnitude during the
early part of the period of analysis. During this time, groundwater concentrations at the Columbia River
nearshore approach but do not exceed the benchmark concentration. Releases from other tank farm
sources cause groundwater concentrations at the Core Zone Boundary to exceed benchmark
concentrations by about one order of magnitude during the middle and latter parts of the period of
analysis (around CY 3000 to 5000). During this time, groundwater concentrations at the Columbia River
nearshore do not approach the benchmark concentration.
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Table 5-5. Tank Closure Alternative 5 Maximum COPC Concentrations in the Peak Year at the Tank Farm Barriers,
Core Zone Boundary, and Columbia River Nearshore

Columbia
Core Zone River Benchmark
Contaminant A Barrier |BBarrier | SBarrier T Barrier U Barrier Boundary Nearshore |Concentration

Radionuclide in picocuries per liter

Hydrogen-3 (tritium) 28 5,070 52 7,270 13 6,070 178 20,000
(2051) (2054) (2050) (2055) (2050) (2054) (2050)

Technetium-99 3,040 22,500 3,340 15,300 1,780 35,700 724 900
(4338) (2050) (3931) (2050) (4022) (4326) (5017)

lodine-129 3 42 5 19 0.8 34 0.5 1
(2059) (2057) (2050) (2051) (4694) (2057) (7030)

Uranium isotopes (includes 1 67 15 25 9 102 1 15

uranium-233, -234, -235, -238) | (11,845) (11,739) (11,727) (11,780) (11,750) (11,735) (11,594)

Chemical in micrograms per liter

Acetonitrile 8 0 2 0 0 12 1 100
(4221) (1940) (4208) (1940) (1940) (4510) (4297)

Chromium 29 3,210 289 782 36 1,730 35 100
(4094) (2055) (2050) (2050) (3847) (3891) (2695)

Nitrate 6,510 1,540,000 13,200 133,000 4,510 1,010,000 8,750 45,000
(4099) (2050) (3586) (2054) (3794) (2050) (2450)

Total uranium 0 83 33 15 15 204 1 30
(11,795) (11,798) (11,473) (11,815) (11,821) (11,805) (11,935)

Note: Corresponding calendar years shown in parentheses. Concentrations that would exceed the benchmark value are indicated in bold text.
Key: COPC=constituent of potential concern.
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Figure 5-153. Tank Closure Alternative 5 Hydrogen-3 (Tritium) Concentration Versus Time
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Figure 5-154. Tank Closure Alternative 5 lodine-129 Concentration Versus Time
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Figure 5-155. Tank Closure Alternative 5 Technetium-99 Concentration Versus Time
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Figure 5-156. Tank Closure Alternative 5 Chromium Concentration Versus Time
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Figure 5-157. Tank Closure Alternative 5 Nitrate Concentration Versus Time

Figures 5-158 and 5-159 show concentration versus time for uranium-238 and total uranium. Early
releases from cribs and trenches (ditches) result in groundwater concentrations that are one to two orders
of magnitude lower than benchmark concentrations. Releases from other tank farm sources cause
groundwater concentrations to rise, nearing benchmark concentrations by CY 8200 for uranium-238 and
by CY 8400 for total uranium. Concentrations continue to rise throughout the duration of the period of
analysis, exceeding benchmark concentrations by about one order of magnitude at the end of the period of
analysis. Groundwater concentrations at the Columbia River nearshore rise throughout the period of
analysis, nearing an order of magnitude less than the benchmark concentration by CY 11,940.
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Figure 5-158. Tank Closure Alternative 5 Uranium-238 Concentration Versus Time
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5.1.1.85 Analysis of Spatial Distribution of Concentration

This section presents the impacts of Tank Closure Alternative 5 in terms of the spatial distribution of
groundwater concentration at selected times. Concentrations of radionuclides are in picocuries per liter,
chemicals in micrograms per liter (see Figures 5-160 through 5-182). Concentrations for each
radionuclide and chemical are indicated by a color scale that is relative to the benchmark concentration.
Concentrations greater than the benchmark concentration are indicated by the fully saturated colors green,
yellow, orange, and red in order of increasing concentration. Concentrations less than the benchmark
concentration are indicated by the faded colors green, blue, indigo, and violet in order of decreasing
concentration. Note that the concentration ranges are on a logarithmic scale to facilitate visual
comparison of concentrations that vary over three orders of magnitude.

Figure 5-160 shows the spatial distribution of groundwater concentration for tritium during CY 2005.
Analysis releases from cribs and trenches (ditches) and past leaks, associated primarily with the T, TX,
and TY tank farms, result in a groundwater concentration plume (exceeding the benchmark concentration)
that extends from the center part of the 200-West Area northeast, crossing the Core Zone Boundary, and
extending toward Gable Gap. Peak concentrations in this plume are about 10 to 20 times greater than the
benchmark, and mostly contained within the Core Zone Boundary. Tritium concentrations are attenuated
by radioactive decay to levels less than one-twentieth of the benchmark concentration by CY 2135 (see
Figure 5-161).
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Figure 5-160. Tank Closure Alternative 5 Spatial Distribution of
Groundwater Hydrogen-3 (Tritium)
Concentration During Calendar Year 2005
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Figure 5-162 shows the spatial distribution of groundwater concentration for iodine-129 during CY 2005.
Analysis releases from cribs and trenches (ditches) and past leaks result in groundwater concentration
plumes that exceed the benchmark concentration associated with the T Barrier, B Barrier, S Barrier, and
A Barrier. Peak concentrations in this plume are about 10 to 30 times greater than the benchmark, and
mostly contained within the Core Zone Boundary. During CY 2135, releases from other tank farm
sources create a large plume exceeding the benchmark concentration, extending from the A Barrier to the
Columbia River (see Figure 5-163). By CY 7140, most of the mass in the plume has reached the
Columbia River, with only isolated pockets of high-concentration areas where the groundwater flow
velocities are extremely small (see Figure 5-164). Technetium-99 (see Figures 5-165 through 5-167),
chromium (see Figures 5-168 through 5-170), and nitrate (see Figure 5-171 through 5-173) show similar
spatial distributions at selected times. lodine-129, technetium-99, chromium, and nitrate are all
conservative tracers (i.e., move at the rate of the pore water velocity).
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Figure 5-162. Tank Closure Alternative 5 Spatial Distribution of
Groundwater lodine-129 Concentration During Calendar Year 2005
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Figure 5-168. Tank Closure Alternative 5 Spatial Distribution of
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Figure 5-171. Tank Closure Alternative 5 Spatial Distribution of
Groundwater Nitrate Concentration During Calendar Year 2005
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Figure 5-172. Tank Closure Alternative 5 Spatial Distribution of
Groundwater Nitrate Concentration During Calendar Year 2135
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Figure 5-173. Tank Closure Alternative 5 Spatial Distribution of
Groundwater Nitrate Concentration During Calendar Year 7140
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Uranium-238 and total uranium show a different spatial distribution in the analysis over time. These
COPCs are not as mobile as those discussed above, moving about seven times slower than the pore water
velocity. As a result, travel times through the vadose zone are longer, release to the aquifer is delayed,
and travel times through the aquifer to the Columbia River are longer. Figure 5-174 shows the
distribution of uranium-238 during CY 2005. There is a small plume associated with cribs and trenches
(ditches) and past leaks at the T Barrier that is less than one-twentieth of the benchmark concentration and
is contained within the Core Zone Boundary. By CY 7140 (see Figure 5-175), the area of the plume has
grown, but there are no significant increases in peak concentration. At CY 11,885 (see Figure 5-176), the
greatest development of the plume during the analysis period is seen, resulting primarily from the release
of other tank farm sources at the A and B Barriers. Figures 5-177 through 5-179 show the corresponding
results for total uranium.
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Figure 5-174. Tank Closure Alternative 5 Spatial Distribution of
Groundwater Uranium-238 Concentration During Calendar Year 2005
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Figure 5-175. Tank Closure Alternative 5 Spatial Distribution of
Groundwater Uranium-238 Concentration During Calendar Year 7140
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Figure 5-176. Tank Closure Alternative 5 Spatial Distribution of
Groundwater Uranium-238 Concentration During Calendar Year 11,885
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Figure 5-177. Tank Closure Alternative 5 Spatial Distribution of
Groundwater Total Uranium Concentration During Calendar Year 2005
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Figure 5-178. Tank Closure Alternative 5 Spatial Distribution of
Groundwater Total Uranium Concentration During Calendar Year 7140
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Figure 5-179. Tank Closure Alternative 5 Spatial Distribution of
Groundwater Total Uranium Concentration During Calendar Year 11,885

Figures 5-180 through 5-182 show the area covered by concentrations above the benchmark
concentration for iodine-129, technetium-99, and uranium-238. lodine-129 spikes early in the simulation,
covering a peak area of just over 8 square kilometers (3 square miles) around CY 2070. The total area
covered by the iodine-129 plume that is above the benchmark concentration drops below 2 square
kilometers (0.77 square miles) by CY 3240. The plume then rises to almost 3 square kilometers
(1.2 square miles) in CY 5190, after which it declines to less than 2 square kilometers (0.77 square miles)
by CY 11,885. Technetium-99 shows a similar, more-gradual trend, peaking at over 4 square kilometers
(1.5 square miles) in CY 2135, and decreasing to less than 2 square kilometers (0.77 square miles) in
CY 3240. The plume then increases to greater than 10 square kilometers (3.8 square miles) in CY 4540,
then declines rapidly to around 2 square kilometers (0.77 square miles), and then it levels off around
1 square kilometer (0.38 square miles) by CY 11,885. Uranium-238 shows a distinctly different pattern,
without any area above the benchmark concentration until CY 5840. From CY 5840 until the end of the
simulation, areas of uranium-238 concentrations above the benchmark concentration slowly increase,
exceeding 1.4 square kilometers (0.54 square miles) at the end of the simulation.
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Figure 5-182. Tank Closure Alternative 5 Total Area of Groundwater Uranium-238
Concentration Exceeding the Benchmark Concentration as a Function of Time

5.1.18.6 Summary of Impacts

Under Tank Closure Alternative 5, in general, the inventory remaining in the tank farms, available for
release to the environment at the start of the post-administrative control period, is the predominant
contributor in the analysis. Discharges to cribs and trenches (ditches) and past leaks are a secondary
contributor.

For the conservative tracers, concentrations at the Core Zone Boundary exceed benchmark standards by
two to three orders of magnitude during most of the period of analysis. Concentrations at the Columbia
River are about two orders of magnitude smaller. The intensities and areas of these groundwater plumes
peak around CY 4540.

For tritium, concentrations at the Core Zone Boundary exceed the benchmark by about three orders of
magnitude during the first 100 years of the period of analysis. Concentrations at the Columbia River
approach the benchmark during this time. Attenuation by radioactive decay is a predominant mechanism
that limits the intensity and duration of groundwater impacts of tritium. After CY 2100, tritium impacts
are essentially negligible.

For uranium-238 and total uranium, limited mobility is an important factor governing the timeframes and
scale of groundwater impacts. The concentrations of these retarded species exceed the benchmark
concentration at the Core Zone Boundary beyond CY 8200, and approach the benchmark concentration at
the Columbia River after CY 11,885. The peak intensity and area of the contamination plume are largest
near the end of the period of analysis.

5.1.1.9 Tank Closure Alternative 6A: All Vitrification/No Separations; Clean Closure, Base
and Option Cases

This section describes the groundwater analysis results for Tank Closure Alternative 6A, including
long-term groundwater impacts of sources within the tank farm barriers. Impacts of sources removed
from within the tank farm barriers and disposed in an IDF and the RPPDF are presented in Section 5.3,
which discusses waste management impacts.
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Under Tank Closure Alternative 6A, Base Case, tank waste would be retrieved to a volume corresponding
to 99.9 percent retrieval; all tank farms would be clean-closed by removing the tanks, ancillary
equipment, and soils to a depth of 3 meters (10 feet) below the tank base. Where necessary, deep soil
excavation would also be conducted to remove contamination plumes within the soil column. The
adjacent cribs and trenches (ditches) would be covered with an engineered modified RCRA
Subtitle C barrier.

Under Tank Closure Alternative 6A, Option Case, tank waste would be retrieved to a volume
corresponding to 99.9 percent retrieval; all tank farms would be clean-closed by removing the tanks,
ancillary equipment, and soils to a depth of 3 meters (10 feet) below the tank base. Where necessary,
deep soil excavation would also be conducted to remove contamination plumes within the soil column. In
addition, the adjacent cribs and trenches (ditches) would be clean-closed.

51191 Actions and Timeframes Influencing Groundwater Impacts

Summaries of the proposed actions and timelines for Tank Closure Alternative 6A are provided in
Chapter 2, Section 2.5. For the long-term groundwater impact analysis, three major periods were
identified for Tank Closure Alternative 6A, as follows:

e The past-practice period was assumed to start with the onset of tank farm operations in 1944 and
continue through 2007, when tank and infrastructure upgrades were complete. Releases to the
vadose zone occurred during the past-practice period from past leaks at the SST farms and
discharges to the cribs and trenches (ditches) associated with the B, BX, BY, T, TX, and TY tank
farms.  The groundwater impacts during the past-practice period under Tank Closure
Alternative 6A that are presented in this section would be common to all of the Tank Closure
alternatives.

e The retrieval period was assumed to start in 2008 and end in CY 2250. During this period,
99.9 percent of the waste would be retrieved from the tanks and all tank farms would be
clean-closed.

e The post—administrative control period was assumed to start in CY 2251 and continue through the
10,000-year period of analysis until CY 11,940.

5.1.1.9.2 COPC Drivers

A total of 19 COPCs were analyzed for Tank Closure Alternative 6A. Complete results for all 19 COPCs
are tabulated in Appendices M, N, and O. The discussion in this section of long-term impacts associated
with Tank Closure Alternative 6A is focused on the following COPC drivers:

e Radiological risk drivers: tritium, iodine-129, technetium-99, and uranium-238
e Chemical risk drivers: none
e Chemical hazard drivers: chromium, nitrate, and total uranium

The COPC drivers for Tank Closure Alternative 6A were selected by evaluating the risk or hazard
associated with all 19 COPCs during the year of peak risk or hazard at the Core Zone Boundary during
the 10,000-year period of analysis and selecting the major contributors. This process is described in
Appendix Q.  Uranium-238 and total uranium were added to the COPC drivers, although their
contribution to risk and hazard are not dominant during the year of peak risk or hazard. Tritium was
added to the list of COPC drivers because of its contribution to risk during the early part of the period of
analysis. The radiological risk drivers account for essentially 100 percent of the radiological risk. The
only predicted chemical risk is from 2,4,6-trichlorophenol, calculated as 1 x 10!, which is negligible for
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purposes of this discussion. The chemical hazard drivers account for 100 percent of the chemical hazard
associated with Tank Closure Alternative 6A.

The COPC drivers that are discussed in detail in this section fall into three categories. lodine-129,
technetium-99, chromium, and nitrate are all mobile (i.e., move with groundwater) and long-lived
(relative to the 10,000-year period of analysis), or stable. They are essentially conservative tracers.
Tritium is also mobile, but short-lived. The half-life of tritium is about 13 years, and tritium
concentrations are strongly attenuated by radioactive decay during travel through the vadose zone and
groundwater systems. Finally, uranium-238 and total uranium are long-lived, or stable, but are not as
mobile as the other COPC drivers. These constituents move about seven times more slowly than
groundwater. As the analyses of release, concentration versus time, and spatial distribution of the COPC
drivers are presented, the distinct behavior of these three groups will become apparent.

The other COPCs that were analyzed do not significantly contribute to drinking water risk at the Core
Zone Boundary during the period of analysis because of limited inventories, high retardation factors
(i.e., retention in the vadose zone), short half-lives (i.e., rapid radioactive decay), or a combination of
these factors.

5.1.1.9.3 Analysis of Release and Mass Balance

This section presents the impacts of Tank Closure Alternative 6A in terms of total amount of COPCs
released to the vadose zone, groundwater, and the Columbia River during the 10,000-year period of
analysis. Releases of radionuclides are totaled in curies, chemicals in kilograms (see Figures 5-183
through 5-194). Two subtotals are plotted representing releases from cribs and trenches (ditches) and
past leaks. Amounts released from other tank farm sources are negligible for the purposes of this
discussion. Note that the release amounts are plotted on a logarithmic scale to facilitate visual
comparison of releases that vary over four orders of magnitude.

Figure 5-183 shows the estimated release to the vadose zone for the radiological risk drivers under the
Base Case, which would include use of a modified RCRA Subtitle C barrier, and Figure 5-184, the
chemical hazard drivers. The predominant sources for tritium, chromium, and nitrate are the cribs and
trenches (ditches) associated with the B, BX, BY, T, TX, and TY tank farms. For all other COPC drivers
the predominant sources are from past leaks. This suggests that past leaks, which were released during
the past-practice period, as well as the cribs and trenches (ditches), are both important impact drivers
under Tank Closure Alternative 6A, Base Case.
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Figure 5-183. Tank Closure Alternative 6A, Base Case, Releases of Radiological Constituent of
Potential Concern Drivers to Vadose Zone for Entire 10,000-Year Analysis Period
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Figure 5-184. Tank Closure Alternative 6A, Base Case, Releases of Chemical Constituent of
Potential Concern Drivers to Vadose Zone for Entire 10,000-Year Analysis Period
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Figure 5-185 shows the estimated release to the vadose zone for the radiological risk drivers under the
Option Case, which would include clean closure of cribs and trenches (ditches), and Figure 5-186, the
chemical hazard drivers. The predominant sources for tritium, the conservative tracers (iodine-129,
technetium-99, chromium, and nitrate), uranium-238, and total uranium are similar to those in the vadose
zone under the Base Case.
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Figure 5-185. Tank Closure Alternative 6A, Option Case, Releases of Radiological Constituent of
Potential Concern Drivers to Vadose Zone for Entire 10,000-Year Analysis Period
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Figure 5-186. Tank Closure Alternative 6A, Option Case, Releases of Chemical Constituent of
Potential Concern Drivers to Vadose Zone for Entire 10,000-Year Analysis Period
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Figure 5-187 shows the estimated release to groundwater for the radiological risk drivers under the Base
Case and Figure 5-188, the chemical hazard drivers. In addition to the total inventory released, release to
groundwater is controlled by the transport properties of the COPC drivers and by the rate of moisture
movement through the vadose zone. For the conservative tracers (iodine-129, technetium-99, chromium,
and nitrate), the amount released to groundwater is essentially equal to the amount released to the vadose
zone.
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Figure 5-187. Tank Closure Alternative 6A, Base Case, Releases of Radiological Constituent of
Potential Concern Drivers to Groundwater for Entire 10,000-Year Analysis Period
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Figure 5-188. Tank Closure Alternative 6A, Base Case, Releases of Chemical Constituent of
Potential Concern Drivers to Groundwater for Entire 10,000-Year Analysis Period
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For uranium-238 and total uranium, the amount released to groundwater is less than that of the release to
the vadose zone because of retardation. The amount of attenuation depends on the rate of moisture
movement through the vadose zone. For cribs and trenches (ditches), where moisture movement through
the vadose zone is relatively rapid (because of the volume of water associated with the source), about
10 percent of the total inventory reached groundwater during the period of analysis; for past leaks,
essentially none of the total inventory reached groundwater during the period of analysis.

For tritium, the amount released to groundwater is attenuated by radioactive decay. For cribs and
trenches (ditches), about 74 percent of the total inventory reached groundwater in the analysis; for past
leaks, only 2 percent reached groundwater. These results suggest that tritium impacts on groundwater are
dominated by releases from cribs and trenches (ditches), and that radioactive decay of tritium is an
important attenuation process. They also suggest that uranium-238 and total uranium impacts would
occur later in the post-administrative control period because of the long travel times in the vadose zone
for these COPCs.

Figure 5-189 shows the estimated release to groundwater for the radiological risk drivers under the
Option Case and Figure 5-190, the chemical hazard drivers. In addition to the total inventory released,
release to groundwater is controlled by the transport properties of the COPC drivers and by the rate of
moisture movement through the vadose zone. For the conservative tracers (iodine-129, technetium-99,
chromium, and nitrate), the amount released to groundwater is about 7 percent less than the amount
released to the vadose zone.
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Figure 5-189. Tank Closure Alternative 6A, Option Case, Releases of Radiological Constituent of
Potential Concern Drivers to Groundwater for Entire 10,000-Year Analysis Period
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Figure 5-190. Tank Closure Alternative 6A, Option Case, Releases of Chemical Constituent of
Potential Concern Drivers to Groundwater for Entire 10,000-Year Analysis Period

For uranium-238 and total uranium, the amount released to groundwater is less than that of the release to
the vadose zone because of vadose zone retention. The amount of this retention depends on the type of
contaminant source, specifically volume and timing of moisture movement through the vadose zone. For
cribs and trenches (ditches), where moisture movement through the vadose zone is relatively rapid
(because of the volume of water associated with the source), essentially none of the total inventory
reached groundwater during the period of analysis. For past leaks, essentially none of the total inventory
reached groundwater during the period of analysis.

For tritium, the amount released to groundwater is attenuated by radioactive decay. For cribs and
trenches (ditches), about 85 percent of the total inventory reached groundwater in the analysis; for past
leaks, only 2 percent reached groundwater. These results suggest that tritium impacts on groundwater are
dominated by releases from cribs and trenches (ditches), and that radioactive decay of tritium is an
important attenuation process. They also suggest that uranium-238 and total uranium impacts would
decrease over time because the long travel times in the vadose zone for these COPCs allow much of what
was released to be collected and treated when the cribs and trenches (ditches) are removed and their deep
plumes remediated.

Figure 5-191 shows the estimated release to the Columbia River for the radiological risk drivers under the
Base Case and Figure 5-192, the chemical hazard drivers. Release to the Columbia River is controlled by
the transport properties of the COPC drivers. For the conservative tracers (iodine-129, technetium-99,
chromium, and nitrate), the amount released to the Columbia River is essentially equal to the amount
released to groundwater.
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Figure 5-191. Tank Closure Alternative 6A, Base Case, Releases of Radiological Constituent of
Potential Concern Drivers to Columbia River for Entire 10,000-Year Analysis Period
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Figure 5-192. Tank Closure Alternative 6A, Base Case, Releases of Chemical Constituent of
Potential Concern Drivers to Columbia River for Entire 10,000-Year Analysis Period
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For uranium-238 and total uranium, the amount released to the Columbia River is less than that of the
release to groundwater because of retardation. For cribs and trenches (ditches), about 40 percent of the
amount released to groundwater during the period of analysis reached the Columbia River.

For tritium, the amount released to the Columbia River is attenuated by radioactive decay. For cribs and
trenches (ditches), only about 3 percent of the tritium released to groundwater reached the Columbia
River. For past leaks, only about 1 percent of the tritium released to groundwater reached the Columbia
River. These results suggest that tritium impacts on the Columbia River are strongly attenuated by
radioactive decay. They also suggest that uranium-238 and total uranium impacts on the Columbia River
would occur later in the post-administrative control period because of the long travel times in the vadose
zone and through the groundwater system for these COPCs.

Figure 5-193 shows the estimated release to the Columbia River for the radiological risk drivers under the
Option Case and Figure 5-194, the chemical hazard drivers. Release to the Columbia River is controlled
by the transport properties of the COPC drivers. For the conservative tracers (iodine-129, technetium-99,
chromium, and nitrate), the amount released to the Columbia River is essentially equal to the amount
released to groundwater. For uranium-238 and total uranium, the amount released to the Columbia River
from the groundwater is effectively zero, as essentially no uranium reached the groundwater from the
vadose zone in the analysis. For tritium, the amount released to the Columbia River is attenuated by
radioactive decay. For cribs and trenches (ditches), only about 3 percent of the tritium released to
groundwater reached the Columbia River in the analysis. For past leaks, only about 1 percent of the
tritium released to groundwater reached the Columbia River in the analysis. These results suggest that
tritium impacts on the Columbia River are strongly attenuated by radioactive decay. They also suggest
that uranium-238 and total uranium would not impact the Columbia River, as much of what was released
would be collected when the cribs and trenches (ditches) are removed and their deep plumes remediated.
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Figure 5-193. Tank Closure Alternative 6A, Option Case, Releases of Radiological Constituent of
Potential Concern Drivers to Columbia River for Entire 10,000-Year Analysis Period
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Figure 5-194. Tank Closure Alternative 6A, Option Case, Releases of Chemical Constituent of
Potential Concern Drivers to Columbia River for Entire 10,000-Year Analysis Period

51194 Analysis of Concentration Versus Time

This section presents the analysis of Tank Closure Alternative 6A impacts in terms of groundwater
concentration versus time at the Core Zone Boundary and the Columbia River. Concentrations of
radionuclides are in picocuries per liter, chemicals in micrograms per liter (see Tables 5-6 and 5-7 and
Figures 5-195 through 5-208). The benchmark concentration for each radionuclide and chemical is also
shown. Because of the discrete nature of the concentration carried across a barrier or the river, a line
denoting the 95th percentile upper confidence limit of the concentration is included on a few graphs. This
confidence interval was calculated to show when the actual concentration over a certain time interval is
likely (95 percent of the time) to be at or below this value. The confidence interval is basically a
statistical aid to interpreting data with a significant amount of random fluctuation (noise). The confidence
interval was calculated when the concentration had a reasonable degree of noise, the concentration’s trend
was level, and the concentrations were near the benchmark. Note that the concentrations are plotted on a
logarithmic scale to facilitate visual comparison of concentrations that vary over five orders of magnitude.
Tables 5-6 and 5-7 list the maximum concentrations under the Base and Option Cases for the COPCs in
the peak year after CY 2050 at the tank farm barriers, Core Zone Boundary, and Columbia River
nearshore.

Figure 5-195 shows the concentration versus time for tritium under the Base Case. Releases from cribs
and trenches (ditches) causes the groundwater concentrations at the Core Zone Boundary to exceed the
benchmark concentrations by about two orders of magnitude for a short period of time during the early
part of the period of analysis, around CY 1956. During the same period of time, the Columbia River
nearshore concentrations peaked at about one order of magnitude below the benchmark concentration.
Because the half-life of tritium is less than 13 years, radioactive decay rapidly attenuates groundwater
concentration.
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Table 5-6. Tank Closure Alternative 6A, Base Case, Maximum COPC Concentrations in the Peak Year at the
Tank Farm Barriers, Core Zone Boundary, and Columbia River Nearshore

Columbia
Core Zone River Benchmark
Contaminant A Barrier |BBarrier | S Barrier T Barrier U Barrier Boundary Nearshore [Concentration

Radionuclide in picocuries per liter

Hydrogen-3 (tritium) 26 5,000 51 7,310 13 6,000 178 20,000
(2052) (2054) (2050) (2055) (2052) (2054) (2050)

Technetium-99 1,350 29,100 2,680 15,200 150 24,700 169 900
(2056) (2050) (2050) (2051) (2064) (2050) (2515)

lodine-129 3 41 5 31 0.3 31 0.3 1
(2053) (2057) (2050) (2050) (2070) (2057) (2579)

Uranium isotopes (includes 0 34 0 13 0 10 0 15

uranium-233, -234, -235, -238) (1940) (11,742) (2166) (11,780) (1940) (11,758) (11,844)

Chemical in micrograms per liter

Chromium 8 3,180 289 761 10 1,660 33 100
(2050) (2050) (2050) (2050) (2050) (2050) (2695)

Nitrate 475 1,540,000 8,550 133,000 667 1,010,000 8,410 45,000
(2051) (2050) (2050) (2054) (2054) (2050) (2450)

Total uranium 0 10 0 4 0 7 0 30
(2160) (11,678) (2166) (11,755) (2167) (11,678) (11,508)

Note: Corresponding calendar years shown in parentheses. Concentrations that would exceed the benchmark value are indicated in bold text.
Key: COPC=constituent of potential concern.

S30U3NDbasU0Y [elUaLUOAIAUT Wa ] -BuoT « G Jaidey)d




¥81-G

Table 5-7. Tank Closure Alternative 6A, Option Case, Maximum COPC Concentrations in the Peak Year at the

Tank Farm Barriers, Core Zone Boundary, and Columbia River Nearshore

Columbia
Core Zone River Benchmark
Contaminant A Barrier B Barrier S Barrier T Barrier U Barrier Boundary | Nearshore |Concentration

Radionuclide in picocuries per liter

Hydrogen-3 (tritium) 26 5,140 51 5,190 13 6,990 170 20,000
(2052) (2050) (2050) (2050) (2052) (2050) (2057)

Technetium-99 1,350 25,000 2,680 15,200 150 21,000 181 900
(2056) (2055) (2050) (2051) (2064) (2056) (2502)

lodine-129 3 45 5 31 0.3 35 0.3 1
(2053) (2057) (2050) (2050) (2070) (2057) (2308)

Chemical in micrograms per liter

Chromium 8 3,790 289 772 10 1,660 29 100
(2050) (2088) (2050) (2051) (2050) (2051) (2256)

Nitrate 475 1,670,000 8,550 154,000 667 1,180,000 7,930 45,000
(2051) (2056) (2050) (2102) (2054) (2056) (2460)

Note: Corresponding calendar years shown in parentheses. Concentrations that would exceed the benchmark value are indicated in bold text.
Key: COPC=constituent of potential concern.
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Chapter 5 = Long-Term Environmental Consequences
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Figure 5-195. Tank Closure Alternative 6A, Base Case, Hydrogen-3 (Tritium)
Concentration Versus Time

The concentration versus time for tritium under the Option Case is essentially identical to that of the Base
Case (see Figure 5-196).
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Figure 5-196. Tank Closure Alternative 6A, Option Case, Hydrogen-3 (Tritium)

Figures 5-197 through 5-200 show concentration versus time for iodine-129, technetium-99, chromium,
and nitrate (the conservative tracers) under the Base Case. All of the conservative tracers show similar
patterns. Releases from cribs and trenches (ditches) cause groundwater concentrations in the Core Zone
Boundary to exceed benchmark concentrations by about two orders of magnitude during the early part of
the period of analysis in CY 1956. The concentrations in the Columbia River nearshore never met or

Concentration Versus Time

exceeded the benchmark but came to within about one-half to one order of magnitude.
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Figure 5-199. Tank Closure Alternative 6A, Base Case, Chromium
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Figure 5-200. Tank Closure Alternative 6A, Base Case, Nitrate
Concentration Versus Time
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The concentrations of iodine-129, technetium-99, chromium, and nitrate (the conservative tracers) versus
time under the Option Case are essentially identical to those under the Base Case (see Figures 5-201
through 5-204).
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Figure 5-201. Tank Closure Alternative 6A, Option Case, lodine-129
Concentration Versus Time
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Figure 5-202. Tank Closure Alternative 6A, Option Case, Technetium-99
Concentration Versus Time
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Figure 5-203. Tank Closure Alternative 6A, Option Case, Chromium
Concentration Versus Time
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