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Each of these key assumptions is discussed in Sections 2.0 through 6.0 of the FFS.
The sensitivities associated with these assumptions are discussed in Section 7.0.
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the 10 )/DR Area were pumped in June 1994 to deter "ne their capacity for producing
water-in support of the eatability test in the 100-HR-3 Operable Unit. The withdrawal tests
were of short duration, approximately 1 to 2 hours, and produced results similar to earlier

estimates.
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The main objective of the interim remedial action at the 100-HR-3
Gperable Unit is protection of ecological receptors in the Columbia
River and abatement of migration of contaminated groundwater to areas
outside the ( _ rable Unit.

To estimate human health risks, an occasional use exposure scenario
was considered most appropriate for the interim remedial measure
period. Other exposure scenarios, including frequent use, will be
addressed in : " litional IRMs or selection of the final remedy.

The results of the Qualitative Risk Assessment (WHC 1993d) for
h—an health, using the occasional use scenario, indicated that none of
the potential contaminants at the 100-HR-3 Operable Unit exceeded an
I emental ncer Risk of 1E-04 or a Hazard Quotient of 1.0. The
QRA for ecological receptors, however, indicated that some
contaminants exceeded an Environmental Hazard Quotient of 1.0.
Therefore, the contaminants at this Operable Unit are a concern
because of their potential ecological risks, not because of their potential
human health risk.

The IRM will continue for several years, during which time the final
action for the Operable Unit will be evaluated, selected, and
iplemented. As long as wastes remain within the Operable Unit, the
CERCLA requires a rev1ew of the interim or fmal remedlal action at 5
year intervals. Fer-estims ;

epem&ea—end—memtemes&s—&esed—en—&—s—year—peﬂed—

The remedial action objectives of the 100-HR-3 Operable Unit are:

0

Control groundwater movement to prevent the release of contaminants
into surface waters that would result in concentrations in the Columbia
River in excess of EPA’s Ambient Water Quality Criteria (.. A 1986).

Control groundwater movement to preclude the release of radionuclides
in the Columbia River that would result in a dose to an ecological
receptor that would exceed 1 rad per day.

Prevent erosion of soil during remediation that would contribute to
surface water concentrations exceeding AWQC.

Prevent destruction of sensitive wildlife habitat, minimize the
destruction or disruption of wildlife habitat in general, and prevent
adverse impacts to threatened or endangered species.
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3.4 CO [*“1INANTS OF POTENTIAL CONCERN

- I___ -

€ contaminants of potential concern for the 100-HR-3 groundwater operable
unit were defined in the LFI and QRA (DOE-RL 1993b and WHC 1993d). These
contaminants of potential concern are specifically those contaminants in groundwater
that were id  ified by the QRA as exceeding « : or both of the following criteria:

o ~ ceedance of Hanford Site Background (95% upper tolerance limit for
inorganic constituents).

o Exceedance of preliminary human health risk-based screening values based
on a 1E-07 incremental cancer risk and a noncancer hazard quotient of
0.1 (developed using a frequent use exposure scenario).

To identify the contaminants of potential concern for ecological receptors, the
constituents were screened only against background concentrations. No risk-based
screening was used because there are numerous species of ecological receptors, and
there are no st —*1rd EPA recognized risk-based levels for animals for all the
potential radionuclide and chemical coo  * s within the operable 1 t.

Since CERCLA requires that actions selected to remediate hazardous waste
sites be protective of hum hea = and the environment, the contaminants of potential
concern identified in the QRA were further evaluated to see which of these would
pose a risk to human and animal receptors, based on the exposure scenarios discussed
in section 3.3.

Based on the occasional-use exposure for humans, none of the contaminants of
potential concern exceeded an incremental cancer risk of 1E-04 or a hazard quotient
of 1.0. Inter remedial measures, therefore, are not required on the basis of human
health risks.

The ecological contaminants of concern for the 100-HR-3 Operable Unit,
identified by comparing the maximum concentrations of the contaminants of potential
concern to DOE’s radiological exposure limit of 1 rad/day or EPA’s Ambient Water
Quality riteria for the protection of aquatic organisms, are:

o For the 100-H Area: chromium, iron, and sulfides

o For the 100-D/DR Area: chromium, sulfides, and bis(2-ethylhexyl)
phthalate

o For the 600 Area: no ecological con' — 'nants of concern

As part of the FFS, the contaminants of concern identified in the QRA are
further 'aluated to en @ that the data and site information support the selection of
site contaminants of concern. Based on this additional analysis, iron, sulfides, and bis
(2-ethylthexyl) phthalate were deleted from the list of contaminants of potential

3-11
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3.5 POTENTIAL APPLICABLE OR RELEVAl\. AND APPROPRIATE
REQUIREMENTS

Section 121 of C"RCLA requires that any remedial action selected for a
Superfund site be protective of human health and the environment. A component of
an action’s protectiveness is its ability to comply with ARs. An ARAR is a
promulg - d Federal or State environmental cleanup standard, standard of control,
substantive environmental protection requirement, criteria, or limitation. It must be
¢ her:

o "Applicable" (i.e., specifically addressing the substances, locations,
or action bei~~ considered), or

o "Relevant and Appropriate” (i.e., addressing a situation sufficiently
similar to that encountered at the CERCLA site that its use is well
suited to the particular site). A standard or criterion must be both
relevant and aj ‘opriate to be an ARAR.

There are three categories of ARARs:

1) Chemical-specific - numerical values or methodologies used to determine
acceptable concentrations or doses of a contaminant

Location-specific - requirements that dictate or restrict actions at or
surrounding the CERCLA site because of sensitive or unique conditions

3) Action-specific - technology- or activity-based requirements or limitations
on actions taken with respect to h  irdous wastes.

| addition to ARARS, to be considered (TBC) guidance consists of
nonpromulgated criteria, advisories, guidelines, or proposed regulations. Since TBC
guidance is not legally binding, it does not have the status of ARARS. However,
TBCs are identified and cc rred if ARARs do not exist for the substance or
situations of concern , or the AR/... alone would not be sufficiently protective.

Appendix A discusses the major ARARs, and lists the AR/ s and TBC
requirements that have been identified for the 100-HR-3 Operable Unit. Table 3-1
lists the chemical-specific . ~ARs and TBCs for the contaminants of potential concern
for this Operable Unit.

3.6 INTERIM REMEDIAL MEASU™ ™ GOAL AND POINTS OF
COM .IANCE

The interim remediation measure (IRM) goal for the 100-HR-3 Operable Unit
is to conduct activities that are protective of the Columbia River and its sensitive

3-13







Performance goals for the IRM include reducing the concentration of

~- —chromium at loeations in the Columbia River where sensitive ecological receptors may

be exposed. The target concentration is the EPA Ambient Water Quality Criteria for
Protection of Freshwater Aquatic Life, which for chromium is 11 ug/L, as measured
at the location of exposure. The criterion applies to the riverbed sediments that are
used by chinoc~ salmon for spawning habitat.

During the IRM, the concentration of chromium in groundwater will be
mc  ored in the extraction well network, along the river shoreline, and within the
salmon spawning habitat in the vicinity of chr~ "~ plumes. Since sampling the
spaw ~ habitat is logistically very difficult, an alternative perfo—1nce monitoring
meth )gy will be developed that is based on samples from locations along the
shoreline and from existing near-river monitoring wells. Evaluation of the new

data may ‘eal an acceptable alternative to monitoring at the location of

exposure n the ~ bed sed’ mts.

A preliminary remediation goal (PRG) at the location of exposure (e.g.,
salmon spawning habitat in the riverbed sediments) is 11 ug/L hexavalent chromium,
as estat™ 1ed by the EPA criteria. PRGs for other sampling locations along the
shoreline and in near-river wells will be refined as new information from pre-remedial
design activities are completed.
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4.2 ALTERNATIVE GW-2: INSTITUTIONAL CONTROLS

A rnative GW-2 has been developed as an institutional controls GRA. This
alternative was initially developed in the 100 Area FS Phases 1 and 2 (DOE-RL
1994a) to prevent access to contaminated groundwater plumes beneath the 100 Area.
The following process options are specified for the alternative:

Access restrictions
- Deed restrictic -
- Water rights restrictions

Monitoring
- Groundwater m«  toring

Continued current actions

- Pilot-scale treatability test in the $100-HR-3-Operable-Usit 100-D/DR
reactor area

- Groundwater/river interaction studies

- Chromium speciation studies investigation

- Columbia River Comprehensive Impact ¥ don-study Assessment
- In Situ Redox Manipulation Experiment in the 100-H reactor area.

4.2.1 Access Restrictions

1e access restrictions included in this alternative are unique to groundwater

media. Government control of the Hanford Site, and therefore the operable unit, is
anticipated through the IRM period. Sitewide access restriction measures ‘ready
existing at the Hanford Site, such as security fences and guarded entrances, will

ensure

* | 100-HR-3 groundwater is not accessible to the neral public. Deed
restrictions and water rights are not required during the period of government c« rol.

The institutional controls alternative therefore does not require implementation, but

only c

4.2.2

inued maintenance and enforcement.

[onitoring

In addition to restricting groundwater use and access to groundwater, the
institutional action alternative also includes groundwater and environmental
monitoring. Monitoring will be required to determine if and when institutional
controls to restrict access to groundwater are no longer necessary.

4.2.3 Continued Current Actions

The continued current actions listed are efforts currently under way to

| eemplete refine the conceptual site models for the groundwater operable units and to
generate more certain technology performance data. These efforts support the

4-3
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the Columbia River and spaced approximately 200 m (650 ft) apart maximized

— —capture of the chromium plume and minimized leakage into the river. An additional

extractic well located near the 105-D reactor facility was included to reduce the peak
concentration  the chromium plume. The combined extraction rate of all six wells
is approximately 56 gpm.

£ Hlication of Alternative GW-5 to the 100-H Area was also simulated by

groundwater modeling to facilitate optimization of implementation design parameters.
Modeling results indicate that a line of seven extraction wells placed 30 m (100 ft)
from the Columbia River and spaced appro. " ately 200 m (650 ft) apart maximized
capture of the chromium plume and minimized leakage into the river. The peak
concentration within the chromium plume occurs within the radius of influence of the
wells placed along the river. The combined extraction rate of all seven wells is
L., 0X y 350 gpm.
4.5.2.4 Operational Considerations. Although the COCs identified in 100-D/DR
Area groundwater are limited to chromium, low concentrations of other contam ants

ch as nitrate and strontium-90 are also present (DC™ RL 1993b). Similarly, low
concentrations of nitrate, strontium-90, technetium-99, and uranium-238 also coexist
within the chromium plume in 100-H Area groundwater (DOE-RL 1993b). The
potential for these additional contaminants to enter the treatment system must be
considered.

Based on treatability study results, the anion exchange system required to
remove chromium will also remove other anionic contaminants such as nitrates,
technetium-99, and uranium-238. Although these contaminants will compete with
chromium for binding sites on the resin, no significant operational impacts to the
system will result. Treatability study results indicate that no interaction between
chromium, nitrate, and uranium occur with Dowex 21k resin. Interactions with other
constituents in the groundwater are possible and can be minimized with appropriate
pretreatment (filtration, pH adjustment, etc.). Effluent monitoring will enable
determination of chromium breakthrough that will require resin changeout or
regeneration.

Strontium-90 exists in groundwater as a cation and will not be removed in the
anion exchange system. However, the peak concentration of strontium-90 is only 41
pCV/L! (DOE-RL 1993b) in the 100-D/DR Area and 33 pCi/L in the 100-H Area.
Once groundwater from the line of extraction wells is combined prior to entering the
ion exchange treatment system in each area, concentrations of strontium-90 will be
diluted to negligible levels. That is, the plume is small, with an even smaller area at
the peak concentration; pilling reinjecting water from the entire front of the chromium
_ume will lute the area of peak concentration for the strontium-90.

The baseline description of Alternative GW-5 specifies reinjection into the
unconfined aquifer for effluent from treatment systems that contains tritium activity

“This concentration is qualified with a "J" or estimated qualifer.

4-13
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description of Alternative GW-6 also requires modification for application to the
.- —COCs identified in the 100-HR-3 Operable Unit. Since the removal, disposal, and
monitoring aspects of this alternative are independent of the site specific conditions at

each 100 Area groundwater operable unit, modifications to the baseline alternative are

specific to the proposed treatment system. The aspects of Alternative GW-6 that are
fferent from GW-5 are summarized below.

| o Jietanjer’ -gment—No-biclogical-treatments-are-specified-+  W-6-

° Chemic:* “-satment - No chemical treatments are specified in GW-6.

Physical treatr~=~* - Only physical treatments are specified in GW-6.

. Crib disposal is sp fied  W-6 to allow :ibility in
aisposal options.

The general treatment system described for Alternative GW-6 (see Section 1.6
| of Appendix € B) is modified on the basis of the COCs identified in 100-HR-3
groundwater. As described for Alternative GW-5, no organic COCs are identified in
100-HR-3 groundwater. Therefore, the air stripping/carbon adsorption process for
removal of organic contaminants can be eliminated from the baseline treatment

system. No other modifications to the baseline treatment system for Alternative GW-

6 are required.

The modification described above reduces the baseline treatment system to
reverse osmosis followed by evaporation. Groundwater feed into the treatment
system is pretreated by pH adjustment and a crystallization inhibitor to maximize the
efficiency of reverse osmosis. Cement solidification is retained for treatment of
concentrate from the evaporator and other secondary wastes (settling tank sludge).

Liqu effluent from the process is disposed as described in the baseline description of

this alternative. The iron removal :ocess specified in Alternative GW-5 for 100-H
Area groundwater is also applicable to this alternative. The reverse
osmosis/evaporation treatment system will be applicable to the 100-D/DR Area and
100-H Area groundwater. Figure 4-5 presents a conceptual flow diagram of the
modifi  treatment system proposed for application of Alternative GW-6 to the 100-

HR-3 Operable Unit.

4.6.1 Size and Configuration

The same description for Alternative GW-5 applies to GW-6.

4.6.2 Site-Specific Implementation

The site-specific implementation discussion for Alternative GW-6 is the same
as that described previously for Alternative GW-5.

4-15
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4.6.4 M deling Results

The groundwater modeling results described previous for Alternative GW-5
(see Section 4.1.5.4) are also applicable to Alternative GW-6. As noted previously,
the results presented are independent of the treatment process because the
groundwater model does not include the effects of aboveground activities. Due to the
effectiveness of reverse osmosis for chromium removal, the groundwater modeling
results are considered valid for this alternative. The effect of removal, treatment, and
dispos: is significantly reduced chromium concentrations in the contaminant plumes
and mi ° ized plume migration.

4.7 UNCERTAINTY ISSUES

/ plication of the groundwater alternatives at the 100-HR-3 Operable Unit
involves some degree of uncertainty as to implementability and effectiveness.
Althoug other considerations such as community and regulatory acceptance of an
alternative will also be uncertain, only technical uncertainty will be addressed here.
The following sections describe the uncertainty associated with each alternative
relative to the 100-HR-3 Operable Unit.

Technical uncertainties that are common to each alternative clude the
following:

® Horizontal and vertical extent of the plumes;

® Heterogeneity in aquifer hydraulic properties, including hydraulic
conductivity, retardation mechanisms, and preferential pathways;

Locations and identity of sensitive ecological receptors in the Columbia
River;

Processes that occur in the zone of interaction between contaminated
groundwater and river water that might influence sensitive receptor
exposure; and

Effectiveness of groundwater withdrawal systems to capture
contamination from the aquifer.

These uncertainties limit the completeness of the conceptual site model for
contamination at each reactor area. They also place significant limitations on

erical modeling results used to simulate groundwater flow and contaminant
transport, and to ¢~~~ are alternatives for remedial actions.

As part of planning the interim remedial measure, new information will be

obtained to lessen the technical uncertainties associated with remedial design. A more
detailed analysis of the hydrologic framework for each plume will be conducted,

4-17
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The primary concern associated with the containment system specified for the

— —100-H Area is the ability of hydraulic control wells to effectively contain the
chromium plume. The extent of contamination in the vertical direction within the
unconfined aquifer is important to effective hydraulic control. The well system
(screening) should only extract and inject groundwater within the plume area.
Extraction and injection throughout the vertical extent of the aquifer could result in
the spre:  of contamination and ineffective containment. Withdrawal of water from
near the _ rer will result in induced flow from the river. This portion of river water
w then be added to the groundwater, resulting in a net increase in the quantity of
water in the flow system and an increase in hydraulic gradient. Daily and seasonal
fluctuatior the river stage will add to the operational difficulties associated with
the use of _ -aulic control in the 100-H Area. Additional characterization of )0-H
Area groundwater will enable more precise de”~“ion of the chromium plume 1,
c¢ :quently, of the containn 1t system.

/ additional consideration for the 100-H Area is the suitability of a hanging
wall. Data concerning deep contamination may show that keying in to a confining
layer it necessary, and that the vertical barrier is an acceptable alternative at
100-H Area.

4.7.4 Alternative GW-4

The in situ treatment alternative is not applicable to the conditions in the
100-HR-3 Operable Unit (see Section 4.4). Therefore, no discussion of uncertainties
is presented for this alternative.

4.7.5 Alternative GW-5

)e primary uncertainty associated with this alternative is the effectiveness of
pump and treat in satisfying RAOs for preventing the migration of contaminated
groundwater into the Columbia River. Groundwater modeling results for the
100 _ /DR Area indicate a significant reduction in the mass of chromium and volume
of contaminated groundwater reaching the river. However, the concentration of
chromium in groundwater entering the river remains above the EPA Ambient Water
Quality Criteria level (11 ppb). Conventional pump and treat methods have been
shown to reduce contaminant mass and prevent further migration, but the ability to
reduce contaminant levels to drir'~*~g water standards has been limited (PE 1993).
Contaminants adsorbed onto soil particles may dissolve into the groundwater once
pumping stops, thereby recontaminating the aquifer.

The adsorption characteristics of chromium in the unconfined aquifer beneath
the 100-D/DR and )0-H Areas are critical to the evaluation of the pump and treat
alternatives. Chromium must be removable from the aquifer in order for pump and
treat to be effective and efficient. Because of the site-specific variability of
con' linant adsorption coefficients, additional site characterization or testing could be

4-19
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performed to more accurately determine the ability to remove chromium {1 the
— —uneé.__ined aquifer.

4.7.6 Alternative ‘W-6

The uncertainties associated with this alternative are identical to tho
identified for Alternative GW-5. Alternatives GW-5 and GW-6 are essentially the
same, except for | technologies specified for treating contaminated ter.
Uncertainty exists in the ability of reverse osmosis to treat to the 11
Treatability testing of operable unit-specific groundwater would help resolve the
uncertainty.

4-20

































| information that is available, can simulate each remedial alternative for the p ,jose of
— |—refative comparison.

5.2 100-D/DR AREA GROUNDWATER FLOW MODEL

5.2.1 100-D/DR Area Model Grid

A 135-row by 95-column, two-dimensional (one-layer), finite-difference grid
was constructed for the 100-D/DR Area groundwater flow model (Figure 5-1). The
grid was uniformly , iced, with a row and column spacing of 20 m (66 ft). The
y-direction of the grid was oriented in a north-south direction, approximately parallel
o al direction of groundwater flow in the 100-D/DR Area.

5.2.2 Boundary Conditions

The boundary conditions of a model define the head elevation or groundwater
flow rate along the boundaries of the model domain and were used to simulate
hydrogeologic conditions that control the flow of groundwater in an aquifer system.

The boundary conditions used in the 100-D/DR Area groundwater flow model were
as follows:

. Top of the model - Water table (free-surface boundary)

U Bottom of the model - No flow

° Northeast ~~uth. southwest an¢ =~<t t -——~*-~~~ - Constant head

Northwe~ »~nadary - River nodes (head-dependent flow).

T . lower boundary of the model grid was represented as a no-flow boundary
because the unconfined aquifer in the 100-D/DR area is underlain by low-hydraulic-
conductivity clays (DOE-RL 1993a). It was necessary to simulate the northeast,
south, southwest, and east boundaries as constant head boundaries because of the
unusual groundwater flow patterns in this area (i.e., flow is not perpendicular to the
Columbia River).

The Columbia River was simulated in the model as river nodes, a type of
head-dependent flow boundary. The model adjusted the direction and rate of flow
across the river nodes, based on the difference in the groundwater levels lated by
the model and the stage elevations of the river nodes. When the simulated

-groundwater levels were higher than the stage ele' “¢ of the river nodes, flow was

outward from the model along the nodes. When the simulated groundwater levels
were lower than the stage elevations of the river nodes, flow was inward to the model
along :nodes. The river nodes were used to simulate, in a simplified manner, the

5-3
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elsewhere in the model grid. These two zones of hydraulic conductivity were used to

-~ —previde the best-match between model-predicted and observed water-level elevations.

5.2.7 Storage-Ceoefficient-and-Poresity Specific Hield and Porosity

For the transient flow modeling performed to describe the changes to the
aquifer caused by some of the alternatives, a value of 0.02 was input for the specific
yield. 1 ©  contaminant transpc modeling, a value of 0.20 was used for the
porosity to calculate the apparent velocity of the groun | groun
contaminants. Hartman and Peterson (1992) reported that specific yield values
calculated from data collected from the unconfined aquifer ranged from 0.01 to 0.20
at the F  "ord Site.

5.2.8 River Nodes

The MODFLOW River Package is used to simulate the Columbia River in the
flow model. This package simulates the interaction of the Columbia River with the
unconfined aquifer in the 100-D/DR Area. The River Package requires the following
as input for each node simulating the Columbia River in the model grid:

° River stage elevation
. Bottom elevation of the river bed
. Hydraulic conductance of the river bed.

River stage elevations were estimated by extrapolating the mean daily stage
elevation recorded at the 100-N gaging station on November 16, 1993, to the 100-
D/DR Area. A uniform river depth of 4 m (13 ft) was assumed to estimate the
elevation of the river bed bottom at each river node.

The river bed hydraulic conductance is defined by the following equation
(McDonald and Harbaugh 1988):

Cawv =KLW/M
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Columbia River to reduce the number of elements. The grid was rotated 52° so that
- —the-Columbia River was parallel to the X axis.

5.3.2 Boundafy Conditions

The boundary conditions used in the 100-H Area groundwater flow model
were as follows.

] Top of -~ model - Water table (free-surface boundary)
Bottor~ ~f the model - No flow

o Crnthyrane haemdepy - 7 pstant head

L north=~<* boundary - River nodes (head-dependent flow)

o Southear* -—~ —~—*-vest boundaries - No flow (parallel to groundwater
flow).

The bottom of the model was represented as a no-flow boundary because the
unconfined aquifer in the 100-H Area is underlain by low-hydraulic-conductivity
sediments (Lindsey and Jaeger 1993). The southeast and northwest boundaries are
represented as no-flow boundaries because the groundwater flow is parallel to the
boundary; therefore, there is no flow acorss the boundary.

he Columbia River was simulated in the model with river nodes, as discussed
previously.

The southwest boun ry was determined by extrapolating the water table data
for November 16, 1993. This boundary was simulated as constant head because it is
perpendicular to the groundwater flow direction.

| fler aedek The head elevations for the constant-head boundaries were estimated by
constructing a groundwater elevation contour map of the unconfined aquifer from
water levels measured in the monitor*~~ wells in November 1993, and projecting the
elevation contours to the model grid boundaries. River stage elevations were obtained
from the 100-H Area gauge. A gradient was then imposed in the river based on the
gradient measured from the USGS Vernita Bridge and Coyote Rapids 1:24,000 scale
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| calculate from data collected from the ~ “onfined aquifer ran; . from 0.01 to 0.20
— |—at-the Hanford Site.

.5.3.8 River Nodes

The MODFLOW River Package is used to simulate the Columbia River in the
flow model. River stage elevations were estimated by extrapolating the stage data
recorded at the 100-H gauging station from the time period of groundwater level data
collection on November 16, 1993. A uniform river depth of 3 m (10 ft) was assumed
to estimate the elevation of the river bed bottom at each river node.

The hydraulic conductance of the river nodes representing the Columbia River
in the flow model was calculated assuming a uniform river bed thickness of 1 m (3
ft). A vertical hydraulic conductivity of 2.86 m/d (9 ft/d) for the river bed was used
| in the river bed conductance calculations for the model. - _is vert ydrauhie
| eeonduetivity river bed hydraulic conductance was adjusted in the calibration process to
determine the best match between model-predicted and observed groundwater
elevations.

5.3.9 Model Calibration

Groundwater flow directions in the 100-H Area are primarily to the northeast.

Flow reversals occur occassionally during periods of high river stage. The 100-H
Area groundwater flow model was calibrated to the water levels in the monitoring
wells measured on November 16, 1993. The flow model was calibrated by inputing
initial estimates of recharge, aquifer hydraulic conductivity, and river bed
conductance into the flow model, then solving the model for steady-state flow
conditions. These estimated input parameters were then varied in successive
simulations until the steady-state head solution output by the model reasonably

ched the November 16, 1993, water levels in the monitoring wells. A comparison
of the steady-state head solution of the calibrated model and the November 1993
water levels is presented in Table 5-2, and the calibrated water table surface is shown
in Figure 5-7. Additional calibration details are provided in Appendix C.

5.4 SOLUTE TRANSPORT MODELS

5.4 Model Design

The 100-D/DR and 100-H Area solute transport models were designed and
constructed with ModelCad®®™ (Geraghty and Miller 1993).

5.4.1.1 Transport Code. The solute transport code that was used for the 100-D/DR

and 100-H Areas was MT3D, a finite-difference code developed by S. S. Papadopulos
and Associates (1991). MT3D simulates the advection, dispersion, and chemical
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— —5.4:3 100-H Area Technical Approach

The 100-H Area solute transport model was developed by inputing 1987
unfiltered chromium data as initial conditions and calibrated by matching 1992 data.
The 1987 data set was selected for the initial concentrations because that time period
marked the beginning of RCRA monitoring. Therefore, it was the oldest data set
with sufficient data to develop initial conditions. The 1992 data set was used for
calibration because there are some uncert ~“‘es in more recent metals data (Peterson .
1993). No source term was simulated due to the lack of data. The model assumes
that there no chromium has been added to the groundwater system since 1987.

The initial concentration data were input to the model and the retardation and
ity were adjusted to obtain the best match betwe . observed and model-
predicted chromium ce_entrati.__. ..ie best match was obtained with a longitudinal
dispersivity of 5 m (16 ft), a transverse dispersivity of 0.5 m (1.6 ft), and a
retardation of 25. Because a calibration approach was used for the 100-H Area
model, a separate sensitivity analysis was not performed. Calibration details are
provide in Appendix C.

5.5 MODELING RESULTS

5.5.1 100-D/DR Area No Action Alternative

For the no action alternative, chromium plume migration was simulated to the
year 2008. The October-December 1992 unfiltered chromium concentrations were
used as the initial concentrations for the solute ~ nsport simulation. Plume migration
was simulated using the flow field solution from the calibrated steady-state
groundwater flow model. The transport simulation was run using a porosity of 20%,
longitudinal to transverse dispersivities of 10/1 m (30/3 ft) and 100/10 m (300/30 ft),
and retardation factors of 10 and 25. Total simulation time was 16 years (to 2008).

The chromium concentration contour map from the transport simulation
solution using 20% porosity, 10 m (30 ft) longitudinal dispersivity, 1 m (3 ft)
transverse dispersivity, and a re dation factor or 25 is shown in Figure 5-8.

5.5.2 100-D/DR Area Vertical Barrier Alternative

The vertical barrier alternative consisted of a vertical, low permeability wall
1 iced near the Columbia River to act as a barrier for the further migration of
contaminated groundwater into ~ : river. In the model, a single groundwater
extraction well was simulated at each end of the vertical barrier to minimize the
migration of groundwater around the e1 * of the wall.
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to minimize the leakage of water from the river nodes simulating the Columbia River

= —d 1o the well-nodes (min izing the uptake of river water by the boundary control

wells). The discharge rates of the Il nodes were also restricted so that the water
levels in the grid cells with the well nodes were at least 2 m (7 ft) above the bottom
of the model, allowing sufficient water for operation of the pumps in the extraction
wells. A well spacing of approximately 200 m (660 ft) with discharge rates between
38 and 82 m®/day (7 and 15 gpm) maximized plume capture and minimized the river
leakage in the model due to the well nodes.

Plume migration was then simulated using the flow field solution from the
—dified calibrated groundwater flow model. Transport simulations were run using
. same range of transport parameters as for the no action alternative. Total
simulation time was 16 years for both the flow and transport simulations.

The chromii  concentration contour map om the extraction and treatment
simulation solution using 20% porosity, 10 m (30 ft) longitudinal dispersivity, 1 m @3
ft) transverse dispersivity, and a retardation factor of 25 is shown in Figure 5-11.
The ater table map for ** 5 simulation is shown in Figure 5-12. In-the-extraction

Oy, ¢

extraction and treatment simulations showed that the well network reduced the amount
of chromium entering the river by over 95 percent. Such a high percentage of
reduction indicates that under the conditions simulated by the model, the extraction
and treatment system would intercept the path of the majority of chromium to the
rer. Compared with the no action simulations, these simulations indicate that a
groundwater extraction and treatment system would be effective in minimizing further
migration of contaminated groundwater into the Columbia River. Fhe-contamination
. e e e . Lol . l .
pumpit  Chromium concentration contours shown in figure 5-11 to extend from the
extraction and treatment system to the river represent chromium which began the
sim! ition between the system and the river, and which remained in place because the
pumping eliminated the hydraulic gradient transporting it to the river.

5.5.4 )0-H Area No Action Alternative

For the no action alternative, chromium plume migration was simulated to the
year 2008. The 1987 unfiltered chromium concentrations were used as the initial
concentrations for the solute transport simul: ~ n. Plume migration was simulated
using the flow field solution from the calibrated steady-state groundwater flow model.
The chromium concentration contour map for the no action simulation in 2008 is
shown in Figure 5-13.

§ 5 100-H Area Vertical Barrier Alternative
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the lower layer (Ringold Formation) and 20% from the upper layer (Hanford

— —TFormation). A-well spacing of approximately 200 m (660 ft) with a discharge rate of

270 m®/day (50 gpm) from wells 1, 4, 5, 6, and 7 and a rate of 135 m*/d (25 gpm)
from we ;2 and 3 maximized plume capture and minimized the river leakage in the
model due to the well nodes. The lower pumping rate at wells 2 and 3 were needed
to keep ther from going dry. The amount of river water being pumped was minimal
compared to the total amount of extracted water. The extracted water was injected
ick to the aquifer in 3 upgradient wells at a rate of 545 m>/d (100 gpm) per well.

Plume migration was then simulated using the flow field solution from the
mc *<ed calibrated groundwater flow model. The total simulation time was 21 years
(from 1987 to 2008) for both the flow and transport simulations, with the pumping
beginning in 1994 (note that 1992 was the year for calibration).

Thicsimulatia o ) ¢ ehromi . heri  byS

Columbi ™ « : 8%-overthe-no-setional nativer The hydraulic barrier
simulatic__ _1owed that the barrier wells pumping at 50 gpm reduced the amount of
chromium entering the river by over 95 percent. Increasing the pumping rate to 100
§ showed no significant improvement in performance. Such a high percentage of
reduction indicates that under the conditions simulated by the model, the hydraulic
barri would block the path of the majority of chromium to the river. Compared
with the no action simulation, this simulation indicates that a hydraulic barrier wall
would be effective in minimizing further migration of contaminated groundwater into
the Columbia River.

5.5.7 100-H Area Groundwater Extraction and Treatment Alternative

The model for the groundwater extraction and treatment alternative consisted
of a line of extraction wells along the Columbia River to control further migration of
the contaminated groundwater into the river.

F( the groundwater extraction and treatment simulations, the calibrated
groundwater flow model was modified by adding seven well nodes along e
olumbia River.

The location, spacing, and discharge rates of these well nodes were varied in
successive simulations to maximize plume capture and to minimize the additional
leakage of water from the river nodes simulating the Columbia River due to the well
nodes (minimizing the uptake of river water by the boundary control wells). The well
pumping was split between the two layers, with 80% of the water coming fri  the
lower layer and 20% from the upper layer. A well spacing of approximately 200 m
(660 ft) with a discharge rate of 270 m?'*-7 (50 gpm) maximized plume capture and
minimized the additional river leakage in the model due to the well nodes. The
amount of river water being pumped was minimal compared to the total amount of
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Figure 5-7. Model Calibrated 1992 Chromium Plume for the 100-H Area.
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Fi re 5-15. Water Table Elevations in 2008 for the 100-H Area

Barrier Wall Simulation (Elevations in Meters).
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6.0 DETAILED ANALYSIS OF ALTERNATIVES

This section presents the methodology and criteria to be used in the detailed
analysis and then presents the evaluation of alternatives against the CERCLA
evaluation criteria.

6. METHODOLOGY AND CRITERIA .

Nine evaluation criteria have been identified in EPA guidance to evaluate
remedial ac ™-.e ' ‘jon " ° -1 " fort de"ed analysis task
during the FS. The criteria, as defined in Guidance for Conducting Remedial
Investigations and F. iibility Stud” * Under C_.!CLA PA 1988), are discussed
b w. -

6.1.1 Overall Protection of Human Health and the Environment

This criterion provides an assessment of whether or not each alternative
provides adequate protection of human health and the environment. Evaluation
focuses on a specific alternative’s ability to achieve adequate protection, and describes
how the site risks posed through each pathway being evaluated by the FFS are
eliminated, reduced, or controlled through natural processes, treatment, engineering,
or institutional controls. This evaluation also allows for the consideration of any
unacceptable short-term or cross-media impacts associated with each alternative. The
following questions represent the information included in the analysis of this criterion.

. Will risk be at acceptable levels?

. What is the time frame to achieve acceptable levels?

. Will additional threats be minimized?

6.1.2 Compliance with ARAR

This criterion is used to determine whether or not each alternative will meet
Federal and state ARARs and TBCs, and whether or not there is justification for an
ARAR waiver. The CERCLA defines six types of ARAR waivers, as follows:

° Inte * 1 actions

. Greater risk to health and the environment

. Technical impracticability
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What difficulties and uncertainties may be associated with long-term
eperation and maintenance?

What is the potential need for replacement of technical components?

What is : magnitude of the threats or risks should the remedial action
need replacement?

What is the degree of confidence that controls can adequately handle
potential problems?

What - theunce ~ ° oci:* 1 with land disposal of resit s and
untreated waste?

6.1.4 Reduction of Toxicity, Mobility, or Volume Through Treatment

The goal of this criterion is to address the statutory preference for remedial
actions employing treatment technologies that permanently and significantly reduce
toxicity, mobility, and volume. This evaluation focuses on the following questions.

Does the treatment process employed address the principal threats?
Are there any special requirements for the treatent process?
What portion (mass, volume) of contaminated material is destroyed?
What portion (mass, volume) of contaminated material is treated?
To what extent is the total mass of toxic contaminants reduced?
To what extent is the mobility of toxic contaminants reduced?

To what extent is the volume of toxic contaminants reduced?

To what extent are the effects of treatment irreversible?

What residuals remain?

What are their quantities and characteristics?

What risks do treatment residuals pose?

Are p.~ cipal © - w™"'~ the scope of * action?

Is treatment used to reduce inherent hazards posed by principal threats
at the site?
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This criterion addresses capital costs, both direct and indirect; annual
operations and maintenance (O&M) costs; the accuracy of the cost estimate; a present
worth analysis; and a cost sensitivity analysis of alternatives.

6.1.7.1 Direct Capital Costs. Direct capital costs include the following:

Construction costs

Equipment costs

Land and site development costs
..Jildings and services costs
Relocation expenses

isposal costs.

6.1.7.2 Indirect Capital Costs. Indirect capital costs include the following:

Engineering expenses
License or permit costs
Startup and shakedown costs

Contingency allowances.

6.1.7.3 Annual O&M Costs. Annual operations and maintenance costs include the
following:

Operating labor costs

Maintenance materials and labor costs
Auxiliary material and energy
Disposal of residues

Pur* ~sed services

/ *Tinistrative co "

Insurance, taxes, and licensing costs
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“ 16.2.1 Resources

| 8
— - -

5:2:1:16.2.1.1 Transportation Impacts. The prepesed Remedial Alternatives

evalu ed in this FFS are not expected to create any long-term negative transportation
impacts. If adverse impacts to transportation are detected, remedial activities will be
modified or stopped until the problem is mitigated.

The No Action ar Institutional Control Alternatives will not affect
transportation. These alternatives will not require the transport of any equipment,
construction materials, or waste. Commuter traffic flow would not increase or
decrease.

The Containment;-Remeoval/Dispesal;Ia-Situ ..eatment; and
emoval/Tr ment/ Dispo:  Alternatives will require transport of e ment,
construction materials and solid waste that could result in transportation impacts,
primarily within the boundaries of the Hanford Site. The construction-related and
commuter—(werker) traffic flew for the Containment/Removal/Disposal and

Removal/Freatment/Disposal Alternatives would be higher than for the
Removal/Treatment/Disposal centainment-and-In-Situ-Treatment Alternatives

6.2.1.2 Ecological Impacts.52- Beologiet  ipaets. The No Action and
Institutional Control Alt: atives would not affect existing natural resource conditions.
1 iwever, these alternatives do not include revegetation or other habitat enhancement
actions. Without revegetation or other habitat enhancement efforts, most sites would
not be restored to a native condition.

The Containment;-Remeoval/Dispesal;Ia-Situ-Treatment—and
Remeoval/Treatment/-Disposal and Removal/Treatment/Disposal Alternatives would
destroy some existing vegetation atin the 100 Area as a waste-siteresult of surface
activi s such as construction of access roads, pile driving, well installation, and
treatment system construction.— In most cases, this is a minor impact because most
waste sites in the 100 Area have already been severely disturbed, and because the
surface areas reqmred to 1mplement the actions are relatlvely small Geae&mm&m

&ad Restoratlon efforts followmg mstallatlon of contamment wallswould beneﬁt
natural resources in the long term.

5.2.1:36.2.1.3 Air Quality Impacts. Hanford Site air quality is generally good. The
proposed remediation alternatives are not expected to cause long-term negative

impacts to existing air quality. Site restoration and-revegetatien efforts will preclude
long-term wind erosion problems due to remediation activities.

The No Action and Institutional Control Alternatives would not affect short-
term air quality. However, the Conta’ en ‘emeval/Bispe Ja-Situ—Treal 8t
and Removal/Treatment/Disposal Alternatives will generate fugitive dust. Dust
controls and other mitigative measures will be used as needed to ensure that short-
term impacts on air quality are minimized.
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| This Preeess-Deeumentsection presents information on general mitigation
|—approaches and.actlons However because the Proeess-Document-deals—with-waste

aps-rath S and-the remedial alternative has not been
selected yet this report does not present spec1ﬁc mitigation plans. The completion of
detailed mitigation plans will occur during the conceptual and preliminary design of
the selected remedial alternative.

Natural resources can be impacted in a variety of ways during implementation
of remedial actions. For example, excavation, treatment, and construction activities
can unnecessarily destroy wildlife habitat; disrupt normal breeding, nesting, or
feeding activities of animals; increase wind and water erosion; or unearth native
Indian artifacts. Final mitigation measures, to either e*—inate or reduce the adverse
consequences of the remedial activities, will be developed as an integral component of

the remedial design and—'Fhe—m&&gaﬂen—plaas—wﬂl—be mcorporated into the design
specifications. and-alse-m art-0f-the-coRtEaet

eeameters—weﬂang—ea—the—sﬁe— In that way, mmgatlon becomes an integral

component of the remedial activities.

The following general mitigation measures are examples of actions that may be
taken to protect the physical, biological, human, and cultural resources that occur in
the 100 Area:

o Stockpile topsoil when possible.

Minimize the width of construction corridors, the size of equipment
yards and parking lots, and the amount of cut and fill required.

. Place equipment yards, treatment systems, and support services in
formerly disturbed areas when possible.

. Develop and implement erosion control plans.
Curtail or halt operations during high wind periods.

. Suppress fugitive dust with water, commercial suppressants, or
temporary mulches.

. Prevent runoff and sediment transport to wetlands and the Columbia
River.
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. Work with the Indian nations to identify traditional use sites, prepare

I
B cultural resource mitigation plans, and evaluate the sensitivity of each

waste site area.

2.2.26.2.2.2 Irreversible and Irretrievable Commitment of Resources Fhe
alternativ  hatleave-contaminated-material-in-an-operable R ould—resy
iaRemediation of groundwater in the 100 Area will require the irreversible
commitment of land-te-waste-manag.___ *at—institational-eontrols—and

Hor illions of federal dollars. Althoush-contaminationlefi-in-place-could-be
removed-in-the-future—such-removt  rould-waste-meney-spentDepending on a-—surface
barrier-or-in-situ-treatmnentthe remedial alternative, other irreversible commitments of
resources would be necess._, , le usii_ ¢ umables such as fuel, electricity,
che ":als, and weuld ROFe— ive-than-immediate-removaldisposable protective
equipment.

consumables—suchasfue  lects
equipment:If sensitive habitats or cultural resources are involved in remedial actions,
mitigation measures will be taken to minimize impacts. However, irreversible
damage could occur to habitats, flora, and fauna during remediation. It is also
possible that cultural resources could be destroyed during the remedial action.

. . .
e-RPoring-So—ansd € > ParRers-ana—uasi
. . . .
’ ’

5.2:2.36.2.2.3 Indirect and Cumulative Impacts. Based on improvements to the
overall protection of human health and the environment, the net cumulative impact of
the remedial actions is expected to be positive. Remedial actions will remove or
isolate the contaminants, make land in the 100 Area available for other uses, and
generally restore natural resources. Negative impacts from remediating the operable
units within the 100 Area, as discussed in Sections 5-8-and-6-0 6.0, 7.0, and 8.0, are
expected to be minor and short term. However, there is potential for indirect and
cumulative impacts as a result of remediating any one operable unit within the 100
Area.

Re dial activities at-any-one-of-the-Operable-Units-in the 100 Area may

potentially involve cumulative impacts due to interactions with other projects within
the 100 Area, as well as interactions with other projects within the Hanford Site or
along the Columbia River. For the purposes of this Seuree Groundwater Operable
Unit FFS, it was assumed that interactions with projects outside the Hanford Site,
except for the Columbia River, would be insignificant because of the remote location
of the 100 Area relative to the Tri-Cities and major agricultural operations in the
region.
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62

policies, and activities on minority populations and low-
tncome populations. "

Low-income and minority populations involved in Hanford Site remedial
actions include members of the Native American groups and local agricultural
employees. The proposed alternatives have been assessed for potential
disproportionate impacts to these low-income and/or minority populations.

The objectives of the Environmental Justice Executive Order may not be met
by the No Action and Institutional Control Alternatives. Native American groups that
use the Columbia River for fishing, hunting, and wildlife recreation are concerned
about , itential adverse human health effects from contaminants located on the
Hanford Site. These contaminants would remain under the No Action and
Institutional Control Alternatives. Compared to other alternatives, the No Action and
Institutional Control Alternatives represent a low risk of inadvertent excavation of
Native American cultural resources.

The Containment;Remeval/Dispesal—In-Situ-Treatment; and
Remov: Treatment/ Disposal Alternatives comply with the objectives of the

Environmental Justice Executive Order. Construction activities would provide
employment for the low-income workers, inch = asn ™ number of new general
labor (unskilled) jobs. However, drilling, excavation, and pile-driving activities
always poses the risk of unearthingdisturbing Native American burials.

Co cquently, the risk of an adverse impact on Native Americans is
disproportionately large compared to other segments of the population. The
containment or removal alternatives, however, reduce or preclude the possibility of
long-term lateral migration of contaminants from current locations to the Columbia
River. These alternatives, with appropriate mitigation actions, will generally address
Native American concerns.

§:2:2:56.2.2.5 Short-term Impacts to Human Health.

Short-t¢ n impacts to human health during implementation of a remedial action can
be grouped either as potential impacts to workers performing the remedial action, or
potential impacts to the community. Potential impacts to workers performing the
remedial action include physical hazards associated with construction activities and
exposure to chemical and radionuclide contaminants. Physical hazards to workers
include slips, trips and falls, operation of motor vehicles, excavation and trenching,
drilling hazards, sharp objects, lifting hazards, heat and cold stress and noise.
Contaminant exposure hazards include incidental ingestion of soil, inhalation of
fugitive dust generated during remedial action and external exposure to radionuclides.
Potential impacts to the community would largely be associated with inhalation of
fugitive dust generated during remedial action. Generally, remedial alternatives
would involve very little dust generation, hence potential impacts to the community
are anticipated to be very low for all alternatives. Relative comparisons of the
physical and contaminant exposure risks to workers associated with each alternative
are presented below.
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Table 6-2. Detailed Analysis for GW-2, Institutional Controls/
‘‘‘‘‘ — ~ Continued Current Actions (Page 16 of 16)

|| COST ALTERNATIVE GW-2: INSTITUTIONAL CONTROLS/CONTINUED ||
COMPONENT CURRENT ACTIONS

D/DR Area H Area
| Capital? $0 $0
Operation and $1,300,000 $1,000,000

Maintenance?

[| Present Worth' 10 $950,000
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7.0 QUALITATIVE SENSITIVITY AN*™ YSIS

The sensitivities associated with the key assumptions for the FFS are presented
qualitatively in Tal :7-1. This table identifies each key assumption and the impacts that the
assumption has on the direction of the FFS and on the associated costs. Additional
discussions on uncertainties and sensitivities is included in Section 4.0 and in Appendix C.

The details of the cost assumptions used in defining alternative costs are included in the
detailed cost model printouts in Appendix D. .
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8.0 COr ™ARATIVE AN*~ YSIS

e -

The comparative analysis is an evaluation of the relative performance of each
alternative using the nine CERCLA criteria. This analysis compares Alternatives
GW-1 (no action), GW-2 (institutional controls/continued ci.._nt actions), GW-3
(containment), GW-5 (pump and treat with jon exchange), and GW-6 (pump and treat
with reverse osmosis). Alternative GW-4 is not included in this analysis because the
alter; ive addresses contaminants in situ that are not COCs for 100-HR-3. Figure
Table 8-1 summarizes the comparative analysis.

8.1 OVERALL PROTECTIVENESS OF HUMAN HE“~ TH AND ..JE
ENVIRONN T

The current human health risk associated with the 100-HR-3 Operable Unit is
low (ICR 10% to 10*, HQ <1) for the occasional use scenario, based on the QRA.
However, a potential ecological risk exists based on chromium concentrations in near-
river we . that exceed an ecological ARAR level (EPA Ambient Water Quality
Criteria of 11 pg/L) and the recommended performance objective of 50 p/L.
Protection of the Columbia River is the primary focus of the IRM. Groundwater
modeling results show that the no action and institutional controls/continued current
actions alternatives have little effect on the current concentrations of chromium in the
near-river wells during the IRM period. However, the vertical barrier and pump and
treat alternatives were shown to significantly reduce ¢-e- ~90%) the mass of
chromium entering the river, relative to the baseline (no action). The magnitude of
the ecological risk is uncertain; in addition, the risk associated with the substrate of
the river has not been quantified. Therefore, the overall protectiveness of the
alternatives is dependent on the true risk associated with the operable unit. For
exa le, if the risk determined in the QRA is representative, then the pump and treat
and vertical barrier options offer greater protectiveness. However, if the risk is
exaggerated, then the no action or institutional controls/continued current actions
alternatives may be sufficiently protective. .wis uncertainty would be addressed by
the institutional controls/continued current actions alternative, as time would be
allowed for additional information to better direct the IRM selection.

The primary goal of the IRM is the protection of the Columbia River.
Groundwater modeling indicates that the pump and treat alternatives can potentially
reduce chromium concentrations in near-river wells below-the-Ambient-Water-Quality
Criteria-of-H-pg/i-level during the IRM period. The pump and treat alternatives not
only provide protection of the river by formation of a hydraulic barrier, but they also
reduce the inherent risk associated with the contaminated groundwater by removing
chromium through treatment. The containment alternative may provide protection of
the __ rer, but it does not reduce the risk associated with the contamina |
groundwater. The no action and institutional controls/continued current actions
alte - ‘ives essentially result in no change from the existing conditions.
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Based on recent experience at a similar site containing chromium in

— |—groundwater, the reverse osmosis treatment technology may not be capable of meeting

project perfromance criteria if groundwater discharge rates are increased (EPA,1995).
For this reason, the long-term effectiveness and performance of reverse osmosis is
judged to be only fair compared to ion exchange, which has performed well in
treatability studies and under field conditions at analogous sites.

Although groundwater modeling results indicate that the containment
alternative can provide protection of the river in both the 100-H and 100-D/DR Areas
in the short term, the chromium is a persistent contaminant in the environment and
will continually travel around the wall to the river. The containment system proposed
for the 100-H Area will be O&M intensive thror~ the IRM period. The hydraulic
control system (extraction and injection wells) will require constant operational
control to ai unt for changes in the hydraulic conditions near the — »lumbia River
cause by seasonal and daily fluctuations in the river stage. Although the proposed
containment system for the 100-D/DR Area involves a sheet pile cutoff wall (which is
not O&M intensive), the system also uses hydraulic control wells to prevent leakage
at the ends of the cutoff wall.

Groundwater modeling results indicate that the no action and institutional
controls/continued current actions alternatives have little effect on the concentrations
of chromium in the near-river wells during the IRM period. Essentially, these
alternatives result in no change to the existing conditions during the IRM period.

This result may be significant in the event that current conditions are not considered
detrimental to human health and the environment. The institutional controls/continued
current actions alternative would allow time to assimilate additional information and
select a fin: remedial action.

8.4 REDUCTION OF TOXICITY, MOBILITY, OR VOLUME

The pump and treat alternatives have the most significant impact on the
reduction of toxicity, mobility, and volume of contaminants in the groundwater. They
also satisfy the statutory preference for treatinent as a principal element. Pump and
treat reduces mobility by hydraulically controlling contaminated groundwater
migration near the river. In addition, the treatment-technologies-speecified ion
exchange and reverse osmosis treatment technology reduces the mass of chromium
groundwater removed from the aquifer. As discussed in Section 8.3, reverse osmosis
may be less effective in removing chromium from groundwater. Although chromium

noved from the groundwater will remain in the hexavalent form, disposal of
treat :nt residues (such as ion exchange resins and solidified treatment effluent) at
ERL ensures isolation from the accessible environment.

The containment alternative reduces the mobility of contaminants, but does not
affect volume or toxicity due to the persistence of chromium in the environment. The
no action and institutional controls/continued current actions alternatives have no
direct effect on these parameters, but they do allow chromium to dissipate by
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permanent protection of the river will likely require aquifer restoration to be the goal

— —of-pump and treat. Uncertainty in the adsorption characteristics of chromium in the
unconfined aquifer results in uncertainty in the long-term effectiveness of pump and
treat for aquifer cleanup.

8.6 IMPLEMENTABILITY

7 = no action and institutional controls/continued current actions alternatives
are considered to be already in place (i.e., access restrictions and monitoring) and
therefore do not involve any implemental*'*y concerns. The pump and treat
alternatives are also considered easily implementable; however, the effectiveness of
these alternatives is uncertain. Al “ugh both ion exchange and reverse osmosis are
co BATs for meeting the SDWA MCL of 100 pg/L ' chromium, the ability
of :atment t  mologies to achieve t El  Ambient .. ater Quality Criteria
level of 11 pg/L is unknown. The treatability study conducted using ion exchange
indicates that this treatment is effective for removing chromium from 100-HR-3
groundwater to less than 20 pg/L (based on 19 ug/L detection limit) (WHC 1993c).
Ton exchange technology has also been successfully implemented at an analogous site
in Washington State (EPA, 1995). Treatability testing with reverse osmosis would be
required to establish accurate performance data. Uncertainty also exists in the al  ty
to remove chromium from “*~ unconfined aquifer. Effective and efficient chromium
removal from the unconfined aquifer is dependent on the adsorption characteristics of
chromium. The adsorption characteristics of chromium in the unconfined aquifer are
uncertai and will require additional site characterization to accurately define.
Reverse osmosis also requires the use of high pressure pumps and may be mroe
difficult to implement than ion exchange.

Imj 'mentation of a vertical barrier at 100-H Area is considered impracticable.
The proposed alternate containment action is the hydraulic control alternative.
Although groundwater modeling results indicate this alternative to be effective for
controlling the flux of chromium to the river, operability of the hydraulic control
system is questionable. Operational difficulties are anticipated due to continuously
changing hydrologic conditions in the unconfined aquifer near the river. Daily and
seasonal fluctuations in the river stage will result in corresponding fluctuations in the
water table elevation, hydraulic gradient, and direction of the hydraulic gradient.
Containment of a persistent contaminant such as chromium would eventually lead to
additional remedial actions (i.e., pump and treat) or alternate cleanup levels would
have to be negotiated. Operation of the extraction/injection of contaminated
groundwater may encounter regulatory resistance in the absence of treatment.
However, the goal of the alternative is to contain the contaminant plume without
incurring the massive treatment costs associated with the pump and treat alternatives.

plementability of the sheet pile cutoff at 100-D/DR Area is considered
difficult due to potential subsurface obstructions and recontouring areas of the river
bank. Treatability testing may be required to establish the implementability of a sheet
pile cutoff wall in the 100-D/DR Area. In addition, the containment system proposed
for the 100-D/DR Area also involves hydraulic control to prevent leakage near the
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APPLICABLE OR RELEVANT AND APPROPRIATE
REQUIREMENTS

Applicable or relevant and appropriate requirements (ARARs) in federal or state law must be met or

waived for remedial actio; as required by Section 121 of C....c._,A. A component of an action’s

protecti' less is its ability to comply with ARARs. This appendix consists of a written discussion of major

federal and state ARARs, followed by tables listing ARARs that are pertinent to interim remedial activities

evaluated in the FFS. Identification of ARARs is directly impacted by characteristics of the site,
resent, and Remedial Alternatives developed; therefore, only specific sections of the
/1 — e

P Yy '—=°

1. EFFLUENT DISCHARGE STANDARDS - REMOVAL, TREATMENT, AND DISPOSAL
ALTERNATT v .5

The primary issue associated with the removal, treatment, and disposal alte  “ives would involve the
return of treated groundwater to the aquifer. It is anticipated that this effluent may contain constituents
above the MCLs (Const ents not being treated could remain above MCL’s or constituents that are
reduced in concentration through treatment but still not to MCLs), 40 Code of Federal Regulations (CFR)
141.

At C CLA sites, RCRA Section 3020(b) allows discharge of hazardous or radioactive waste and/or
effluent exceeding drinking water standards into injection wells provided that the reinjection: (1) is done
pursuant to CERCLA or RCRA corrective action authority; (2) includes treatment of contaminated water to
substantially reduce hazardous constituents prior to reinjection; and (3) the CERCLA or RCRA effort will,
upon completion, be sufficient to protect human health and the environment. Reinjection of treated effluent
would be “owable pursuant to RCRA Section 3020b). In a similar manner, and notwithstanding the
gener: prohibition of 40 CFR 144.13(a), 40 CFR 144.13(c) allows injection of treated groundwater into
the same formation from which it was drawn when such actions are done pursuant to CERCLA or RCRA
authc y.

- HAZARDOUS/DANGEROUS WASTE MANAGEMENT STANDARDS

The pump-and-treat technologies may generate RCRA hazardous waste. If so, substantive RCRA and
WAC 173-303 standards would apply to the generated waste.

The Resource Conservation and Recovery Act (RCRA) regulates the generation, transportation, storage,
treatment, and disposal of hazardous waste. This law also provides authority for the cleanup of spills and
environmental releases of hazardous waste to the environment as a result of past practices. Hazardous
waste management regulations promulgated pursuant to RCRA are codified at 40 CFR 260 through 270.
The regulations inclu = chemical-specific standards for the designation of hazardous wastes, as well as
standards r treatment of these wastes prior to disposal. Washington State Dangerous Waste Regulations
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cor mer products, residual fallout from past nuclear accidents and weapons tests, or naturally occurring
radiation sources.

sue DOE Order 5400.5 identifies circumstances where supplemental limits or exceptions to the
standards may be implemented. A temporary public dose limit higher than 0.1 rem, but not to exceed 0.5
rem for the year, may be approved from the DOE Operations office in coordination with its Program
Office. Situations identified by DOE that may warrant use of a supplemental standard include: situations
where  nedial action would pose a clear and present risk to workers or members of the public using
reasonable measures to reduce or avoid the risk.

The DOE Order presents derived concentration guides (DCG) for conducting radiological
environmental monitoring programs at DOE facilities. The DCGs are presented for three exposure modes:
ingestion of water, i - oof d in — “rsion ° T T 777 not designed as
occupi nal intake iuwsw. »u8 DCGs for inter ¢ m m ~ Cef i1 d
equivalent of 0.1 rem/year for radionuclides taken into the body through ingestion or inhalation. The
DCGs may be used for evaluating compliance to the drinking water limit of 0.004 rem/year by using 4% of
the 'CG for ingestion. The exposure conditions used for development of the ingestion and inhalation
DCGs are presented with the DCGs in table format.

The proposed DOE rule, Radiation Protection of the Public and the Environment (10 CFR 834),
1 lished in the March 23, 1993 Federal Register (58 FR 16268), promulgates the standards presently
found in DOE Order 5400.5. The proposed rule retains the substantive portions of the DOE Order and
differs from the existing DOE Order in format, enhanced emphasis on the ALARA process, and changes in
the usage of DCGs. The proposed rule identifies DCGs not as "acceptable” discharge limits, but to be used
as reference values for estimating potential dose and determining compliance with the requirements of the
proposed rule.
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will be similar to standard production water wells. The primary design consideration for these wells is
locating and sizing the screened area such that only that portion of the aquifer containing nitrate
contamination is affected and the interaction between wells facilitates the closed pumping circuit concept
described above. '

Prior to injecting groundwater and additives back into the aquifer, mixing is required to ensure
homogeneity. Nutrient mixing tanks utilizing mechanical agitation by a motor driven internal impeller are
specified for this purpose. The specified mixing tanks operate on a continuous basis with the capability of
maintz* * g a design residence time. '

Nutrient feed can be made directly into the mixing tanks or the piping leading to the mixing tanks.
Nutrient feed tanks are sized according to the required capacity of the system. A small capacity pump or
. vity feed sy * n will be required to inject nutrients at the specified location in the system.

1.4.3 = Air Spargih . Air sparging is propo | for remediation of isolated plumes of VOC contamination
in 100 Area groundwater. This remediation technology is similar to air stripping and involves injecting air
into the so or strata below contaminated groundwater plumes. Volatile organic compounds dissolved in
groun ater and adsorbed onto soils are

volati d into the gas phase as air bubbles flow upward through the water column (Hazardous Waste
Consultant 1993). A crude air stripping process is developed where the soil in the aquifer acts as tower
packing that maximi : water surface area contact with air. Stripped contaminants are either drawn upward
and collected with a vapor extraction system or, if permissible, allowed to naturally migrate to the surface
and enter : atmosphere. An additional effect of injecting air into the aquifer is that natural aerobic
biodegradation may be enhanced.

Air sparging is generally most effective in coarse-grained soils. Fine-grained soils tend to require
eater air injection pressures that can result in lateral rather than vertical dispersion of air (Hazardous
Waste Consultant 1993). Air movement in heterogeneous soils will follow the path of least resistance and
can therefore short circuit the intended area of influence. The potential effects of short circuiting include
missing target contamination due to vertical channeling and/or horizontal migration of contamination
( zardous Waste Consultant 1993).

An additional concern involves the heterogeneity of vadose zone soils which range in particle size
from boul s to silt. The heterogeneity of vadose zone soils may prevent effective natural migration of
stripped VOC to the surface for venting to the atmosphere. Potential for horizontal channelling may result
in contaminant migration without venting to the atmosphere. To eliminate this potential, installation of a
soil vapor extraction system is required with well screens located just above the saturated zone. The vapor
extraction system will capture volatilized contaminants before lateral migration in the vadose zone can

occur.

The number, location, and spacing of injection and extraction wells will be determined on the basis
of modeling and pilot tests. Pilot tests are used to determine the radius of influence of injection and
extraction wells the subsurface of the area of contamination. In general, the radius of influence is
larger in highly permeable soils and smaller in low permeability soils (Hazardous Waste Consultant 1993).
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Wastes requiring disposal include well drilling and construction wastes and vapor treatment wastes.
All other treatment processes are in situ treatment techniques, thereby eliminating any other disposal
re lirements.

1.5 ALTERNATIVE GW-5

Alternative GW-5 has been developed as a removal, treatment, and disposal GRA. The remedial
technologies and associated process options that comprise this alternative were initially specified in the 100
Area FS Phases 1 and 2 (DOE-RL 1994a). Based on review of additional information (LFI, 100 Area
aggregate studies, treatability testing, and refined RAO), no modifications to this alternative are required.
Therefore, the remedial
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include lime, caustics such as sodium hydroxide, sulfides such as sodium bisulfide, ferrous sulfide, calcium
carbonate, and sodium carbonate (Corbitt 1990). However, because contaminant concentrations are so
dilute, most of the precipitating species will consist of common water minerals. Common methods for
precipitation involve addition of precipitation reagents or pH adjustment.

Specification of precipitation reagents and pH is contaminant dependent. A precipitation reaction
resu 1g in __ formation of an insoluble form of strontium-90 occurs as described by the following
simplified reaction:

NSr + CO, +*SrC0O4

A conceptual chemical precipitation process consists of a mixing tank, a reagent feed _,st____, and a
« rifier tank. Associate piping, pumps, valves, and monitoring and control equipment complete the
equipment requirements. The process stream and precipitation reagents are combined in a continuously
stirre continuous flow (CSCF) reactor vessel. The mixture is then pumped to the clarifier tank where the
resu/ ~ g insoluble salts are separated from the process stream as a concentrate. The process stream or
overflow from the clarifier is then pumped to chromium reduction process.

The concentrate from the CSCF reactor is pumped to a rotary drum filter for dewatering. A
ration media such as diatomaceous earth is added to the concentrate to facilitate the filtration process.
The sulting filter cake is collected and transported to the solidification system. The liquid effluent from
dewatering is combined with the process stream from the clarifier for subsequent treatment in the chromium
reduction process.

1.5.3.4 Chromium Reduction System. Following chemical precipitation unit operations, chromium
reduction is proposed to reduce hexavalent chromium. Hexavalent chromium can be reduced from the
soluble hexavalent state to the less soluble trivalent state (pH <3) and precipitated under basic conditions
(pH of 8 to 9) (Corbitt 1990). Chromium may also be reduced by reaction with reagents such as sulfur
dioxide, sulfite salts (such as sodium metabisulfite), and ferrous sulfate (Corbitt 1990). Hexavalent
chromium can be reduced by reacting with sulfur dioxide and then precipitated as a hydroxide according to
the llowing reactions:

Cr,0F + 6Fe?+ 650 + 14H™> 20r>(S0{), & + 6Fe™

The chemical reduction process is similar to the chemical precipitation process described previously.
Separate process equipment is required to perform chemical reduction because of the conditions and
reagents under which the required reaction occurs. The process stream, reducing agent, and precipitation
reagent are combined in a CSCF reactor vessel. The ixture is then pumped to the clarifier tank where the
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GW-6 now consists of the foll_owing remedial technologies and associated process options:
° removal:
- extraction wells

° physical treatment:
- air stripping/carbon adsorption (organics)
- filtration (remove suspended solids)
- forced evaporation (for volume reduction prior to solidification)
- reverse 0 sis (high molecular weight inorganic contaminants)

] stabilization/solidification:
- cement-based solidification (secondary waste streams)

. li 1d disposal:
- crib disposal

° S disposal:
- ERDF, W-025, or another site

° ionitoring
- { undwater monitoring (100 Area groundwater).

1.6.1 Objective

The objective ¢ Alternative GW-6 is identical to that described previously for Alternative GW-5.
Source to receptor pathways are to be eliminated by complete removal, treatment, and disposal of
contaminants in the 100 Area. Alternative GW-6 satisfies this objective in the same manner as Alternative
GW-5 except for the methods of treatment. Alternative GW-6 is designed to remove contaminant plumes
from the unconfined aquifer; treat contaminated groundwater to the levels established by remedial action
goals; isolate and dispose treatment residuals from the accessible environment; and dispose treated
groun vater by reinjection to the unconfined aquifer or to the river.

1.6.2 Size and C( "guration

/ ernatives GW-6 and GW-5 are similar in that both alternatives are developed as removal,
treatment, and disposal general response actions. The primary difference between these alternatives is the
treatment technologies specified to achieve RAO. The aspects of alternative GW-6 that are differ from
alt 1ative GW-5 are summarized below:

° biological treatment - no biological treatments are specified in GW-6

chemical eatment - no chemical tre; © =nt are specified in GW-6
. physical treatment - only physical treatments are specified in GW-6
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1.6.3.5 Cement-Based Solidification System. As described previously for Alternative GW-5, cement-

based solidification is proposed for liquid-, sludge-, or slurry-type waste streams generated as a result of

treating contaminated groundwater (see Table B-2). Solidified wastes will be transported to the 200 Area
for disposal. The secondary waste streams generated from each treatment system are summarized as

fol ws:

The secondary waste streams generated by the treatment systems proposed for Alternative GW-6 are

sim i to those generated from the Alternative GW-5 treatment systems. Those secondary waste streams

lique to Alternative GW-6 include fouled packing material from the air stripping tower, spent activated "
carbon beds, and fouled reverse osmosis membranes from the carbon adsorption units. Secondary waste
streams in solid form such as filter cartridges, air stripper packing material, spent carbon, and fouled
reverse 0¢__)sis —~~branes, will generally be packaged directly into containers suitable for disposal.
However, if sol ; : sed on ™" TF requirements), size
redi ion may be ne Iy to 1

The cement solidification system and materials described previously for Alternative GW-5 would be
identical to the cement solidification system requirements for this alternative. In general, the applicable
sec y waste streams will be pretreated (if necessary), mixed with cement, and placed in Department of
Transportation (DOT) approved containers. After the appropriate curing time has elapsed, solidified wastes
will be transported by truck to the ERDF, W-025, or another site for disposal.

1.6.4 Disposal Distances and Location
1.6.4.1 Liquid Disposal. Disposal of liquid effluents generated by implementation of Alternative GW-6 is
nearly identical to the previous discussion for Alternative GW-5. Surface discharge into cribs is specified

for Alternative GW-6 as opposed to the reinjection/river discharge te-*~ique specified for Alternative GW-
5.

1.6.4.2 Disposal of Solidified Residues. Disposal of solidified waste generated by implementation of
Alternative GW-6 is identical to the previous discussion for Alternative GW-5.
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1.6.5 Groundv r M :or_“:“;

As described prev  isly in Alternative GW-5, post-treatment monitoring of 100 Area groundwater
will be necessary to st that established remediation levels have been satisf 1and additic *sc ces of
cl ation are not di  vered. The number: 1locati__ of monitc ; wells required will be
d »d based on cor iinant distribution. Monitoring well design, equipment requirements, and
installation are the same  described previously in Altern: ve GW-4.
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The ndi s for the H Area were developed by contouring the 1987 chromium data with
SURFER. The 1987 data set was selected because it marked the beginning of the RCRA monitoring
program and adequate data were available to develop contour maps. The SUk. .. data were then directly
input to MT3D using ModelCad**™,

2.3 D Area Sensitivity Analysis

As mentioned in the main document, a variety of transport parameters were run to evaluate the
sensitivity of the model to porosity, dispersivity, and retardation. The results from all of these runs are )
shown in Tal :B-3. 7 is table indicates that the model is not very sensitive to porosity or retardation.
The model is the most sensitive to dispersivity.

1._4 C™ ‘i~

The H Area model was calibrated by running the model with the initial conditions for 5 years and
attempting to match October/November 1992 chromium data. The calibration was performed by adjusting
the disp sivity, retardation, and porosity. A summary of the calibration runs is shown in Tablel . A
sun ary of the results from these runs is shown in Tables B-5 and B-6. Run 10 was selected to perform
the remedial alternative analyses because it has the lowest mean error of the three runs which simulated the
river with the river package. The river package is believed to best represent the interaction between t
aquifer and the Columbia River; comparing runs 10 and 11 shows that there is very little difference in the
contaminant distributic between the two boundary options.
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PRESENT WORTH CALCULATIONS

100 D/DR AREA: REMOVAL, TREATMENT, AND DISPOSAL ALTERNATIVE WITH ION EXCHANGE

ANNUAL DISCOUNT RATE = 5%

CAPITAL o&M DISCOUNT ANNUAL PRESENT
_ YEAR COST COoSsT EACTNR EXPENDITURE WORTH
(o] $2,649,260 $0 1.0000 $2,648,260 $2,648,260
1 $0 $907,713 0.9624 $907,713 $864,606
$0 $806,417 0.9070 $806,417 $731,420
3 $0 $986,417 0.8638 $986,417 $862,067
4 $0 $806,417 0.8227 $806,417 $663,439
b $0 $806,417 0.7836 $806,417 $631,828
6 $0 $986,417 0.7462 $986,417 $736,064
7 $0 $806,417 0.7107 $806,417 $673,121
8 $0 $806,417 0.6768 $806,417 $646,783
9 $0 $986,417 0.6446 $986,417 $636,844
10 $0 $806,417 0.6139 $806,417 $496,069
11 $0 $806,417 0.6847 $806,417 $471,612
12 $25,060 $807,683 0.6668 $832,643 $463,617

TOTAL COST OF THE ALTERNATIVE: $10,213,508
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PRESENT WORTH CALCULATIONS

100 D/DR AREA: RéMOVAL. TREATMENT, AND © POSAL ALTERNATIVE WITH REVERSE OSMOSIS

ANNUAL DISCOUNT RATE = 5%
CAPITAL

$3,281.810

DONDNAEWN = O

10

8BBBLLLELLLEY

s
o

yeae  ROST -

81654352

TOTAL COST OF THE ALTERNATIVE:

RS TT SRITRE
<8

O&M DISCOUNT ANNUAL PRESENT
COST FACTOR EXPENDITURE WORTH
1.0000 $3,291,910 $3,291,810
$1,729,582 0.9524 L 11 A $1.647,254
$1,654,352 0.9070 6 $1.500,497
$1,832.412 0.8638 8 $1.582,837
$1,654,352 0.8227 $1,654,352 $1,361.035
$1,654,352 0.7835 $1,654,352 $1,296.185
$1.832,412 0.7462 $1.832.412 $1.367.346
$1,654,352 0.7107 $1,654,352 $1,175,748
" $1,654,352 0.6768 $1,654,352 $1,118,6685 - -
$1,832.412 0.6446 $1,832,412 $1,181,173
$1,654,352 0.6139 -$1,654,352 $1,015,607
$1,654,352 0.5847







Draft B

PRESENT WORTH CALCL™ "TIONS

100 H AREA: HYDRAULIC CONTRC

ANNUAL DISCOUNT RATE = 5%
CAPITAL O&M DISCOUNT ANNUAL PRESE!. .
YEAR rreT . e0sST FACTOR EXPENDITURE wneTtH |
0  $3.896.880 $0 © 1.0000 $3,896,880 $3¢ 880 |
1 $0 $65¢ €1 $656.640 $§ 4
2 $0 $626,560 0.9070 $626,560 $ 0
3 $0 $833.670 0.8638 $833,670 $720,124
4 $0 $626,560 0.8227 $626,560 $515.471
5 $0 $626,560 0.7835 $626,560 $480,910
] '$0 $833,670 0.7462 $833,670 $622.085
7 $0 $626.560 0.7107 $626,560 ’ $M4s. )
8 $0 $626,560 0.6768 $626,560 $424,056
] $0 $833,670 0.6446 $833,670 $537,384
10 $0 $626,560 0.6139 $626,560 $384,
11 $0 $626,560 05847 $626,560 $366,350

n 8568 $658.790 $366.814

TOTALCOSTC FHE ALTERNATIVE: $99 688

D-10
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Draft B

PRESENT WORTH CALCULATIONS

100 H AREA: REMOVAL, TRE......_._T, AND DISPOSAL ALTERNATIVE WITH ION EXCHANGE

ANNUAL DISCOUNT RATE = 5%

CAPITAL o&M DISCOUNT ANNUAL PRESENT
VEAR COST COSs™ R i EXPENDITURE WORTH
o $2,615,760 $0 1.0000 $2,615,760 $2,616,760
1 $0 $1.703,824 0.9624 $1,703,824 $1,622,722
2 $0 $1 7,760 0.8070 $1,607,760 $1,367,638
3 $0 $1,700,760 0.8638 $1,700,760 $1,469,116
4 $0 $1,607,760 0.8227 $1,607,760 .
B $25,060 $1,610,868 0.7838 $1,635,928 $1,203,400
6 $0 $0 0.7462 $0 $0
7 $0 $0 0.7107 $0 $0
8 $0 $0 0.6768 $0 - $0
9 $0 $0 0.6446 $0 $0
10 $0 $0 0.6139 $0 $0
11 $0 $0 0.5847 $0 $0
12 $0 $0 0.5668 $0 __so

TOTAL COST OF THE ALTERNATIVE: $9,518,961

D-11a
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Draft B

SECTION 1.2 COST MODEL ASSUT ““TIONS

D-13
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