U.S. Department of Energy
Hanford Site

September 21, 2023
23-SGD-0014

Mr. David Bowen, Program Manager
Nuclear Waste Program

Washington State Department of Ecology
3100 Port of Benton Boulevard

Richland, Washington 99354

Dear Mr. Bowen:

REMEDIAL INVESTIGATION/FEASIBILITY STUDY FOR THE 100-NR-1 AND
100-NR-2 OPERABLE UNITS, DOE/RL-2012-15, REVISION 0 DRAFT

The U.S. Department of Energy (DOE) is providing the Remedial Investigation/Feasibility
Study (RI/FS) for the 100-NR-1 and 100-NR-2 Operable Units, DOE/RL-2012-15, Revision
0, Draft, to the Washington State Department of Ecology (Ecology) with a completed
review comment record. This RI/FS incorporates modifications agreed to through the
course of comment resolution with Ecology. This RI/FS includes evaluation of remedial
alternatives for the 100-NR-I and 100-NR-2 Operable Units, under the Comprehensive
Environmental Response, Compensation, and Liability Act. As previously discussed and
agreed with Ecology and the US. Environmental Protection Agency project managers,
monitored natural attenuation timeframes for contaminants in groundwater are considered
reasonable for the conditions at 100-N, and consideration for a potential technical
impracticability waiver has been removed from this RI/FS and subsequent planning.

The RI/FS is a primary document as described in Section 9.2 of the Hanford Federal
Facility Agreement and Consent Order. The Draft A RI/FS was submitted to Ecology
for review on June 24, 2013, by DOE letter 13-AMRP-0233, and the updated Draft B
RI/FS was submitted on November 18, 2019, by DOE letter 20-SGD-0001. As
described above, DOE has worked closely with Ecology to resolve comments and
incorporate associated changes into this document. As discussed with Alicia Boyd and
Kim Welsch of your staff, DOE is providing this updated RI/FS as a Revision 0, Draft
prior to finalization to demonstrate completeness and to support collaboration for
development of the proposed plan. DOE is requesting a response within 30 days or will
proceed with finalization of the RI/FS.

Richland Operations Office Office of River Protection
P.O. Box 550 P.O. Box 450
Richland, Washington 99352 Richland, Washington 99352



Mr. Bowen -2- September 21, 2023
23-SGD-0014

If you have any questions, please contact me, or you may contact Naomi Jaschke,
Director, Soil and Groundwater Division, at (509) 376-5594.

Sincerely,

Digitally signed by Dale, Heather L
Da I e, Heather Date: 2023.09.21 14:20:59 -07'00"

Heather L. Dale, Assistant Manager
SGD:ETG for River and Plateau

Attachments:

1. DOE/RL-2012-15 Rev 0 Draft

2. DOE/RL-2012-15 Rev 0 Draft, Appendices
3. DOE/RL-2012-15 Draft B, RCR

cc w/attachs:

J. Bell, NPT

A. L. Boyd, Ecology

C. Buck, Wanapum

L. Contreras, YN

D. R. Einan, EPA

T. Q. Howell, Ecology

R. E. Fox, CPCCo

M. Murphy, CTUIR

E. A. Rochette, Ecology

S. N. Schleif, Ecology

G. D. Schramm, EPA

K. R. Welsch, Ecology

M. Woods, ODOE

Administrative Record (100-NR-1, 100-NR-2)
Environmental Portal

HAB Facilitation (HAB@slind.net)

cc w/o attachs:

S. L. Brasher, HMIS
L. K. O’Mara, CPCCo
M. J. Turner, HMIS
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Figure 9-28. Simulated Cmax Strontium-90 Distribution in Aquifer for Alternative 6
Relative to January 1, 2017, Simulation Start Date
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Figure 9-29. Simulated Cmax Strontium-90 Concentration Over Time in the Aquifer (Top)
and at the Shoreline (Bottom) for Alternative 6 Relative to January 1, 2017, Simulation Start Date

9-98



0 Years

Extended PRB
Best Estimate
Apatite Treatment at 800 ug/L.

Waste Site
Existing Facility
***** Decision Unit

Strontium-90
Concentration, pCi/L.

[ Joo-a

T e

[ s8-8
B s0-278
I 275 - 8.000
I >s.000

0 0.125 0.25KM
I E—

T
0 0.05 0.1Mies

20 Years

Extended PRB
Best Estimate
Apatite Treatment at 800 ug/L.

DOE/RL-2012-15, REV. 0 DRAFT
MAY 2023

Waste Site
Existing Facility
***** Decision Unit

Strontium-90
Concentration, pCi/L.

[ Joo-a

T e

[ s8-8
B s0-278
I 275 - 8.000
I >s.000

0 0.125 0.25KM
I E—

T
0 0.05 0.1Mies

50 Years

Extended PRB
Best Estimate
Apatite Treatment at 800 ug/L.

T00N_s190_0.png (SingloFigure_100-N_Area_V2.mxa,

Waste Site
Existing Facility
***** Decision Unit

Strontium-90
Concentration, pCi/L.

[ Joo-a
e

[ s8-8
B s0-278
I 275 - 8.000
I >s.000

0 0.125 0.25KM
I E—

T
0 0.05 0.1Mies

100 Years

Extended PRB
Best Estimate
Apatite Treatment at 800 ug/L.

TO0N_sr90_20.png (SingloFigure_100-N_Area_V2.mxa|

Waste Site
Existing Facility
***** Decision Unit

Strontium-90
Concentration, pCi/L.

[ Joo-a
e

[ s8-8
B s0-278
I 275 - 8.000
I >s.000

0 0.125 0.25KM
I E—

T
0 0.05 0.1Mies

150 Years

Extended PRB
Best Estimate
Apatite Treatment at 800 ug/L.

TO0N_190_50.png (SingloFigure_100-N_Area_V2.mxa|

Waste Site
Existing Facility
***** Decision Unit

Strontium-90
Concentration, pCi/L.

[ Joo-4
[]a-8

[ s8-8
B s0-278
I 275 - 8.000
I >s.000

0 0.125 0.25KM
I E—

T
0 0.05 0.1Mies

200 Years

Extended PRB
Best Estimate
Apatite Treatment at 800 ug/L.

T00N_s190_100.png (SingloFigure_100-N_Area_V2.mxd)

Waste Site
Existing Facility
***** Decision Unit

Strontium-90
Concentration, pCi/L.

[ Joo-4
[]a-8

[ s8-8
B s0-278
I 275 - 8.000
I >s.000

0 0.125 0.25KM
I E—

T
0 0.05 0.1Mies

T50.png (SingleFigure_T00-N_Area_VZ

T00N_s190_200.png (SingloFigure_100-N_Area_V2.mxa)

Figure 9-30. Simulated Cmax Strontium-90 Distribution in Aquifer Assuming Treatment for Area >800 pCi/L
Relative to January 1, 2017, Simulation Start Date
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Figure 9-31. Simulated Cmax Strontium-90 Concentration Over Time in the Aquifer (Top)
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9.3 Remedial Alternative Screening Evaluation

As discussed in the CERCLA RI/FS guidance (OSWER Directive 9355.3) and the NCP

(40 CFR 300.430(e)(1)), an initial screening of remedial action alternatives may be performed to identify
the most viable options to carry forward for detailed analysis. The following sections define the screening
criteria, the approach used to screen each alternative, and present the screening results. Based on the
screening results, the alternatives to be eliminated and those carried forward for detailed analysis in
Chapter 10 of this RI/FS are identified.

9.3.1 Screening Criteria Description

The screening criteria of effectiveness, implementability, and cost are defined in CERCLA RI/FS
guidance (OSWER Directive 9355.3), as summarized in the following discussion.

9.3.1.1 Effectiveness

The screening evaluation for effectiveness assesses how well each alternative protects human health and
the environment based on the following:

e Short-term effectiveness considers protection of human health and the environment that is achieved
during the alternative’s construction and implementation period.

e Long-term effectiveness considers protection of human health and the environment that is achieved
after the remedial action is complete.

e Reductions in toxicity, mobility, or volume (TMV) consider changes in one or more characteristics of
the hazardous substances or contaminated media by the use of treatment that decreases the inherent
threats or risks associated with the hazardous material.

9.3.1.2 Implementability

Implementability considers the technical and administrative feasibility of a remedial action alternative.
Technical feasibility refers to the ability to construct, reliably operate, and meet technology-specific
regulations for process options until a remedial action is complete. It also includes operation,
maintenance, replacement, and monitoring of technical components of an alternative (if required) into the
future after the remedial action is complete. Administrative feasibility refers to the ability to obtain
approvals from other offices and agencies, the availability of TSD services and capacity, and the
requirements for and availability of specific equipment and technical specialists.

The determination that an alternative is not technically feasible or that the process options are not
available typically precludes an alteative from further consideration unless steps can be taken to change
the conditions responsible for the determination. Negative factors affecting administrative feasibility will
normally involve coordination steps to lessen the negative aspects of the alternative but will not
necessarily eliminate an alternative from consideration.

9.3.1.3 Cost

Under this criteria, both capital and O&M costs are considered using present value to facilitate
comparison for alternatives with different lifecycle durations.
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9.3.2 Screening Approach

99 ¢¢

Each alternative was evaluated against the criteria described above using a relative “high,” “moderate,” or
“low” rating. To further differentiate between the alternatives, or where an alternative’s performance
could vary, a rating range such as “low to moderate” or “moderate to high” was used. Alternatives with
the most favorable evaluation are carried forward for detailed analysis in Chapter 10 of this RI/FS.

The screening was performed by evaluating how well each of the individual alternative’s key technology/
process options performed for the waste sites remaining for remedial action: waste sites with total ELCR
>1x10*; waste sites with an EPC greater than the groundwater protection PRG; groundwater plume
(nitrate, TPH, and strontium-90) continuing sources; and groundwater COC (Cr(VI), nitrate, TPH,
tritium, and strontium-90) plumes.

9.3.3 Screening Results

As described in Section 9.2, six alternatives were developed to address the 100-N waste sites, continuing
sources, and groundwater plume remedial action target areas. The following discussion summarizes the
remedial action alternative screening presented in Table 9-10.

The estimated remedial action timeframes for each of the remedial action target areas under
Alternatives 1 through 6 are summarized in Table 9-11. For the purposes of altemative screening,

a 150-year period was established as a reasonable timeframe for groundwater restoration in the
100-NR-2 OU based on restoration timeframes established in CERCLA decision documents for other
River Corridor (100-FR-3, 100-BC-5) groundwater OUs and the following factors:

e Current and future groundwater use: The 100-NR-2 OU is not a current source nor is it likely to
be a source of drinking water in the future based on the availability of drinking water from other
sources such as the Hanford Site EWS and expectations for future 100-N land use.

e Contaminant and hydrogeologic factors: The strontium-90 plume is large, spanning 63 ha (156 ac).
With a soil-water partition coefficient of 15 to 25 mL/g, strontium-90 sorbs strongly to sediments,
has low mobility, and is difficult to extract from the unconfined aquifer. The highest concentration of
strontium-90 detected in 2016 was 12,600 pCi/L, which is nearly 1,600 times higher than the
8 pCi/L PRG.

e Reliability of ICs: DOE will maintain an active presence at 100-N and across the Hanford Site for
the foreseeable future through ongoing decommissioning and remediation activities. This presence
increases the reliability of ICs as a measure to prevent current and future exposure at waste sites and
groundwater COC plumes where ICs are required for >30 years, but reliability cannot be predicted
where long-duration ICs (e.g., >300 years) are required.
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Remedial Action Target Area

Alternative 1

Alternative 2 Alternative 3 Alternative 4

Alternative 5

Alternative 6

Short-Term Effectiveness (Protection of Human Health and the Environment During Remedy Construction and Implementation)

Waste sites: Remaining for remedial action
(consolidated 100-N-107/100-N-84:10, 2607-FSM,
600-339, 600-348)

Low: Since no action occurs, no worker,
public, or ecological exposure to COPCs
occurs. However, COPCs may pose a threat to
future workers if intrusive activities are
conducted. COPCs may impact the
environment through the leaching pathway.

Moderate: Workers, public, and the environment potentially exposed to COPCs during RTD activities. However, these risks are managed with well-developed engineering controls.

Shallow waste sites: Human health risk >1x10*
(100-N-60, UPR-100-N-13, UPR-100-N-26,
100-N-63:2, 100-N-79, 100-N-83, 116-N-4,
100-N-108)

Low: Although there is low potential for
worker, public, or ecological exposure due to
the remote location, no controls are
established to prevent current and future
exposure.

High: ICs prevent worker and public exposure while
radioactive decay decreases COC concentrations to PRGs.
The radionuclide COCs have low mobility and, therefore,
pose low threat to the environment.

Moderate: Radioactive decay and ICs used at three waste sites where radioactive decay achieves PRGs in <30 years. RTD used
at four waste sites where radioactive decay requires >30 years to achieve PRGs. Radioactive decay and ICs used at one waste
site along the shoreline where radioactive decay requires >30 years to achieve PRGs but will be achieved within the 300-year
excavation IC timeframe for the apatite PRB. Workers, public, and the environment potentially exposed to COCs during RTD
activities. However, these risks can be managed with engineering controls.

Deep waste sites: Radionuclide COCs present at
concentrations greater than direct contact PRGs
(116-N-1, 116-N-3, UPR-100-N-31,
UPR-100-N-4, UPR-100-N-8,
100-N-66/UPR-100-N-35%)

Low: Low potential for worker, public, or
ecological exposure because COCs are present
at depths >4.6 m (15 ft). No controls are
established to prevent current and future
exposure.

High: ICs prevent worker and public exposure while radioactive decay decreases COC concentrations. Radionuclide COCs have low mobility and therefore, pose low threat to the environment.

Deep waste sites and continuing sources: Exceeds
TPH groundwater PRG
(UPR-100-N-17)

Low: Low potential for worker, public, or
ecological exposure because TPH is present at
depths >4.6 m (15 ft). TPH leaching to
groundwater at four deep waste sites,
especially at the PRZ, poses a long-term threat
to groundwater quality.

High: Low potential for worker, public, or ecological
exposure to TPH during bioventing operations.
Bioventing promotes biodegradation of mobile TPH
fraction, greatly reducing leaching threat to
groundwater.

Moderate: No worker, public, or ecological receptor
exposure at deep waste sites where TPH occurs. MNA and
ICs (no irrigation) reduce TPH leaching from vadose zone
soils, but this is less effective for TPH present in the PRZ.
However, over time, leaching effects on the environment will
decrease.

Low: Workers, public, and
ecological receptors potentially
exposed to TPH during RTD
activities. Worker and
community exposure can be
managed with engineering
controls. Deep RTD can result
in increased short-term leaching
when excavation exposed to
dust-suppression water and
rainfall/snowmelt infiltration.

High: Low potential for worker,
public, or ecological exposure to
TPH during bioventing
operations. Bioventing promotes
biodegradation of mobile TPH
fraction, greatly reducing
leaching threat to groundwater.
Minimally intrusive technology
provides greater protection for
sensitive areas.

Deep waste sites and continuing sources: Exceeds
Sr-90 groundwater PRG

(116-N-1, 116-N-3, UPR-100-N-31,
UPR-100-N-4, UPR-100-N-8)

Moderate: Low potential for worker, public,
or ecological receptor exposure at seven deep
waste sites where Sr-90 is present. Sr-90 fate
and transport modeling shows that Sr-90
leaching has no measurable effect on the size
or longevity of the aqueous plume. Irrigation
ICs would continue to be in place for
consolidated waste site 100-N-66/
UPR-100-N-35* until remaining Sr-90
contamination decays below the PRG for
groundwater protection during the N Reactor
ISS period.

Low: Increased potential for
worker, public, and ecological
receptor exposure to Sr-90
during partial RTD activities at
the seven waste site/

continuing sources. Deep RTD
can result in increased
short-term leaching when
excavation exposed to dust
suppression water and rainfall/
snowmelt infiltration. MNA and
ICs used at three waste sites with
small Sr-90 PRG exceedance
footprint. Irrigation ICs would
continue to be in place for
consolidated waste site
100-N-66/UPR-100-N-35* until
remaining Sr-90 contamination
decays below the PRG for
groundwater protection during
the N Reactor ISS period.

High: No worker, public, or ecological receptor exposure to Sr-90 present at seven
deep waste site locations. Radioactive decay and ICs (no irrigation) will reduce
leaching in vadose zone but not at PRZ. However, Sr-90 fate and transport
modeling shows that Sr-90 leaching has no measurable effect on the size or
longevity of the aqueous plume. Irrigation ICs would continue to be in place for
consolidated waste site 100-N-66/UPR-100-N-35* until remaining Sr-90
contamination decays below the PRG for groundwater protection during the

N Reactor ISS period.

Low: High potential for worker,
public, and ecological receptor
exposure to Sr-90 during full
RTD activities at five of seven
waste site/continuing sources.
Deep RTD can result in
increased short-term leaching
when excavation exposed to
dust-suppression water and
rainfall/snowmelt infiltration.
MNA and ICs used at three
waste sites with small Sr-90
PRG exceedance footprint.
Irrigation ICs would continue to
be in place for consolidated
waste site 100-N-66/
UPR-100-N-35* until remaining
Sr-90 contamination decays
below the PRG for groundwater
protection during the N Reactor
ISS period.

High: No worker, public, or
ecological receptor exposure to
Sr-90 present a seven deep waste
site locations. Radioactive decay
and ICs (no irrigation) will
reduce leaching in the vadose
zone but not at the PRZ.
However, Sr-90 fate and
transport modeling shows that
Sr-90 leaching has no measurable
effect on the size or longevity of
the aqueous plume. Irrigation ICs
would continue to be in place for
consolidated waste site
100-N-66/

UPR-100-N-35* until remaining
Sr-90 contamination decays
below the PRG for groundwater
protection during the N Reactor
ISS period.
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Remedial Action Target Area

Alternative 1

Alternative 2 Alternative 3

Alternative 4 Alternative 5

Alternative 6

Continuing sources: Nitrate
(116-N-1, 116-N-3)

Moderate: No worker, public, or ecological
receptor exposure at presumed continuing
source. Nitrate fate and transport modeling
indicates that leaching of continuing source
poses a low groundwater quality threat based
on leaching magnitude and duration.

High: No worker, public, or ecological receptor exposure at presumed continuing
source. ICs (no irrigation) will reduce leaching. Nitrate fate and transport modeling
indicates that leaching of continuing source poses a low groundwater quality threat
based on leaching magnitude and duration.

Low: Increased potential for worker, public, and ecological receptor
exposure to nitrate and collocated Sr-90, during RTD activities.
Deep RTD can result in increased short-term leaching when
excavation exposed to dust-suppression water and rainfall/snowmelt
infiltration.

High: No worker, public, or
ecological receptor exposure at
presumed continuing source. ICs
(no irrigation) will reduce
leaching. Nitrate fate and
transport modeling indicates that
leaching of continuing source
poses a low groundwater quality
threat based on leaching
magnitude and duration.

Groundwater plumes: Cr(VI)

High: Low potential for worker and public exposure based on current concentrations and remote location. No unacceptable ecological risk identified at the shoreline and river based on current concentrations.

Groundwater plumes: Nitrate

Low: Low potential for worker and public
exposure due to remote location. However, no
controls established to prevent exposure. No
unacceptable ecological risk identified at the
shoreline and river based on

current concentrations.

Moderate: ICs prevent worker and public exposure to nitrate contaminated groundwater. No unacceptable ecological risk identified at the shoreline and river based on current concentrations.
Fate and transport modeling (Figures 5-50 and 5-51 in this RI/FS) shows nitrate concentrations rising above 88,600 ug/L effect level, based on Cmax concentration; however, ecological
receptors not exposed to Cmax concentrations. The model projected mean concentration of 35 mg/L represents a more probable exposure concentration, which does not pose unacceptable risk.

Groundwater plumes: TPH

Low: Low potential for worker and public
exposure due to remote location; however, no
controls established to prevent exposure.

No unacceptable ecological risk identified at
the shoreline and river based on current
concentrations.

Moderate: ICs prevent worker and public exposure to TPH-
contaminated groundwater. No unacceptable ecological risk
identified at the shoreline and river based on current
concentrations. Fate and transport modeling (Figures 5-56
and 5-57 in this RI/FS) shows TPH concentrations declining
rapidly at the shoreline and river boundary. Therefore, no
unacceptable ecological risk occurs in the future.

High: ICs prevent worker and public exposure to TPH-contaminated groundwater until biosparging reduces concentrations to
PRGs. No unacceptable ecological risk present at the shoreline and river boundary. Minimally intrusive technology provides
greater protection for sensitive areas.

Groundwater plumes: Tritium

Low: Low potential for worker and public
exposure due to remote location; however, no
controls established to prevent future
exposure. No unacceptable ecological risk
identified at the shoreline and river based on
current concentrations.

High: ICs prevent worker and public exposure to tritium-contaminated groundwater located north of the reactor building until MNA (radioactive decay) reduces concentrations to the PRG. No
unacceptable ecological risk identified at the shoreline and river based on current concentrations. Fate and transport modeling (Figures 5-62 and 5-63) shows future tritium concentrations
declining from current levels; therefore, no unacceptable ecological risk occurs in the future.

Groundwater plumes: Sr-90

Low: Low potential for worker and public
exposure due to remote location; however, no
controls established to prevent future
exposure. No unacceptable risk ecological risk
identified at the shoreline and river boundary
based on current concentrations. Existing

305 m (1,000 ft) apatite PRB protects the river
by reducing Sr-90 flux within the high-
concentration portion of the plume.

Moderate: ICs prevent worker and public exposure to Sr-90-contaminated groundwater while radioactive decay reduces concentrations. Although no

unacceptable ecological risk is present at the shoreline and river based on current concentrations, extension of existing apatite PRB from 305 m (1,000 ft) to

670 m (2,200 ft) through two injection events provides a high level of river protection by intercepting and treating (sequestering) future Sr-90 flux within
the area bounded by the 278 pCi/L riparian animal BCG isopleth. Since injection wells are already installed, there is no unacceptable future risk from well
construction. Low potential future risk for worker and public exposure during injection events.

Low: ICs prevent public
exposure to Sr-90 contaminated
groundwater. High potential for
worker and ecological exposure
to Sr-90 and other COCs occurs
during installation of 2,300
apatite injection borings in
upland area. Although no
unacceptable ecological risk
identified at the shoreline and
river, based on current
concentrations, extension of the
apatite PRB from 305 m

(1,000 ft) to 670 m (2,200 ft)
provides river protection by
intercepting and sequestering
Sr-90 present at concentrations
>278 pCi/L riparian animal
BCG.
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Remedial Action Target Area

Alternative 1

Alternative 2

Alternative 3 Alternative 4

Alternative 5

Alternative 6

Long-Term Effectiveness (protection of human health and the environment after remedial action is complete and time to achieve PRGs)

Waste sites remaining for remedial action:
(excluding 100-N-66/UPR-100-N-35%)
(100-N-107/100-N-84:10, 2607-FSM, 600-339,
600-348)

Low: Radionuclide COPCs decay to PRGs,
but nonradionuclides do not attenuate to
PRGs; therefore, long-term protection of
human health and the environment is not
achieved.

High: Workers, public, and the environment are protected by RTD activities that remove COPC-contaminated soil to achieve PRGs. Waste site remedial action completed within 5 years of
RDR/RA work plan approval except fire station waste sites 2607-FSM and 600-339, where RTD will be completed in year 2078 after the fire station is decommissioned.

Shallow waste sites: Human health risk >1x10*
(100-N-60, UPR-100-N-13, UPR-100-N-26,
100-N-63:2, 100-N-79, 100-N-83, 116-N-4,
100-N-108)

Low: Radionuclide COCs decay to PRGs
achieving protection of human health and the
environment at the end of the decay period.
However, decay timeframes are not tracked,
so uncertainty occurs on when protection of
human health and the environment

is achieved.

Moderate: Radionuclide COCs decay to PRGs achieving
protection of human health and the environment at
completion of remedial action. Decay timeframes tracked to
determine when waste sites can be released for unlimited use
and unrestricted exposure.

High: Radioactive decay and ICs for waste sites with decay timeframes of <30 years combined with shallow RTD at waste sites
that require >30 years to decay achieves protection for human health and the environment.

Deep waste sites: Radionuclide COCs present at
depths >4.6 m (15 ft) with concentrations greater
than direct contact PRGs

(116-N-1, 116-N-3, UPR-100-N-31,
UPR-100-N-4, UPR-100-N-8,
100-N-66/UPR-100-N-35%)

Low: Radionuclide COCs decay to PRGs
achieving protection of human health and the
environment at the end of the decay period.
However, decay timeframes not tracked, so
uncertainty occurs on when protection of
human health and the environment

is achieved.

High. Radionuclide COCs decay to PRGs achieving protection of human health and the environment at the end of the remedial action. Decay timeframes tracked to determine when waste site
areas can be released for unlimited use and unrestricted exposure.

Deep waste sites: TPH concentrations greater than
groundwater protection PRG and TPH continuing
source

(UPR-100-N-17)

Low: Natural attenuation (biodegradation)
rates for TPH composed of oil-range
hydrocarbons are low. No monitoring
performed. Uncertainty on when protection of
human health and the environment

is achieved.

Low to moderate: Natural attenuation (biodegradation) rates
for TPH composed of TPH oil-range hydrocarbons are low.
Monitoring results provide information to determine when
protection of human health and the environment is achieved.

Moderate to high: Bioventing accelerates
biodegradation of TPH residual present in the vadose
zone and PRZ. Monitoring performed to track
bioventing progress and to confirm when protection of
human health and the environment is achieved.

High: RTD rapidly removes and
allows for greater certainty that
all TPH source material is
removed.

Moderate to high: Bioventing
accelerates biodegradation of
TPH residual present in the
vadose zone and PRZ.
Monitoring performed to track
bioventing progress and to
confirm when protection of
human health and the
environment is achieved.

Deep waste sites: Sr-90 concentrations greater than
groundwater protection PRG and Sr-90 continuing
sources

(116-N-1, 116-N-3, UPR-100-N-31,
UPR-100-N-4, UPR-100-N-8)

Low: Although Sr-90 fate and transport
modeling shows no measurable effect of
continuous source leaching on the aqueous
plume, no monitoring is performed to
determine when protection of human health
and the environment is achieved. Irrigation
ICs would continue to be in place for
consolidated waste site 100-N-66/
UPR-100-N-35%* until remaining Sr-90
contamination decays below the PRG for
groundwater protection during the N Reactor
ISS period.

Moderate: Sr-90 fate and transport modeling shows no measurable effect from
continuing source leaching on the aqueous plume. Groundwater monitoring results
provide information on when protection of human health and the environment is
achieved. Irrigation ICs would continue to be in place for consolidated waste site
100-N-66/UPR-100-N-35* until remaining Sr-90 contamination decays below the
PRG for groundwater protection during the N Reactor ISS period.

Moderate to high: Partial RTD
of waste site PRG exceedance
and continuing sources provides
more certainty that protection of
human health and the
environment will be achieved.
Irrigation ICs would continue to
be in place for consolidated
waste site 100-N-66/
UPR-100-N-35* until remaining
Sr-90 contamination decays
below the PRG for groundwater
protection during the N Reactor
ISS period.

High: Full RTD of waste site
PRG exceedance and continuing
sources provides greater
certainty that protection of
human health and the
environment will be achieved.
Irrigation ICs would continue to
be in place for consolidated
waste site 100-N-66/
UPR-100-N-35* until remaining
Sr-90 contamination decays
below the PRG for groundwater
protection during the N Reactor
ISS period.

Moderate: Sr-90 fate and
transport modeling shows no
measurable effect from
continuing source leaching on the
aqueous plume. Groundwater
monitoring results provide
information on when protection
of human health and the
environment is achieved.
Irrigation ICs would continue to
be in place for consolidated
waste site 100-N-66/
UPR-100-N-35* until remaining
Sr-90 contamination decays
below the PRG for groundwater
protection during the N Reactor
ISS period.
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Remedial Action Target Area

Alternative 1

Alternative 2 Alternative 3

Alternative 4

Alternative 5

Alternative 6

Continuing source: Nitrate
(116-N-1, 116-N-3)

Low: Fate and transport modeling shows that
nitrate leaching from a continuous source
sustains the aqueous plume. No monitoring is
performed to determine when protection of
human health and the environment is
achieved.

Moderate: Fate and transport modeling shows that nitrate leaching from
continuous source sustains the nitrate plume, but attenuation occurs in a shorter
timeframe than other groundwater COCs. Monitoring performed to confirm when
protection of human health and the environment is achieved.

High: Full RTD of the nitrate continuing source, which is collocated
within 116-N-1, provides greater certainty that protection of human

health and the environment will be achieved.

Moderate: Fate and transport
modeling shows that nitrate
leaching from continuous source
sustains the nitrate plume, but
attenuation occurs in a shorter
timeframe than other
groundwater COCs. Monitoring
performed to confirm when
protection of human health and
the environment is achieved.

Groundwater plumes: Cr(VI)

High: Low potential for worker and public
exposure based on current concentrations and
remote location. No unacceptable ecological
risk identified at shoreline and river based on
current concentrations.

High: Low potential for worker and public exposure based on current concentrations and remote location. No unacceptable ecological risk identified at shoreline and river based on current
concentrations. Monitoring performed to track attenuation rates and to confirm that protection of human health and the environment is maintained.

Groundwater plumes: Nitrate

Low: No monitoring performed to determine
when protection of human health and the
environment is achieved.

Moderate: Monitoring performed to track attenuation rates and to confirm that protection of human health and the environment is achieved. Attenuation occurs primarily through physical
processes; therefore, some uncertainty on when protection of human health and the environment is achieved.

Groundwater plumes: TPH

Low: No monitoring performed to determine
when protection of human health and the
environment is achieved.

Low to moderate: Natural attenuation (biodegradation) rates
for TPH composed of TPH oil-range hydrocarbons are low.
Monitoring results provide information to determine when
protection of human health and the environment is achieved.

High: Coupling of biosparging with bioventing, and
performance monitoring, assures that protection of
human health and the environment is achieved.

High: Combining biosparging
with deep RTD and
performance monitoring ensures
that protection of human health
and the environment

is achieved.

High: Combining biosparging
with bioventing and performance
monitoring ensures that
protection of human health and
the environment is achieved.

Groundwater plumes: Tritium

Low: No monitoring performed to determine
when protection of human health and the
environment is achieved.

High: Monitoring performed to track attenuation rates and to confirm that protection of human health and the environment is achieved. Because attenuation occurs through radioactive decay,
there is greater certainty that protection of human health and the environment will be achieved.

Groundwater plumes: Sr-90

Low: No monitoring performed to determine
when protection of human health and the
environment is achieved.

Moderate: Extension of the apatite PRB and fortification to a 20% concentration sequesters Sr-90 providing a high level of protection for the shoreline and
river environment. MNA and ICs protect human health by tracking Sr-90 concentration reductions and preventing exposure until radioactive decay reduces

concentrations to the PRG.

Moderate: Apatite injections
within portions of the plume with
Sr-90 concentrations >80 pCi/L
and extension of the apatite PRB
sequester Sr-90, reducing
mobility and decreasing flux to
the river. Although immobilized
through adsorption to aquifer
sediments, thereby achieving the
DWS in the dissolved phase,
Sr-90 is not physically removed.
As aresult, aquifer restoration is
incomplete and aquifer beneficial
use as a drinking water source is
not restored. Use will remain
restricted by deep excavation ICs
preventing well drilling that will
have to be maintained throughout
the apatite-treated areas until
Sr-90 within the apatite matrix
decays to the protective level.
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Remedial Action Target Area

Alternative 1

Alternative 2

Alternative 3 Alternative 4

Alternative 5

Alternative 6

Effectiveness (toxicity, mobility, and volume reductions through treatment)

Waste sites remaining for remedial action:
(excluding 100-N-66/UPR-100-N-35%)
(100-N-107/100-N-84:10, 2607-FSM, 600-339,
600-348)

Low: Since no action occurs, no active
treatment is performed. Passive treatment of
radionuclide COPCs occurs through
radioactive decay but no treatment for
nonradionuclides COPCs is performed.

Low: While RTD reduces COPC mobility, unlikely that treatment of COPC-contaminated soil will be required prior to ERDF disposal.

Shallow waste sites: Human health risk >1x10*
(100-N-60, UPR-100-N-13, UPR-100-N-26,
100-N-63:2, 100-N-79, 100-N-83, 116-N-4,
100-N-108)

Deep waste sites: Radionuclide COCs present at
concentrations greater than direct contact PRGs
(116-N-1, 116-N-3, UPR-100-N-31,
UPR-100-N-4, UPR-100-N-8,
100-N-66/UPR-100-N-35%)

Low: Since no action occurs, no active
treatment occurs. Passive treatment
(radioactive decay) reduces COC-TMV.

Low: Passive treatment (radioactive decay) reduces toxicity
and volume.

Low: Passive treatment (radioactive decay) reduces toxicity and volume at waste sites with decay timeframes of <30 years.
Unlikely that treatment of COC-contaminated soil at waste sites with decay timeframes >30 years will be required prior to

ERDF disposal.

Low: Passive treatment (radioactive decay) reduces toxicity and volume.

Deep waste sites and continuing sources: Exceeds
TPH groundwater PRG
(UPR-100-N-17)

Low: Passive treatment of TPH-contaminated
soil occurs through biodegradation, but
treatment rates are slow.

Low: Passive treatment of TPH contaminated soil occurs
through biodegradation but treatment rates are slow.

High: Bioventing decreases TMV by transforming
TPH constituents into carbon dioxide and water.

Low: Since ERDF can accept
TPH-contaminated soil without
restriction, no treatment would
be required prior to ERDF
disposal.

High: Bioventing decreases
TMV by transforming TPH
constituents into carbon dioxide
and water.

Deep waste sites and continuing sources: Exceeds
Sr-90 groundwater PRG

(116-N-1, 116-N-3, UPR-100-N-31,
UPR-100-N-4, UPR-100-N-8)

Low: Since no action occurs, no active
treatment is performed. Passive treatment of
Sr-90 occurs through radioactive decay.

Low: Passive treatment (radioactive decay) reduces toxicity and volume.

Low: Passive treatment (radioactive decay) reduces toxicity and
volume. Unlikely that treatment of Sr-90 contaminated soil prior to
ERDF disposal would be required, as no treatment was performed
for the 116-N-1 and 116-N-3 RTD interim actions.

Low: Passive treatment
(radioactive decay) reduces
toxicity and volume.

Continuing sources: Nitrate
(116-N-1, 116-N-3)

Low: Since no action occurs, no active
treatment occurs.

Low: Nitrate concentrations (toxicity) reduced through passive (dilution) attenuation processes; however, no active treatment occurs.

Groundwater plumes: Cr(VI)

Low: Since no action occurs, no active treatmen

t occurs. Passive treatment occurs through attenuation (dispersion and dilution).

Groundwater plumes: Nitrate

Low to moderate: Nitrate concentrations
(toxicity and volume) are reduced through
denitrification in areas where nitrate is
collocated with TPH and through passive
(dispersion and dilution) attenuation processes
elsewhere.

attenuation processes elsewhere.

Low to moderate: Nitrate concentrations (toxicity and volume) are reduced through denitrification in areas where nitrate is collocated with TPH and through passive (dispersion and dilution)

Groundwater plumes: TPH

Low: Passive treatment of TPH-contaminated
groundwater occurs through biodegradation
within aerobic areas and at lower rates within
anaerobic zones.

Low: Passive treatment of TPH-contaminated groundwater
occurs through biodegradation within aerobic areas and at
lower rates within anaerobic zones.

High: Biosparging decreases TMV by transforming TPH into carbon dioxide and water.

Groundwater plumes: Tritium

Low: Since no action occurs, no active
treatment occurs. Passive treatment occurs
through radioactive decay.

Low: Passive treatment (radioactive decay) reduces tritium toxicity and volume.
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Remedial Action Target Area

Alternative 1 Alternative 2 Alternative 3 Alternative 4 Alternative 5

Alternative 6

Groundwater plumes: Sr-90

Low: Since no action occurs, no active
treatment is performed. Passive treatment of
tritium occurs through radioactive decay.

Moderate: Apatite PRB reduces TMV along the shoreline. Passive treatment (radioactive decay) reduces toxicity and volume in upland area.

Low: Apatite PRB reduces TMV
along the shoreline. Apatite
treatment in the upland results in
a TMV increase for 5 to 10 years
(e.g., timeframe between when
injections begin and apatite
formation completed). Upland
apatite injections reduce TMV
within the aqueous phase but
increase toxicity and volume
within the aquifer matrix. Apatite
injections mobilize other
naturally occurring metals
resulting in increased aqueous
concentrations.

Implementability (Administrative Feasibility, and Technical Feasibility of Construction and Reliably Operating until Remedial Action is Complete)

Waste sites remaining for remedial action
(excluding 100-N-66/UPR-100-N-35%)
(100-N-107/100-N-84:10, 2607-FSM, 600-339,
600-348)

Shallow waste sites: Human health risk >1x10*
(100-N-60, UPR-100-N-13, UPR-100-N-26,
100-N-63:2, 100-N-79, 100-N-83, 116-N-4,
100-N-108)

Low: Unlikely that this alternative can be
implemented (e.g., selected) because it does
not protect human health and the environment.

High: RTD is readily implemented at the Hanford Site based on its frequency of selection as an interim and final action and success in achieving soil PRGs.

Moderate: Radioactive decay and ICs for waste sites with
decay time times <64 years is readily implemented.
additional technical challenge.

High: Radioactive decay and ICs for waste sites with decay times <30 years with RTD for waste sites with decay timeframes
>30 years is readily implemented. Due to shallow waste depth (<1.5 m [5 ft]), large waste volume at 100-N-83 does not pose

Deep waste sites: Radionuclide COCs present at
depths >4.6 m (15 ft) with concentrations greater
than direct contact PRGs

(116-N-1, 116-N-3, UPR-100-N-31,
UPR-100-N-4, UPR-100-N-8,
100-N-66/UPR-100-N-35%)

High: Deep excavation restriction ICs are readily implemented based on selection in 100-FI/U ROD and success of ICs in previous interim action RODs.

Deep waste sites: TPH concentrations greater than
groundwater protection PRG and TPH continuing
source

(UPR-100-N-17)

Moderate: MNA and ICs readily implemented for a
100-year remedial action timeframe.

High: Bioventing is widely applied for TPH-
contaminated sites. Resources necessary to implement,
optimize, and complete the remedial action within

a 25-year timeframe are readily available. Bioventing
currently implemented as an interim action. Minimally
disturbed area.

Low: While deep RTD is
readily implemented, collocated
Sr-90 and the size, depth, and
layback associated with the
excavation footprint make for
difficult conditions and large
disturbed area.

High: Bioventing is widely
applied for TPH-contaminated
sites. Resources necessary to
implement, optimize, and
complete the remedial action
within a 25-year timeframe are
readily available. Bioventing
currently implemented as an
interim action. Minimally
disturbed area.
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Remedial Action Target Area

Alternative 1

Alternative 2

Alternative 3

Alternative 4

Alternative 5

Alternative 6

Deep waste sites: Sr-90 concentrations greater than
groundwater protection PRG and Sr-90 continuing
sources

(116-N-1, 116-N-3, UPR-100-N-31,
UPR-100-N-4, UPR-100-N-8)

Continuing sources: Nitrate
(116-N-1, 116-N-3)

Groundwater plumes: Cr(VI)

Groundwater plumes: Nitrate

Groundwater plumes: TPH

Groundwater plumes: Tritium

Groundwater plumes: Sr-90

Moderate: Radioactive decay and ICs readily implemented for 100-year

decay timeframe.

Low: While deep RTD is readily
implemented at the Hanford Site,
depths up to 21 m (69 ft)
(116-N-1 Trench) and volume
(547,421 m3 [716,000 yd*]) of
Sr-90-contaminated material and
357,047 m? (467,000 yd?) of
overburden removal would make
for difficult conditions.

The excavation footprint for the
116-N-1 Trench would have a
large layback, increasing
excavation difficulty along the
bluff. Deep RTD previously
eliminated in interim ROD ESD.

Low: While deep RTD is
readily implemented at the
Hanford Site, depths up to 21 m
(69 ft) (116-N-1 Trench) and
volume (841,010 m?

[1.1 million yd?]) of
Sr-90-contaminated material
and 710,272 m? (929,000 yd*)
of overburden removal would
make for difficult conditions.
The excavation footprint for the
116-N-1 Trench would have a
large layback, increasing
excavation difficulty along the
bluff. Uncertain if ERDF has
sufficient capacity. Deep RTD
previously eliminated in interim
ROD ESD.

Moderate: MNA and ICs readily
implemented for 100-year
decay timeframe.

High: ICs for up to 40 years are readily implemented.

High: MNA and ICs for up to 60 years, based on Cmax, are readily implemented and consistent with remedy selected for Cr(VI) at 100-FI/U.

High: MNA and ICs for up to 40 years, based on Cmax, are readily implemented and consistent with remedy selected for nitrate at 100-FI/U.

Moderate: MNA and ICs for up to 100 years, based on

Cmax, are readily implemented.

High: Biosparging is widely applied at TPH-contaminated sites. Resources necessary to implement, optimize, and complete the
remedial action are readily available.

High: Radioactive decay and ICs for up to 15 years for this small plume are readily implemented.

High: Extension of the apatite PRB is readily implemented as the injection wells are already installed. The equipment, resources, and experience necessary
for apatite injection are readily available from the previous apatite PRB build-out. Ecology previously granted a variance allowing for phosphate-based

solution injections.

Low: Apatite injections at 2,300
upland injection well locations
will be difficult to implement,
requiring a multi-year drilling,
injection, and injection well
abandonment campaign.
Uncertain if variance would be
granted from Ecology’s
underground injection program.

Cost (present value)

Waste sites and continuing sources $0 $26 million $55 million $437 million $723 million $55 million
Groundwater $0 $70 million $83 million $81 million $81 million $424 million
Total net present value $0 $96 million $138 million $518 million $804 million $479 million
*Consolidated waste site 100-N-66//UPR-100-N-35 is included in screening of waste sites with “Deep waste sites: Radionuclide COCs present at concentrations greater than direct contact PRGs” and “Deep waste sites and continuing sources: Exceeds Sr-90 groundwater PRG.”

BCG = biota concentration guide PRB = permeable reactive barrier

Cmax =  highest model cell COC concentration in the model domain PRG = preliminary remediation goal

COC = contaminant of concern PRZ = periodically rewetted zone

COPC = contaminant of potential concemn ROD = record of decision

ERDF =  Environmental Restoration Disposal Facility RTD = removal, treatment, and disposal

IC = institutional control TMV = toxicity, mobility, or volume

MNA = monitored natural attenuation TPH = total petroleum hydrocarbons
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Table 9-11. Estimated Remedial Action Timeframes for 100-N

Remedial Action Target Area

Years to Achieve PRGs*” Under Alternatives

1 2

3 4

5

6

Waste sites remaining for
remedial action (excluding
100-N-66/UPR-100-N-35¢°4)

Not determined

Within 5 years (assumed). For two of the three fire station waste sites (2607-FSM and 600-339), PRGs would be
achieved in year 2078 when fire station building decommissioning occurs.

Shallow waste sites: Human health
risk >1x104

Less than 5 years (year 2022) to 64 years
(year 2079), except for the
100-N-108 waste site

Less than 5 years (2022) to 21 years (year 2038) , except for the 100-N-108 waste site

ICs for the apatite PRB along the shoreline will apply to the 100-N-108 waste site and continue for 306 years, whereas the remedial
timeframe for 100-N-108 is 134 years (year 2149) for Sr-90 contamination to decay below the RBSL.

Deep waste sites: Radionuclide
COCs present at depths >4.6 m (15
ft) with concentrations greater than
direct contact PRGs

15 years (year 2032) to >300 years (year 72904 at 116-N-3 deep 6 decision unit)

Deep waste sites: TPH
concentrations greater than
groundwater protection PRG and
TPH continuing source

Between 45 years (year 2062) for C90 to
100 years (year 2117) for Cmax based on
TPH groundwater plume timeframe (Figure
9-7)

25 years (year 2042) for C90 and Cmax
based on TPH groundwater plume
timeframe (Figure 9-16)

Within 20 years of
RD/RA work plan
approval

25 years

(year 2042) for C90
and Cmax based on
TPH groundwater
plume timeframe
(Figure 9-16)

Groundwater plumes: TPH

Between 45 years (year 2062) for C90 to
100 years (year 2117) for Cmax
(Figure 9-7)

25 years (year 2042) for C90 and Cmax
(Figure 9-16)

25 years (year 2042)
for C90 and Cmax
(Figure 9-23)

25 years (year 2042)
for C90 and Cmax
(Figure 9-16)
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Table 9-11. Estimated Remedial Action Timeframes for 100-N

Years to Achieve PRGs*” Under Alternatives

Remedial Action Target Area 1 2 3 4 5 6
Deep waste sites: Sr-90 Between 31 years (year 2048) and 123 years (year 2140) based | Within 15 years of Within 20 years of Between 31 years
concentrations greater than on 116-N-3 (deep 5) and 116-N-1 (deep focused) decision unit RD/RA work plan RD/RA work plan (year 2048) and
groundwater protection PRG and and UPR-100-N-4, UPR-100-N-8, and UPR-100-N-31 decay approval based on approval based on 123 years
SSL and Sr-90 continuing sources timeframes. Irrigation ICs would continue to be in place for large volume of large volume of (year 2140) based

consolidated waste site 100-N-66/UPR-100-N-35¢ until
remaining Sr-90 contamination decays below the PRG for
groundwater protection during the N Reactor ISS period.

material to be
removed at the
116-N-1 and 116-N-3
Cribs and 116-N-1
Trench and
UPR-100-N-4,
UPR-100-N-8, and
UPR-100-N-31 waste
sites. Irrigation ICs
would continue to be
in place for
consolidated waste
site 100-N-66/
UPR-100-N-35¢ until
remaining Sr-90
contamination decays
below the PRG for
groundwater
protection during the
N Reactor ISS
period.

material to be
removed at the
116-N-1 and 116-N-3
Cribs and 116-N-1
and 116-N-3
Trenches and
UPR-100-N-4,
UPR-100-N-8, and
UPR-100-N-31 waste
sites.

Irrigation ICs would
continue to be in
place for
consolidated waste
site 100-N-66/
UPR-100-N-35¢ until
Sr-90 contamination
decays below the
PRG for groundwater
protection
(approximately

42 years) during the
N Reactor ISS period

on 116-N-3 (deep 5)
and 116-N-1 (deep
focused) decision
unit and
UPR-100-N-4,
UPR-100-N-8, and
UPR-100-N-31
decay timeframes.
Irrigation ICs would
continue to be in
place for
consolidated waste
site 100-N-66/
UPR-100-N-35¢
until remaining
Sr-90 contamination
decays below the
PRG for
groundwater
protection during
the N Reactor ISS
period.

Groundwater plumes: Sr-90

Between 240 years
(year 2257) for C90
and 290 years (year
2307) for Cmax
(Figure 9-3[a])

Between 250 years (year 2267) for C90 and 290 years

(year 2307) for Cmax (Figure 9-12[a])

Between 230 years
(year 2247) for C90
and 290 years (year
2307) for Cmax
(Figure 9-25[a])

Between 130 years
(year 2147) for C90
and 190 years
(year 2207) for
Cmax

(Figure 9-28([a])
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Table 9-11. Estimated Remedial Action Timeframes for 100-N

Years to Achieve PRGs*” Under Alternatives

Remedial Action Target Area 1 2 3 4

5

6

Remediation of the
nitrate continuing
source, which is
collocated with
Sr-90, occurs within
15 years of

RD/RA work plan
approval

Between 30 years (year 2047) for C90 and 40 years (year 2057)
for Cmax based on nitrate groundwater plume attenuation
timeframe (Figure 9-5[a])

Continuing source: Nitrate

Remediation of the
nitrate continuing
source, which is
collocated with
Sr-90, occurs within
20 years of RD/RA
work plan approval

Between 30 years
(year 2047) for C90
and 40 years (year
2057) for Cmax
based on nitrate
groundwater plume
attenuation
timeframe

(Figure 9-5[a))

Groundwater plumes: Cr(VI) Up to 60 years (year 2077) for C90 and Cmax

Between 30 years (year 2047) for C90 and 40 years (year 2057)
for Cmax (Figure 9-5[a])

Groundwater plumes: Nitrate

Between 20 years (year 2037) for C90 and 30
years (year 2047) for Cmax (Figure 9-20[a])

Between 30 years
(year 2047) for C90
and 40 years (year
2057) for Cmax
(Figure 9-5[a))

Groundwater plumes: Tritium 15 years (year 2032) (C90 and Cmax) (Figure 9-9)

a. Groundwater fate and transport model results up to 50 years are rounded up to the nearest 5 years, and those >50 years are rounded up to the nearest 10 years to account for model

uncertainty.

b. Cmax is the concentration that corresponds to the maximum value of all the calculated concentrations across the model domain for a given time step. C90 is the concentration that

corresponds to the 90" percentile value of all the calculated concentrations across the model domain for a given time step.

c. Consolidated waste site 100-N-66/UPR-100-N-35 is included in screening of waste sites with “Deep waste sites: Radionuclide COCs present at depths >4.6 m (15 ft) with
concentrations greater than direct contact PRGs” and “Deep waste sites: Sr-90 concentrations greater than groundwater protection PRG and SSL and Sr-90 continuing sources.”

C = highest model cell COC tration in th del domai . . . .
max 1%1 est mocer ce coneentration I e Moce? domain RD/RA remedial design/remedial action
C90 = 90" percentile model cell COC concentration in model domain . .
. SSL = soil screening level
COC = contaminant of concern TPH = total petroleum hydrocarbons
PRG = preliminary remediation goal P umy
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9.3.3.1 Alternative 1- No Further Action

Altemative 1 includes no active remediation to address identified waste sites, continuing sources, and
groundwater plumes. Under this alternative, all interim actions would be terminated at the time of ROD
signature. Alternative 1 was rated low for effectiveness because no remedial actions are taken to protect
human health and the environment. This alternative was also rated low for implementability because it
cannot be selected under CERCLA since it does not protect human health and the environment. Because
this alternative includes no active remediation, its cost is $0. Even though Alternative 1 was rated low for
effectiveness and implementability, it will be retained and carried forward for detailed evaluation in
Chapter 10 of this RI/FS, as specified in the NCP (40 CFR 300.430(e)(6)).

9.3.3.2 Alternative 2-ICs and Shallow RTD for Waste Sites; with MNA and ICs
(Cr(Vl), Nitrate, Tritium, TPH, and Strontium-90) and Apatite PRB (Strontium-90) for
Groundwater

In accordance with the NCP (40 CFR 300.430(e)(3)(ii)), Alternative 2 provides for limited treatment
achieving protection of human health by preventing/controlling exposure to waste sites, continuing
sources, and contaminated groundwater through ICs until radioactive decay and biodegradation reduce
concentrations to PRGs. Shallow RTD is included for the waste sites remaining for remedial

action because these waste sites are presumed to contain chemical COPCs that do not attenuate over
time. Extension of the apatite PRB provides for increased treatment and containment of the
strontium-90 plume.

Alternative 2 was rated moderate overall for effectiveness. Although this alternative provides for

a moderate to high level of short -and long-term effectiveness, a majority of the TMV reduction is
achieved through passive (radioactive decay and biodegradation) treatment with the extended apatite PRB
providing for reduced strontium-90 mobility in groundwater. Alternative 2 was rated high overall for
implementability because the key technologies of MNA, ICs, shallow RTD, and extension of the apatite
PRB are readily implemented at 100-N.

The present value cost for the major components of Altemative 2 includes the following:

e  Waste sites: $26 million
e Groundwater plumes: $70 million

e Total alternative cost: $96 million

9.3.3.3 Alternative 3 - ICs, Shallow RTD and Bioventing for Waste Sites; with MNA and ICs
(Cr(Vl), Nitrate, Tritium, and Strontium-90), Biosparging (TPH), and Apatite PRB
(Strontium-90) for Groundwater

Altemative 3 is similar to Alternative 2 in most respects but adds (1) shallow RTD for waste sites with
radionuclide COC concentrations >1x10* that require >30 years to decay, (2) bioventing for the
continuing TPH source at the UPR-100-N-17 waste site, and (3) biosparging for TPH-contaminated
groundwater where concentrations occur above the PRG.

Altemative 3 was rated moderate to high overall for effectiveness. This altemative provides moderate to
high levels of short- and long-term effectiveness and TMV reduction of TPH-contaminated soil and
groundwater through active (bioventing and biosparging) treatment and reduction of strontium-90
mobility through extension of the apatite PRB.
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Alternative 3 was rated high overall for implementability because the key technologies of MNA
combined with ICs, shallow RTD, bioventing, biosparging, and extension of the apatite PRB are readily
implemented at 100-N.

The present value cost for the major components of Altemative 3 includes the following:

e  Waste sites: $55 million
e  Groundwater plumes: $83 million
e Total alternative cost: $138 million

9.3.3.4 Alternative 4 - ICs, Shallow/Deep RTD, and Bioventing for Waste Sites; with MNA and ICs
(Cr(Vl), Nitrate, Tritium, and Strontium-90), Biosparging (TPH), and Apatite PRB
(Strontium-90) for Groundwater

Alternative 4 includes the same components as described for Alternative 3 but uses deep RTD in lieu of
ICs to address deep waste sites with strontium-90 concentrations above the groundwater protection PRG
and strontium-90 continuing sources lying with the 116-N-1 Crib, 116-N-3 Crib, and a portion of the
116-N-1 Trench footprints.

Alternative 4 was rated moderate overall for effectiveness. This alternative provides low to moderate
short-term effectiveness, moderate to high long-term effectiveness, and moderate TMV reduction through
active (bioventing and biosparging) treatment of TPH-contaminated soil and groundwater, as well as
strontium-90 mobility reduction through extension of the apatite PRB. The addition of deep RTD to
address strontium-90 waste sites and continuing sources lowers this alternative’s short-term effectiveness
by exposing workers, the public, and the environment to strontium-90-contaminated soil during RTD
activities. The addition of deep RTD to address strontium-90 groundwater contaminant source material
does not increase long-term effectiveness because no corresponding reduction in the strontium-90
groundwater plume remediation timeframe was indicated by the modeling results. The strontium-90
groundwater remedial action timeframe of 250 years (C90) to 290 years (Cmax) for Alternative 4 is the
same as estimated for Alternative 3.

Alternative 4 was rated moderate overall for implementability. Although the key technologies of MNA
combined with ICs, shallow RTD, bioventing, biosparging, and extension of the apatite PRB are highly
implementable at 100-N, the use of deep RTD to address strontium-90 groundwater contaminant sources
poses greater technical challenges due to excavations depths up to 21 m (69 ft) and the large volume of
strontium-90-contaminated soil (547,000 m® [716,000 yd®]) and clean overburden (357,000 m’

[467,000 yd’]) that would be excavated, transported, and disposed.

The present value cost for the major components of Altemative 4 includes the following:

e  Waste sites: $437 million
e  Groundwater plumes: $81 million
e Total alternative cost: $518 million

9.3.3.5 Alternative § - ICs and Aggressive RTD for Waste Sites and Continuing Sources;
with MNA and ICs (Cr(VI), Nitrate, Tritium, and Strontium-90), Biosparging (TPH), and
Apatite PRB (Strontium-90) for Groundwater

Altemative 5 uses a similar array of components as described for Alternative 4 but expands the use of
deep RTD to address deep waste sites with (1) strontium-90 concentrations above the groundwater
protection PRG and strontium-90 continuing sources within and surrounding the 116-N-1 and
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116-N-3 Cribs and the 116-N-1 and 116-N-3 Trenches, (2) the TPH continuing source at the
UPR-100-N-17 waste site, and (3) the nitrate continuing source collocated within the 116-N-1 Crib.
The addition of deep RTD for TPH eliminates the need for bioventing.

Alternative 5 was rated moderate overall for effectiveness for many of the same reasons as described for
Alternative 4. While expanded use of deep RTD reduces mobility, it does not reduce toxicity and volume
because treatment is rarely required before ERDF disposal. Therefore, the expanded use of deep RTD
under Alternative 5 does not increase its overall effectiveness. Additionally, deep RTD of TPH,
strontium-90, and nitrate groundwater contaminant source material does not decrease the groundwater
restoration timeframe. For TPH, the groundwater PRG is achieved in the same timeframe of 25 years
(C90 and Cmax) whether bioventing/biosparging or deep RTD/biosparging is used. For strontium-90, the
groundwater PRG is achieved in a timeframe of 250 years (C90) to 290 years (Cmax) with radioactive
decay and ICs, and between 230 years (C90) and 290 years (Cmax) when full RTD under Alternative 5 is
used. For nitrate, the groundwater PRG is achieved in a timeframe between 30 years (C90) and 40 years
(Cmax) with MNA and ICs, and between 20 years (C90) and 30 years (Cmax) when full RTD under
Altemative 5 is used. Additionally, in accordance with EPA/ESD/R10-03/605, deep RTD was not
performed based on the results of a balancing factor evaluation.

Altemative 5 was rated low overall for implementability. Although the key technologies of MNA
combined with ICs, shallow RTD, biosparging, and extension of the apatite PRB are readily implemented
at 100-N, the magnitude of deep RTD required for strontium-90 groundwater contaminant sources poses
great technical challenges due to excavations depths up to 21 m (69 ft) and the large volume of
strontium-90-contaminated soil (862,000 m® [1,100,000 yd*]) and clean overburden (710,000 m’

[929,000 yd*]) that would be excavated, transported, and disposed. It is uncertain if sufficient capacity for
this volume of contaminated soil is available at ERDF.

The present value cost for the major components of Altemative 5 includes the following:

e Waste sites and continuing sources: $723 million
e  Groundwater plumes: $81 million
e Total alternative cost: $804 million

9.3.3.6 Alternative 6 - ICs, Shallow RTD, and Bioventing for Waste Sites; with MNA
and ICs (Cr(Vl), Nitrate, Tritium, and Strontium-90), Biosparging (TPH), and Apatite PRB
and In Situ Treatment (Strontium-90) for Groundwater

Alternative 6 is the same as Alternative 3 but adds apatite injection at 2,300 upland injection wells to treat
the upland portion of the strontium-90 plume where concentrations exceed 80 pCi/L.

Alternative 6 was rated moderate overall for effectiveness because the TMV of TPH-contaminated soil
and groundwater is reduced through active (bioventing and biosparging) treatment, and the mobility of
strontium-90-contaminated groundwater is reduced through extension of the apatite PRB and upland
apatite injections within the area enclosed by the 80 pCi/L strontium-90 isopleth. While upland apatite
injection provides additional mobility reduction, it does not result in an overall decrease in toxicity or
volume because the technology partitions strontium-90 from the aqueous phase to the sorbed/mineral
phase, leaving strontium-90 bound within the aquifer matrix. An important consideration under
Alterative 6 is that even though the strontium-90 PRG may be achieved in groundwater within a shorter
timeframe (190 years), higher strontium-90 concentrations remain in the crystalline apatite bound within
the aquifer matrix. Therefore, a deep excavation/drilling IC to prevent exposure to strontium-90
contaminated excavation spoils/drill cuttings would be required throughout the apatite treated areas until
strontium-90 within the apatite matrix decays to the protective level (193 years).
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The tremendous volume of apatite-forming chemicals that would be injected would result in

a strontium-90 flux increase that could adversely affect the apatite PRB performance and/or design life
because the apatite PRB was designed and constructed based on the aquifer’s natural strontium-90 flux
rate. Apatite injections also increase groundwater ionic strength, releasing other naturally occurring
metals bound to the aquifer matrix. Previous performance monitoring indicates that these collateral effects
are temporary, and it is possible that through a carefully engineered design, these effects can be
minimized. However, based on this uncertainty and the large area over which the uncertainty applies,

a higher ranking is not warranted. The upland aquifer covers a much larger area and contains significantly
higher strontium-90 concentrations than the shoreline treatment area. Massive injections of
apatite-forming solution are likely to release a proportionally larger and more concentrated slug of
strontium-90 and trace metals that will be driven toward the PRB by large injection volumes. The apatite
barrier (designed to remove strontium-90 at current flow rates) would be overwhelmed by the large flux,
and the majority would be flushed to the river. Some metals may form insoluble phosphates before
reaching the PRB and/or the river. A rigorous engineering design could moderate the amount of release,
but the risk that this remedy may result in a significant release of strontium-90 and other trace metals to
the river will remain.

Under Alternative 6, strontium-90 present in the inland area has not been removed but is effectively
immobilized within the apatite matrix. While this lessens the potential for migration and exposure, the
area containing the treatment residuals (apatite containing strontium-90) will have to be managed until
radioactive decay reduces strontium-90 concentrations to protective levels. This occurs on the same
timeline as Alternatives 2 to 4. It is expected that ICs would include a prohibition on the installation of
water supply wells in this area until all strontium-90 is radioactively decayed.

Altemative 6 was rated low overall for implementability. While many of the key technologies are highly
implementable at 100-N, the large number of injection wells required (2,300) and the associated injection
well drilling, construction, development, apatite injection, well abandonment, and IDW management
could require a 15- to 25-year duration, even with multiple drilling rigs and injection skids.

The present value cost for the major components of Alternative 6 includes the following:

e  Waste sites: $55 million
e Groundwater plumes: $424 million
e Total alternative cost: $479 million

9.3.4 Supplemental Evaluation for Strontium-90

As shown in Figure 9-34, the groundwater PRG for strontium-90 is achieved in a timeframe of 290 years
for Alternatives 1, 2, and 3 (Cmax). Although not specifically simulated, the timeframe for partial source
RTD under Alternative 4 is presumed the same as estimated for Alternatives 1, 2, and 3. The estimated
timeframe is approximately 5 years less with aggressive source removal RTD under Alternative 5 and
100 years less with upland treatment under Altermative 6. Average timeframes will be between 190 and
290 years if aquifer heterogeneities result in <100% strontium-90 treatment.

The only technology that could clean up the strontium-90 contamination in the upland groundwater at
100-N in a reasonable timeframe, and eliminate the need for ICs and monitoring, is extensive RTD of all
strontium-90-contaminated media in the vadose and saturated zones. To judge the implementability of
this technology, a conceptual design and order-of-magnitude estimate of volumes, timeframe, and energy
costs were developed and are presented in the following discussion.
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Of the strontium-90 inventory beneath 100-N, only 1% is actually dissolved in groundwater and the
remaining 99% is geochemically bonded to the vadose zone and aquifer sediments above, and a few feet
below, the water table. Restoring the groundwater requires addressing the strontium-90-contaminated
vadose zone above the water table, as well as the contaminated aquifer sediments below. To achieve the
PRG as quickly as possible, RTD would address the entire strontium-90 plume that exceeds 8 pCi/L. Soil
removal would extend from the surface to approximately 30 m (100 ft) bgs.

The 8 pCi/L contour encompasses an area of approximately 62.7 ha (155 ac). Excavating to a depth of

30 m (100 ft), the layback slope of 1:1.5 would bring the total disturbed area at the surface to more than
77 ha (190 ac). The excavation would encompass many acres of the Mooli (the numerous small rolling
hills in the vicinity that are considered sacred by Native Americans). The volume of material removed
would be nearly 22.5 million m® (29.4 million yd®*), approximately half of which would require disposal at
ERDF and half would require replacing with clean borrow material.

Assuming an average of five crews working on the excavation, and a removal rate of 800 bank cubic
meters per day for each crew (working 5 days a week, 255 days per year), it will take approximately

15 years to excavate the soil above the water table. Each crew includes at least five heavy equipment
vehicles. Loadout and transportation to ERDF of approximately 25% of this soil (the remainder would be
stockpiled) will require three crews with six trucks running simultaneously for about 11 years.

A drag-line excavator with a bucket capacity of 85 m’ (111 yd®) could excavate soil below the water table
with relative efficiency; however, loading and transporting the soil to ERDF is estimated to take 8 years
with 50 trucks running 5 days per week. Additional time may be needed to stabilize free liquids before
loading and transporting the soil to ERDF. Backfilling using the 11.25 million m® (14.7 million yd®) of
clean stockpiled soil plus 11.25 million m® (14.7 million yd*) from a clean borrow pit will require almost
13 years. Total time for the project is approximately 36 years.

Total fuel consumed to excavate and backfill the site is estimated at over 121 million L (32 million gal)
of diesel, producing approximately 363,000 metric tons (400,000 tons) of carbon dioxide. The total
distance driven (primarily to ERDF) would exceed 54.7 million km (34 million mi), posing risk to
workers from accidents and exposure.

The RTD of all strontium-90-contaminated material is not considered implementable.

9.3.5 Alternatives Carried Forward for Detailed Analysis

Based on the results of the remedial action altematives screening evaluation (Table 9-12), Altematives 1
through 4 will be carried forward for detailed analysis in Chapter 10 of this RI/FS. Altematives 5 and 6
have been screened out based on a low ranking for implementability and present values costs of

$804 million (Alternative 5) and $479 million (Alternative 6), which are disproportionate to the
magnitude of risk reduction achieved.

In evaluating long-term effectiveness for strontium-90 in groundwater, the estimated remediation
timeframes (Table 9-11) range as follows:

e Alternative 1: between 240 years (C90) and 290 years (Cmax)

e Alternatives 2 through 4: between 250 years (C90) and 290 years (Cmax)
e Alternative 5: between 230 years (C90) to 290 years (Cmax)

e Altemnative 6: between 130 years (C90) to 190 years (Cmax)
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Table 9-12. Remedial Action Alternative Screening Summary
Screening Summary
Cost (millions) Carried
Waste Sites/ Forward for
Continuing Detailed
Alternative Effectiveness Implementability Sources Groundwater Total Analysis
1 Low Low $0 $0 $0 Yesﬁ%e; the
2 Moderate High $26 $70 $96 Yes
3 Moderate-High High $55 $83 $138 Yes
4 Moderate Moderate $437 $81 $518 Yes
5 Moderate Low $723 $81 $804 No
6 Moderate Low $55 $424 $479 No
NCP = National Contingency Plan

None of the alternatives developed using the strontium-90 technologies retained from the screening
presented in Chapter 8 of this RI/FS achieves the strontium-90 PRG of 8 pCi/L within 150 years, which
has been identified as a reasonable timeframe for aquifer restoration at the Hanford Site. Under
Alternative 6, strontium-90 present in the upland area is not removed but is immobilized within the
apatite matrix. While this lessens the potential for migration and exposure, the area containing the
treatment residuals (apatite containing strontium-90) will have to be managed until radioactive decay
reduces strontium-90 concentrations to protective levels. This occurs on the same timeline as
Altematives 2 through 4.
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10 Detailed and Comparative Analysis of Alternatives

This chapter presents the detailed and comparative analysis of remedial action altematives retained from
the screening performed in Section 9.3 of this RI/FS. The retained alternatives are evaluated in this
chapter against seven of the nine CERCLA criteria described in the NCP (40 CFR 300.430(¢)(9)) to
support identification of a preferred alternative in the proposed plan. The last two criteria, which are
considered modifying criteria, are formally assessed during the public participation process that precedes
remedy selection and, therefore, are not addressed in this FS.

10.1 Description of CERCLA Evaluation Criteria

The nine CERCLA evaluation criteria and their subfactors (Figure 10-1) upon which the detailed and
comparative analyses of alternatives are based help guide the evaluation process by assessing the ability
of each altemative to address the statutory, technical, and policy considerations necessary for selecting
a final remedial alternative for the 100-N waste sites and groundwater contaminant plumes.

The nine CERCLA criteria are grouped into threshold, balancing, and modifying categories based on their
function in the remedy selection process. The NCP (40 CFR 300.430(f)) states that the two threshold
criteria (protection of human health and the environment, and compliance with ARARSs) must be met by

a remedial alterative to be selected unless a waiver is granted under CERCLA Section 121(d)(4),
“Cleanup Standards.”

The five balancing criteria address technical considerations upon which the detailed analysis is largely
based. The five balancing criteria include long-term effectiveness and permanence; reduction of TMV
through treatment; short-term effectiveness; implementability; and cost. The preferred alternative is
typically the alternative that is protective of human health and the environment, ARAR-compliant, and
ranked the highest relative to the balancing criteria.

The final two criteria (state acceptance and community acceptance) are modifying criteria that are
formally assessed following issuance of the RI/FS, during preparation of the proposed plan

(state acceptance), and following review of public and Tribal Nations comments on the proposed plan
(community acceptance). Based on public and Tribal Nations comments, the Tri-Parties may modify
some aspects of the preferred alternative or decide that another alternative is more appropriate.

The CERCLA evaluation criteria are further defined in Table 10-1.

10.2 Individual Analysis of Alternatives

This section presents the detailed analysis of alternatives for the 100-N waste sites and groundwater COC
plumes.
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» Magnitude of Residual Risk

» Adequacy and Reliability of
Centrols = Amount of Hazardous
Materials Destroyed or
Treated

= Degree of Expected
Reductions in Toxicity,
Mobility, and Volume

= Degree to Which Treatment
Is Irreversible

= Type and Quantity of
Residuals Remaining After
Treatment

* Protection of Community

* Environmental Impacts
» Time Until Remedial Action

= Ability to Construct and

During Remedial Actions Operate the Technology

* Protection of Waorkers During = Reliability of the Technology

Remedial Actions = Ease of Undertaking Additional

Remedial Actions, if Necessary

= Ability to Monitor Effectiveness
Objectives Arg Achigved of Remedy

= Ability to Obtain Approvals
From Other Agencies

= Coordination With Other Agencies

= Availability of Offsite Treatment,
Storage, and Disposal Services
and Capacity

= Availability of Necessary
Equipment and Specialists

= Awvailability of Prospective
Technologies

= Capital Costs

= Operating and Maintenance
Costs

= Present Worth Cost

Balancing Criteria

STATE ACCEPTANCE'

1 These criteria are assessed following comment

on the RI/FS report and the proposed plan

COMMUNITY
ACCEPTANCET

Modifying Criteria
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Figure 10-1. CERCLA Remedial Action Alternative Evaluation Criteria
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Table 10-1. CERCLA Remedial Action Alternative Evaluation Criteria Description

Threshold Criteria

Overall protection of human
health and the environment

Alternatives are assessed to determine whether they can adequately protect human health and the environment, in both the short
term and long term, from unacceptable risks posed by hazardous substances, pollutants, or contaminants present at the site by
eliminating, reducing, or controlling exposures to levels established during development of remediation goals consistent with

40 CFR 300.430(I)(2)(i), “National Oil and Hazardous Substances Pollution Contingency Plan,” “Remedial
Investigation/Feasibility Study and Selection of Remedy.”

Overall protection of human health and the environment draws on the assessments of other evaluation criteria, especially long-term
effectiveness and permanence, short-term effectiveness, and compliance with ARARs. The assessment against this criterion
describes how the alternative, as a whole, achieves and maintains protection of human health and the environment.

Compliance with ARARs

Alternatives are assessed to determine whether they attain ARARs under federal environmental laws and state environmental or
facility siting laws or provide grounds for invoking one of the waivers identified in 40 CFR 300.430(f)(1)(1)(C).

This assessment also addresses other information from advisories, criteria, and guidance that the lead and support agencies have
agreed is to be considered.

Balancing Criteria

Long-term effectiveness and
permanence

Alternatives are assessed for the long-term effectiveness and permanence they afford, along with the degree of certainty that the

alternative will prove successful. Factors to be considered, as appropriate, include the following:

1. Magnitude of residual risk from untreated waste or treatment residuals remaining at the conclusion of the remedial activities.
Characteristics of the residuals should be considered to the degree that they remain hazardous, taking into account their TMV
and propensity to bioaccumulate.

2. Adequacy and reliability of controls such as containment systems and ICs that are necessary to manage treatment residuals and
untreated waste. This factor particularly addresses uncertainties associated with land disposal for providing long-term
protection from residuals; the assessment of the potential need to replace technical components of the alternative, such as a cap,
a slurry wall, or a treatment system; and the potential exposure pathways and risks posed should the remedial action need

replacement.
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Table 10-1. CERCLA Remedial Action Alternative Evaluation Criteria Description

Balancing Criteria (cont.)

Short-term effectiveness

Alternatives are evaluated to assess short-term impacts considering the following:

1.
2.
3.

Short-term risks that might be posed to the community during implementation of an alternative.

Potential impacts on workers during remedial action and the effectiveness and reliability of protective measures.

Potential environmental impacts of the remedial action and the effectiveness and reliability of mitigative measures during
implementation.

Time until protection is achieved:

a. For the waste sites, the remedial action timeframe is based on either:

i

ii.

the time required for radioactive decay to reduce radionuclide COC concentrations to PRGs for alternatives employing
ICs assuming a base year of 2017, or

a S-year period for alternatives employing shallow RTD and 10 years for alternatives employing deep RTD. The 5- and
10-year RTD periods begin once the RD/RA work plan is approved.

b. For groundwater, the remedial action timeframe is assessed within the upland and shoreline portions of the aquifer as
follows:

i

Upland. Timeframes are based on the time required for each COC’s Cmax concentration to decline below its PRG. For
remedial action timeframes <50 years, the timeframe is rounded up to the next highest 5-year interval (e.g., 25, 30,

35 years), and for timeframes >50 years, the timeframe is rounded up to the next highest 10-year interval (e.g., 60, 70,
80 years).

Shoreline. Evaluated due to the potential for ecological exposure at groundwater seeps, which may be used as a partial
drinking water source. Timeframes are based on time required for each COC’s C90 concentration to decrease below its
riparian animal BCG or aquatic effects level; concentrations which are typically higher than drinking water based
PRGs. The C90 concentration is used because the exposure point concentration for an ecological receptor is more likely
to correspond to a C90 value because ecological receptor exposure occurs across a broad geographical area versus a
single point as represented by the Cmax concentration.

The range of cleanup timeframes estimated using C90 and Cmax concentrations illustrates the uncertainty associated
with modeling based estimates. The actual cleanup timeframe will vary from the C90 and Cmax estimates based on
individual COC and aquifer response to the selected remedial alternative’s final design and implementation.
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Table 10-1. CERCLA Remedial Action Alternative Evaluation Criteria Description

Balancing Criteria (cont.)

Reduction of TMV
through treatment

Alternatives are evaluated to assess the degree to which they employ recycling or treatment that reduces TMV, including how
treatment is used to address the principal threats posed by the site. Factors to be considered, as appropriate, include the following:

1. Treatment or recycling processes the alternatives employ and materials they will treat.
2. Amount of hazardous substances, pollutants, or contaminants that will be destroyed, treated, or recycled.

3. Degree of expected reduction in TMV of the waste due to treatment or recycling and the specification of which reduction(s)
are occurring.

4. Degree to which the treatment is irreversible.

5. Type and quantity of residuals that will remain following treatment, considering the persistence, toxicity, mobility, and
propensity to bioaccumulate of such hazardous substances and their constituents.

6. Degree to which treatment reduces the inherent hazards posed by principal threats at the site.

Alternatives are evaluated to assess the ease or difficulty of implementation considering the following as appropriate:

1. Technical feasibility, including technical difficulties and unknowns associated with the construction and operation of a
technology, the reliability of the technology, ease of undertaking additional remedial actions, and the ability to monitor the
effectiveness of the remedy.

Implementability 2. Administrative feasibility, including activities needed to coordinate with other offices and agencies and the ability and time
required to obtain any necessary approvals and permits from other agencies (for offsite actions).

3. Availability of services and materials, including the availability of adequate offsite treatment, storage capacity, and disposal
capacity and services; availability of necessary equipment, specialists, and provisions to ensure any necessary additional
resources; availability of services and materials; and availability of prospective technologies.

Alternatives are evaluated with respect to the capital cost, annual O&M cost, periodic cost, and total life cycle cost (present worth

cost). Present worth costs were estimated using a 0.6% discount factor for projects with a lifecycle >30 years per Appendix C of

OMB Circular No. A-94 (2017).

Cost Cost estimates were prepared in accordance with OSWER Directive 9355.0-75 and DOE G 430.1-1. The cost estimates are for

alternative comparison purposes and were prepared to meet the minus 30% to plus 50% range of accuracy recommended in
OSWER Directive 9355.3. All remedial action alternative cost estimates are rounded to nearest $1 million.

The cost estimates are based on specific response action scenarios and assumptions. Detailed sensitivity analyses were not
performed to quantify the potential effect of changing key parametric assumptions.
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Table 10-1. CERCLA Remedial Action Alternative Evaluation Criteria Description

Modifying Criteria (Not Evaluated in the Feasibility Study)

State acceptance This assessment reflects the state’s (or support agency’s) apparent preferences among or concerns regarding the alternatives.

Community acceptance This assessment reflects the community’s apparent preferences among or concerns regarding the alternatives.

Note: Complete reference citations are provided in Chapter 11.

ARAR = applicable or relevant and appropriate requirements O&M = operations and maintenance
BCG = biota concentration guide PRG = preliminary remediation goal
COC = contaminant of concern RD/RA = remedial design/remedial action
Cmax = highest model cell COC concentration in the model domain RTD = removal, treatment, and disposal
C90 = 90™ percentile model cell COC concentration in model domain ™V = toxicity, mobility, and volume
IC = institutional control
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The alternatives to be assessed in the detailed and comparative analysis presented in Sections 10.2
and 10.3, respectively, include the following:

e Alternative 1 — No Further Action

e Alternative 2 — ICs and Shallow RTD for Waste Sites; with MNA and ICs (Cr(VI), Nitrate, TPH,
Tritium, and Strontium-90) and Apatite PRB (Strontium-90) for Groundwater

e Altemnative 3 — ICs, Shallow RTD and Bioventing for Waste Sites; with MNA and ICs (Cr(VI),
Nitrate, Tritium, and Sstrontium-90), Biosparging (TPH), and Apatite PRB (Strontium-90) for
Groundwater

e Altemnative 4 — ICs, Shallow/Deep RTD, and Bioventing for Waste Sites; with MNA and ICs (Cr(VI]),
Nitrate, Tritium, and Strontium-90), Biosparging (TPH), and Apatite PRB (Strontium-90) for
Groundwater

The detailed evaluation of altematives discussed in this chapter is presented in a narrative and tabular
format. The evaluation makes a pass (yes) or fail (no) determination for the two threshold criteria while
providing a rating for four of the five balancing criteria, with cost estimates presented for the fifth
balancing criteria. The ratings are designed to facilitate the comparative evaluation of alternatives
presented in Section 10.3 and the identification of a preferred alternative in the proposed plan.

The following ratings were used to assess the performance of each alternative against the CERCLA
balancing criteria of long-term effectiveness and permanence, reduction of TMV through treatment,
short-term effectiveness, and implementability:

e Superior. Alternative has no apparent disadvantages or uncertainties
e Good. Alternative has minor disadvantages or uncertainties

e Fair. Alternative has some disadvantages or uncertainties

e Poor. Altemative has more disadvantages or uncertainties

10.2.1 Alternative 1 — No Further Action

The NCP (40 CFR 300.430(e)(6)) requires that a No Action alternative be included in the FS to serve as
a baseline for comparison to other remedial action alternatives.

As described in Section 9.2 of this RI/FS, the major components of this altemative include the following:

e Existing land and groundwater-use restrictions implemented under the 100-NR-2 interim action ROD
(EPA/ROD/R10-00/120) and interim action 100-NR-1 and 100-NR-2 OU ROD amendment (EPA, et
al., 2010) would be discontinued at the time of final ROD signature.

e Extension of the apatite PRB (as described in the 100-NR-1/100-NR-2 OU ROD amendment) would
not be performed if not completed by the time of final ROD signature.

e Apatite reinjection along the existing 311 m (1,020 ft) segment of the PRB (as described in the
100-NR-1/100-NR-2 OU ROD amendment) would not be performed if not completed by the time of
final ROD signature.

e  O&M of the existing bioventing and LNAPL recovery systems, maintenance of shoreline riprap
cover, and the current groundwater monitoring program would also end.

10-7
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