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Table 3-6. Description of Alternative Components for Alternative 5a: ICs and Aggressive RTD for Waste Sites and Continuing Sources;
with MNA and ICs (Cr(VI), Nitrate, Tritium, and Strontium-90), and Biosparging (TPH) for Groundwater

Component Description

Waste site No further action? No additional remedial actions are taken at 121 waste sites not carried forward from the remedial investigation,
including the following:

e 103 waste sites where CVP sample results confirm the interim actions completed under an interim action ROD
meet PRGs

¢ 18 waste sites with site-specific considerations

ICs (general) ICs to be implemented during remediation within 100-N for land-use management and waste site information
management include the following:

e Excavation permits are required to dig on the Hanford Site to prevent unplanned disturbance or infiltration as
prohibited by CERCLA decision documents.

e Land use and real property controls (e.g., proprietary controls including easements and covenants) ensure that the
use of land is in accordance with Hanford Site plans and CERCLA decision documents.

e Warning notices providing visual identification and warning of hazardous or sensitive areas.

e Procedural requirements for access, warning signs, or fencing implemented to provide entry restrictions to prevent or
limit human access to particular hazardous or sensitive areas.

e Administrative mechanisms (e.g., the Waste Information Data System database) to maintain and provide access to
information on the location and nature of contamination.

e Irrigation restrictions for sites exceeding surface/groundwater protection criteria.

Excavation or irrigation Shallow excavation ICs, combined with radioactive decay, to minimize the potential for direct contact exposure for
ICs with natural waste sites with potential shallow human health direct contact risk (100-N-63:2, 100-N-79, and 116-N-4) for up to
attenuation by radioactive | 21 years (year 2038).

decay Deep excavation ICs, combined with radioactive decay, to minimize the potential for inadvertent exposure through

deep excavation activities at waste sites carried forward to the FS due to additional factors (100-N-63:2, 100-N-108,
and consolidated waste sites 100-N-66/UPR-100-N-35) for up to 217 years (year 2234).

Irrigation 1Cs would continue to be in place for consolidated waste sites 100-N-66/UPR-100-N-35 and 100-N-108 waste
sites until strontium-90 concentrations decay below the groundwater protection PRG in approximately 42 years

(year 2059) and 105 years (year 2122). Deep excavation ICs, combined with radioactive decay, to minimize the
potential for inadvertent exposure through deep excavation activities at 12 waste sites carried forward into the FS for
deep excavation ICs only, for up to 294 years (year 2311).

Irrigation ICs and natural Irrigation ICs at waste sites with exceedances of groundwater protection SSLs® and PRGs® for TPH (116-N-2,
attenuation by UPR-100-N-5, and UPR-100-N-25).
biodegradation Biodegradation of TPH in soil is measured indirectly through groundwater plume monitoring for up to 30 years (2047).

Monitoring plans will be developed as part of the RD/RA work plan.

For cost estimating, assumes that one downgradient monitoring well will be installed to measure TPH for up to
15 years (one-half the projected timeframe for groundwater concentrations to fall below the PRG for TPH).
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Table 3-6. Description of Alternative Components for Alternative 5a: ICs and Aggressive RTD for Waste Sites and Continuing Sources;
with MNA and ICs (Cr(VI), Nitrate, Tritium, and Strontium-90), and Biosparging (TPH) for Groundwater

Component Description
Aggressive RTD Shallow excavation using standard excavation methods at previously remediated and post-ROD sites where
contaminant concentrations are known or presumed to exceed direct contact PRGs. For all COCs to depths up to
4.6 m (15 ft):

e RTD for previously remediated waste sites and decay timeframe >30 years (100-N-60, 100-N-108, UPR-100-N-13,
UPR-100-N-26, and 100-N-83).

e RTD for the 100-N-107/100-N-84:10 waste sites (cost estimate assumes this occurs in year 1 of ROD
implementation).

e RTD for the 2607-FSM and 600-339 waste sites (cost estimate assumes this occurs in year 2078), and RTD for the
600-348, 100-N-109, and 100-N-110 waste sites (cost estimate assumes this occurs in year 1 of ROD
implementation).

Deep excavation using deep excavation methods at previously remediated waste sites with exceedances of

groundwater protection SSLs® and PRGs":

e The 116-N-1 Crib and Trench (includes areas 1 and 4 in Figure 8-16 of the 100-N RI/FS Report), 116-N-3 Crib and

Trench (includes areas 0 and 2 in Figure 8-16 of the 100-N RI/FS Report), UPR-100-N-31, UPR-100-N-4, and
UPR-100-N-8 waste sites for radionuclides at depths >4.6 m (15 ft) bgs.

The UPR-100-N-17 waste site (the shallow RTD footprint for the 100-N-107/UPR-N-84:10 waste sites is
encompassed by the deep RTD footprint for UPR-100-N-17).

Determining the extent of excavation uses an observational approach. Process knowledge and field
measurements/sampling will be used to guide day-to-day excavation.

Excavation using best practices, including appropriately sloped sidewalls based on the type of the material being
removed, benching, shoring, and proper placement of stockpiled materials, in accordance with Occupational Safety
and Health Administration standards.

Sampling and field screening during excavation.
Dust suppression during excavation to ensure that contaminants are not spread by wind.

Disposal of excavated material to ERDF as long as the material meets ERDF waste acceptance criteria
(ERDF-00011). Waste is treated as needed to meet land disposal restrictions before disposal at ERDF or an
EPA-approved offsite location.

For NHPA planning considerations, the majority of the anticipated area of potential effect associated with RTD is within
previously disturbed operational areas. A portion of this area has been inventoried for cultural resources within the past
10 years. There are previously documented archaeological resources and one known traditional cultural property within
the area of potential effect. Mitigation documentation requirements for facilities within the area of potential effect have
already been met.
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Table 3-6. Description of Alternative Components for Alternative 5a: ICs and Aggressive RTD for Waste Sites and Continuing Sources;
with MNA and ICs (Cr(VI), Nitrate, Tritium, and Strontium-90), and Biosparging (TPH) for Groundwater

Component Description
Continuing Irrigation ICs Irrigation ICs, combined with radioactive decay, for continuing vadose zone/PRZ sources of strontium-90 to upland
sources groundwater (source areas 3 and 5 in Figure 8-16 of the 100-N RI/FS Report) until year 2139 (assumed for cost
(see Figure 8-16 estimate).
in the 100-N
RI/FS Report)
Groundwater ICs ¢ Maintain existing sitewide ICs (including groundwater-use restrictions) in accordance with DOE/RL-2001-141, with

modifications to include area-specific supplemental controls (e.g., shallow/deep excavation restriction IC for existing
311 m [1,020 ft] apatite PRB segment).

Groundwater use at 100-N is restricted, except for monitoring and treatment as approved by EPA.

Land use and real property controls ensure that the use of groundwater is in accordance with Hanford Site plans and
CERCLA decision documents.

Excavation permits are required to prevent uncontrolled drilling of new groundwater wells in the existing plumes or
their paths on the Hanford Site.

ICs are maintained for each plume for the time required to reach PRGs.

Monitore_d natural e Monitoring Cr(VI), nitrate, and tritium to track attenuation processes by periodically sampling the monitoring well
attenuation and network for up to 60 years (year 2077).

performance monitoring e Monitoring strontium-90 for up to 290 years (year 2307).
Monitoring TPH for 25 years (year 2042).

Monitoring network assumed to include 69 monitoring wells and aquifer tubes, and installation of up to 8 new
monitoring wells to supplement the existing monitoring network.

e Monitoring plans will be developed as part of the RD/RA work plan.

A small total anticipated area of potential effect (<2 ha [5 ac]) is associated with expanding the existing monitoring
network for NHPA planning considerations. Well location siting, as well as cultural resources review and any mitigation
planning requirements, will be addressed in the RD/RA work plan.

Well decommissioning and | ¢ Decommission 162 apatite PRB injection wells in accordance with DOE/RL-2005-70, Rev. 4.
replacement e Decommission and replace 20 monitoring wells located in the 100-N-108 excavation footprint.

In situ treatment — Biosparging for TPH in groundwater:
biological e Target area is TPH-D plume >500 ug/L.

e Introduce oxygen from ambient air to enhance aerobic bioremediation (assumes first order TPH degradation rate
constant [k] of 0.01 d-' [ECF-100NR2-15-0128], which is equivalent to a 69-day half-life).

e Install seven rows of injection wells across 10,800 m? (116,250 ft?) treatment area. Assumes 43 wells total.
e Groundwater monitoring until cleanup confirmed.

The anticipated area of potential effect associated with biosparging for NHPA planning considerations is 1.1 ha
(2.7 ac). This area has been previously disturbed under interim actions.
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Table 3-6. Description of Alternative Components for Alternative 5a: ICs and Aggressive RTD for Waste Sites and Continuing Sources;

with MNA and ICs (Cr(VI), Nitrate, Tritium, and Strontium-90), and Biosparging (TPH) for Groundwater

Component

Description

Groundwater remedial COC/PRG

Cmax

C90

action timeframe

(with continuing source e Strontium-90 based on 8 pCi/L DWS

o Nitrate based on 45,000 pg/L DWS

e Cr(VI) based on 10 pg/L state WQS
e Tritium based on 20,000 pCi/L DWS

contributions) e Strontium-90 based on 278 pCi/L BCG

e TPH based on 500 pg/L MTCA groundwater cleanup level

e 290 years in aquifer
e 55 years at shoreline
e 25 years in aquifer

e 25 years in aquifer

e 60 years in aquifer

e 15 years in aquifer

e 240 years in aquifer
e 10 years at shoreline
e 20 years in aquifer

e 20 years in aquifer

e 50 years in aquifer

e 15 years in aquifer

Compliance monitoring
have been achieved.

Semiannual monitoring will be performed for an additional 5 years after PRGs are initially met to confirm that PRGs

Total: $837,000,000
Alternative 5a Net Present Value Cost | Waste sites: $792,000,000
Groundwater: $45,000,000

References: DOE/RL-2001-41, Sitewide Institutional Controls Plan for Hanford CERCLA Response Actions and RCRA Corrective Actions.

DOE/RL-2005-70, Rev. 4, Hanford Site Well Decommissioning Plan.
ECF-100NR2-15-0128, Simulation of Contaminant Migration for the 100-N Feasibility Study.
ERDF-00011, Environmental Restoration Disposal Facility Waste Acceptance Criteria.

a. Excluded from cost estimates.

b. For groundwater protection, the term “SSL” refers to a PRG value calculated for an irrigation land use scenario, used to represent residential use. The term “PRG” refers to a

PRG value calculated for conservation with native vegetation land use.

|:|: Identifies an alternative component that has changed from Alternative 5 described in the 100-N RI/FS Report.

BCG: biota concentration guide

bgs: below ground surface

C90: 90" percentile model cell COC concentration in model domain
CERCLA: Comprehensive Environmental Response, Compensation, and Liability Act of 1980
Cmax: highest model cell COC concentration in the model domain
COC: contaminant of concern

CVP: cleanup verification package

DWS: drinking water standard

EPA: U.S. Environmental Protection Agency

ERDF: Environmental Restoration Disposal Facility

FS: feasibility study

IC: institutional control

ISS: interim safe storage

MTCA: Model Toxics Control Act
NHPA: National Historic Preservation Act of 1996

O&M: operations and maintenance

PRB: permeable reactive barrier

PRG: preliminary remediation goal

PRZ: periodically rewetted zone
RD/RA: remedial design/remedial action

ROD: record of decision

RTD: removal, treatment, disposal

SSL: soil screening level

TPH: total petroleum hydrocarbons

TPH-D: total petroleum hydrocarbons-diesel

WQS: water quality standard
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Alternative 5a: ICs and Aggressive RTD for Waste Sites and Continuing Sources; with MNA and ICs (Cr(VI), nitrate, tritium, and strontium-90), and Biosparging (TPH) for Groundwater

Overview Conceptual Schematic

Alternative 5a uses deep removal, treatment, and disposal (RTD) to remove waste
site and deep vadose zone sources of strontium-90, nitrate, and total petroleum
hydrocarbons (TPH) to groundwater

Waste Sites
For waste sites, the scope of actions includes the following:

To ERDF

= Shallow RTD or institutional controls (ICs) for residual radionuclide and TPH
contamination at previously remediated waste sites

Shallow RTD for waste sites that have not undergone interim remedial action

Deep RTD to remove waste sites and other continuing sources of strontium-90,
nitrate, and TPH to groundwater

Disposal of excavated material to Environmental Restoration Disposal Facility
(ERDF)

= Aerobic bioremediation of TPH via bioventing in the deep vadose zone

Groundwater JACrobIC

Bioremediation
For groundwater, the actions include monitored natural attenuation (MNA), aerobic

bioremediation, containment, and institutional controls. The scope of actions includes:
= MNA for Cr(VI), nitrate, tritium and strontium-90

= Injection of air into the saturated zone to enhance aerobic bioremediation of TPH in
groundwater (biosparging)

= ICs

Biosparging

Cost Waste Site Groundwater TOTAL

Total Present Value of Alternative $ 792,000,000 $45,000,000 $ 837,000,000

(Discounted)

Note: Waste site treatment costs include the costs for institutional controls.

CPCC020240163

Figure 3-4. Alternative 5a — Summary
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3.41 Shallow RTD at the 100-N-108 Waste Site

Shallow RTD at the 100-N-108 waste site under Alternative 5a would include excavating soil with
strontium-90 concentrations above the 2.3 pCi/g residential PRG and transporting the soil to the
Environmental Restoration Disposal Facility (ERDF) for disposal. Boulder rip-rap overlying the excavation
footprint to a depth of 0.6 m (2 ft) would be removed and set aside for reuse as final cover once backfilling
is complete. There is some uncertainty on the total volume of soil to be excavated; therefore, the
observational approach would be used to inform excavation progress and final boundaries. Assumptions
used to inform the volume estimate presented in this 100-N RI/FS Report Addendum include the
following:

e The length and width of the excavation are 840 m (2,722 ft) and 22 m (73 ft) with an average ground
surface elevation of 122.5 m (401.9 ft) amsl.

e Water-level measurements for wells (199-N-119, 199-N-121, 199-N-173, 199-N-185) located in the
excavation footprint indicate excavation to depths of 2.3 m (7.5 ft) bgs is feasible during most time
periods (Figure 3-5); however, excavation to depths between 2.3 and 4.6 m (7.5 and 15 ft) bgs must
be performed during low seasonal river stage periods.

e The total volume of contaminated soil and boulder rip-rap to be removed is estimated at 107,600 m?3
(140,720 yd?3). It is presumed that 19,725 m?3 (25,800 yd?3) of existing boulder rip-rap would not be
transported to ERDF and can be reused as backfill/cover material.

Soil and rock would be excavated using standard excavation equipment such as scrapers, dozers, and
front-end loaders. Onsite health and safety would be controlled by radiological control technicians and
safety monitors. Dust-suppression wind and water erosion control measures would be implemented to
minimize impacts to the Columbia River during RTD activities. Dust control will be maintained on the haul
road, at the excavation site, on overburden stockpiles, and at staging pile areas. Dust control water used
at the excavation site will be minimized to reduce the potential for surface runoff and flow to the river. Soil
fixatives (e.g., soil cement) will be applied during periods of extended inactivity or when potential
concerns arise about health issues or contaminant spread. Excavated soils would be placed in dump
trucks lined and sealed with plastic sheeting and transported to ERDF for disposal. It is assumed that all
excavated material to be transported to ERDF would meet waste acceptance criteria. Clean fill from an
approved borrow pit(s) would be transported back to the 100-N-108 waste site to backfill the excavation.
The excavated area would be backfilled to a finished elevation of 122.5 m (402 ft) amsl. It is assumed that
20 monitoring wells lying within the excavation footprint would be decommissioned and replaced.

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

The modifications to Alternative 6a are the same as described for Alternative 2a. The Alternative 6a
components, including the estimated time to meet groundwater PRGs based on the C90 and Cmax
remediation timeframes, along with the estimated waste site, groundwater, and alternative total net
present value costs, are summarized in Table 3-7 and illustrated in Figure 3-6. Detailed descriptions for
the components of Alternative 6a that have not changed are provided in the 100-N RI/FS Report.

3.6 Remedial Alternative Screening Evaluation

As discussed in the CERCLA RI/FS guidance (OSWER Directive 9355.3-01) and the NCP

(40 CFR 300.430(e)(1)), an initial screening of remedial action alternatives is performed to identify the
most viable options to carry forward for detailed analysis. The following sections define the screening
criteria and the approach used to screen each alternative, and present the screening results for the
revised alternatives. Based on the screening results, the alternatives to be eliminated and those carried
forward for detailed analysis in Chapter 4 of this 100-N RI/FS Report Addendum are identified.
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Figure 3-5. Groundwater Elevations for 100-N-108 Waste Site Monitoring Wells
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Table 3-7. Description of Alternative Components for Alternative 6a: ICs, Shallow RTD, and Bioventing for Waste Sites;
with MNA and ICs (Cr(VI), Nitrate, Tritium, and Strontium-90), Biosparging (TPH), and In Situ Treatment (Strontium-90) for Groundwater

Component

Description

Waste site

No further action?

No additional remedial actions are taken at 121 waste sites not carried forward from the remedial investigation, including
the following:

e 103 waste sites where CVP sample results confirm the interim actions completed under an interim action ROD meet
PRGs

¢ 18 waste sites with site-specific considerations

ICs (general)

ICs to be implemented during remediation within 100-N for land-use management and waste site information
management include the following:

e Excavation permits are required to dig on the Hanford Site to prevent unplanned disturbance or infiltration as prohibited
by CERCLA decision documents.

e Land use and real property controls (e.g., proprietary controls including easements and covenants) ensure that the use
of land is in accordance with Hanford Site plans and CERCLA decision documents.

e Warning notices providing visual identification and warning of hazardous or sensitive areas.

e Procedural requirements for access, warning signs, or fencing implemented to provide entry restrictions to prevent or
limit human access to particular hazardous or sensitive areas.

e Administrative mechanisms (e.g., the Waste Information Data System database) to maintain and provide access to
information on the location and nature of contamination.

e Irrigation restrictions for sites exceeding surface/groundwater protection criteria.

Excavation or irrigation ICs
with natural attenuation by
radioactive decay

Shallow excavation ICs, combined with radioactive decay, to minimize the potential for direct contact exposure for waste
sites with potential shallow human health direct contact risk (100-N-63:2, 100-N-79, 100-N-108, and 116-N-4) for up to
132 years (year 2149).

Irrigation ICs, combined with radioactive decay, at waste sites with exceedances of groundwater protection SSLs® and
PRGs" (100-N-108, 116-N-1, 116-N-3, consolidated waste sites 100-N-66/UPR-100-N-35, UPR-100-N-31, UPR-100-N-4,
and UPR-100-N-8) for up to 132 years (year 2149).

Deep excavation ICs, combined with radioactive decay, to minimize the potential for inadvertent exposure through deep
excavation activities at waste sites carried forward to the FS due to additional factors (100-N-63:2, 100-N-108, 116-N-1,
116-N-3, consolidated waste sites 100-N-66/UPR-100-N-35, UPR-100-N-31, UPR-100-N-4, UPR-100-N-8) for up to
70,887 years (year 72904).

Deep excavation ICs, combined with radioactive decay, to minimize the potential for inadvertent exposure through deep
excavation activities at 12 waste sites carried forward to the FS for deep excavation ICs only, for up to 294 years

(year 2311).

Irrigation ICs and natural
attenuation by
biodegradation

Irrigation ICs at waste sites with exceedances of groundwater protection SSLs® and PRGs® for TPH (116-N-2,
UPR-100-N-5, and UPR-100-N-25).

Biodegradation of TPH in soil is measured indirectly through groundwater plume monitoring for up to 30 years
(year 2047). Monitoring plans will be developed as part of the RD/RA work plan.

For cost estimating, assumes one downgradient monitoring well will be installed to measure TPH for up to 15 years
(one-half the projected timeframe for groundwater concentrations to fall below the PRG for TPH).
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Table 3-7. Description of Alternative Components for Alternative 6a: ICs, Shallow RTD, and Bioventing for Waste Sites;
with MNA and ICs (Cr(VI), Nitrate, Tritium, and Strontium-90), Biosparging (TPH), and In Situ Treatment (Strontium-90) for Groundwater

Component

Description

In situ biological treatment —
bioventing

Aerobic degradation of TPH using bioventing at one waste site with exceedances of groundwater protection SSLs® and
PRGs (UPR-100-N-17):

e For TPH at depths >4.6 m (15 ft) bgs.

e Costs for bioventing system include installation, as well as O&M.

e Expand existing bioventing system by adding two injection wells to treat vadose zone contamination below 5.5 m
(18 ft) bgs and adding two air monitoring wells.

e Assumes 25 years of operation.
e Assumes three post-remediation confirmation boreholes to 36.6 m (120 ft) bgs.
e Monitoring plans will be developed as part of the RD/RA work plan.

A small total anticipated area of potential effect (<0.04 ha [0.1 ac]) is associated with bioventing at waste sites for NHPA
planning considerations. These waste site areas were previously disturbed under interim actions. Well and piping siting,
as well as cultural resources review and any mitigation planning requirements, will be addressed in the RD/RA work plan.

RTD

Shallow excavation using standard excavation methods at previously remediated and post-ROD sites where contaminant
concentrations are known or presumed to exceed direct contact PRGs for all COCs to depths up to 4.6 m (15 ft):

e RTD for previously remediated waste sites with decay timeframe >30 years (100-N-60, UPR-100-N-13, UPR-100-N-26,
and 100-N-83).

e RTD for the 100-N-107/100-N-84:10 waste sites deferred until after bioventing system operations have been completed
(cost estimate assumes year 2042).

e RTD for the 2607-FSM and 600-339 waste sites (cost estimate assumes this occurs in year 2078), and RTD for the
600-348, 100-N-109, and 100-N-110 waste sites (cost estimate assumes this occurs in year 1 of ROD implementation).
Determining the extent of excavation uses an observational approach. Removal actions, process knowledge, and field
measurements are used to guide day-to-day excavation.

e Excavation using best practices, including appropriately sloped sidewalls based on the type of the material being
removed, benching, shoring, and proper placement of stockpiled materials, in accordance with Occupational Safety and
Health Administration standards.

e Sampling and field screening during excavation.
e Dust suppression during excavation to ensure that contaminants are not spread by wind.

e Disposal of excavated material to ERDF as long as the material meets ERDF waste acceptance criteria (ERDF-00011).
Waste is treated as needed to meet land disposal restrictions before disposal at ERDF or an EPA-approved offsite
location.

For NHPA planning considerations, the majority of the anticipated area of potential effect associated with RTD is within
previously disturbed operational areas. A portion of this area has been inventoried for cultural resources within the past
10 years. There are previously documented archaeological resources and one known traditional cultural property within
the area of potential effect. Mitigation documentation requirements for facilities within the area of potential effect have
already been met.
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Table 3-7. Description of Alternative Components for Alternative 6a: ICs, Shallow RTD, and Bioventing for Waste Sites;
with MNA and ICs (Cr(VI), Nitrate, Tritium, and Strontium-90), Biosparging (TPH), and In Situ Treatment (Strontium-90) for Groundwater

Component

Description

Continuing
source

(see

Figure 8-16 in
the 100-N
RI/FS Report)

Irrigation ICs

Irrigation ICs, combined with radioactive decay, for continuing vadose zone/PRZ sources of strontium-90 to upland
groundwater (source areas 3 and 5 in Figure 8-16 in the 100-N RI/FS Report) until year 2139 (assumed for cost estimate).

Groundwater

ICs

e Maintain existing sitewide ICs (including groundwater-use restrictions) in accordance with DOE/RL-2001-41, with
modifications to include area-specific supplemental controls (e.g., shallow/deep excavation restriction IC for existing
311 m [1,020 ft] apatite PRB segment).

e Groundwater use at 100-N is restricted, except for monitoring and treatment as approved by EPA.

e Land use and real property controls ensure that the use of groundwater is in accordance with Hanford Site plans and
CERCLA decision documents.

e Excavation permits are required to prevent uncontrolled drilling of new groundwater wells in the existing plumes or their
paths on the Hanford Site.

¢ |Cs are maintained for each plume for the time required to reach PRGs.

Monitored natural
attenuation and
performance monitoring

e Monitoring Cr(VI), nitrate, and tritium to track attenuation processes by periodically sampling the monitoring well
network for up to 60 years (year 2077).

e Monitoring strontium-90 for up to 190 years (year 2307).
e Monitoring TPH for 25 years (year 2042).

e Monitoring network assumed to include 69 monitoring wells and aquifer tubes, and installation of up to 8 new monitoring
wells to supplement the existing monitoring network.

e Monitoring plans will be developed as part of the RD/RA work plan.

Well decommissioning

Decommissioning of 162 apatite PRB injection wells in accordance with DOE/RL-2005-70, Rev. 4.

In situ treatment —
apatite injections —
upland saturated zone
component

To sequester strontium-90 in upland groundwater where concentrations exceed 80 pCil/L:

e Treatment of 42 ha (104 ac) groundwater plume containing strontium-90 concentrations >80 pCi/L.

e Assumes 2,300 injection wells 23 to 27.4 m (75 to 90 ft) bgs, each with a radius of influence of 7.6 m (25 ft).
e Assumes injection of 10% apatite (227,125 L [60,000 gal] per well).

e Monitor to evaluate effectiveness at reducing strontium-90 concentrations.

e Deep excavation ICs and irrigation ICs, combined with radioactive decay of strontium-90 adsorbed in aquifer sediments
until PRGs are met.

The anticipated area of potential effect associated with the upland apatite injections for NHPA planning considerations is

42 ha (104 ac). This area has been previously disturbed under interim actions.
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Table 3-7. Description of Alternative Components for Alternative 6a: ICs, Shallow RTD, and Bioventing for Waste Sites;

with MNA and ICs (Cr(VI), Nitrate, Tritium, and Strontium-90), Biosparging (TPH), and In Situ Treatment (Strontium-90) for Groundwater

Component

Description

In situ treatment —
biological

Biosparging for TPH in groundwater:
e Target area is TPH-D plume >500 pg/L.

e Introduce oxygen from ambient air to enhance aerobic bioremediation (assumes first order TPH degradation rate
constant [k] of 0.01 d-' [ECF-100NR2-15-0128], which is equivalent to a 69-day half-life).

e Install seven rows of injection wells across 10,800 m? (116,250 ft?) treatment area. Assumes 43 wells total.

e Groundwater monitoring until cleanup confirmed.
The anticipated area of potential effect associated with biosparging for NHPA planning considerations is 1.1 ha (2.7 ac).

This area has been previously disturbed under interim actions.

Groundwater remedial
action timeframe (with
continuing source
contributions)

COC/PRG

Cmax

C90

Strontium-90 based on 8 pCi/L DWS
Strontium-90 based on 278 pCi/L BCG
Nitrate based on 45,000 pg/L DWS

Cr(VI) based on 10 ug/L state WQS
e Tritium based on 20,000 pCi/L DWS

TPH based on 500 pg/L MTCA groundwater cleanup level

e 190 years in aquifer
e 55 years at shoreline
e 40 years in aquifer

e 25 years in aquifer

e 60 years in aquifer

e 15 years in aquifer

e 140 years in aquifer
e 10 years at shoreline
e 30 years in aquifer

e 20 years in aquifer

e 50 years in aquifer

e 15 years in aquifer

Compliance monitoring
requirements

Semiannual monitoring will be performed for an additional 5 years after PRGs are initially met to confirm that PRGs have
been achieved.

Alternative 6a Net Present Value Cost

Total: $422,000,000
Waste sites: $40,000,000
Groundwater: $382,000,000

References: DOE/RL-2001-141, Sitewide Institutional Controls Plan for Hanford CERCLA Response Actions and RCRA Corrective Actions.
DOE/RL-2005-70, Rev. 4, Hanford Site Well Decommissioning Plan.

DOE/RL-2012-15, Remedial Investigation/Feasibility Study for the 100-NR-1 and 100-NR-2 Operable Units.

ECF-100NR2-15-0128, Simulation of Contaminant Migration for the 100-N Feasibility Study.

ERDF-00011, Environmental Restoration Disposal Facility Waste Acceptance Criteria.

a. Excluded from cost estimates.

b. For groundwater protection, the term “SSL” refers to a PRG value calculated for an irrigation land use scenario, used to represent residential use. The term “PRG” refers to a
PRG value calculated for conservation with native vegetation land use.

[]: Identifies an alternative component that has changed from Alternative 6 described in the 100-N RI/FS Report.
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Table 3-7. Description of Alternative Components for Alternative 6a: ICs, Shallow RTD, and Bioventing for Waste Sites;
with MNA and ICs (Cr(VI), Nitrate, Tritium, and Strontium-90), Biosparging (TPH), and In Situ Treatment (Strontium-90) for Groundwater

Component

Description

BCG: biota concentration guide

bgs: below ground surface

C90: 90" percentile model cell COC concentration in model domain
CERCLA: Comprehensive Environmental Response, Compensation,
and Liability Act of 1980

Cmax: highest model cell COC concentration in the model domain
COC: contaminant of concern

CVP: cleanup verification package

DWS: drinking water standard

EPA: U.S. Environmental Protection Agency

ERDF: Environmental Restoration Disposal Facility

FS: feasibility study

IC: institutional control

MTCA: Model Toxics Control Act

NHPA: National Historic Preservation Act of 1996
O&M: operations and maintenance

PRB: permeable reactive barrier

PRG: preliminary remediation goal

PRZ: periodically rewetted zone

RD/RA: remedial design/remedial action
ROD: record of decision

RTD: removal, treatment, disposal

SSL: soil screening level

TPH: total petroleum hydrocarbons

TPH-D: total petroleum hydrocarbons-diesel
WQS: water quality standard
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Alternative 6a: ICs, Shallow RTD and Bioventing for Waste Sites; with MNA and ICs (Cr(VI), nitrate, TPH, tritium, strontium-90), Biosparging (TPH), and Apatite In Situ Treatment (strontium-90) for

groundwater

Overview Conceptual Schematic
Alternative 6a incorporates in situ treatment for the upland strontium-90 plume
Waste Sites To ERDF
For waste sites the scope of actions includes the following:

= Shallow removal, treatment, and disposal (RTD) or institutional controls (ICs) for
residual radionuclide and total petroleum hydrocarbon (TPH) contamination at
previously remediated waste sties

Shallow RTD for waste sites that have not undergone interim remedial action

= Disposal of excavated material to Environmental Restoration Disposal Facility
(ERDF)
= Aerobic bioremediation of TPH via bioventing in the deep vadose zone RTD
Groundwater
For groundwater, the actions include monitored natural attenuation (MNA), aerobic BRAETODICH
bioremediation, containment, and intuitional controls. The scope of actions includes: Bioremediation Uplg?d ST290
ame
= MNA, for Cr(VI), nitrate, tritium, and strontium-90 Sequestration

= Injection of air into the saturated zone to enhance aerobic bioremediation of TPH in
groundwater (biosparging)

Injection of an apatite-forming solution to treat the upland strontium-90 groundwater
plume where concentrations exceed 80 pCi/L

= ICs

TPH contaminati

oventing

-
-
-

Biosparging

Cost Waste Sites Groundwater TOTAL

Total Present Value of Alternative $ 40,000,000 $ 46,000,000 $ 86,000,000
(Discounted)

Note: Waste site treatment costs include the costs for institutional controls.

CPECMN2ANTRA

Figure 3-6. Alternative 6a — Summary
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3.6.1  Screening Criteria Description

The screening criteria of effectiveness, implementability, and cost are defined in the CERCLA RI/FS
guidance (OSWER Directive 9355.3-01), as summarized in the following discussion.

3.6.1.1  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.

3.6.1.2  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 treatment, storage, and disposal 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 alternative 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.

3.6.1.3 Cost

Under this criteria, both capital and operation and maintenance costs are considered using present value
to facilitate comparison for alternatives with different lifecycle durations.

3.6.2 Screening Approach

” o

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 4 of this 100-N RI/FS Report
Addendum.

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 excess lifetime cancer risk (ELCR) >1x10-4; waste sites with an exposure point concentration 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.

3.6.3  Screening Results

As described in Chapter 3, five alternatives were developed to address the 100-N waste sites, TPH,
nitrate, and strontium-90 continuing sources, and the groundwater plumes. The following sections
summarize the remedial action alternative screening presented in Table 3-8. The estimated remedial
action timeframes for each of the remedial action target areas under Alternatives 1 through 6a are
summarized in Table 3-9.
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Remedial Action Target Area

Alternative 1

Alternative 2a

Alternative 3a Alternative 4a

Alternative 5a

Alternative 6a

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,
100-N-109, 100-N-110, 2607-FSM, 600-339,
600-348 and excluding consolidated waste site
100-N-66/UPR-100-N-35%)

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 >1x10-4
(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
(100-N-63:2, 100-N-79, and 116-N-4) where radioactive decay
achieves PRGs in <30 years, and one waste site (100-N-108)
where radioactive decay achieves PRG in 132 years.. RTD used
at four waste sites (100-N-60, UPR-100-N-13, UPR-100-N-26, and
100-N-83) where radioactive decay requires more than 30 years to
achieve PRGs. Workers, public, and the environment potentially
exposed to COCs during RTD activities. However, risks can be
managed with engineering controls.

Low - Moderate: Same as
described for Alternatives 3a and 4a
except at 100-N-108 where physical
disruption of the shoreline during
RTD, increased human activity and
noise, vegetation clearing, fugitive
dust generation, and soil erosion
would disrupt wildlife resulting in
significant short-term effects along a
760 m (2,500 ft) segment of the
river for the estimated 12- to
18-month construction period.
Although engineering controls
would be used the potential for
Sr-90-contaminated soil/dust
release to the river exists.

Moderate: Same as described for
Alternatives 3a and 4a.

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, consolidated
waste site UPR-100-N-66/UPR-100-N-35,
100-N-108)

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, 116-N-2, UPR-100-N-5,
UPR-100-N-25)

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.

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.

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. MNA and ICs used at three waste sites with
small TPH exceedance footprint. Minimally intrusive technology
provides greater protection for sensitive areas.

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. MNA
and ICs used at three waste sites
with small TPH exceedance
footprint.

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. MNA
and ICs used at three waste sites with small
TPH exceedance footprint. Minimally intrusive
technology provides greater protection for
sensitive areas.

Deep waste sites and continuing sources:
Exceeds Sr-90 groundwater PRG (100-N-108,
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 waste sites 100-N-66 and 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 waste sites 100-N-66 and 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 waste
sites 100-N-66 and
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 waste
sites 100-N-66 and 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 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 waste sites
100-N-66 and 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 2a

Alternative 3a Alternative 4a

Alternative 5a

Alternative 6a

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 co-located 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: Hexavalent chromium

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.

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
shoreline and river based on current
concentrations.

Moderate: ICs prevent worker and public exposure to nitrate contaminated groundwater. No unacceptable ecological risk identified at shoreline and river based on current concentrations. Fate and transport
modeling (Figures 5-50 and 5-51 in the 100-N RI/FS Report) 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
shoreline and river based on current
concentrations.

Moderate: ICs prevent worker and public
exposure to TPH-contaminated groundwater.
No unacceptable ecological risk identified at
shoreline and river based on current
concentrations. Fate and transport modeling
(Figures 5-56 and 5-57 in the 100-N RI/FS
Report) shows TPH concentrations declining
rapidly at 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 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 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. Majority of the plume
lies in the flood zone, which is not a drinking water source. No unacceptable ecological risk identified at shoreline and river based on current concentrations. Fate and transport modeling (Figures 5-62 and
5-63 in the 100-N RI/FS Report) 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 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. Groundwater
modeling projections show that future concentrations in shoreline and river substrate groundwater are below the 278 pCi/L riparian animal and 53,900 pCi/L
aquatic animal BCG. Workers may be exposed to contaminated soil during apatite PRB injection well decommissioning but this can be managed with

engineering controls.

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.
Groundwater modeling projections show that
future concentrations in shoreline and river
substrate groundwater are below the

278 pCilL riparian animal and 53,900 pCi/L
aquatic animal BCGs. Workers may be
exposed to contaminated soil during apatite
PRB injection well decommissioning but this
can be managed with engineering controls.

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:
(100-N-107/100-N-84:10, 2607-FSM, 600-339,
600-348, 100-N-109, 100-N-110, and excluding
consolidated waste sites
100-N-66/UPR-100-N-35%)

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 RD/RA work plan
approval except fire station waste sites 2607-FSM and 600-339, where RTD will be completed in year 2078 after 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 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 (100-N-63:2, 100-
N-79, and 116-N-4) with decay timeframes of <30 years and one
waste site (100-N-108) with a decay timeframe of 132 years
combined with shallow RTD at four waste sites (100-N-60, UPR-
100-N-13, UPR-100-N-26, and 100-N-83) that require >30 years to
decay achieves protection for human health and the environment.

Moderate. Similar long-term
effectiveness and permanence as
described for Alternative 3a and 4a
except for waste site 100-N-108.
Although RTD would remove Sr-90
contaminated soil to depths up to
4.6 m (15 ft) at 100-N-108, shallow
and variable groundwater levels
with Sr-90 will recontaminate the
clean backfill material placed in the
100-N-108 excavation footprint
reestablishing exposure pathways
for human and ecological receptors.

High: Same as described for Alternatives 3a
and 4a.

3-48




Table 3-8. Initial Screening of 100-N Remedial Action Alternatives

DOE/RL-2012-15-ADD1, DRAFT A
JANUARY 2025

Remedial Action Target Area

Alternative 1

Alternative 2a

Alternative 3a Alternative 4a

Alternative 5a

Alternative 6a

Armoring of the backfill will also be
required to prevent erosion during
high river stage conditions.

Deep waste sites: Radionuclide COCs present
at depths >4.6 m (15 ft) with concentrations
greater than direct contact PRGs (100-N-108,
116-N-1, 116-N-3, UPR-100-N-31,
UPR-100-N-4, UPR-100-N-8, and consolidated
waste sites 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, 116-N-2,
UPR-100-N-5, UPR-100-N-25)

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 (100-N-108, 116-N-1,
116-N-3, UPR-100-N-31, UPR-100-N-4,
UPR-100-N-108)

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

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.

the environment will be achieved.

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

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: Hexavalent chromium

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 assures that protection
of human health and the
environment is achieved.

High: Combining biosparging with bioventing
and performance monitoring assures 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.
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Remedial Action Target Area

Alternative 1

Alternative 2a

Alternative 3a Alternative 4a

Alternative 5a

Alternative 6a

Groundwater plumes: Sr-90

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

Moderate: MNA and ICs protect human health by tracking Sr-90 concentration reductions in the upland and shoreline areas and preventing exposure until
radioactive decay reduces concentrations to the PRG. Groundwater modeling projections show that future concentrations in shoreline and river substrate
groundwater are below the 278 pCi/L riparian animal and 53,900 pCi/L aquatic animal BCGs.

Moderate: Apatite injections within the upland
plume where concentrations are >80 pCi/L
sequesters Sr-90, reducing mobility. Although
immobilized, Sr-90 is not physically removed;
thus, aquifer beneficial use as a drinking water
source is not restored. Deep excavation
restriction IC maintained throughout the
apatite treated areas until Sr-90 within the
apatite matrix decays to the protective level.

Effectiveness (Toxicity, Mobility, and Vol Reducti

Through Treatment)

Waste sites remaining for remedial action
(100-N-107/100-N-84:10, 100-N-109,
100-N-110, 2607-FSM, 600-339, 600-348, and
excluding consolidated waste sites
100-N-66/UPR-100-N-35%)

Low: Since no action occurs, no active
treatment is performed. Passive treatment of
radionuclide COPCs occurs through
radioactive decay, but no treatment for
nonradionuclide 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, URP-100-N-13, UPR-100-N-26,
100-N-63:2, 100-N-79, 100-N-83, 116-N-4,
100-N-108)

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, and at
100-N-108 where 132 years of radioactive decay is required.
Unlikely that treatment of COC contaminated soil excavated at
waste sites with decay timeframes >30 years will be required prior
to ERDF disposal.

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 excavated at waste sites with
decay timeframes >30 years,
including 100-N-108, will be
required prior to ERDF disposal.

Low: Same as described for Alternatives 3a
and 4a.

Deep waste sites: Radionuclide COCs present
at concentrations greater than direct contact
PRGs (100-N-108, 116-N-1, 116-N-3,
UPR-100-N-31, UPR-100-N-4, UPR-100-N-8,
consolidated waste sites
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.

Deep waste sites and continuing sources:
Exceeds TPH groundwater PRG
(UPR-100-N-17, 116-N-2, UPR-100-N-5,
UPR-100-N-25)

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 (100-N-108,
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.

116-N-3 RTD interim actions.

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

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: Hexavalent chromium

Low: Since no action occurs, no active treatment 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
co-located with TPH and through passive
(dispersion and dilution) attenuation
processes elsewhere.

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

processes elsewhere.

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 2a

Alternative 3a Alternative 4a

Alternative 5a

Alternative 6a

Groundwater plumes: Sr-90

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

Moderate: Passive treatment (radioactive decay) reduces toxicity and volume in shoreline and upland areas.

Low: 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
temporarily increased aqueous concentrations.

Implementability (Administrative Feasibility, and Technical Feasibility of Construction and Reliably Operating Until R

-

| Action is Cc

Iata)

U

Waste sites remaining for remedial action
(100-N-107/100-N-84:10, 100-N-109,
100-N-110, 2607-FSM, 600-339, 600-348 and
excluding consolidated waste sites
100-N-66/UPR-100-N-35%)

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 depths >4.6 m (15 ft) with concentrations
greater than direct contact PRGs (100-N-108,
116-N-1, 116-N-3, UPR-100-N-31,
UPR-100-N-4, UPR-100-N-108, and
consolidated waste sites
100-N-66/UPR-100-N-35)

Deep waste sites: TPH concentrations greater
than groundwater protection PRG and TPH
continuing source (UPR-100-N-17, 116-N-2,
UPR-100-N-5, UPR-100-N-25)

Deep waste sites: Sr-90 concentrations greater
than groundwater protection PRG and Sr-90
continuing sources (100-N-108, 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: Hexavalent chromium

Groundwater plumes: Nitrate

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.

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
(<1.5m [5 ft]), large waste volume at 100-N-83 does not pose
additional technical challenge.

Low: While ICs and shallow RTD
have high implementability, the
large RTD footprint for the
100-N-108 waste site, its proximity
to the 100-N shoreline and the
steep bluff (slope stability
considerations), and the need to
conduct RTD during defined river
stage schedule windows results in a
low overall rating.

High: Same as described for Alternatives 3a
and 4a.

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

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

High: Bioventing is widely applied the or 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, co-located 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.

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 m*[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

116-N-1 Trench would have 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. Excavation
footprint for 116-N-1 Trench would
have 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.
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Remedial Action Target Area

Alternative 1

Alternative 2a

Alternative 3a

Alternative 4a

Alternative 5a

Alternative 6a

Groundwater plumes: TPH

Groundwater plumes: Tritium

Groundwater plumes: Sr-90

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: MNA and ICs for up to 300 years, based on Cmax, are readily implemented and comparable with MNA and ICs remedy selected for Sr-90 at 100-BC.

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
Waste sites and continuing sources $0 $16 million $40 million $424 million $792 million $40 million
Groundwater $0 $33 million $46 million $45 million $45 million $382 million
Total net present value $0 $49 million $86 million $469 million $837 million $422 million

Reference: EPA and DOE, 2014, Record of Decision Hanford 100 Area Superfund Site 100-FR-1, 100-FR-2, 100-FR-3, 100-1U-2, and 100-IU-6 Operable Units.

*Consolidated waste sites 100-N-66 and UPR-100-N-35 are 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

Cmax: highest model cell COC concentration in the model domain

COC: contaminant of concern

COPC: contaminant of potential concern

Ecology: Washington State Department of Ecology
ERDF: Environmental Restoration Disposal Facility
ESD: explanation of significant differences

IC: institutional control

MNA: monitored natural attenuation

PRB: permeable reactive barrier

PRG: preliminary remediation goal
PRZ: periodically rewetted zone

RD/RA: remedial design/remedial action
ROD: record of decision

RTD: removal, treatment, and disposal
TMV: toxicity, mobility, or volume

TPH: total petroleum hydrocarbons
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Table 3-9. Estimated Remedial Action Timeframes for 100-N
Years to Meet PRGs2® Under Alternatives
Remedial Action Target Area 1 2a 3a 4a 5a 6a

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

Not determined.

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

Shallow waste sites: Human health risk
>1x10*

Less than 5 years (year 2022) to 64 years (year 2079), except for the

100-N-108 waste site.

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

132 years (year 2149) at 100-N-108.

Within 10 years at 100-N-108.

132 years (year 2149) at
100-N-108.

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.

timeframe.

25 years (year 2042) for C90 and Cmax based on TPH groundwater plume

Within 20 years of RD/RA work plan
approval.

25 years (year 2042) for C90 and
Cmax based on TPH groundwater
plume timeframe.

Groundwater plumes: TPH

Between 45 years (year 2062) for C90 to 100 years (year 2117) for Cmax.

25 years (year 2042) for C90 and Cmax.

25 years (year 2042) for C90 and
Cmax.

25 years (year 2042) for C90 and
Cmax.

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

Between 31 years (year 2048) and 123 years (year 2140) based 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 sites 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.

Within 15 years of RD/RA work plan
approval based on large volume of
material to be RTD at 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 sites
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.

Within 20 years of RD/RA work plan
approval based on large volume of
material to be RTD at the 116-N-1
and 116-N-3 Cribs and Trenches,
UPR-100-N-4, UPR-100-N-8,
UPR-100-N-31, and 100-N-108.
Irrigation ICs would continue to be
in place for consolidated waste sites
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.

Between 31 years (year 2048) and
123 years (year 2140) based 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 sites
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.

Between 250 years (year 2267) for C90 and 290 years (year 2307) for Cmax.

Between 230 years (year 2247) for
C90 and 290 years (year 2307) for
Cmax.

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

Continuing source: Nitrate

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

attenuation timeframe.

Remediation of the nitrate continuing
source, which is co-located with Sr-90,
occurs within 15 years of RD/RA work
plan approval.

Remediation of the nitrate
continuing source, which is co-
located 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.

Groundwater plumes: Hexavalent chromium

Up to 60 years (year 2077) for C90 and Cmax.

Groundwater plumes: Nitrate

Between 30 years (year 2047) for C90 and 40 years (year 2057) for Cmax.

Between 20 years (year 2037) for C90 and 30 years (year 2047) for Cmax.

Between 30 years (year 2047) for
C90 and 40 years (year 2057) for
Cmax.

Groundwater plumes: Tritium

15 years (year 2032) for C90 and Cmax.

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 sites 100-N-66/UPR-100-N-35 are 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 Sr90 continuing sources.”

C90: 90" percentile model cell COC concentration in model domain
Cmax: highest model cell COC concentration in the model domain

COC: contaminant of concern

IC: institutional control

ISS: interim safe storage

PRG: preliminary remediation goal

RD/RA: remedial design/remedial action
RTD: remove, treat, and disposal

SSL: soil screening level

TPH: total petroleum hydrocarbons
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3.6.3.1 Alternative 1- No Further Action

Alternative 1 includes no active remediation to address the 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 4 of this 100-N RI/FS Report Addendum to serve as a baseline for comparison to the other
alternatives per the NCP (40 CFR 300.430(e)(6)).

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

In accordance with the NCP (40 CFR 300.430(e)(3)(ii)), Alternative 2a provides for limited soil and
groundwater 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.

Alternative 2a 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. Alternative 2a was rated
high overall for implementability because the key technologies of MNA, ICs, and shallow RTD are readily
implemented at 100-N.

The present value cost for the major components of Alternative 2a includes the following:
e Waste sites/continuing sources: $16 million

e  Groundwater plumes: $33 million

e Total alternative cost: $49 million

3.6.3.3 Alternative 3a - ICs, Shallow RTD and Bioventing for Waste Sites; with MNA and ICs (Cr(VI),
Nitrate, Tritium, and Strontium-90), and Biosparging (TPH) for Groundwater

Alternative 3a is similar to Alternative 2a but adds the following: (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 with concentrations above the PRG.

Alternative 3a was rated moderate to high overall for effectiveness. This alternative provides high

short- and long-term effectiveness and TMV reduction for TPH-contaminated soil and groundwater
through active (bioventing and biosparging) treatment. Moderate short- and long-term effectiveness and
TMV reduction is achieved through passive (biodegradation and radioactive decay) treatment.

Alternative 3a was rated high overall for implementability because the key technologies of MNA combined
with ICs, shallow RTD, bioventing, and biosparging are readily implemented at 100-N.

The present value cost for the major components of Alternative 3 includes the following:
e Waste sites/continuing sources: $41 million

e  Groundwater plumes: $46 million

e Total alternative cost: $86 million
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3.6.3.4  Alternative 4a - ICs, Shallow/Deep RTD, and Bioventing for Waste Sites; with MNA and ICs (Cr(VI),
Nitrate, Tritium, and Strontium-90), and Biosparging (TPH) for Groundwater

Alternative 4a includes the same components as described for Alternative 3a 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 associated with the 116-N-1 Crib, 116-N-3 Crib, and a portion
of the 116-N-1 Trench footprints.

Alternative 4a 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. 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 contaminated soil transport activities. The addition of deep RTD to address strontium-90
groundwater contaminant source material does not increase long-term effectiveness because no
corresponding strontium-90 groundwater plume remediation timeframe decrease is indicated by the
modeling results (Figure 3-7). The strontium-90 groundwater remedial action timeframe of 240 years
(C90) to 290 years (Cmax) for Alternative 4a is the same as estimated for Alternative 3a.

Alternative 4a was rated moderate overall for implementability. Although the key technologies of MNA
combined with ICs, shallow RTD, bioventing, and biosparging 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?3

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

The present value cost for the major components of Alternative 4a includes the following:
e Waste sites/continuing sources: $424 million

e  Groundwater plumes: $45 million

e Total alternative cost: $469 million

3.6.3.5 Alternative 5a - ICs and Aggressive RTD for Waste Sites and Continuing Sources; with MNA and
ICs (Cr(VI), Nitrate, Tritium, and Strontium-90), and Biosparging (TPH) for Groundwater

Alternative 5a uses a similar array of components as described for Alternative 4a but expands the use of
shallow RTD to address the 100-N-108 waste site along the shoreline and 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 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 co-located within the 116-N-1 Crib. The addition of deep RTD for TPH eliminates the
need for bioventing.

Alternative 5a was rated low to moderate overall for effectiveness for similar reasons as described for
Alternative 4a but with waste site 100-N-108 RTD lowering the rating due to short-term environmental
impacts (e.g., physical disruption of a 760 m [2,500 ft] section of the shoreline during construction).
Following 100-N-108 waste site remediation, shoreline groundwater elevations will continue to rise and
fall, and may rise up to elevations of 121 m (397 ft) amsl, potentially recontaminating the backfill material
especially between elevations of 118 and 120 m (387 to 394 ft) amsl. Based on its Ka of 15 mL/g,
groundwater with a strontium-90 concentration >153 pCi/L will recontaminate the backfill material to a
concentration greater than the residential PRG of 2.3 pCi/g. Therefore, recontamination potential may
require future RTD actions resulting in lower long-term effectiveness. While expanded use of shallow and
deep RTD reduces mobility, it does not reduce toxicity and volume because treatment is rarely required
before ERDF disposal. Therefore, the expanded use of shallow RTD at 100-N-108 and deep RTD at the
other identified waste sites under Alternative 5a 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 met in the same timeframe of
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25 years (C90 and Cmax) whether bioventing/biosparging or deep RTD/biosparging is used. For
strontium-90, the groundwater PRG is met 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 5a is used. For nitrate, the groundwater PRG is met 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 Alternative 5a is used. Additionally, in accordance with EPA/ESD/R10-03/605, Explanation of
Significant Differences for the 100-NR-1 Operable Unit Treatment, Storage, and Disposal Interim Action
Record of Decision and 100-NR-1/100-NR-2 Operable Unit Interim Action Record of Decision, Hanford
Site, Benton County, Washington, deep RTD was not performed based on the results of a balancing
factor evaluation.

Alternative 5a was rated low overall for implementability. Although the key technologies of MNA
combined with ICs, shallow RTD, and biosparging are readily implemented at 100-N, the magnitude of
shallow RTD at 100-N-108 and deep RTD required for strontium-90 groundwater contaminant sources
poses technical challenges due to excavation 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?3
[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 Alternative 5 includes the following:
e Waste sites/continuing sources: $792 million

e  Groundwater plumes: $45 million

e Total alternative cost: $837 million

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

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

Alternative 6a was rated moderate overall for effectiveness because the TMV of TPH-contaminated soll
and groundwater is reduced through active (bioventing and biosparging) treatment, and the mobility of
strontium-90-contaminated groundwater is reduced through 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 Alternative 6a is that even though the strontium-90 PRG
may be met in groundwater within a shorter timeframe (190 years based on Cmax), 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 area until strontium-90 within the apatite matrix decays
to the protective level (193 years).

The volume of apatite-forming chemicals that would be injected (227,125 L [60,000 gal] per well) would
result in a strontium-90 flux increase that could result in concentration increases in shoreline groundwater
and seep locations. 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. 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 shoreline by the large injection volumes. A rigorous engineering design may be able to
moderate the flux increase, but the risk that Alternative 6a could result in a significant release of
strontium-90 and other trace metals to the river remains.
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Under Alternative 6a, 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 2a to 4a. 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.

Alternative 6a 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 decommissioning, and remediation-derived
waste management could require a 15- to 25-year duration, even with multiple drill rigs and injection
skids.

The present value cost for the major components of Alternative 6a includes the following:
e Waste sites/continuing sources: $40 million

e Groundwater plumes: $382 million

e Total alternative cost: $422 million

3.6.3.7 Alternatives Carried Forward for Detailed Analysis

Based on the results of the remedial action alternatives screening evaluation as summarized in

Table 3-10, Alternatives 1 through 4a will be carried forward for detailed analysis in Chapter 4 of this
100-N RI/FS Report Addendum. Alternatives 5a and 6a were screened out based on a low ranking for
implementability and present value costs of $837 million (Alternative 5a) and $422 million (Alternative 6a),
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 3-9) range as follows:

e Alternative 1: between 240 years (C90) and 290 years (Cmax)
e Alternatives 2a through 4a: between 250 years (C90) and 290 years (Cmax)
e Alternative 5a: between 230 years (C90) to 290 years (Cmax)
e Alternative 6a: between 130 years (C90) to 190 years (Cmax)

Of the strontium-90 technologies retained from the screening presented in Chapter 8 of the 100-N RI/FS
Report, none meet 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 6a, 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 Alternatives 2a through 4a.
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Screening Summary

Cost (millions)
Waste Sites/ Carried Forward
Continuing for Detailed
Alternative | Effectiveness Implementability Sources Groundwater | Total Analysis
1 Low Low $0 $0 $0 Yes, per the NCP
2a Moderate High $16 $33 $49 Yes
3a Moderate-High High $41 $46 $86 Yes
4a Moderate Moderate $424 $45 $469 Yes
5a Low-Moderate Low $792 $45 $837 No
6a Moderate Low $40 $382 $422 No

NCP: National Contingency Plan
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4 Revised Detailed and Comparative Analysis

This chapter presents the detailed and comparative analysis of the revised remedial action alternatives
retained from the screening performed in Section 3.6 of this 100-N RI/FS Report Addendum. The revised
alternative components are evaluated in this chapter against seven of the nine CERCLA criteria
described in the NCP (40 CFR 300.430(e)(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
100-N RI/FS Report Addendum.

The following sections summarize the detailed analysis of the revised alternative components while the
tables referenced in each section present a detailed analysis for each of the revised alternatives.

The 100-N RI/FS Report should be consulted for additional information on the CERCLA evaluation
criteria, the ratings used to support the alternative rankings, and the detailed and comparative analysis for
the alternative components that have not changed.

4.1 Alternative 1 — No Further Action

Alternative 1 was not modified for this 100-N RI/FS Report Addendum; therefore, the detailed analysis
presented in the 100-N RI/FS Report is still applicable.

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

Alternative 2 in the 100-N RI/FS Report was modified to create Alternative 2a for this 100-N RI/FS Report
Addendum by:

e Adding MNA and ICs for the 100-N-108 waste site. The excavation and irrigation restriction IC would
be implemented and maintained for 132 years (year 2149) for the shallow (4.6 m [15 ft]) depth interval
and for 105 years (year 2122) for the deep (>4.6 m [15 ft]) depth interval until strontium-90
concentrations decay to the residential PRG.

e Adding shallow RTD for the 100-N-109 and 100-N-110 waste sites. The total in-place volume of
COPC contaminated soil to be excavated and disposed at ERDF for both waste sites is estimated at
95 m3 (3,350 ft3 or 124 yd3).

e Removing the 360 m (1,180 ft) apatite PRB extension and decommissioning the 162 injection wells
previously installed to support construction of a 760 m (2,500) apatite PRB. The strontium-90
groundwater-use restriction IC would also include a shallow/deep excavation restriction to prevent
inadvertent intrusion into the existing 311 m (1,020 ft) apatite PRB for the 290-year IC duration.

The following subsections present a detailed analysis for the Alternative 2a components previously
described. The balance of the Alternative 2a detailed evaluation for the remaining components that have
not changed is narratively described in the 100-N RI/FS Report and presented in Table 4-1.

4.21 Threshold Criteria Evaluation

Evaluation of the Alternative 2a waste site components against the CERCLA threshold criteria (Table 4-1)
shows that human health and the environment are protected by implementing and maintaining excavation
and irrigation restriction ICs at the 100-N-108 waste site until radioactive decay reduces strontium-90
concentrations to values corresponding to an ELCR <1x10 in timeframes between 105 years (deep
depth interval) and 132 years (shallow depth interval). At the 100-N-109 and 100-N-110 waste sites,
human health is protected using shallow RTD to remove contaminated soil, presumed to contain COPCs
at concentrations above direct contact PRGs, and treatment of this material to meet land disposal
restrictions and waste acceptance criteria prior to ERDF disposal.

4-1



DOE/RL-2012-15-ADD1, DRAFT A
JANUARY 2025

This page intentionally left blank.

4-2



DOE/RL-2012-15-ADD1, DRAFT A
JANUARY 2025

Table 4-1. Detailed Evaluation for Alternative 2a: ICs and Shallow RTD for Waste Sites; with MNA and ICs (Cr(VI), Nitrate, TPH, Tritium, and Strontium-90) for Groundwater

Detailed Analysis

Criterion Rating Waste Sites Groundwater Plumes
Threshold Criteria
Overall protection of human health and Yes e Excavation restriction ICs protect human health by controlling access at 8 shallow and 21 deep | ¢ Groundwater-use restriction ICs would be implemented and maintained to protect current and future human health until
the environment radionuclide-contaminated waste sites to prevent exposure until radioactive decay reduces groundwater PRGs are achieved in the aquifer through MNA within timeframes of 15 years for tritium, 40 years for nitrate,
concentrations to direct contact PRGs and ICs are no longer needed. 60 years for Cr(VI), 100 years for TPH, and 290 years for Sr-90. The Sr-90 groundwater-use restriction IC would also
« Shallow RTD protects human health and the environment by removing COPC-contaminated soil prevent shallow/deep excavation within the existing apatite PRB footprint. A groundwater-use restriction for Cr(VI) is not
at the seven post-ROD waste sites, treating the soil as necessary to meet LDRs and waste required as current/future concentrations are projected to remain below the 48 pg/L risk-based concentration.
acceptance criteria, and transporting the soil to ERDF for disposal. * There is no unacceptable ecological risk present along the shoreline or in the river.
e There is no current or future unacceptable risk to terrestrial ecological receptors from the e Tritium and TPH concentrations at the river are projected to decline from current levels; therefore, no future unacceptable
waste sites. ecological risk occurs.
o Irrigation restriction ICs reduce the potential for leaching at waste sites with TPH and Sr-90 « Nitrate and Cr(VI) concentrations are projected to increase from current levels; however, the C90 concentration, which is
contamination at depths >4.6 m (15 ft). This contamination does not pose a direct contact risk. more representative of an ecological EPC, remains below the nitrate 88,600 pg/L surface water effect level
As the native vegetation is restored and natural infiltration rates decline, leaching to groundwater |  (Figure 5-49[b] in the 100-N RI/FS Report) and the Cr(VI) 10 ug/L PRG. Therefore, ecological receptors and the
will decrease. The presence of deep waste site TPH and Sr-90 contamination, and a presumed environment are protected.
nitrate continuing source, increases the aquifer restoration timeframe by an estimated 5 years o The existing apatite PRB protects a 311 m (1,020 ft) section of the shoreline by reducing Sr-90 plume expansion in this
for Sr-90, 10 years for nitrate, and 75 years for TPH. area and reducing Sr-90 concentrations in groundwater.
Compliance with ARARs Yes  Direct contact PRGs for radionuclide COCs would be met in shallow soil in timeframes between | e Chemical-specific ARARs would be met in groundwater in timeframes of 15 years for tritium, 40 years for nitrate, 60 years
6 years (year 2023) and 62 years (year 2149). for Cr(VI1), 100 years for TPH, and 290 years for Sr-90.The groundwater-use restriction IC for Sr-90 will include a
o Direct contact and/or groundwater protection PRGs for three post-ROD waste sites would be shallow/deep excavation restriction for the existing apatite PRB segment and would be maintained for 290 years until
met within 5 years of RD/RA work plan approval and for the 2607-FSM and 600-339 post-ROD Sr-90 concentrations decrease to the residential PRG.
waste sites in year 2078 when the fire station is decommissioned.
e TPH and Sr-90 concentrations for the deep waste sites would attenuate below groundwater
protection PRGs within 132 years (year 2149).
o The alternative would be designed and implemented per an approved RD/RA work plan to comply with action- and location-specific ARARs.
Balancing Criteria
Long-term effectiveness and Good

permanence

Magnitude of residual risk

Radioactive decay at the shallow waste sites with radionuclide COCs would result in no residual
risk exceeding the upper bound of the CERCLA risk range at completion of the remedial action.
Shallow RTD at the post-ROD waste sites would result in no residual risk following completion of
RTD activities.

Previous bioventing has largely addressed the mobile TPH fraction; thus, the potential for
migration is low. TPH-contaminated soil occurs at depths >4.6 m (15 ft); therefore, the potential
for direct contact exposure is low.

TPH or Sr-90 concentrations for the shallow 100-N-108 shoreline and deep waste sites, and
continuing sources, would attenuate below groundwater SSLs* and PRGs by the time remedial
action is complete.

e Cr(VI), tritium, nitrate, and TPH concentrations in the aquifer are reduced to PRGs, which represent concentrations
protective of human health and the environment.

* Sr-90 concentrations are reduced through apatite sequestration within the existing 311 m (1,020 ft) section of the apatite
PRB and throughout the plume by radioactive decay achieving levels that are protective of human health and the
environment at the end of the decay period.

e Fate and transport modeling shows that waste sites and/or continuing sources with TPH and Sr-90 concentrations greater
than groundwater protection PRGs do no prevent attainment of groundwater PRGs.
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Table 4-1. Detailed Evaluation for Alternative 2a: ICs and Shallow RTD for Waste Sites; with MNA and ICs (Cr(VI), Nitrate, TPH, Tritium, and Strontium-90) for Groundwater

Detailed Analysis

Criterion Rating Waste Sites Groundwater Plumes
Adequacy and reliability of controls * Shallow excavation restriction ICs at eight waste sites required for up to 132 years (year 2149). | e ICs have been successfully implemented at the Hanford Site and are expected to be reliable for the specified durations.
e Irrigation restriction ICs at 12 waste sites required for up to 132 years (year 2149). e The Cr(VI), tritium, nitrate, and TPH plumes are largely commingled with Sr-90; therefore, the groundwater-use restriction
« Deep excavation ICs maintained for up to 70,887 years (year 72904) to prevent exposure until IC would have to be maintained for 290 years until Sr-90 concentrations decay to the PRG. The size of the
radionuclide concentrations decay below direct contact PRGs at 20 deep radionuclide waste groundwater-use restriction IC could be periodically reduced as the Sr-90 plume shrinks in response to radioactive decay.
sites. e The groundwater-use restriction IC will also include a shallow and deep excavation restriction for the existing apatite PRB
o ICs have been successfully implemented at the Hanford Site and are expected to be reliable for footprint to prevent inadvertent intrusion.
the foreseeable future. * The groundwater-use restriction IC will be implemented, maintained, updated, and enforced as described for the waste
o Waste site ICs will be implemented in an integrated manner to ensure they are effective, sites.
properly maintained, inventoried, periodically reevaluated, and modified as necessary to reflect
changes in conditions. DOE will seek funding to maintain the ICs as long as necessary
(DOE P 454.1).
e DOE/RL-2001-41 describes how DOE-HFO will implement and maintain waste site-specific ICs
per the 100-N ROD. The Sitewide IC Plan will be updated within 180 days after the 100-N ROD
is issued to reflect 100-N specific IC requirements.
Reduction of TMV through treatment Fair

Treatment process used and materials
treated

Amount of hazardous material destroyed
or treated

Degree of expected reduction in TMV

Degree to which treatment is irreversible

Active treatment for excavated soil will be performed as necessary to meet applicable LDRs and
waste acceptance criteria prior to ERDF disposal.

Passive treatment includes radioactive decay at 8 shallow and 20 deep waste sites without
human intervention.

o Passive treatment through MNA includes (1) anaerobic reduction of nitrate to nitrogen gas; (2) abiotic/biotic reduction of
Cr(VI) to trivalent chromium; (3) aerobic/anaerobic biodegradation of TPH to carbon dioxide, methane, and water; and
(4) radioactive decay of tritium to helium, and Sr-90 to yttrium.

Active treatment of Sr-90-contaminated groundwater performed through apatite sequestration (sorption and incorporation)
within the existing apatite PRB segment.

The total volume of contaminated soil excavated, treated as necessary to meet LDRs and waste
acceptance criteria, and disposed at ERDF for the seven post-ROD waste sites is estimated at
14,895 m3 (19,524 yd?).

The contaminated soil volume at the shallow waste sites that would undergo radioactive decay
is estimated at <111,800 m® (144,900 yd®).

Estimated areas of passive treatment through MNA in 2018 (100-N RI/FS Report) and 2022 (DOE/RL-2022-40):
— Cr(VI)>10 pg/L = 57 ha (141 ac) and not reported

— Tritium >20,000 pCi/L = 0.3 ha (1 ac) and 1.0 ha (2.5 ac)

— Nitrate >45,000 pg/L = 58.4 ha (144 ac) and 64 ha (158 ac)

— TPH >500 pg/L = 1.6 ha (4 ac) and 2.0 ha (4.9 ac)

— Sr-90 >8 pCi/L = 62.3 ha (154 ac) and 62 ha (153 ac)

Toxicity and volume of radionuclide COCs present at shallow waste sites, addressed by ICs, are

eliminated through radioactive decay. Sr-90, the primary radionuclide soil COC, has low mobility.

COPC toxicity at the post-ROD waste sites is reduced through incidental blending of
contaminated and uncontaminated soil during excavation, and during treatment as necessary to
meet LDRs and waste acceptance criteria prior to ERDF disposal. Mobility is reduced through
ERDF disposal while contaminated soil volume may increase based on field screening results.

* MNA (abiotic/biotic) reduction reduces Cr(VI) toxicity and mobility by transforming it to trivalent chromium.

* MNA (aerobic/anaerobic biodegradation) of TPH-contaminated groundwater reduces toxicity by lowering concentrations
to the PRG. Mobility is also reduced as the soluble and mobile constituents are the first to be degraded. TMV reduction
occurs more rapidly within the fringe (aerobic zone) portion of the plume.

MNA (aerobic/anaerobic biodegradation) of nitrate-contaminated groundwater, primarily where it is commingled with TPH
(anaerobic conditions), reduces toxicity by lowering concentrations. Similarly, mobility and volume are also reduced.
Where nitrate is present and TPH is absent, less nitrate TMV reduction occurs.

Sr-90 toxicity is reduced in shoreline (flood zone) groundwater through apatite sequestration, which also decreases Sr-90
mobility and volume, within the existing 311 m (1,020 ft) section.

Sr-90 TMV is reduced in upland groundwater through radioactive decay. Sr-90 has relatively low mobility in the upland
portion of the aquifer.

Tritium TMV is reduced rapidly through radioactive decay.

Active treatment of COPC-contaminated soil excavated at the post-ROD waste sites to meet
LDRs and waste acceptance criteria, as necessary, is irreversible.

e Passive treatment through radioactive decay is irreversible.

* Passive treatment through abiotic/biotic transformation of Cr(VI), nitrate, and TPH, and radioactive decay of tritium and
Sr-90 is irreversible.

Sr-90 incorporated into the apatite crystalline matrix within the existing 311 m (1,020 ft) segment is irreversible. Sr-90
sorbed to noncrystalline apatite may partition back into groundwater, but the rate of desorption is expected to be low and
likely offset by radioactive decay.
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Table 4-1. Detailed Evaluation for Alternative 2a: ICs and Shallow RTD for Waste Sites; with MNA and ICs (Cr(VI), Nitrate, TPH, Tritium, and Strontium-90) for Groundwater

Detailed Analysis

Criterion Rating Waste Sites Groundwater Plumes
Type and quantity of residuals remaining o No residuals posing a threat to human health and the environment would remain at the end of o Low levels of Cr(VI), nitrate, and TPH below PRGs would remain after passive treatment as would low levels of Sr-90. No
after treatment the remedial action. tritium residuals would remain due to the short half-life relative to the total remedy duration.
e Up to 93,000 kg of nitrate and 77,000 kg of TPH (Table 5-25 in the 100-N RI/FS Report) e Low levels of Sr-90 between 1 pCi/L and the 8 pCi/L DWS would persist for up to 100 years after remedial action is
potentially transformed to nitrogen gas, carbon dioxide, water, and methane at the deep waste complete.
sites and continuing sources. © Sr-90 incorporated into the existing 311 m (1,020 ft) apatite PRB would radioactively decay with no hazardous residuals.
e An estimated 604 Ci (year 2023) of Sr-90 and 0.6 Ci (year 2018) of tritium would undergo Residual apatite would remain within the PRB segment, but this would not pose a threat to human health and the
radioactive decay at waste sites and continuing sources. environment.
Short-term effectiveness Fair

Time until PRGs are achieved (baseline
year is 2017)

Protection of community during
remedial actions

Protection of workers during
remedial actions

Environmental impacts

Shallow soil PRGs are met in timeframes between 6 and 132 years at the waste sites with
radionuclide COC concentrations corresponding to an ELCR >1x10.

Shallow soil PRGs are met at five post-ROD waste sites within 5 years of RD/RA work plan
approval and year 2078 for 2607-FSM and 600-339 during fire station decommissioning.
Shallow soil Sr-90 direct contact PRG achieved through radioactive decay at 100-N-108 in
132 years (year 2149); well within the 290-year shallow/deep excavation restriction IC duration
maintained for the existing apatite PRB in the Sr-90 plume groundwater-use restriction IC.
Groundwater protection PRGs met in timeframes between 42 years (100-N-66) to 132 years
(100-N-108) including 50 years for the four deep TPH waste sites (116-N-2, UPR-100-N-5,
UPR-100-N-17, UPR-100-N-25).

Direct contact PRGs in deep soil would be met in timeframes between 6 years (116-N-4) to
>200 years at consolidated waste sites 100-N-66/UPR-100-N-35, and >300 years at 116-N-1,
116-N-3, UPR-100-N-4, UPR-100-N-8, and UPR-100-N-31.

* Based on Cmax concentration, PRGs are met in the aquifer in the following timeframes: tritium in 15 years, nitrate in 40
years, Cr(VI) in 60 years, TPH in 100 years, and Sr-90 in 290 years.

e The existing apatite PRB, and radioactive decay, reduce Sr-90 concentrations along a 311 m (1,020 ft) section of the
100-N shoreline.

Due to the remote location of the waste sites and restricted access to the Hanford Site, there
would be negligible impacts to the general community during the remedial action. Additionally,
the waste sites, transport routes, and ERDF will be under access control further limiting potential
for community exposure.

* Upwelling of Cr(Vl), nitrate, tritium, and TPH-contaminated groundwater to the Columbia River occurs along river bottom;
therefore, the potential for direct contact exposure at concentrations that could result in unacceptable risk to recreational
users is low.

e Sr-90 discharge to the river is reduced along a 311 m (1,020 ft) section of the shoreline by the existing apatite PRB.

Hanford Site workers follow a rigorous health and safety plan and employ personal protective equ
Hanford Site workers.

ipment that reduces the potential for exposure. Periodic groundwater monitoring activities would pose minimal hazard to

Nominal effects associated with handling of COPC-contaminated soil during RTD of the
post-ROD waste sites. Engineering controls would be implemented to prevent COPC release
during the remedial action.

* C90 concentrations, which are more representative of the EPC an ecological receptor would encounter, would persist as
follows:
— Cr(VI): Modeling projects concentrations will remain below 10 pg/L for the duration of the remedial action.
— Tritium: Concentrations above the aquatic BCG are not present at 100-N at the shoreline and river boundary.
— Nitrate: Concentrations above the 88,600 pg/L aquatic effect level would continue for an estimated timeframe of

10 years (Figure 5-50[b] in the 100-N RI/FS Report) at the shoreline and 0 years (Figure 5-51[b] in the 100-N RI/FS
Report) at the river boundary.

— TPH: Concentrations above the 500 pg/L groundwater PRG would continue for an estimated timeframe of 20 years at
the shoreline and 0 years at the river boundary.

— Sr-90: Cmax (Peak) concentrations above the 278 pCilL riparian animal BCG would continue for 50 years (Figure
5-29 in the 100-N RI/FS Report) at the shoreline and 30 years (Figure 5-30 in the 100-N RI/FS Report) at the river
boundary.
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Table 4-1. Detailed Evaluation for Alternative 2a: ICs and Shallow RTD for Waste Sites; with MNA and ICs (Cr(VI), Nitrate, TPH, Tritium, and Strontium-90) for Groundwater

Criterion

Rating

Detailed Analysis

Waste Sites

| Groundwater Plumes

Implementability

Ability to construct and operate
the technology

Reliability of the technology

Ease of undertaking additional remedial
actions, if necessary

Ability to monitor effectiveness 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

Availability of prospective technologies

Good

ICs and shallow RTD are established technologies widely used at the Hanford Site.

e Groundwater monitoring (sampling and laboratory analysis) and data evaluation procedures are well established for the
Hanford Site.

ICs for radionuclide COCs and shallow RTD for COPC-contaminated waste sites are very
reliable under the conditions where the waste sites are located.

o Radioactive decay of tritium and strontium-90 is reliable.
o Abiotic/biotic transformation of Cr(VI) and nitrate is reliable where co-located with TPH.
* Aerobic and anaerobic biodegradation of TPH is well understood based on interim action experience at 100-N.

Additional response actions, such as shallow RTD, could be readily implemented at the
remaining shallow waste sites, if necessary, where ICs are proposed.

* Additional monitoring wells and aquifer tubes, and plugging and abandonment of existing wells, can be readily performed
to respond to changed site conditions.

Radioactive decay is well defined and does not require monitoring to confirm effectiveness.
The Hanford Site has a well-established program to monitor IC effectiveness sitewide.

e Groundwater monitoring (sampling and analysis) to confirm tritium and Sr-90 radioactive decay, abiotic/biotic Cr(VI)
reduction, and nitrate and TPH biodegradation, and to track plume migration is readily performed.

* Approvals from other agencies are not expected to hinder implementability.

A known traditional cultural property within the area of potential effect may require additional stakeholder consultation and mitigation activities, which could delay implementation of the remedy.

Not applicable; no offsite waste shipment occurs. All excavated soil disposed at ERDF.

e Purge water generated from groundwater sampling activities would be managed in accordance with current practices.

Equipment and manpower are readily available using existing Hanford Site resources.

Each of the key technologies (ICs, MNA, and shallow RTD) are readily available using onsite and subcontractor resources.

Deep Waste Site Excavation Deep Waste Site/Continuing Source | Groundwater ICs and Apatite PRB
Estimated cost (base year 2018) Shallow Waste Site ICs Shallow Waste Site RTD Restriction ICs Groundwater Protection ICs Injection Well Decommissioning Total
Capital cost $0 $11,000,000 $0 $0 $9,000,000 $20,000,000
Total annual O&M and periodic cost (nondiscounted) $6,000,000 $0 $16,000,000 $11,000,000 $100,000,000 $134,000,000
Present worth cost $2,000,000 $8,000,000 $3,000,000 $3,000,000 $33,000,000 $49,000,000
Nondiscounted cost $6,000,000 $11,000,000 $16,000,000 $11,000,000 $110,000,000 $154,000,000

Modifying Criteria

State acceptance

Community acceptance

Not
evaluated

Cannot be evaluated prior to the public comment period held following issuance of the proposed plan.

References: DOE P 454.11, Use of Institutional Controls.
DOE/RL-2001-41, Rev. 10, Sitewide Institutional Controls Plan for Hanford CERCLA Response Actions and RCRA Corrective Actions.
DOE/RL-2022-40, Hanford Site Groundwater Monitoring Report for 2022.
*For groundwater protection, the term “SSL” refers to a PRG value calculated for an irrigation land-use scenario, used to represent residential use. The term “PRG” refers to a PRG value calculated for conservation with native vegetation land use.

ARAR: applicable or relevant and appropriate requirement

BCG: biota concentration guideline

CERCLA: Comprehensive Environmental Response, Compensation, and Liability Act
Cmax: highest model cell COC concentration in the model domain

C90: 90" percentile model cell COC concentration in model domain

COC: contaminant of concern
COPC: contaminant of potential concern
DOE: U.S. Department of Energy

DOE-HFO: U.S. Department of Energy, Hanford Field Office

DWS: drinking water standard
ELCR: excess lifetime cancer risk
EPC: exposure point concentration

PRG: preliminary remediation goal

RD/RA: remedial design/remedial action
RI/FS: remedial investigation/feasibility study
ROD: record of decision

ERDF: Environmental Restoration Disposal Facility

IC: institutional control
LDR: land disposal restriction

MNA: monitored natural attenuation
O&M: operations and maintenance
PRB: permeable reactive barrier

RTD: removal, treatment, and disposal
SSL: soil screening level

TMV: toxicity, mobility, and volume
TPH: total petroleum hydrocarbons
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Evaluation of the Alternative 2a groundwater (e.g., eliminate the apatite PRB extension and
decommission the 162 injection wells) component against the CERCLA threshold criteria (Table 4-1)
shows that human health is protected by maintaining a groundwater-use restriction IC for up to 290 years
that prevents groundwater withdrawals until MNA (radioactive decay) reduces strontium-90
concentrations in groundwater to the 8 pCi/L PRG. The groundwater-use restriction IC also protects
human health by implementing and maintaining a shallow/deep excavation restriction IC for the existing
apatite PRB footprint for 290 years until radioactive decay decreases strontium-90 concentrations to
values corresponding to an ELCR <1x10-. Although no unacceptable ecological radiological risk was
identified in the 100-N RI/FS Report, the existing apatite PRB protects the environment along a 311 m
(1,020 ft) section of the 100-N shoreline by reducing strontium-90 concentrations in shoreline
groundwater. Decommissioning of the 162 injection wells protects human health by eliminating a potential
contaminated groundwater direct contact pathway. Injection well decommissioning also protects the
environment by eliminating a potential surface water migration pathway during 100-year flood events.

Alternative 2a complies with chemical-specific ARARs by achieving residential soil-based PRGs in
shallow soil within timeframes of 5 to 132 years, and the strontium-90 DWS within 290 years based on
the groundwater modeling Cmax concentration projections. Compliance with location- and action-specific
ARARs would be met through design and implementation of Alternative 2a in accordance with an
approved RD/RA work plan.

4.2.2 Balancing Criteria Evaluation

Evaluation of Alternative 2a modifications against the CERCLA balancing criteria (Table 4-1) of long-term
effectiveness and permanence indicates these components perform fair with minor disadvantages
attributed primarily to the duration of the 132-year shallow excavation restriction IC for 100-N-108 and
290-year groundwater-use restriction IC for the strontium-90 plume. The strontium-90 present in
100-N-108 waste site soil and 100-N groundwater has a known and relatively short half-live of 29.1 years;
therefore, no residual risk above the upper bound of the CERCLA risk range would remain at the end of
the decay period. Shallow RTD for 100-N-109 and 100-N-110 eliminates the presumed direct contact risk
from COPC-contaminated soil. Decommissioning of the injection wells eliminates a potential human
health direct contact exposure and floodwater migration pathway. Although the modified alternative
components only earned a fair rating, the overall good rating for Alternative 2a based on all components
remains unchanged from the good rating provided for Alternative 2 in the 100-N RI/FS Report.

Evaluation of the Alternative 2a modifications against the CERCLA balancing criterion of reduction of
TMV through treatment (Table 4-1) indicates these components perform fair with some disadvantages or
uncertainties. Waste site soil PRGs are achieved through passive treatment (radioactive decay) and
active treatment (as necessary) of excavated COPC-contaminated soil prior to ERDF disposal.

The strontium-90 groundwater PRG is achieved through passive (radioactive decay) and active treatment
(apatite sequestration) within the existing 311 m (1,020 ft) apatite PRB segment that spans about 46%
(676 m [2,200 ft]) of the 100-N shoreline where strontium-90 concentrations exceed the 8 pCi/L PRG but
are below the 53,900 pCi/L aquatic animal BCG. The fair rating for the modified Alternative 2a
components, and all Alternative 2a components, is the same as the fair rating provided for Alternative 2 in
the 100-N RI/FS Report.

4-7
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Evaluation of Alternative 2a modifications against the CERCLA balancing criterion of short-term
effectiveness (Table 4-1) indicates this alternative performs fair with some disadvantages. Waste site
shallow soil PRGs are achieved within 5 years of RD/RA work plan approval at the 100-N-109 and
100-N-110 waste sites, and within 132 years at the 100-N-108 waste site. Based on groundwater
modeling projections, radioactive decay will reduce strontium-90 concentrations as follows (Figure 4-1):

e Agquifer. Based on the Cmax concentrations, the 8 pCi/L PRG would be met in 290 years.

e Shoreline. Based on the Cmax concentration, the 8 pCi/L PRG would be met in about 223 years and
the 278 pCi/L riparian animal BCG in 55 years. Based on the C90 concentration, which is more
representative of an ecological exposure concentration, the riparian animal BCG would be met in
about 11 years (year 2029).

e River. The Cmax and C90 concentrations are currently and projected to remain below the
53,900 pCi/L aquatic animal BCG.

The Alternative 2a modifications protect the community and workers during remedial action because a
maijority of the waste site COC concentration reduction occurs in situ, thus minimizing community and
worker exposure. Shallow RTD at the 100-N-109 and 100-N-110 waste sites includes removal of 95 m?3
(124 yd3) of COPC-contaminated soil and could be accomplished in several days. Therefore, the potential
for community and worker exposure is very low. Exposure would be further reduced by engineering
controls. For injection well decommissioning, use of an overdrilling method would generate well casing
and annular fill material waste but limited strontium-90-contaminated groundwater. Waste management
controls (e.g., personal protective equipment, covered waste storage bins, and wattles) will protect
workers and the environment during decommissioning operations. The fair rating for the modified
Alternative 2a components, and all Alternative 2a components, is the same as the fair rating provided for
Alternative 2 in the 100-N RI/FS Report.

Evaluation of Alternative 2a modifications against the CERCLA balancing criterion (Table 4-1) of
implementability indicates these components perform good with minor disadvantages or uncertainties.
Waste site IC, RTD, and well decommissioning are routinely performed at the Hanford Site. A known
traditional cultural property within the apatite PRB injection well decommissioning area may require
additional stakeholder consultation and mitigation activities, which could delay implementation of this
Alternative 2a component, creating some uncertainty. The good rating for the modified Alternative 2a
components, and all Alternative 2a components, is the same as the good rating provided for Alternative 2
in the 100-N RI/FS Report.

The total present worth cost of Alternative 2a is estimated at $49 million.® This includes $10 million for
the shallow waste site IC and RTD components, $3 million for deep waste site radionuclide ICs, $3 million
for TPH and strontium-90 deep waste site/continuing source ICs, and $33 million for groundwater.

For groundwater, $7 million of the total cost is for decommissioning of the 162 apatite PRB injection

wells ($43,000 per well) with the balance attributed to the MNA and ICs component (Table 4-1).

The Alternative 2a total present value cost of $49 million is significantly lower than the $96 million
presented for Alternative 2 in the 100-N RI/FS Report. This difference is largely attributed to the
difference in the interest or discount rate of 0.6% used for the 100-N RI/FS Report and 2.5% used for the
100-N RI/FS Report Addendum. The difference in the discount rates is especially evident given the
300-year Alternative 2/2a lifecycle.

5 Breakout of the alternatives total present value cost into different categories results in minor cost differences from
those presented in Chapter 3 due to rounding.
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Figure 4-1. Strontium-90 Concentration Projections for Alternatives 2a and 3a with the Existing 311 m (1,020 ft) Apatite PRB

4-9



O~NO OB W N~

A A A
WN -0

14
15

16
17
18
19
20
21
22
23
24
25
26

27

28
29
30

DOE/RL-2012-15-ADD1, DRAFT A
JANUARY 2025

4.3 Alternative 3a - ICs, Shallow RTD, and Bioventing for Waste Sites; with MNA and ICs (Cr(VI),
Nitrate, Tritium, and Strontium-90), and Biosparging (TPH) for Groundwater

The Alternative 3a modifications and detailed analysis of the modifications are the same as described for
Alternative 2a. The total present worth cost of Alternative 3a is estimated at $86 million. This includes
$22 million for the shallow waste site IC and RTD components, $3 million for deep waste site radionuclide
ICs, $16 million for TPH bioventing and strontium-90 deep waste site/continuing source ICs, and

$46 million for groundwater. For groundwater, $7 million of the total cost is for decommissioning of the
162 apatite PRB injection wells ($43,000 per well) with the balance attributed to the MNA and ICs
component (Table 4-2). The Alternative 3a total present value cost of $86 million is significantly lower
than the $138 million presented for Alternative 3 in the 100-N RI/FS Report. This difference is largely
attributed to the difference in the interest or discount rate of 0.6% used for the 100-N RI/FS Report and
2.5% used for the 100-N RI/FS Report Addendum. The difference in the discount rates is especially
evident given the 300-year Alternative 3/3a lifecycle.

4.4 Alternative 4a - ICs, Shallow/Deep RTD, and Bioventing for Waste Sites; with MNA and ICs
(Cr(VI), Nitrate, Tritium, and Strontium-90), and Biosparging (TPH) for Groundwater

The Alternative 4a modifications and detailed analysis of the modifications are the same as described for
Alternative 2a. The total present worth cost of Alternative 4a is estimated at $469 million. This includes
$22 million for the shallow waste site IC and RTD components, $3 million for deep waste site radionuclide
ICs, $399 million for TPH bioventing and strontium-90 deep waste site/continuing source ICs and RTD,
and $45 million for groundwater. For groundwater, $7 million of the total cost is for decommissioning of
the 162 apatite PRB injection wells ($43,000 per well) with the balance attributed to the MNA and ICs
component (Table 4-3). The Alternative 4a total present value cost of $469 million is significantly lower
than the $518 million presented for Alternative 4 in the 100-N RI/FS Report. This difference is largely
attributed to the difference in the interest or discount rate of 0.6% used for the 100-N RI/FS Report and
2.5% used for the 100-N RI/FS Report Addendum. The difference in the discount rates is especially
evident given the 300-year Alternative 4/4a lifecycle.

4.5 Comparative Evaluation of Modified Alternatives

Because the modified components of Alternatives 2a, 3a, and 4a are all the same, there is no need to
perform a comparative analysis of these components. An updated summary of the comparative analysis
of these alternatives is provided in Table 4-4.
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Table 4-2. Detailed Evaluation for Alternative 3a: ICs, Shallow RTD, and Bioventing for Waste Sites; with MNA and ICs (Cr(VI), Nitrate, Tritium, and Strontium-90), and Biosparging (TPH) for Groundwater

Detailed Analysis

Criterion Rating Waste Sites Groundwater Plumes
Threshold Criteria

Overall protection of human health and Yes « Excavation restriction ICs protect human health by controlling access to 4 shallow and 21 deep | » Groundwater-use restriction ICs would be implemented and maintained to protect current and future human health until

the environment radionuclide-contaminated waste sites to prevent exposure until radioactive decay reduces groundwater PRGs are met in the aquifer through MNA in timeframes of 15 years for tritium, 40 years for nitrate, and 290
concentrations to direct contact PRGs and controls are no longer needed. years for Sr-90. The Sr-90 groundwater-use restriction IC would also prevent shallow/deep excavation within the existing

e Shallow RTD protects human health and the environment by removing COPC-contaminated soil apatite PRB footprint. A groundwater-use restriction for Cr(V1) is not required as current/future concentrations are
at the seven post-ROD waste sites and the four waste sites that require >30 years for COC projected to remain below the 48 ug/L risk-based concentration.
concentrations to decay to an ELCR <1x10*. Excavated soil is treated as necessary to meet  Biosparging for TPH-contaminated groundwater achieves the groundwater PRG in the aquifer within 25 years.
LDRs and waste acceptance criteria and transported to ERDF for disposal. « There is no current unacceptable ecological risk present at the shoreline or in the river.
* There is no current or future unacceptable risk to terrestrial ecological receptors from the waste | 4 Tritium concentrations at the river are projected to decline from current levels and then increase in year 10 but remain
sites. well below the aquatic BCG.
* Bioventing protects the environment by remediating TPH-contaminated soil at one deep waste | 4 Nitrate and Cr(VI) concentrations are projected to increase from current levels; however, the C90 concentration (which is
site (UPR-100-N-17) that poses a leaching threat to groundwater. more representative of an ecological EPC) remains below the nitrate 88,600 pg/L surface water effect level
o Irrigation restrictions ICs reduce the potential for leaching at deep waste sites with TPH and (Figure 5-49[b] in the 100-N RI/FS Report) and the Cr(VI) 10 pg/L PRG. Therefore, ecological receptors and the
Sr-90 contamination at depths >4.6 m (15 ft). This contamination does not pose a direct contact environment are protected.
risk. As the native vegetation is restored and infiltration rates decline, leaching to groundwater e The existing apatite PRB protects a 311 m (1,020 ft) section of the shoreline by slowing expansion of the Sr-90 plume and
rates will decrease. The presence of deep waste Sr-90 contamination and a presumed nitrate reducing concentrations in groundwater.
continuing source increases the aquifer restoration timeframe by an estimated 5 years for Sr-90
and 10 years for nitrate. This estimate is within the range of groundwater modeling uncertainties
indicating negligible groundwater impacts.

Compliance with ARARs Yes « Direct contact PRGs for three waste sites with radionuclide COC concentrations that would ¢ Chemical-specific ARARs would be met in groundwater based on the Cmax concentration in timeframes of 15 years for
require <30 years to decay to an ELCR <1x10* would be achieved in shallow soil in timeframes tritium, 25 years for TPH, 40 years for nitrate, 60 years for Cr(VI), and 290 years for Sr-90.The groundwater-use
between 6 (year 2023) and 21 years (year 2038). restriction IC for Sr-90 will include a shallow/deep excavation restriction for the existing apatite PRB segment and would

« Direct contact PRGs for four shallow waste sites with radionuclide COCs that require >30 years | be maintained for 290 years until Sr-90 concentrations decrease to the residential PRG.
to decay to an ELCR <1x10* would be achieved within 5 years of RD/RA work plan approval
using RTD.

 Direct contact and groundwater protection PRGs for COPCs would be achieved using RTD
within 5 years of RD/RA work plan approval at the 600-348, 100-N-109, and 100-N-110 waste
sites, in 25 years (year 2042) at 100-N-107/100-N-84:10, and in 61 years (year 2078) during fire
station decommissioning at the 2607-FSM and 600-339 waste sites.

» Groundwater protection PRGs would be achieved at the deep TPH waste sites (116-N-2,
UPR-100-N-5, UPR-100-N-25) within 15 years, and UPR-100-N-17 waste site within 25 years.

e The Sr-90 groundwater protection PRG would be achieved in timeframes ranging from 8 years
(116-N-3 deep 5) to 132 years (100-N-108).

e The alternative would be designed and implemented per an approved RD/RA work plan to comply with action- and location-specific ARARs.

Balancing Criteria
Long-term effectiveness and Superior

permanence

Magnitude of residual risk

Radioactive decay at the shallow waste sites with radionuclide COC concentrations
corresponding to an ELCR >1x10* would decrease to levels that would result in no residual risk
exceeding the upper bound of the CERCLA risk range at completion of the decay period

(132 years).

Shallow RTD at the waste sites with COC concentrations corresponding to an ELCR >1x10*
that require >30 years to decay, and the post-ROD waste sites, would result in no residual risk
following completion of RTD activities.

Bioventing reduces TPH concentrations in deep waste site soil achieving a higher level of
groundwater cleanup (see Figure 10-2 in the 100-N RI/FS Report).

e Sr-90 concentrations at the shoreline and deep waste sites would naturally attenuate to SSLs*
and PRGs through radioactive decay by the time remedial action is complete.

e Cr(VI), tritium, nitrate, and TPH concentrations in the aquifer are reduced to PRGs, which represent concentrations
protective of human health and the environment.

e Sr-90 concentrations are reduced through apatite sequestration within the existing 311 m (1,020 ft) section of the apatite
PRB and throughout the plume by radioactive decay achieving levels that are protective of human health and the
environment at the end of the decay period.

e Fate and transport modeling shows that waste sites and/or continuing sources with Sr-90 concentrations greater than the
groundwater protection PRG do not prevent attainment of the groundwater PRG.
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Table 4-2. Detailed Evaluation for Alternative 3a: ICs, Shallow RTD, and Bioventing for Waste Sites; with MNA and ICs (Cr(VI), Nitrate, Tritium, and Strontium-90), and Biosparging (TPH) for Groundwater

Detailed Analysis

Criterion Rating Waste Sites Groundwater Plumes
Adequacy and reliability of controls  Shallow excavation restriction ICs required at four waste sites for up to 132 years (year 2149).  ICs have been successfully implemented at the Hanford Site and are expected to be reliable for the foreseeable future.
e [rrigation restriction ICs at 11 waste sites required for up to 132 years (year 2149). e The Cr(VI), tritium, nitrate, and TPH plumes are largely commingled with Sr-90; therefore, the groundwater-use restriction
« Deep excavation ICs would be maintained to prevent exposure until radionuclide concentrations IC would have to be maintained for 290 years until Sr-90 concentrations decay to the PRG. The size of the
decay below direct contact PRGs at 21 deep radionuclide waste sites (estimated year 72904). groundwater-use restriction IC can be periodically reduced as the Sr-90 plume shrinks in response to radioactive decay.
« ICs have been successfully implemented at the Hanford Site and are expected to be reliable for | ® The groundwater-use restriction IC will also include a shallow and deep excavation restriction for the existing apatite PRB
the foreseeable future. footprint to prevent inadvertent intrusion.
« Waste site ICs will be and implemented in an integrated manner to ensure they are effective, ¢ The groundwater-use restriction IC will be implemented, maintained, updated, and enforced as described for the waste
properly maintained, inventoried, periodically reevaluated, and modified as necessary to reflect sites.
changes in conditions. DOE will seek funding to maintain the ICs as long as necessary
(DOE P 454.1).
e The Sitewide IC Plan (DOE/RL-2001-41) describes how DOE-HFO will implement and maintain
waste site-specific ICs per the 100-N ROD. The Sitewide IC Plan will be updated within
180 days after the 100-N ROD is issued to reflect 100-N specific IC requirements.
Reduction of TMV through treatment Good

Treatment process used and materials
treated

Amount of hazardous material destroyed
or treated

Degree of expected reduction in TMV

Degree to which treatment is irreversible

o Active treatment of TPH-contaminated soil is performed through bioventing.

o Active treatment for COC- and COPC-contaminated soil excavated from the waste sites will be
performed as necessary to meet LDRs and waste acceptance criteria prior to ERDF disposal.

» Passive treatment includes radioactive decay at 4 shallow and 20 deep waste sites without
human intervention.

Active treatment of TPH-contaminated groundwater performed through biosparging.
Active treatment of Sr-90-contaminated groundwater performed through apatite sequestration (sorption and incorporation)
within the existing apatite PRB segment.

 Passive treatment includes anaerobic reduction of nitrate to nitrogen gas, abiotic/biotic reduction of Cr(VI) to trivalent
chromium, and radioactive decay of tritium to helium, and Sr-90 to yttrium.

« The total volume of contaminated soil excavated and treated as necessary to meet LDRs and
waste acceptance criteria, prior to ERDF disposal, for the four waste sites requiring >30 years
for radionuclide COCs to decay to an ELCR >1x10* and the seven post-ROD waste sites is
estimated at 42,145 m® (55,124 yd®).

e The contaminated soil volume at the waste sites that would undergo radioactive decay is
estimated at <94,700 m* (124,900 yd®).

¢ The total volume of TPH-contaminated soil treated is estimated at <38,200 m® (50,000 yd?).

» Estimated area of active treatment in 2018 (100-N RI/FS Report) and 2022 (DOE/RL-2022-40):
— TPH >500 pg/L = 1.6 ha (4 ac) and 2.0 ha (4.9 ac)
« Estimated areas of passive treatment through MNA in 2018 (100-N RI/FS Report) and 2022 (DOE/RL-2022-40):
— Cr(VI)>10 pg/L = 57 ha (141 ac) and not reported
- Tritium >20,000 pCi/L = 0.3 ha (2.5 ac) and 1.0 ha (2.5 ac)
— Nitrate >45,000 ug/L = 58.4 ha (144 ac) and 64 ha (158 ac)
— Sr-90 >8 pCi/L = 62.3 ha (154 ac) and 62 ha (153 ac)

e Toxicity and volume of radionuclide COCs present at shallow waste sites addressed through ICs
is eliminated by radioactive decay. Sr-90, the primary radionuclide soil COC, has low mobility.

* COC/COPC toxicity at four waste sites and seven post-ROD waste sites is reduced prior to
ERDF disposal though incidental blending of contaminated and uncontaminated soil during
excavation and during treatment as necessary to meet LDRs and waste acceptance criteria prior
to ERDF disposal. Mobility is reduced through ERDF disposal while contaminated soil volume
may increase based on field screening results.

e TMV of deep TPH-contaminated soil is reduced to concentrations protective of groundwater.

« MNA (abiotic/biotic) reduction reduces Cr(VI) toxicity and mobility by transforming it to trivalent chromium.

Biosparging of TPH-contaminated groundwater reduces TMV throughout the plume. Toxicity is eliminated by treatment to
the PRG.

MNA (aerobic/anaerobic biodegradation) of nitrate-contaminated groundwater, primarily where commingled with TPH
(anaerobic conditions), reduces toxicity by lowering concentrations. Similarly, mobility and volume are also reduced.
Where nitrate is present, and TPH is absent, less nitrate TMV reduction occurs.

e Sr-90 toxicity is reduced in shoreline (flood zone) groundwater through apatite sequestration, which also decreases Sr-90
mobility and volume within the existing 311 m (1,020 ft) section.

Sr-90 TMV is reduced in upland groundwater through radioactive decay. Sr-90 has relatively low mobility in the upland
portion of the aquifer.

Tritium TMV is reduced rapidly through radioactive decay.

o Active treatment of COC-contaminated soil excavated at the waste sites with ELCR >1 x 10
that require more than 30 years to decay and COPCs at the post-ROD waste sites to meet LDRs
and waste acceptance criteria, as necessary, is irreversible.

« Aerobic biodegradation of deep TPH-contaminated soil is irreversible.
« Passive treatment through radioactive decay is irreversible.

« Active treatment of TPH through aerobic biodegradation, and passive treatment through abiotic/biotic transformation of
nitrate, and radioactive decay of tritium and Sr-90 is irreversible.

« Passive treatment through abiotic/biotic transformation of Cr(VI) to trivalent chromium, and nitrate to nitrogen gas, and

radioactive decay of tritium and Sr-90 is irreversible.

Sr-90 incorporated into the apatite crystalline matrix within the existing 311 m (1,020 ft) segment is irreversible. Sr-90

sorbed to noncrystalline apatite may partition back into groundwater, but the rate of desorption is expected to be low and

likely offset by radioactive decay.
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Table 4-2. Detailed Evaluation for Alternative 3a: ICs, Shallow RTD, and Bioventing for Waste Sites; with MNA and ICs (Cr(VI), Nitrate, Tritium, and Strontium-90), and Biosparging (TPH) for Groundwater

Detailed Analysis

Criterion Rating Waste Sites Groundwater Plumes
Type and quantity of residuals remaining « No residuals posing a threat to human health and the environment would remain at the end of o Low levels of Cr(VI), nitrate, and TPH below PRGs would remain after passive treatment. No tritium residuals would
after treatment the remedial action. remain due to the short half-life relative to the total remedy duration.
« Up to 93,000 kg of nitrate and 77,000 kg of TPH (Table 5-25 in the 100-N RI/FS Report) e Low levels of Sr-90 between 1 pCi/L and the 8 pCi/L DWS would persist for up to 100 years after remedial action is
potentially transformed to nitrogen gas, carbon dioxide, water, and methane at the deep waste complete.
sites and continuing sources. « Sr-90 incorporated into the existing 311 m (1,020 ft) apatite PRB would radioactively decay with no residuals. Residual
e An estimated 604 Ci of Sr-90 (year 2023) and 0.6 Ci (year 2018) of trititum would undergo apatite would remain within the PRB segment, but this would not pose a threat to human health and the environment.
radioactive decay at waste sites and continuing sources.
Short-term effectiveness Good

Time until PRGs are achieved (baseline
year is 2017)

Protection of community during
remedial actions

Protection of workers during
remedial actions

Environmental impacts

e Shallow soil PRGs are achieved in timeframes between 6 (year 2023) and 132 (year 2149)
years at waste sites with COC concentrations corresponding to an ELCR >1x10*.

» Shallow soil PRGs achieved through RTD at six post-ROD waste sites in 25 years (year 2042)
and in 61 years (year 2078) for 5 waste sites.

o Shallow soil Sr-90 PRG achieved by radioactive decay at waste site 100-N-108 in 132 years
(year 2149); well within the 290-year shallow/deep excavation restriction IC duration maintained
for the existing apatite PRB in the Sr-90 plume groundwater-use restriction IC.

e The groundwater protection PRG for TPH achieved at the 116-N-2, UPR-100-N-5, and
UPR-100-N-25 waste sites within 15 years, and within 25 years for the UPR-100-N-17 waste
site.

e Groundwater protection PRGs achieved in timeframes between 42 years (100-N-66) to
132 years (100-N-108) including 15/25 years for the four deep TPH waste sites (116-N-2,
UPR-100-N-5, UPR-100-N-17, and UPR-100-N-25).

e Direct contact PRGs would be achieved in timeframes between 6 years (116-N-4) to >200 years
at consolidated waste sites 100-N66/-UPR-100-N-35, and >300 years at 116-N-1, 116-N-3,
UPR-100-N-4, UPR-100-N-8, and UPR-100-N-31.

e Based on the Cmax concentration, PRGs met in the aquifer in timeframes of 15 years for tritium, 25 years for TPH,
40 years for nitrate, 60 years for Cr(VI), and 290 years for Sr-90.

» The existing apatite PRB, and radioactive decay, reduce the C90 Sr-90 concentration along a 311 m (1,020 ft) section of
the 100-N shoreline.

« Due to the remote location of the waste sites, and restricted access to the Hanford Site, there
would be negligible impacts to the general community during the remedial action. Additionally,
the waste sites, transport routes, and ERDF will be under access control further limiting potential
for community exposure.

o Upwelling of Cr(VI), nitrate- and tritium-contaminated groundwater to the Columbia River occurs along the river bottom;
therefore, the potential for direct contact exposure at concentrations that could result in unacceptable risk to recreational
users is low.

e Sr-90 discharge to the river is reduced along a 311 m (1,020 ft) section of the shoreline by the existing apatite PRB.

« Hanford Site workers follow a rigorous health and safety plan and employ personal protective equ
Hanford Site workers.

ipment that reduces the potential for exposure. Periodic groundwater monitoring activities would pose minimal hazard to

« Nominal effects associated with handling of COPC- and COC-contaminated soil during RTD of
the post-ROD waste sites and waste sites with concentrations corresponding to an ELCR
>1x10*. Engineering controls would be implemented to prevent COPC release during the
remedial action.

e C90 concentrations, which are more representative of the EPC an ecological receptor would encounter in shoreline
groundwater, would persist as follows:

- Cr(VI): Model project concentrations will remain below the 10 pg/L for the duration of the remedial action.
— Tritium: Concentrations above the aquatic BCG are not present at 100-N.

Nitrate: Concentrations above the 88,600 pg/L aquatic effect level would continue for <10 years (Figure 5-50[b] in the
100-N RI/FS Report) at the shoreline and 0 years (Figure 5-51[b] in the 100-N RI/FS Report) at the river boundary.

— TPH: Concentrations above the 500 pg/L groundwater PRG would continue for estimated timeframes of 19 years at
the shoreline and 0 years at the river boundary.

Sr-90: Cmax (Peak) concentrations above the 278 pCi/L BCG would continue for 50 years (Figure 5-29 in the
100-N RI/FS Report) at the shoreline and 30 years (Figure 5-30 in the 100-N RI/FS Report) at the river boundary.
e Biosparging within the TPH plume footprint will result in localized groundwater elevation mounding around the injection

wells resulting in rewetting of the lower vadose zone and potential release of Sr-90.
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Table 4-2. Detailed Evaluation for Alternative 3a: ICs, Shallow RTD, and Bioventing for Waste Sites; with MNA and ICs (Cr(VI), Nitrate, Tritium, and Strontium-90), and Biosparging (TPH) for Groundwater

Criterion

Rating

Detailed Analysis

Waste Sites

Groundwater Plumes

Implementability

Ability to construct and operate
the technology

Reliability of the technology

Ease of undertaking additional remedial
actions, if necessary

Ability to monitor effectiveness 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

Fair

¢ ICs and shallow RTD are established technologies widely used at the Hanford Site.
e Bioventing has previously been implemented at 100-N.

« Biosparging has not previously been used at the Hanford Site, but the technology is widely used at other CERCLA sites
with TPH and BTEX groundwater contamination and is relatively simple to operate with minimal O&M required.

« Groundwater monitoring (sampling and laboratory analysis) and data evaluation procedures are well established for
the Hanford Site.

e |Cs for radionuclide COCs at waste sites with decay timeframes of <30 years are reliable.

e Shallow RTD for COC- and COPC-contaminated waste sites is very reliable at the Hanford Site.

« Based on its relative simplicity, bioventing is a reliable technology with minimal O&M
requirements.

« Radioactive decay of tritium and Sr-90 is reliable.

 Abiotic/biotic transformation of Cr(VI) and nitrate where co-located with TPH is reliable. Rates of transformation are less
certain but can be reliably estimated through sampling and analysis methods.

» Based on its relative simplicity, aerobic biodegradation of TPH via biosparging is reliable. Biodegradation rates are
estimated through sampling and analysis.

« Modification of ICs is readily performed.
« Modification of shallow RTD response actions is readily performed during implementation using
field screening methods.

« Bioventing expansion, change to pulsed operations, and partial shutdown represent potential
modifications that could occur over the remedy lifecycle; actions that are readily implemented.

« Additional monitoring wells and aquifer tubes, and plugging and abandonment of existing wells, can be readily performed
to respond to changed site conditions.

« Biosparging expansion, change to pulsed operations, and partial shutdown represent potential modifications that may
occur over the remedy lifecycle; actions that are readily implemented.

» Radioactive decay is well defined and does not require monitoring to confirm effectiveness.
» The Hanford Site has a well-established program to monitor IC effectiveness sitewide.
e Confirmation sampling is used to assess RTD effectiveness.

« Monitoring of bioventing performance is readily accomplished using subsurface, multi-level
vapor monitoring probes.

« Groundwater monitoring (sampling and analysis) to confirm tritium and Sr-90 radioactive decay, abiotic/biotic Cr(V1)
reduction, and nitrate and TPH biodegradation, and to track plume migration is readily performed.
« Biosparging effectiveness readily assessed through periodic groundwater sampling and analysis.

« Approvals from other agencies are not expected to hinder implementability.

e A known traditional cultural property within the area of potential effect may require additional stakeholder consultation and mitigation activities, which could delay implementation of the remedy.

« Not applicable; no offsite waste shipment occurs. All excavated soil disposed at ERDF.

« Biosparging does not generate waste streams requiring disposal during remedial action
operations.

e Purge water generated from groundwater sampling activities would be managed in accordance with current practices.
« Biosparging does not generate waste stream requiring disposal during remedial action operations.

« Equipment and manpower are readily available using existing Hanford Site and offsite subcontractor resources.

Availability of prospective technologies

o Each of the key technologies (ICs, MNA, shallow RTD, and bioventing/biosparging) are readily available using onsite and offsite subcontractor resources.
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Table 4-2. Detailed Evaluation for Alternative 3a: ICs, Shallow RTD, and Bioventing for Waste Sites; with MNA and ICs (Cr(VI), Nitrate, Tritium, and Strontium-90), and Biosparging (TPH) for Groundwater
Detailed Analysis
Criterion Rating Waste Sites Groundwater Plumes
Deep Waste Site Groundwater ICs, Biosparging, and

Excavation Restriction Deep Waste Site/Continuing Source Apatite PRB Injection Well
Estimated Cost (base year 2018) Shallow Waste Site ICs Shallow Waste Site RTD ICs Groundwater Protection ICs and Bioventing Decommissioning Total
Capital cost $0 $27,000,000 $0 $1,000,000 $17,000,000 $45,000,000
Total annual O&M and periodic cost (nondiscounted) $5,000,000 $0 $16,000,000 $26,000,000 $105,000,000 $152,000,000
Present worth cost $1,000,000 $21,000,000 $3,000,000 $16,000,000 $46,000,000 $86,000,000
Nondiscounted cost $5,000,000 $27,000,000 $16,000,000 $32,000,000 $121,000,000 $196,000,000

Modifying Criteria

State acceptance Not

evaluated

Community acceptance

Cannot be evaluated prior to the public comment period held following issuance of the proposed plan.

References: DOE P 454.1, Use of Institutional Controls.

DOE/RL-2001-41, Rev. 10, Sitewide Institutional Controls Plan for Hanford CERCLA Response Actions and RCRA Corrective Actions.

DOE/RL-2022-40, Hanford Site Groundwater Monitoring Report for 2022.

*For groundwater protection, the term “SSL” refers to a PRG value calculated for an irrigation land-use scenario, used to represent residential use. The term “PRG” refers to a PRG value calculated for conservation with native vegetation land use.

ARAR: applicable or relevant and appropriate requirement

BCG: biota concentration guideline

BTEX: benzene, toluene, ethylbenzene, and xylenes

CERCLA: Comprehensive Environmental Response, Compensation, and Liability Act
C90: 90" percentile model cell COC concentration in model domain
Cmax: highest model cell COC concentration in the model domain
COC: contaminant of concern

COPC: contaminant of potential concern

DOE: U.S. Department of Energy

DOE-HFO: U.S. Department of Energy, Hanford Field Office

DWS: drinking water standard

ELCR: excess lifetime cancer risk

EPC: exposure point concentration

ERDF: Environmental Restoration Disposal Facility

IC: institutional control

LDR: land disposal restriction

MNA: monitored natural attenuation
O&M: operations and maintenance
PRB: permeable reactive barrier

PRG: preliminary remediation goal
RD/RA: remedial design/remedial action
RI/FS: remedial investigation/feasibility study
ROD: record of decision

RTD: removal, treatment, and disposal
SSL: soil screening level

TMV: toxicity, mobility, and volume
TPH: total petroleum hydrocarbons
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Table 4-3. Detailed Evaluation for Alternative 4a: ICs, Shallow/Deep RTD, and Bioventing for Waste Sites; with MNA and ICs (Cr(VI), Nitrate, Tritium, and Strontium-90), and Biosparging (TPH) for Groundwater

Detailed Analysis

Criterion Rating Waste Sites Groundwater Plumes
Threshold Criteria
Overall protection of human health and Yes e Excavation restriction ICs protect human health by controlling access to 4 shallow | ¢ A groundwater-use restriction IC would be implemented and maintained to protect current and future human health until groundwater
the environment and 17 deep radionuclide-contaminated waste sites to prevent exposure until PRGs are met in the aquifer through MNA in timeframes of 15 years for tritium, 40 years for nitrate, and 290 years for Sr-90. The Sr-90
radioactive decay reduces concentrations to direct contact PRGs and controls are groundwater-use restriction IC would also prevent shallow/deep excavation within the existing apatite PRB footprint. A
no longer needed. groundwater-use restriction for Cr(VI) is not required as current/future concentrations are projected to remain below the 48 pg/L
o Shallow RTD protects human health and the environment by removing risk-based concentration.
COPC-contaminated soil at the seven post-ROD waste sites and the four waste e Biosparging for TPH-contaminated groundwater achieves the groundwater PRG within 25 years.
sites that require >30 years for COC concentrations to decay to levels o There is no current unacceptable ecological risk present at the shoreline or in the river.
corresponding to an ELCR <1x10. Excavated soil is treated as necessary to -, ) I h ’ ; ’ ]
meet LDRs and waste acceptance criteria and transported to ERDF for disposal. | * ;I;]rétlggnu;(t)igc;gteratlons at the shoreline are projected to decline from current levels and then increase in year 10 but remain well below
° ;I;grenrethlz nw(;;:grsei{\et;?r future unacceptable risk to terrestrial ecological receptors « Nitrate and Cr(VI) concentrations are projected to rise from current levels; however, the C90 concentration, which is more
X i X - . i representative of an ecological EPC, remains below the 88,600 pg/L surface water effect level (Figure 5-49[b] in the 100-N RI/FS
* Bioventing protects the environment by remediating TPH-contaminated soil that Report) and the Cr(VI) 10 pg/L PRG. Therefore, ecological receptors and the environment are protected.
poses a leaching threat to groundwater. - § . . . . .
X . e The existing apatite PRB protects a 311 m (1,020 ft) section of the shoreline by slowing expansion of the Sr-90 plume and reducing
e Deep RTD at the 116-N-1 Crib/Trench, the 116-N-3 Cnb,l UPR-100»N-ft, concentrations in groundwater.
UPR-100-N-8, and UPR-100-N-31 removes about 354 Ci of the 655 Ci of Sr-90
(year 2018) estimated to be present at 100-N. This contamination occurs at
depths >4.6 m (15 ft), so it does pose a direct contact risk. Groundwater modeling
indicates that removal of this material shortens the groundwater remediation
timeframe in the aquifer by <4 years based on Cmax. At the shoreline, the
timeframe to meet the riparian animal BCG is reduced from 39 to 38 years based
on Cmax.
e Some deep waste site Sr-90 contamination will remain at depths >4.6 m (15 ft);
therefore, it does not pose a direct contact risk. As the native vegetation is
restored and infiltration rates decline, leaching to groundwater rates will decrease.
The presence of deep waste Sr-90 contamination and a presumed nitrate
continuing source increases the aquifer restoration timeframe by an estimated 5
years for Sr-90 and 10 years for nitrate. This estimate is within the range of
groundwater modeling uncertainties indicating negligible groundwater impacts.
Compliance with ARARs Yes * Direct contact PRGs for four waste sites with radionuclide COC concentrations * Chemical-specific ARARs would be met in groundwater in timeframes of 15 years for tritium, 25 years for TPH, 30 years for nitrate,

that require <30 years to decay to an ELCR <1x10* would be met in shallow soil
in timeframes between 6 (year 2023) and 21 years (year 2038).

Direct contact PRGs for four shallow waste sites with radionuclide COC
concentrations that require >30 years to decay to an ELCR <1x10* would be met
within 5 years of RD/RA work plan approval.

Direct contact and groundwater protection PRGs for COPCs would be met using
RTD within 5 years of RD/RA work plan approval at six waste sites, in 25 years
(year 2042) at 100-N-107/100-N-84:10, and in 61 years (year 2078) during fire
station decommissioning at the 2607-FSM, 600-348, and 600-339 waste sites.

Groundwater protection PRGs would be met at the deep TPH waste sites
(116-N-2, UPR-100-N-5, UPR-100-N-25) within 15 years and the UPR-100-N-17
waste site within 25 years.

Due to the large volume of Sr-90-contaminated soil associated with the

116-N-1 Crib and Trench, the 116-N-3 Crib, and
UPR-100-N-4/UPR-100-N-8/UPR-100-N-31, it would take up to 15 years following
RD/RA work plan approval for deep RTD to meet the groundwater protection
PRG.

and 290 years for Sr-90.

* The groundwater-use restriction IC for Sr-90 will include a shallow/deep excavation restriction for the existing apatite PRB segment
and would be maintained for 290 years until Sr-90 concentrations decrease to the residential PRG.

e The alternative would be designed and implemented per an approved RD/RA work plan to comply with action- and location-specific ARARs.
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Table 4-3. Detailed Evaluation for Alternative 4a: ICs, Shallow/Deep RTD, and Bioventing for Waste Sites; with MNA and ICs (Cr(VI), Nitrate, Tritium, and Strontium-90), and Biosparging (TPH) for Groundwater

Criterion

Rating

Detailed Analysis

Waste Sites

Groundwater Plumes

Balancing Criteria

Long-term effectiveness and
permanence

Magnitude of residual risk

Adequacy and reliability of controls

Fair

* Radioactive decay at the shallow waste sites with radionuclide COC
concentrations corresponding to an ELCR >1x10* would decrease concentrations
to levels that would result in no residual risk exceeding the upper bound of the
CERCLA risk range at completion of the decay period (132 years).

Shallow RTD at the waste sites with COC concentrations corresponding to an
ELCR >1x10* that require >30 years to decay, and the post-ROD waste sites,
would result in no residual risk following completion of RTD activities.

Bioventing reduces TPH concentrations in deep waste site soil achieving a higher
level of groundwater cleanup (Figure 10-2 in the 100-N RI/FS Report).

While a large fraction of the Sr-90 inventory (354 of 655 Ci) would be removed
through deep RTD activities, removal of this material does not lower residual risk
as the contamination occurs at depths >4.6 m (15 ft) and is relatively immobile.

Tritium, nitrate, and TPH concentrations in the aquifer are reduced to groundwater PRGs, which represent concentrations protective of
human health and the environment.

Sr-90 concentrations are reduced through apatite sequestration within the existing 311 m (1,020 ft) section of the apatite PRB and
throughout the plume by radioactive decay, achieving levels that are protective of the environment within 5 years of apatite PRB
build-out.

Fate and transport modeling shows that Sr-90 present at waste sites and/or continuing sources does not affect long-term
protectiveness.

Shallow excavation restriction ICs required at four waste sites for up to 132 years
(year 2149).

Irrigation restriction ICs required at six waste sites for up to 132 years

(year 2149).

* Deep excavation ICs would be maintained to prevent exposure until radionuclide
concentrations decay below direct contact PRGs at 16 deep radionuclide waste
sites for 294 years (year 2311).

ICs have been successfully implemented at the Hanford Site and are expected to
be reliable for the foreseeable future.

Waste site ICs will be and implemented in an integrated manner to ensure they
are effective, properly maintained, inventoried, periodically reevaluated, and
modified as necessary to reflect changes in conditions. DOE will seek funding to
maintain the ICs as long as necessary (DOE P 454.1).

The Sitewide IC Plan (DOE/RL-2001-41) describes how DOE-HFO will implement
and maintain waste site-specific ICs per the 100-N ROD. The Sitewide IC Plan
will be updated within 180 days after the 100-N ROD is issued to reflect 100-N
specific IC requirements.

ICs have been successfully implemented at the Hanford Site and are expected to be reliable for the foreseeable future.

The Cr(VI), tritium, nitrate, and TPH plumes are largely commingled with Sr-90; therefore, the groundwater-use restriction IC would
have to be maintained for 290 years until Sr-90 concentrations decay to the PRG. The size of the groundwater-use restriction IC can
be periodically reduced as the Sr-90 plume shrinks in response to radioactive decay.

The groundwater-use restriction IC will also include a shallow and deep excavation restriction for the existing apatite PRB footprint to
prevent inadvertent intrusion.

The groundwater-use restriction IC will be implemented, maintained, updated, and enforced as described for the waste sites.
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Table 4-3. Detailed Evaluation for Alternative 4a: ICs, Shallow/Deep RTD, and Bioventing for Waste Sites; with MNA and ICs (Cr(VI), Nitrate, Tritium, and Strontium-90), and Biosparging (TPH) for Groundwater

Criterion

Rating

Detailed Analysis

Waste Sites

Groundwater Plumes

Reduction of TMV through treatment

Treatment process used and materials
treated

Amount of hazardous material destroyed
or treated

Degree of expected reduction in TMV

Degree to which treatment is irreversible

Type and quantity of residuals remaining
after treatment

Fair

o Active treatment of TPH-contaminated soil is performed through bioventing.

e COC- and COPC-contaminated soil excavated from the four shallow waste sites
and five post-ROD waste sites, along with Sr-90-contaminated material from the
116-N-1 and 116-N-3 deep waste sites, will be performed as necessary to meet
LDRs and waste acceptance criteria prior to ERDF disposal.

Passive treatment includes radioactive decay at four shallow and 16 deep waste
sites.

Active treatment of TPH-contaminated groundwater is performed through biosparging.

Active treatment of Sr-90-contaminated groundwater is performed through apatite sequestration (sorption and incorporation) within the
existing apatite PRB segment.

Passive treatment includes (1) anaerobic reduction of nitrate to nitrogen gas, (2) abiotic/biotic reduction of Cr(VI) to trivalent chromium,
and (3) radioactive decay of tritium to helium and of Sr-90 to yttrium.

The total volume of contaminated soil excavated and disposed at ERDF for the
four waste sites with radionuclide COC concentrations corresponding to an ELCR
>1x10* and the seven post-ROD sites is estimated at 42,145 m® (55,124 yd®).
The total volume of TPH, nitrate, and Sr-90-contaminated soil that would be
disposed at ERDF from the 116-N-1 and 116-N-3 deep waste sites is estimated at
905,000 m? (1.2 million yd®).

The contaminated soil volume at the waste sites that would undergo radioactive
decay is estimated at <97,400 m® (124,900 yd®).

e The total volume of TPH-contaminated soil treated is estimated at <38,200 m?®
(50,000 yd?).

Estimated area of active treatment in 2018 (100-N RI/FS Report) and 2022 (DOE/RL-2022-40):
TPH >500 pg/L = 1.6 ha (4 ac) and 2.0 ha (4.9 ac)

Estimated areas of passive treatment in 2018 (100-N RI/FS Report) and 2022 (DOE/RL-2022-40):
Cr(VI) >10 pg/L = 57 ha (141 ac) and not reported

Tritium >20,000 pCi/L = 0.3 ha (1 ac) and 1.0 ha (2.5 ac)

Nitrate >45,000 pg/L = 58.4 ha (144 ac) and 64 ha (158 ac)

Sr-90 >8 pCi/lL = 62.3 ha (154 ac) and 62 ha (153 ac)

Toxicity and volume of radionuclide COCs present at shallow waste sites
addressed through ICs is eliminated by radioactive decay. Sr-90, the primary
radionuclide soil COC, has low mobility.

COC and COPC toxicity at the four waste sites with direct contact risk >1x10%,
the seven post-ROD waste sites, and the 116-N-1 and 116-N-3 deep waste sites
is reduced prior to ERDF disposal though incidental blending of contaminated and
uncontaminated soil that occurs during RTD and treatment as necessary to meet
LDRs and waste acceptance criteria prior to ERDF disposal. Mobility is reduced
through ERDF disposal while contaminated soil volume may increase based on
field screening results.

TMV of deep TPH-contaminated soil is reduced through bioventing to
concentrations protective of groundwater.

MNA (abiotic/biotic) reduction reduces Cr(VI) toxicity and mobility by transforming it to trivalent chromium.

Biosparging of TPH-contaminated groundwater reduces TMV throughout the plume. Toxicity is eliminated by treatment to the PRG.
MNA of nitrate-contaminated groundwater, primarily where commingled with TPH (anaerobic conditions), reduces toxicity by lowering
concentrations. Similarly, mobility and volume are also reduced. Where nitrate is present and TPH is absent, less nitrate TMV
reduction occurs.

Sr-90 toxicity is reduced in shoreline (flood zone) groundwater through apatite sequestration, which also decreases Sr-90 mobility and
volume within the existing 311 m (1,020 ft) section.

Sr-90 TMV is reduced in upland groundwater through radioactive decay. Sr-90 has relatively low mobility in the upland portion of the
aquifer.

Tritium TMV is reduced rapidly through radioactive decay.

Active treatment of COC-contaminated soil excavated at the waste sites with
ELCR >1 x 10 that require more than 30 years to decay, Sr-90-contaminated soil
excavated from the 116-N-1 and 116-N-3 deep waste sites, and COPCs
excavated from the post-ROD waste sites to meet LDRs and waste acceptance
criteria, as necessary, is irreversible.

Aerobic biodegradation of deep TPH-contaminated soil is irreversible.

Passive treatment through radioactive decay is irreversible.

e Sr-90 incorporated into the apatite crystalline matrix within the existing 311 m (1,020 ft) segment is irreversible. Sr-90 sorbed to

Active treatment of TPH through aerobic biodegradation and passive treatment through abiotic/biotic transformation of nitrate, and
radioactive decay of tritium and Sr-90, are irreversible.

noncrystalline apatite may partition back into groundwater but the rate of desorption is expected to be low and likely offset by
radioactive decay.

No residuals posing a threat to human health and the environment would remain
at the end of the remedial action.

Up to 93,000 kg of nitrate and 77,000 kg of TPH (Table 5-25 in the 100-N RI/FS
Report) transformed to nitrogen gas, carbon dioxide, water, and methane at the

deep waste sites and continuing sources.

e An estimated 604 Ci of Sr-90 (2023) and 0.6 Ci of tritium (2018) would undergo

radioactive decay at the waste sites, ERDF, and continuing sources with 326 Ci

(2023) undergoing decay at ERDF.

Low levels of nitrate and TPH below PRGs would remain after treatment. No tritium residuals would remain due to the short half-life
relative to the total remedy duration. Low levels of Sr-90 between 1 pCi/L and the 8 pCi/L DWS would persist for up to 100 years after
remedial action is complete.

Sr-90 incorporated into the existing 311 m (1,020 ft) apatite PRB would radioactively decay with no residuals. Residual apatite would
remain within the PRB segment, but this would not pose a threat to human health and the environment.
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Table 4-3. Detailed Evaluation for Alternative 4a: ICs, Shallow/Deep RTD, and Bioventing for Waste Sites; with MNA and ICs (Cr(VI), Nitrate, Tritium, and Strontium-90), and Biosparging (TPH) for Groundwater

Criterion

Rating

Detailed Analysis

Waste Sites

Groundwater Plumes

Short-term effectiveness

Time until PRGs are achieved (baseline
yearis 2017)

Protection of community during
remedial actions

Protection of workers during
remedial actions

Environmental impacts

Fair

o Shallow soil PRGs are met through radioactive decay in timeframes between

6 years (year 2023) and 132 years (year 2149) at waste sites with COC
concentrations corresponding to an ELCR >1x10*.

Shallow soil PRGs are met through RTD at three post-ROD waste sites within

5 years of RD/RA work plan approval, in 25 years (year 2042) at two other
post-ROD waste sites, and in 61 years (year 2078) for the 2607-FSM and
600-339 waste sites during fire station decommissioning.

Shallow soil Sr-90 PRG achieved by radioactive decay at the 100-N-108 waste
site in 132 years (year 2149), well within the 290-year shallow/deep excavation
restriction IC duration maintained for the existing apatite PRB in the Sr-90 plume
groundwater-use restriction IC.

The groundwater protection PRG for TPH achieved at the 116-N-2, UPR-100-N-5,
and UPR-100-N-25 waste sites within 15 years and within 25 years for the
UPR-100-N-17 waste site.

Groundwater protection PRGs met within 15 years of RD/RA work plan approval
at the 116-N-1 Crib and Trench, 116-N-3 Crib, and
UPR-100-N-4/UPR-100-N-8/UPR-100-N-3 waste sites.

Direct contact PRGs would be met within 323 years at four (consolidated waste
sites 100-N-66/UPR-100-N-35, 100-N-63:2, and 116-N-3) waste sites.

* Based on the Cmax, PRGs met in the aquifer in timeframes of 15 years for tritium, 25 years for TPH, 30 years for nitrate, 60 years for
Cr(VI), and 290 years for Sr-90.

* The existing apatite PRB, and radioactive decay, reduce the C90 Sr-90 concentration along a 311 m (1,020 ft) section of the 100-N
shoreline groundwater.

Due to the remote location of the waste sites and restricted access to the Hanford
Site, there would generally be negligible impacts to the general community during
the remedial action. Additionally, the waste sites, transport routes, and ERDF will
be under access control further limiting potential for community exposure.

e Due to the large volume of material that would be excavated at the 116-N-1 and
116-N-3 deep waste site decision units, the potential for worker and community
impacts would be much greater even though engineering controls would be
implemented.

* Upwelling of nitrate and tritium-contaminated groundwater to the Columbia River occurs along the river bottom; therefore, the potential
for direct contact exposure at concentrations that could result in unacceptable risk to recreational users is low.

e Sr-90 discharge to the river is reduced along a 311 m (1,020 ft) section of the shoreline by the existing apatite PRB.

Hanford Site workers follow a rigorous health and safety plan and employ personal
Hanford Site workers.

protective equipment that reduces the potential for exposure. Periodic groundwater monitoring activities would pose minimal hazard to

Potential for greater impacts (airborne Sr-90 release) associated with handling
large volumes of Sr-90-contaminated soil at the 116-N-1 and 116-N-3 deep waste
sites. Also, given the large size of the excavations, the potential for increased
leaching and transport to groundwater during rainfall and snowmelt infiltration
events exists. Engineering controls would be implemented to prevent releases
during shallow and deep RTD activities.

e C90 concentrations, which are more representative of the EPC an ecological receptor would encounter, would persist as follows:
— Tritium: Concentrations above the aquatic BCG are not present at 100-N.

— Nitrate: Concentrations above the 88,600 pg/L aquatic effect level would continue for an estimated 10 years (Figure 5-50[b] in the
100-N RI/FS Report) at the shoreline and 0 years (Figure 5-51[b] in the 100-N RI/FS Report) at the river boundary.

— TPH: Concentrations above the 500 pg/L groundwater PRG would continue for estimated timeframes of 19 years at the shoreline
and 0 years at the river boundary.

Sr-90: Concentrations above the 278 pCi/L BCG would continue for 50 years (Figure 5-29 in the 100-N RI/FS Report) at the
shoreline and 30 years (Figure 5-30 in the 100-N RI/FS Report) at the river boundary.

e Biosparging within the TPH plume footprint will result in localized groundwater elevation mounding around the injection wells, resulting

in rewetting of the lower vadose zone and potential release of Sr-90.
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Table 4-3. Detailed Evaluation for Alternative 4a: ICs, Shallow/Deep RTD, and Bioventing for Waste Sites; with MNA and ICs (Cr(VI), Nitrate, Tritium, and Strontium-90), and Biosparging (TPH) for Groundwater

Criterion

Rating

Detailed Analysis

Waste Sites

Groundwater Plumes

Implementability

Ability to construct and operate
the technology

Reliability of the technology

Ease of undertaking additional remedial
actions, if necessary

Ability to monitor effectiveness 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

Availability of prospective technologies

Poor

ICs and shallow RTD are mature technologies widely used at the Hanford Site.

Deep RTD has been successfully implemented at other 100 Area source OUs but
not at the scale required for 116-N-1 and 116-N-3.

Bioventing previously implemented at 100-N.

* Biosparging has not been previously used at the Hanford Site, but the technology is widely used at other CERCLA sites with TPH and
BTEX groundwater contamination and is relatively simple to operate with minimal O&M required.

Groundwater monitoring (sampling and laboratory analysis) and data evaluation procedures are well established for the Hanford Site.

ICs for radionuclide COCs at waste sites with decay timeframes of <30 years is
reliable.

Shallow RTD for COC- and COPC-contaminated waste sites is very reliable at the
Hanford Site.

Based on its relative simplicity, bioventing is a reliable technology with minimal
O&M requirements.

Deep RTD can also be reliable, but excavation depths to 21 m (69 ft) at 116-N-1
pose greater uncertainty.

o Radioactive decay of tritium and Sr-90 is reliable.

Abiotic/biotic transformation of nitrate where co-located with TPH is reliable. Rates of transformation are less certain but can be reliably
estimated through sampling and analysis methods.

Based on its relative simplicity, aerobic biodegradation of TPH via biosparging is reliable. Biodegradation rates estimated through
sampling and analysis.

Modification of ICs is readily performed.

Modification of shallow RTD response actions is readily performed during
implementation using field screening methods. Modification of deep RTD
excavations poses additional challenges requiring handing of proportionately
larger volumes of material.

Bioventing expansion, change to pulsed operations, and partial shutdown
represent potential modifications that could occur over the remedy lifecycle,
actions that are readily implemented.

Additional monitoring wells and aquifer tubes, and plugging and abandonment of existing wells, can be readily performed to respond to
changed site conditions.

Biosparging expansion, change to pulsed operations, and partial shutdown represent potential modifications that may occur over the
remedy lifecycle, actions that are readily implemented.

Radioactive decay is well defined and does not require monitoring to confirm
effectiveness.

The Hanford Site has a well-established program to monitor IC effectiveness
sitewide.

Confirmation sampling is used to assess shallow and deep RTD effectiveness.

Monitoring of bioventing performance is readily accomplished using subsurface,
multi-level vapor monitoring probes.

Groundwater monitoring (sampling and analysis) to confirm tritium and Sr-90 radioactive decay, nitrate and TPH biodegradation, and
to track plume migration is readily performed.

Biosparging effectiveness is readily assessed through periodic groundwater sampling and analysis.

Approvals from other agencies are not expected to hinder implementability.

A known traditional cultural property within the area of potential effect may require additional stakeholder consultation and mitigation activities, which could delay implementation of the remedy.

Not applicable; no offsite waste shipment occurs. All excavated soil disposed at
ERDF.

Biosparging does not generate waste streams requiring disposal during remedial
action operations.

e Purge water generated from groundwater sampling activities would be managed in accordance with current practices.
e Biosparging does not generate waste stream requiring disposal during remedial action operations.

Equipment and manpower are readily available using existing Hanford Site and offsite subcontractor resources.

Each of the key technologies (ICs, MNA, shallow RTD, and bioventing/biosparging) is readily available using onsite and offsite subcontractor resources.
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Table 4-3. Detailed Evaluation for Alternative 4a: ICs, Shallow/Deep RTD, and Bioventing for Waste Sites; with MNA and ICs (Cr(VI), Nitrate, Tritium, and Strontium-90), and Biosparging (TPH) for Groundwater
Detailed Analysis
Criterion Rating Waste Sites Groundwater Plumes
Shallow Waste Site Shallow Waste Site Deep Waste Site Excavation | Deep Waste Site Groundwater Protection ICs, | Groundwater ICs, Biosparging, and Apatite PRB
Estimated cost (base year 2018) ICs Restriction ICs Bioventing, and RTD Injecti ell D issioning Total Cost
Capital cost $0 $27,000,000 $0 $386,000,000 $17,000,000 $429,000,000
Total annual O&M and periodic cost (nondiscounted) $5,000,000 $0 $16,000,000 $20,000,000 $102,000,000 $144,000,000
Present worth cost $1,000,000 $21,000,000 $3,000,000 $399,000,000 $45,000,000 $469,000,000
Nondiscounted cost $5,000,000 $27,000,000 $16,000,000 $411,000,000 $119,000,000 $573,000,000

Modifying Criteria

State acceptance

Community acceptance

Not evaluated | Cannot be evaluated prior to the public comment period held following issuance of the proposed plan.

References: DOE P 454.1, Use of Institutional Controls.

DOE/RL-2001-41, Rev. 10, Sitewide Institutional Controls Plan for Hanford CERCLA Response Actions and RCRA Corrective Actions.

DOE/RL-2022-40, Hanford Site Groundwater Monitoring Report for 2022.

*For groundwater protection, the term “SSL” refers to a PRG value calculated for an irrigation land-use scenario, used to represent residential use. The term “PRG” refers to a PRG value calculated for conservation with native vegetation land use.

ARAR: applicable or relevant and appropriate requirement

BCG: biota concentration guideline

BTEX: benzene, toluene, ethylbenzene, and xylenes

CERCLA: Comprehensive Environmental Response, Compensation, and Liability Act of 1980
Cmax: highest model cell COC concentration in the model domain
COC: contaminant of concern

COPC: contaminant of potential concern

DOE: U.S. Department of Energy

DOE-HFO: U.S. Department of Energy, Hanford Field Office
DWS: drinking water standard

ELCR: excess lifetime cancer risk

EPC: exposure point concentration

ERDF: Environmental Restoration Disposal Facility

IC: institutional control

LDR: land disposal restriction

MNA: monitored natural attenuation
O&M: operations and management

OU: operable unit

PRB: permeable reactive barrier

PRG: preliminary remediation goal
RD/RA: remedial design/remedial action
RI/FS: remedial investigation/feasibility study
ROD: record of decision

RTD: removal, treatment, and disposal
SSL: soil screening level

TMV: toxicity, mobility, and volume
TPH: total petroleum hydrocarbons
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Criterion

Alternative 1:
No Further
Action

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

Alternative 3a: ICs, Shallow RTD, and Bioventing

for Waste Sites; with MNA and ICs (Cr(VI), Nitrate, Tritium, and
Strontium-90), and Biosparging (TPH) for Groundwater

Alternative 4a: ICs, Shallow/Deep RTD, and Bioventing
for Waste Sites; with MNA and ICs (Cr(VI), Nitrate, Tritium, and
Strontium-90), and Biosparging (TPH) for Groundwater

Key Technologies

Shallow waste sites: radionuclide COCs and
radionuclide/nonradionuclide COPCs

Deep waste sites: radionuclides, TPH, and Sr-90

Groundwater plumes: Cr(VI), nitrate, TPH, tritium,
and Sr-90

Not applicable

ICs (eight waste sites) and shallow RTD (seven waste sites)

ICs (four waste sites) and shallow RTD (11 waste sites)

ICs (four waste sites) and shallow RTD (11 waste sites)

Excavation restriction ICs and irrigation ICs

Excavation restriction ICs, bioventing, and irrigation ICs

Excavation restriction ICs, bioventing, irrigation ICs, and deep
RTD

MNA and ICs, and LNAPL recovery

MNA and ICs, and biosparging

MNA and ICs (IC component includes 100-N-108 waste site),
biosparging, and apatite PRB extension

Threshold Criteria

Protects human health and the environment No Yes Yes Yes

Complies with ARARs No Yes Yes Yes
Balancing Criteria

Long-term effectiveness and permanence Not evaluated Good Superior Fair

Reduction of TMV through treatment Not evaluated Fair Good Fair

Short-term effectiveness Not evaluated Fair Good Fair

Waste site cleanup timeframe (years):
Shallow
Deep
Deep radionuclide only

Not evaluated

6 to 132 (100-N-108)
21 to 401, 43,026 (116-N-1), 70,887 (116-N-3)
20 to 294

6 to 132 (100-N-108)
15 to 401, 43,026 (116-N-1), 70,887 (116-N-3)
20 to 294

6 to 132 (100-N-108)
2110323
20 to 294

Cmax groundwater cleanup timeframe in the
aquifer

15 years (tritium), 40 years (nitrate), 60 years (Cr(VI)),

100 years (TPH), 290 years (Sr-90)

15 years (tritium), 40 years (nitrate),
25 years (TPH), 290 years (Sr-90)

15 years (tritium), 30 years (nitrate),
25 years (TPH), 290 years (Sr-90)

Implementability Not evaluated Good Fair Poor
Cost
Total present worth cost $0 $49,000,000 $86,000,000 $469,000,000
Present worth cost range: — — — —
-30% $0 $34,000,000 $60,000,000 $328,000,000
+50% $0 $73,000,000 $129,000,000 $703,000,000

Modifying Criteria

State acceptance

Community acceptance

Evaluated following issuance of the proposed plan.

Superior = Alternative has no apparent disadvantages or uncertainties

COC: contaminant of concern

COPC: contaminant of potential concern
IC: institutional control

LNAPL: light nonaqueous-phase liquid
MNA: monitored natural attenuation

Good = Alternative has minor disadvantages or uncertainties

PRB: permeable reactive barrier

RTD: removal, treatment, and disposal
TMV: toxicity, mobility, and volume
TPH: total petroleum hydrocarbons

Fair = Alternative has some disadvantages or uncertainties

Poor = Alternative has more disadvantages or uncertainty
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100-N-108, 100-N-109, and 100-N-110 Waste Site Information
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Table A-1. 100-N-108, 100-N-109, and 100-N-110 Waste Site Information

DOE/RL-2012-15-ADD1, DRAFT A

JANUARY 2025

Site Code

Operable
Unit

Site
Dimensions
(m?)

Site History

Status
(Closure
Document)

Basis for
Action

Remedial Action Start
Date

Remedial
Action End
Date

Contaminated Waste Volume to ERDF
(metric tons)

Maximum Depth
of Remedial
Action (m)

coc

Max Concentration
(pCilg, mglkg)

Shallow?

Deep®

100-N-108

100-NR-1

18,000 m?

This site encompasses the Columbia River
shoreline contaminated as a result of contact
with contaminated groundwater flowing from
beneath the 100-N Area towards the river.
The site contains two distinct areas with
known soil contamination: (1) the
contaminated soil in the vicinity of the
riverbank seeps (i.e., N-Springs) in the
100-N Area, and (2) the petroleum-
contaminated soil associated with the
100-N-65 waste site. The soil in the vicinity
of N-Springs became contaminated as a
result of the release of reactor cooling water
and reactor decontamination solutions to the
1301-N LWDF and 1325-N LWDF. The two
LWDFs were designed to remove
radionuclides from the reactor effluent water
using the natural ion-exchange and
adsorptive capacities of the soil below these
facilities. However, a percentage of the
radionuclides were not fully captured in the
soil column and migrated with groundwater
to the shoreline area.

Accepted

Known —
human health
direct contact

Selected remedy in
interim ROD
(EPA/ROD/R10-99/112)
was institutional controls

Year 2149

Volume = 0.5 *(L x W x D)
Volume = 0.5 * (2722 x 22 x (4.6-0.61)) m*
Volume = 119,500 m?®

Volume = 1.4 tons/yd® * 0.91 tons/metric ton
* 156,300 yd*119,500 m*

Volume = 199,126 metric tons

Assume excavation is triangular in shape

0.61 (2 ft) based
on maximum
depth of
contamination

Sr-90

Sr-90

61 pCi/g;
(<1x10*
year 2149)

Sr-90

32 pCilg;
(<1x10*
year 2122)

100-N-109

100-NR-1

74.4 m?

The waste site is two adjacent, posted
Underground Radioactive Material Areas.
The radiologically posted areas were
identified in a 100-N Area known as
URMA-N3 E 571752.8/N 14916925 and
URMA-N4 E 571775.5/N 149169.8. Located
near the north end of the 100-N facility
parking lot.

No radiological survey documents related to
the posted areas could be located.

Accepted

Presumed —
human health
direct contact

RTD — Not remediated

Post-ROD

Volume = (37.2*2) m? * 1.22 m = 90.8 m®
Volume = 1.67 metric tons/m® * 90.8 m*
Volume = 151.6 metric tons

Each area is ~ 37.2 m? (400 ft?)

1.22 m (4 ft) bgs
— based on
surface
unplanned
release

GEA
Sr-90
Metals

Not available

Not
applicable;
shallow
waste site

100-N-110

100-NR-1

3.34 m?

The waste site is a posted Underground
Radioactive Material Area adjacent to a
power pole; near 100-N-83 and 116-N-1,
URMA-NS. The contamination was identified
when a power pole was replaced. The power
pole is supporting an active utility line.

The contaminated soil adjacent to the power
pole may not be addressed until the power
pole is no longer needed. The posted area is
approximately 6 ft by 6 ft.

Accepted

Presumed —
human health
direct contact

RTD — Not remediated

After power
pole is no
longer needed

Volume = (3.34) m?*1.22m=4.1m?
Volume = 1.67 metric tons/m® * 4.1 m*
Volume = 6.8 metric tons

~3.34 m? (36 ft?)

1.22 m (4 ft) bgs
—based on
maximum burial
depth of a power
pole

GEA
Sr-90
Metals

Not available

Not
applicable;
shallow
waste site

Reference: EPA/ROD/R10-99/112, Interim Remedial Action Record of Decision for the 100-NR-1 and 100-NR-2 Operable Units, Hanford Site, Benton County, Washington.
a. Shallow zone soil: soil 0 — 4.6 m (0 — 15 ft) in depth.
b. Deep zone soil: soil greater than 4.6 m (15 ft) in depth.

COC: contaminant of concern

ERDF: Environmental Restoration Disposal Facility

GEA: gamma energy analysis

LWDF: liquid waste disposal facility
ROD: record of decision
RTD: remove, treat, and disposal
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