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DOE. As the lead agency and the party responsit
and selecting the preferred cleanup alternative in
this proposed plan to fulfill the public participati
Comprehensive Environmental Response, Com,
(commonly referred to as "Superfund”) and 40 C
and (3) of the “National Oil and Hazardous Su
CERCLA establishes the broad federal authority
NCP defines the requirements and expectations {

conducting the remedial investigation (RI)
ltation with the EPA, DOE is required to issue
uirements under Section 117 (a) of the

tion, and Liability Act of 1980 (CERCLA)

f Federal Regulations (CFR) 300.430(f) (2)
ces Pollution Contingency Plan” (NCP).
nduct of cleanup at Superfund sites, and the
cleanup.

e EPA. As the lead regulatory agency for these OUs,
Site cleanup. EPA, in consultation with DOE, will
alternative selected for implementation.

\ provides regulatory oversight of the Hanford
are the ROD identifying the cleanup

e Ecology. Washington State Department of Ecolo
Ecology will determine whether the State of Was

s the non-lead regulatory agency for these OUs,
on concurs with the selected alternative.

The 300 Area work has been completed following the LCLA remedial action decision process
(Figure 3). Completion of the RI field work is the firs or step in the CERCLA decision-making
process (Figure 3). The RI fieldwork for this project was completed in 2011 and the RI/FS Report, which
documents the fieldwork, was prepared in support of is proposed plan. The RI/FS Report is available in
the Tri-Party Agreement Administrative Record.

This proposed plan presents cleanup recommendatio!
that DOE will issue for the River Corridor. The conte
plan are based on the recently completed 300 Area R
summarizes the results of previous investigations, rei
being considered for these OUs.

the 3 | Area and is one of six proposed plans
d recommendations contained in this proposed
Report (DOE/RL-2010-99). The RI/FS Report
| actions conducted, and reme«  alternatives

After the Tri-Party agencies consider the comments rec  ‘ed on this proposed plan, they will issue a final
remedy decision identifying the selected remedy for im  mentation. The final remedy decision will
establish cleanup levels (or remediation goals) for all waste sites and groundwater in the 300 Area. The
remedy decisions for each OU will be documented ina D (and depending on the remedy decision for
the 300-FF-1 OU, a ROD amendment, since a ROD alr  y exists for this OU). The ROD and the ROD
Amendment, if necessary, also will contain a responsiv  ss summary presenting Tri-Party agency
responses to comments received during the public comi 1t period.

After issuing the Tri-Party Agreement in 1989, the T:
investigations to address waste site and groundwater
Limited Field Investigations were initiated in the ea
OUs to characterize the nature and extent of contar
primary investigations included the following:

ty agencies prioritized the need for CERCLA
mination in the 300 Area. As a result, RIs and
390s for the 300-FF-1, 300-FF-2, and 300-FF-5
ion in the vadose zone and groundwater. The

o  WHC-SD-EN-TI-052, 1992, Phase I Hydrogeologic Summary of the 300-FF-5 Operable Unit
e DOE/RL-92-43, 1993, Phase I Remedial Investigat  Report for the 300-FF-1 Operable Unit
e DOE/RL-93-21, 1994. Phase 1 Remedial Investigat ~ Report for the 300-FF-5 Operable Unit

e WHC-SD-EN-TI-279, 1994, Summary of Remed.
307 Trenches (316-3) at the 300-FF-2 Operable

vestigations at the 307 Retention Basins and

DOE/RL-2011-47, DRAFT A
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A summary of 300 Area previous investigations and {
DOE/RL-2010-99. These investigations provide infor
vadose zone soil and groundwater, and the threat the «
environment. The findings from these investigations 1
in the 300-FF-1 and 300-FF-5 OUs (EPA/ROD/R10-¢

igs 1s presented in Appendix N (Table N-1) of
n ¢ the nature and extent of contaminants in
minants pose to human health and the

ed in decisions to implement remedial actions
3, Record of Decision for the 300-FF-1 and

300-FF-5 Operable Units, Hanford Site, Benton County, Washington) and in the 300-FF-2 OU

(EPA/ROD/R10-01/119, EPA Superfund Record of D
Washington). A timeline of previous investigations ar
300-FF-5 OUs is presented on Figure 4.

Remedial Actions

The Tri-Party agencies conducted two removal action
the environment from contaminant migration in the 3
Process Trenches in the 300-FF-1 OU (EPA, 1991, A
U.S. Department of Energy (DOE) Hanford Site, Ricl
drums containing uranium-contaminated methyl isob
in the 300-FF-2 OU (DOE, 1991, 618-9 Burial Grou:
expedited response actions, the 300 Area Process Tre:
removed from the 618-9 Burial Ground.

In 1996, as part of the final action ROD for the 300-F
selected for 15 waste sites. The 15 waste sites include
Pond [316-1], North Process Pond [316-2], and 300 2
disposal sites (e.g., 618-4 Burial Ground and 628-4 L.
Tri-Party agencies determined that remediation was ¢

In 1996, the remedy selected in the ROD for interim ac
(EPA/ROD/R10-96/143) was monitored natural attel
The 300-FF-5 OU ROD required continued groundwat

on: Hanford 300-Area, Benton County
nedial actions for the 300-FF-1, 300-FF-2, and

991 tc itigate the threat to human health and
‘ea: (1) removal of soil from the 300 Area
Memorandum: 316-5 Process Trenches,

. Washington); and (2) removal and disposal of
etone ( :xone) from the 618-9 Burial Ground
pedited Response Action). As a result of these

; were partially remediated, and all waste was

U (EPA/ROD/F )-96/143), remedies were
id waste disposal sites (e.g., South Process
‘ocess Trenches [316-5]) and solid waste

). Following these remedial actions, the

te at these 15 waste sites.

s in the 300-FF-5 groundwater OU
tion (MNA) with institutional controls (ICs).
onitoring to verify modeled predictions of

contamination attenuation and to evaluate the need for active remedial measures. ICs were required to

prevent groundwater use while contaminant plumes were still p

water standards (DWSs). The 300-FF-5 OU ROD ass
future source of drinking water and will be restored tc

The remedial action objectives (RAQOs) defined in t
and ecological receptors from exposure to contamina
River from contaminant levels that could exceed the .
Standards. The operation and maintenance (O&M)

nt with concentrations above drinking
.that  groundwater aquifer is a potential
'Ss in a reasonable timeframe.

0-FF-2  OD were selected to protect human
the groundwater and to protect the Columbia
of Washington Surface Water Quality

for3 -FF-5 OU defined three activities to

accomplish these goals: (1) groundwater monitoring, (2) near-shore river monitoring, and (3) posting

warning signs.

In 2001]. as part of the interim ROD for waste sites in the 300-FF-2 OU (EPA/ROD/R10-01/119), interim

remedial actions were identified for the known wastes :
framework for a plug-in approach to allow newly disc
OU interim ROD, pending approval by the Tri-Party ag

remediated under the 300-FF-2 OU Interim ROD.

DOE/RL-2011-47, DRAFT A

. T interim ROD also provided a regulatory
red sites to be remediated under the 300-FF-2
ies.” 2 waste sites are currently being






1 Five-Year Review Reports
2 The CERCLA process requires that the status of reme actions be reviewed at least every 5 years to
3 determine whether the selected remedies at a site remain protective of human health and the environment.
4 In 2001, the first five-year review of the 1996 ROD f 300-FF-1 and 300-FF-5 OUs concluded that
5  the remedies selected for the 300 Area were still appr te. However, the review included an action
6  item to add more requirements for monitoring along t rer shoreline and to assess the effectiveness of
7  the MNA remedy. The MNA remedy assessment req by the five-year review was provide in
8  PNNL-15127, Contaminants of Potential Concern in the 300-FF-5 Operable Unit: Expanded Annual
9  Groundwater Report for Fiscal Year 2004.
10 In 2006, the second five-year review (DOE/RL-2006-2( >f the 1996 ROD for the 300-FF-1 and
11 300-FF-5 OUs and the 2001 ROD for the 300-FF-2 OU concluded that the final remediation actions for
12 the 300-FF-1 OU waste sites met all of the RAOs, the i rim remedial actions selected for the 300-FF-2
13 OU waste sites were still appropriate, and remediation « he uranium plume in the 300 Area groundwater
14 through MNA had not achieved the RAOs in the 10-year timeframe envisioned when the ROD for interim
15  action for groundwater was established. The issue ide «d in the five-year review stated the following:
16 Predicted attenuation of uranium contaminant  1centrations in the groundwater under
17 the 300 Area has not occurred. DOE is current serforming additional characterization
18 and treatability testing in the evaluation of more aggressive remedial alternatives.
19 To address this issue concerning uranium contamination, the review put forth the following action items:
20 (1) complete the focused FS for the 300-FF-5 OU to prc  de better characterization of the uranium
21 contamination, (2) develop a conceptual model, (3) vali e ecological consequences, and (4) evaluate
22 treatment alternatives. The action also required concurrent testing of polyphosphate injection into the

23 aquifer to immobilize the uranium and reduce the conce  ation of dissolved uranium.

24 The characterization, evaluation, and testing required by 1e second five-year review action item were
25  documented in the following reports:

26 1. Improved characterization of uranium contaminatic n the subsurface:

27 - PNNL-16435, 2007, Limited Field Investis  on Report for Uranium Contamination in the
28 300-FF-5 Operable Unit at the 300 Area, Hanford Site, Washington.

29 - PNNL-17031, 2007, A Site-Wide Perspecti  on Uranium Geochemistry at the Hanford Site
30 - PNNL-17793, 2008, Uranium Contaminat  in the 300 Area: Emergent Data and Their

3] Impact on the Source Term Conceptual Mc !

32 2. Updated conceptual model for uranium contaminati

33 - PNNL-17034. 2008, Uranium Contaminat.  in the Subsurface Beneath the 300 Area,
34 Hanford Site, Washington

35 - Yabusaki et al., 2008, “Building Conceptual Models of Field-Scale Uranium Reactive
36 Transport in a Dynamic Vadose Zone-Aqu “-River System”

37 3. Validated ecological consequences:

38 - PNNL-16454. 2007, Current Conditions R Assessment for the 300-FF-5 Groundwater
39 Operable Unit
40 - PNNL-16805. 2007, Investigation of the H »rheic Zone at the 300 Area, Hanford Site

DOE/RL-2011-47, DRAFT A
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- DOE/RL-2007-21, 2008, River Corridor Baseline Risk Assessment, Volume 11: Human
Health Risk Assessment

- DOE/RL-2008-11, 2008, Remedial Investigation Work Plan for Hanford Site Releases to the
Columbia River

4. Evaluated treatment alternatives for uranium:
- PNNL-16761, 2007, Evaluation and Screening of Remedial Technologies for Uranium at the
300-FF-5 Operable Unit, Hanford Site, Washington
- DOE/RL-2008-36, 2008, Remediation Strategy for Uranium in Groundwater at the Hanford
Site 300 Area, 300-FF-5C rable Unit
5. Tested polyphosphate injection : o the aquifer to immobilize uranium;
- PNNL-16571, 2007, Treatability Test Plan for 300 Area Uranium Stabilization Through
Polyphosphate Injection
- PNNL-17480, 2008, Ch enges Associated with Apatite Remediation of Uranium in the 300

Area Aquifer

- PNNL-18529, 2009, 300 Area Uranium Stabilization Through Polyphosphate Injection:
Final Report

- DOE/RL-2009-16, 2 9, 300-FF-5 Groundwater Operable Unit Infiltration Test Sampling
and Analysis Plan

Uranium Sequestration Pilot Testing

Because remediation of uranium in ¢ 3 subsurface soils using uranium sequestration is a relatively new
remedial process at Hanford, DOE has undertaken laboratory-scale and field-scale pilot testing to evaluate
the technology. The findings from tt  work are presented in this section.

¢ evaluation and screening of potential uranium treatment alternatives found that methods to

immobilize uranium in the vadose zone and/or aquifer offer the potential for reducing the continued input
of mobile uranium to the groundwar 'PNNL-16761; DOE/RL-2008-36). The concept is to change the
dissolved uranium to a form thatis: ‘e permanently stored with sediment, with a resulting drop in
concentrations of dissolved uraniun  or the 300 FF-5 OU uranium plume, one approach is sequestration
of uranium as insoluble phosphate es in the unconfined aquifer. Therefore, a project to study the
ability of phosphate phases to preci] te and adsorb dissolved uranium was performed. The project tested
the direct formation of the uranium mineral autunite (Ca(UO2)2(PO4)22nH20) by the introduction of a
polyphosphate mixture and the forn  on of the mineral apatite (various forms of calcium phosphate) in

e aquifer as a continuing source of phosphate for long-term treatment of uranium.

After a series of successful bench-s sts, a field treatability test was conducted in June 2007 in a well
at the 300 Area (PNNL-16008, Site acterization Plan: Uranium Stabilization through Polyphosphate
Injection). The objective of the treas y test was to evaluate the efficacy of using polyphosphate
injections to treat uranium-contamii groundwater in situ. A test site consisting of an injection well
and ) monitoring wells was install the 300 Area at the southern end of the former 300 Area Process

Trenches, which had previously received uranium-bearing effluents. The results indicated that while the
direct formation of the uranium mineral autunite was successful, the outcome of the apatite formation part
of the test was limited. A complete description of the aquifer injection test and its results is presented in

1 NL-18529.

DOE/RL-2011-47, DRAFT A
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Two separate overarching issues limited the effective of apatite remediation for uranium
sequestration within the 300 Area: (1) the formation and emplacement of apatite via polyphosphate
technology. and (2) the efficacy of apatite for sequester ' uranium under the present geochemical and
hydrodynamic conditions (PNNL-17480). The first cha 1ge, dealing with the emplacement, was largely
to the result of very high groundwater velocities in this part of the 300-FF-5 OU, which could reach

18 m/d (59 ft/d). This problem could very likely be ove: me y modifying the timing and application
procedure. The second issue is more fundamental. The 1 : of apatite was to adsorb dissolved uranium
from groundwater. The uranium was expected to subsequently react with the phosphate in the apatite to
form insoluble mineral phases, such as autunite. Howev  because of the elevated alkalinity of the
groundwater, apatite did not adsorb the uranium to a sufficient degree to make it an effective treatment for
reducing concentrations in groundwater.

Because it appears that apatite will not work as a con ig supply of phosphate in the aquifer, the
remaining alternative is to treat the uranium source ir sadose zone and in the periodically rewetted
zone (PRZ) (the lowermost portion of the vadose zone that becomes saturated when the river stage rises
and locally elevates the water table). The most straig vard approach is to infiltrate solutions

containing phosphate from the ground surface. As these solutions contact the uranium in the vadose zone
and the PRZ, they should react to form insoluble autunite minerals, thus limiting further leaching of the
uranium to the aquifer. As of September 2011, preliminary infiltration tests at the 300 Area have not
indicated igh infiltration rates, although only a very small area has been tested. Given the results of the
preliminary tests, treating the lower portion of the vadose zone and PRZ using injection wells could be
deployed to address the uncertainties associated with ice filtration. Alternate chemicial delivery
methods that target the contamination in the vadose zone and PRZ have been evaluated for use in the
300 Area (see PNNL-19461, Evaluation of Reagent Em. 1cement Techniques for Phosphate-based
Treatment of the Uranium Contamination Source in the 300 Area: White Paper).

The Tribal Nations, the public, and the Hanford Advisory Board (HAB) are routinely informed on the
progress of 300 Area activities through regular updates 1 placement of do. ments in the
Administrative Record. This has included briefings ar or formal review of the CERCLA documents
(e.g., DOE/RL-2009-30, 300 Area Decision Unit Remedial Investigation/Feasibility Study Work Plan for
the 300-FF-1, 300-FF-2, and 300-FF-5 Operable Units; DOE/RL-2010-99) and the annual groundwater
monitoring reports.

Public participation was conducted in conjunction with  uance of the final action ROD for the 300-FF-1
OU and the interim ROD for the 300-FF-5 OU (EPA/ROD/R10-96/143), and the interim ROD for the
300-FF-2 OU (EPA/ROD/R10-01/119). Amendments t¢ 1ese RODs also involved public participation or
notices consistent with the Tri-Party Agreement Community Relations Plan (Ecology et al., 2002,
Hanford Site Tri-Party Agreement Public Involvement Communitv Relations Plan).

The Community Relations Plan (Ecology et al., 2002) outlines stakeholder and public involvement
processes and opportunities. As part of the Community Relations Plan (Ecology et al., 2002), the HAB
advises the Tri-Party agencies on cleanup issues. Previc HAB input on other remedial decisions has
been considered in this proposed plan.

Communication and consultation with the Tribal Nations is a priority for DOE and is coordinated through
the DOE Richland Operations Office (DOE-RL). Brief: s to Tribal Nations occur through forums, such
as the monthly Tribal Nations, State of Oregon, and DOE groundwater and vadose zone meetings.
DOE-RL works with the Tribal Nations to ensure ongoing communication and involvement in the River
Corridor decision-making process.

DOE/RL-2011-47, DRAFT A
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300 Area Groundwater. In groundwater beneath the 300 Area, tritium, uranium, trichloroethene (TCE).
nitrate. hexavalent chromium and cis  2-dichloroethene are waste effluent indicators that still persist in
the unconfined ar ifer. Tritium in groundwater at the location of the 618-11 Burial Ground reflects

r. ase of tritium as a gas from buri  radiological solid wastes. Uranium and organic compounds at the
location of the 618-10 Burial Grour  re monitored as indicators of waste disposed to the burial ground
and adjacent 316-4 Cribs, which received liquid waste. Other constituents that affect groundwater quality,
such as nitrate, hexavalent chromium, and radiological indicators gross alpha and gross beta, continue to
exceed their respective drinking water standards at some locations. Groundwater beneath the 300 Area
also contains waste effluent indicators whose origin is disposal or unplanned releases in the 200 East
Area. This widespread plume contaj tritium, nitrate, technetium-99, and iodine-129. These
contaminants are being evaluated as part of the 200-PO-1 OU.

The uranium plume, defined v ere concentrations exceed the 30 ng/LL DWS, covers an area
approximately 0.5 km’ (0.2 mi*) in- 300 Area Industrial Complex. The volume of the uranium plume is
approximately 700,000 m’ (2.5 mill  ft*), and the mass of uranium dissolved in the plume is estimated
to be approximately 50 kg (110 lbs). The extent of Columbia River shoreline affected by the plume is
approximately 1,200 m (3,390 ft). For recent monitoring events, uranium concentrations in the vicinity of
the 300 Area range between the natural background concentration of § ug/L up to approximately

200 pg/L. Exceptions occur during | Is of unusually high water table conditions, as during May and
June of 2011, when values as high a pg/L were observed at several monitoring wells. The highest
concentrations during any particular year often occur in the late fall/early winter months near the river
adjacent to the former South Process Pond (316-1). Riverbank springs, when flowing, typically have
revealed concentrations near 150 pg/L. Figure 9 presents groundwater uranium plumes for winter and
summer seasons from 2008 through 11.

Because of seasonal changes in the  onfined aquifer, which are related to seasonal conditions in the
Columbia River flow, the shape, po:  on, and concentration pattern for the uranium plume varies
significantly during the year. Input of uranium from the lower portion of the vadose zone is suspected to
continue at several locations, as reve by relatively higher concentrations during high water table
conditions in June. Also, relatively low concentrations in the plume are observed during June at wells
near the river, when river water infiltrates the aquifer causing dilution of contamination. Later in the
summer and fall, concentrations nea e river increase as a consequence of the higher concentrations
from new inland input migrating to-  river and the absence of diluting river water.

The rate at which contaminated grot ~ water enters the Columbia River from the site via discharge at the
riverbed is exceedingly small comp: | to the flow of the river, so the site groundwater impact on river
water quality is negligible. This lack of impact is confirmed by regular monitoring of Columbia River
water under the DOE Public Resource Protection Program, and also by analyses done by the City of
Richland at the first point of with ¢ 1 for public use (the Richland Pumphouse).

Long-term monitoring records for the free-flowing stream of the river, including nearshore regions where
groundwater impacts are most likely to be observed, do not reveal evidence for degradation of river water
quality that would be of concern to downstream users.

Measurements made during past investigations were used to estimate the uranium inventories remaining
in various subsurface regions at the Area Industrial Complex (PNNL-17034). The 10 subsurface
regions, and the estimate for the inv:  ry in each region, are shown on Figure 10. The largest inventory
is in the vadose zone beneath forme:  uid waste disposal sites, and the second largest inventory is in the
zone beneath waste sites through wt the water table rises and falls (the current PRZ). The distribution
of the estimated uranium inventory :  zests the primary pathways for exchange of uranium between
various media (for example, between sediment and pore water) and between various subsurface regions

DOE/RL-2011-47, DRAFT A
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In addition, R&D activities within the 0 Area Industrial Complex are ongoing and projected to continue
within defined facilities through at least 2027. Given the large amount of current and planned future
industrial land use in this area, the ably anticipated future land use for the 300 Area is industrial.
The industrial future land use is alsc orted by previous decisions.

Under 50 USC 2582, “Requirement to Develop Future Use Plans for Environmental Management
Programs,” DOE olds express statutory authority to establish future land use for the Hanford Site. DOE
involved Tribal Nations and stakehol rs during the Environmental Impact Statement (EIS) process,
under the National Environmental Policy Act of 1969 and the State Environmental Policy Act of 1971
(RCW 43.210), to evaluate future land use alternatives. This process was conducted in coordination with
nine cooperating government agencies and resulted in the Final Hanford Comprehensive Land Use Plan
Environmental Impact Statement (L iIS-0222-F) and Record of Decision (ROD) (64 FR 61615,
“Record of Decision for Hanford C« shensive Land-Use Plan Environmental Impact Statement”).

The 1999 Hanford Comprehensive Land Use Plan EIS ROD (DOE/EIS-0222-F) and ROD Amendment
(73 FR 55824, “Amended Record of ecision for the Hanford Comprehensive Land-Use Plan
Environmental In act Statement”) designated future land use as predominantly industrial, with several

isolated areas designated as conservation (mining) for the nonprocessing areas. Figure 11 presents the land use for
the 300 Area.

Although the future land use inthe . Area is designated as industrial, DOE has elected to clean up a
large portion of the 300 Areatoam  protective land use standard (unrestricted which is the same a
residential used in the exposure scenario below). Therefore, the RAOs identified in this proposed plan for
cleanup of the areas outside the 300 ea Industrial Complex and 618-11 Burial Grounds (adjacent to
Energy Northwest) are for the unrestricted land use criteria.

Preservation of cultural and historic p  erties under the National Historic Preservation Act of 1966 and
other laws, and land use considerati , such as consistency with the Hanford Comprehensive Land Use
Plan, are considered in remedial action decisions under the Tri-Party Agreement.

Tribal treaty reserved fishing rights are also recognized on rivers within the ceded lands, including the
Columbia River, which flows through the Hanford site. The Tribal Nations have been participants in DOE’s
land use planning process, and DOE considered the Tribal Nation concerns in that process.

A Presidential Proclamation in 200( <R 37253, “Establishment of the Hanford Reach National
Monument,” established the HRNV in the boundaries of the Hanford Site (Figure 2). The

Proclamation generally mandated n sstrictive land uses within the HRNM boundaries than those
DOE adopted in the Hanford Comp sive Land Use Plan. The HRNM mandate is to preserve the
natural and cultural resources for w ae HRNM was established. The U.S. Fish and Wildlife Service
has developed a comprehensive cor tion plan for management of the HRNM.

Regarding groundwater, the NCP estab  hed an expectation to “return useable ground waters to their
beneficial uses wherever practicable, within a timeframe that is reasonable given the particular

circumstances of the site” (40 CFR A430[al[1](ii1]{F]). EPA generally defers to state definitions of
groundwater classification provi d  ler EPA-endorsed Comprehensive State Groundwater Protection

DOE/RL-2011-47, DRAFT A
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Residential Scenario. The residential scenario, also known as the unrestricted scenario, is represented by a
resident in a subsistence farming sett ;. This scenario assumes that a receptor lives in an onsite residence
with a basement, vegetable and fruit crops are grown in a backyard garden, and a pasture is used to raise
livestock sufficient for meat and milk production. A downgradient well is installed where exposure could
occur from contaminants leaching from the vadose zone to the groundwater beneath the residence (the
leaching pathway). The resident could potentially come into direct contact with soil from the remediated
waste site, potentially inhale dust in 2 ambient air, and consume groundwater. The resident could also
consume crops raised in a backyard garden and consume meat (beef and poultry) and milk raised on the
pasture. Exposure pathways for che :als in soil also include direct contact from incidental soil ingestion
and inhalation of vapors and dust in ambient air.

Industrial Scenario. The industrial worker scenario, also known as the industrial scenario, is represented by
an adult who works in a building loc on a remediated waste site but resides offsite. This scenario
assumes that the receptor potentially comes in contact with soil from the remediated waste site and
inhales dust in the ambient air. Drin. g water is assumed to come from an offsite source. Exposure
pathways for chemicals in soil include direct contact from incidental soil ingestion and inhalation of
vapors and dust in ambient air.

Resident Monument Worker Scenario. 7 resident monument worker scenario is a site-specific scenario that
envisions a resident employee of the HRNM. These receptors are assumed to be exposed primarily in an
outdoor environment as they lead tours, conduct ecological education, or perform similar activities. When
not working, these receptors are emv  ned to live in an onsite residence associated with the HRNM. This
scenario assumes that the receptor f  atially comes in contact with soil from the remediated waste site
and inhales dust in the ambient air. By use of a domestic well at their residence, these receptors may also
be exposed to groundwater contamir  ts through domestic water use.

Casual Recreational User Scenario. The casual recreational user scenario is the receptor of potential
exposures from recreational use along 1 : River Corridor. Casual recreational users would participate in
activities such as walking and picnicking in areas along the Columbia River where paths and benches are
lik 7 to exist. This scenario assumes that the receptor potentially comes in contact with soil from the
remediated waste site and inhales dust in the ambient air. These receptors are assumed to be exposed in an
outdoor environment where drinking water is obtained from an offsite source.

Groundwater. Groundwater is currently contaminated in some areas, and withdrawal is restricted because
of ICs placed on it by DOE. Under ¢ rent site use conditions, no complete human exposure pathways to
groundwater exist. Regardless of land use designations, groundwater will not become a future source of
drinking water until cleanup criteria are met and groundwater is restored to beneficial use. Groundwater
in the risk evaluation was evaluated assuming potential use for drinking water; therefore, COPC
concentrations were compared to DWSs. Groundwater COPC concentrations were also compared to
aquatic criteria because groundwater >uld discharge to the Columbia River via riverbank seeps and
upwelling through the river bottom. Comparison of groundwater COPC concentrations to DWSs and
aquatic criteria supports a remedial a on determination.

What is contaminant fate and transport modeling?

Contaminant fate and transport modt 1g was performed to evaluate desorption of uranium from the
vadose zone sediments and transport rough the PRZ and the saturated zone. Transport modeling was
conducted using equilibrium and kin  : sorption models along a two-dimensional transect, where the
dissolved uranium concentrations have remained historically high (over the past decade). The predictions
based on the calibrated models indic : a long-term declining trend in the dissolved uranium
concentrations with episodic rises and falls in concentrations seasonally as the water table rises and falls

DOE/RL-2011-47, DRAFT A



W —

[ SHEN B @} wn

O

11
12
13
14
15

16
17
18
19
20
21
22

23

24
25
26
27

28
29
30
3]
32
33
34
35
36
37
38

39
40
4]
42
43
44

with river stage fluctuations. The mean annual dissolved uranium concentration for the monitoring wells
along the flow path is predicted to take less than 30y :(starting in 2014) to drop below the
groundwater action level of 30 ug/L (or by 2044), wl  the 95 percent upper confidence limit (UCL) on
the mean annual dissolved concentration is predicted to take a roximately 35 years and the 90"
percentile concentration is predicted to take approximately 38 years.

These estimates of cleanup time are based on the assumr  on of current hydrologic and chemical
conditions and assume that they will remain unchanged. The cleanup timeframe is based on bc  the 90"
percentile and 95 percent UCL concentration (whichever is longest) for the well with the highest uranium
concentration to achieve the DWS.

For chemical contaminants, the Model Toxics Control Act requires that the 95 percent UCL on e true
mean groundwater concentration be used to determine v ther the cleanup goals are met. For
radionuclide contaminants, CERCLA has not specified requirements on how to determine v en cleanup
levels are met. Historically, the 90" percentile concentr on has been used during CERCLA groundwater
evaluations. The methods to determine when groundwater cleanup levels for chemical and radionuclide
contaminants are met will be documented in the ROD.

Results from transport modeling are summarized for other groundwater contaminants that are locally
present in the aquifer, such as tritium, TCE, and cis-1,2-dichloroethene. A fate and transport model was
constructed for the tritium in the groundwater that excee  the DWS beneath the 618-11 Burial Ground.
This analysis determined that the tritium concentrations would decline to below the DWS by 203].
Analysis and modeling of the tetrachloroethene disposed of in the 300 Area Trench concluded that it is
feasible for the TCE to migration and partially degrada 1 in the sediments to form the observed TCE
and cis-1,2-dichloroethene concemtrations in groundw:

What is the summary of the human health soil and groundwater risk evaluation?

The RI/FS risk evaluation included the human health risks for the residential, industrial, residential
monument worker, and casual recreational user exposure scenarios. Additionally, several of the
residential exposure assumptions used in the RCBRA were updated for the RUFS risk evaluatic  to
reflect the latest EPA risk assessment guidance as ident ed in the RI/FS Chapter 6 (DOE/RL-2010-99).

The risk evaluation included cleanup verification data fr 1 the 70 interim remedial action waste sites.
Residential cumulative risk associated with exposure ) radionuclides within shallow soil (top 4.6 m

(15 ft]) exceeded the upper end of the CERCLA target risk range (1 x 10" to 1 x 10°®) at four remediated
waste sites (316-1, 316-2, 316-5, and 618-3). Cancerri  associated with the resident monument worker
scenario are similar to those for the residential scenaric  ancer risks for the casual recreational user
scenario fell within the CERCLA target risk range. The 316-1, 316-2, and 316-5 waste sites were
remediated under the 300-FF-1 OU ROD using cleanup goals for industrial land use. The 618-3 waste site
was remediated under the 300-FF-2 OU interim ROD based on cleanup levels for industrial ind use. The
land use is designated industrial for these waste sites pased on that, the associated risks are less than

1 x 10™ for the industrial scenario. The industrial exf e scenario represents the reasonably anticipated
future land use, and no further action is warranted.

While individuals are unlikely to be regularly expose >ontaminants in deep soil below 4.6 m (15 ft),
cancer risk was assessed to identify the need for ICs «ep excavation. The cancer risk associated with
residential exposure to radionuclides in deep vadose material exceeded the upper end of the

CERCLA target risk range at two waste sites (618-1 and 618-2). Radionuclides associated with historic
waste disposal contribute to a majority of the risk and ~ expected to decay to concentrations less than
the residential screening levels within 15 to 60 years.”  se results indicate the need for controls to limit
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the ential for future exposure by restricting deep soil excavation and drilling activities within defined
areas.

Contaminant transport modeling was also performed to determine the PRGs for several COPCs, including
uranium for waste sites. A calculation was performed by maximizing the extent of contamination in the
vadose zone and considering several arge scenarios, with the most conservative value being chosen as
the PRG. The groundwater PRG for um is calculated to be 117 pg/g and is applicable to waste sites
where groundwater contamination does not exist currently. Comparing this value to the exposure point
concentrations (EPCs) for various w 2 sites calculated based on sampled data, five waste sites are found
to exceed the groundwater PRG. The waste sites are 316-2, 316-5, 618-1, 618-2, and 618-3.

For the waste sites without analytical data, an evaluation of the risk drivers was made based on

knowledge of the process performed e sites and remediation results at similar sites in the River
Corridor. The remedial approaches 1 : COCs (major risk drivers) are developed for each alternative
and presented in the Remedial Alter :s section of this proposed plan.

Gre 1dwater was evaluated as a potential drinking water source using through a comparison of the EPC
for each contaminant against the lowest applicable standard, including drinking water standards and

ambient water quality criteria. This ation identified two primary plumes within the 300-FF-5
groundwater OU. The first plume is ed in the 300 Area Industrial Complex where the uranium
concentrations are greater than the f | and state DWSs. Concentrations of all nonradiological

car logenic groundwater contaminants are less than the “Human Health Risk Assessment Procedures”
(WAC 173-340-708) risk thre old . | x 107 for multiple hazardous substances and within the
CERCLA target risk range. The HI1 groundwater noncancer COPCs is 2.4, which is greater than the
EPA and WAC 173-340 target HI o

The primary contributor to the nonc  :r HI is uranium. Based on the results of the groundwater risk
evaluation, concentrations of uranium, cis-1,2-dichloroethene, TCE, chromium/hexavalent chromium, and
nitrate in the 300 Area Industrial Co lex are present at levels that warrant an evaluation of remedial
action.

The second plume is located in the € rea subregion, which received releases from the 618-10 and
618-11 Burial Grounds and the 316- b. Tritium concentrations in the 600 Area subregion are greater
than the federal DWS. In addition, n concentrations in localized areas are greater than the federal and
state DWSs. Concentrations of all nc iological carcinogenic groundwater contaminants are less than
the “Human Heal Risk Assessmen sedures” (WAC 173-340-708) risk threshold of 1 x 107 for
multiple azardous substances; also, are within the CERCLA target risk range. The HI for

groundwater noncancer COPCs is less than 1, which is less than the EPA and WAC 173-340 target HI
of 1. Based on the results of the groundwater risk evaluation, concentrations of tritium and nitrate in the
600 Area subregion are present at levels that warrant an evaluation of remedial action.

Contaminant concentrations in groundwater were also compared to surface water standards for protection
of human health and aquatic organis ecause of groundwater discharges to the Columbia River. This
comparison indicates that the 90th p itile EPCs for all contaminants were less than ambient water

qua y standards.

What is the summary of the ecolo. il risk evaluation?

Seventy interim remediated waste si ith cleanup verification sampling and analysis data were
evaluated for potential ecological risks. The results of the evaluation determined that there were no
unacceptable risks to wildlife, plants - invertebrates.
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the unrestricted land use exposure scenario for areas outside the 300 Area Industrial Complex and
waste site 618-11 (adjacent to B rgy Northwest).

e RAOS. Prevent unacceptable ri  to human health from exposure to the upper 4.6 m (15 ft) of soil
and to struct es and debris contaminated with radiological constituents at concentrations above a
dose rate limit that causes an excess lifetime cancer risk threshold of 10 to 10™* above background
for the unrestricted land use exposure scenario for areas outside the 300 Area Industrial Complex and
waste site 618-11 (adjacent to E  rgy Northwest).

e RAO 6. Prevent unacceptable ri  :0 human health from exposure to the upper 4.6 m (15 ft) of soil
and to structures and debris con  iinated with nonradiological constituents at concentrations above
the industrial land use exposure scenario for the 300 Area Industrial Complex and waste site 618-11
(adjacent to Energy Northwest).

e RAO 7. Prevent unacceptable ri  :0 human health from exposure to the upper 4.6 m (15 ft) of soil
and to structures and debris con iinated with radiological constituents at concentrations above a
dose rate limit that causes an excess lifetime cancer risk threshold of 10 to 10 above background
for the industrial land use expos : scenario for the 300 Area Industrial Complex and waste site 618-
11 (adjacent to Energy Northwe

e RAO 8. Prevent unacceptable ri  to ecological receptors from exposure to the upper 4.6 m (15 ft) of
soil and to structures and debris contaminated with nonradiological constituents above the soil
contaminant levels and radiological constituents above a dose rate limit of 0.1 rad/day for terrestrial
wildlife populations.

PRGs were used to assess the effectiveness of the selected remedial alternatives to meet the RAOs during
the FS process. PRGs provide the b r identifying cleanup levels in the ROD. PRGs for unrestricted
land use and industrial land use for waste site soils are presented in Table 2, and PRGs for 300-FF-5 OU
groundwater are presented in Table 3.

e following sections provide a sun ary of the waste sites and groundwater with respect to the PRGs.

A risk management approach was a  ed in developing the remedial alternatives for the waste sites
COCs that have been identified for the 300-FF-1 and 300-FF-2 OUs. A total of 552 potential waste sites
were identified in the 300 Area. Of these potential waste sites, 275 sites were not accepted as waste sites
during the waste site evaluation proc ecause they do not have contamination that exceed risk-based
levels. As a result, this proposed plar resses the 277 waste sites in the 300-FF-1 and 300-FF-2 OUs.
Of ese waste sites, 122 sites have been identified for no further action and 155 waste sites are being
evaluated for remedial actions (Table 4) as follows:

1. One hundred twenty two waste s are identified for no further action.

2. Six waste sites have been previc  y remediated and warrant additional remedial actions because they
exceed groundwater protection  3s for total uranium isotopes (Figure 12). These waste sites are
located in an area of uranium g1 dwater contamination and will be addressed as part of the
groundwater remedy.
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5. Forty-three waste sites (Figure 13) are currently being remediated under the 300-FF-2 interim ROD

(EPA/ROD/R1001/119) or are «

icipated to be remediated by the time the final action ROD is

signed. These waste sites : included in this proposed plan and will achieve the PRGs. DOE assumes

that the ongoing interim actions
required under this proposed pl:

6. Sixty six waste sites (Figure 14
action ROD is signed. These we

7. Forty waste sites, identified as ¢
The costs for remediation of the
other waste sites.

If a newly discovered site does not :
the risk drivers that are present, and
be considered minor modifications
sheets).

A risk management approach was a
plumes identified for the 300-FF-5 (
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covers an area of about 0.5 km’. (
will be accomplished through ren
vadose zone and PRZ. Groundwa
goals. The waste sites that exceec
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confirmation sampling, the residu
groundwater protection. Based or
and uranium concentrations ir |
contamination is associated with

[l meet the PRGs so that no further action (or costs) will be

not have interim remedial actions completed before this final
sites are evaluated for remedial alternatives in this proposed plan.

solidated Sites, lie within the remediation footprint of other sites.
waste sites are already included in the costs for remediation of the

t the final cleanup levels, the site will be evaluated depending on
RTD remedy will be evaluated. The selected remedial actions will
ie ROD and made through an administrative process (NPL fact

ed in developing remedial alternatives for the groundwater COC
The final COCs for groundwater include uranium and tritium.

in groundwater occurs in the 300 Area Industrial Complex and
of the groundwater plume and protection of the Columbia River
1 of the source of uranium contamination that resides in the
itoring will be used to assess progress toward achieving cleanup
undwater protection PRGs (Table 4) are located within the

2 sites have undergone previous remediation, but based on

um concentrations remain above the proposed PRGs for

s knowledge of historical waste disposal, soil concentration data,
Iwater, it appears that the majority of the vadose zone

tes 316-1, 316-2 and 316-5.

Tritium. Tritium in groundwater that exceeds DWSs occurs beneath the 618-11 Burial Ground. A

groundwater transport model was c

ructed using monitoring well chemical and hydraulic data, along

with dispersion estimates and tritium decay rates used to predict future tritium concentrations in the area
(P! L-15293, Evaluation of the Fate and Transport of Tritium Contaminated Groundwater from the

618-11 Burial Ground). Several sce
maximum tritium concentration wil
combination of natural radiological
reasonable timeframe.

Waste site 316-1 did not exceed =
remediation under the interim ROD
and nearby contaminated grou wa
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Remediation of the contaminated g1 (dwater using typical pump-and-treat technology was screened out
during the FS because only about I zent of the total uranium residues in the groundwater would be
affected by this remediation technig  Implementation of pump-and-treat technology will not reduce the
time to achieve cleanup. Because m  of the uranium contamination resides in the vadose zone and PRZ,
an effective remediation approach v target those zones to reduce the amount of mobile uranium that
can enter the groundwater. In situ m  1g of uranium (flush the uranium from the vadose zone and PRZ)
with pump-and-treat capture in the groundwater was not carried into the proposed plan. Industry
experience demonstrates it is problematic to restore the aquifer after extraction, and it may be difficult to
capture the released uranium. Seque ation of uranium (through biological manipulation of the vadose
zone, PRZ, and aquifer) was not car  d forward into the proposed plan because it is not possible to
maintain long-term anoxic conditio1 -equired to keep uranium sequestered with this technology.

In addition to the groundwater COCs identified above for the 300 Area, several contaminants have been
identified that exceed federal and st:  standards in localized areas . These contaminants which are
referred to as COPCs are listed below with a brief explanation of their original and concentration trends,
where applicable:

Gross alpha. Most gross alpha is as  ated with the uranium contamination and this parameter will not
be carried forward as a groundwater  )PC. Achieving the uranium standards will also result in the gross
alpha standard being achieved. How r, continued monitoring for gross alpha will be performed.

Nitrate. Nitrate in the 300 Area Indv  ial Complex exceed the 45 mg/L. DWS in areas where groundwater
has been impacted by off-site agrict  ral activities. The relatively higher concentrations in the southern
portion currently reflect the migratic Hf nitrate-contaminated groundwater into the 300 Area from
sources to the southwest. Gradually  reasing concentrations are also observed in wells and at shoreline
sites as the nitrate-laden groundwater migrates into the 300 Area Industrial Complex. Although nitrate is
considered a COPC near the 618-10 and 618-11 Burial Grounds, the origin for nitrate observed in this
area is uncertain. One explanation suggests that waste disposal at the 200 East Area sites may be
implicated and the contamination is  rt of the sitewide groundwater plume assigned to the

200-PO-1 OU. Due to e associatic  vith the sitewide nitrate plume, nitrate near the burial grounds and
in the overall 300 Area will not be a ressed in the remedial alternatives, but continued monitoring for
nitrate will be performed.

TCE. Recent analytical results for TCE at several wells in the southern portion of the 300 Area show
increases in concentrations over time, some of which now exceed the DWS of 5 pg/L (wells 399-3-21 and
399-4-14). Other VOCs do not show similar increases, and the TCE increases do not appear correlated
with trends for other contaminants.  site groundwater from the southwest migrates into the southern
portion of the 300 Area, and TCE is  tentially associated with offsite sources (e.g., the AREVA facility
and e DOE’s former Horn Rapids Landfill) is present in that groundwater. TCE will not be addressed in
the remedial alternatives, but continued monitoring for TCE will be performed.

Cis-1,2-DCE. The Cis-1,2-DCE concentrations continue to exceed the DWS at one well (399-1-16B)
located near the No1  Process Pond. Well 399-1-16B is screened in Ringold Formation gravelly
sediments in the lower portion of the aquifer. The origin for cis-1,2-DCE attributed to degradation of TCE
disposed to the Process Trenches an Jorth Process Pond (see PNNL-17666). Since the areas of
exceedance are very localized, cis-1 °E will not be addressed in the remedial alternatives, but will be
a component in the groundwater monitoring program.

Hexavalent Chromium. The Hexavalent chromium concentrations appeared as part of the plume
associated with recent remedial actic  at the 618-7 Burial Ground, which was completed in 2008. At
well 399-8-5A, which is adjacent to - eastern fence line of the former burial ground, concentrations
measured as total chromium in filtered and unfiltered samples had a high value of 105 pg/L.. Chromium
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Remedial technologies (Figure 15) include the following:

¢ RTD of the contaminated soil and debris with concentrations above cleanup levels would be removed
from the waste sites, treated as necessary to meet disposal facility requirements, and sent to
Environmental Restoration Disposal Facility (ERDF) or another facility approved by EPA. The
RTD alternative assumes an excavation depth sufficient to meet all RAOs, including protection of
groundwater, protection of the C:  imbia River (except for residual uranium in the deep vadose
zone/PRZ, which is addressed as a separate component of the groundwater remedy), and the
prevention of direct exposure. T RAOs for protection of groundwater and the Columbia River must
be met through the entire soil column from the surface to groundwater. The RAO for direct exposure
applies only to the upper part of : soil column, which is defined as the top 4.6 m (15 ft) of soil
below the surrounding grade or*  bottom of an engineered structure (burial ground trench, caisson,
or pipe unit), whichever is deeper. It is anticipated that all of the RAOs would be achieved at depths
of less than 4.6 m (15 ft) at many of the 300-FF-2 waste sites because records indicate that the
contamination is shallow, and available characterization data suggest that migration of contaminants
through the soil column has not occurred.

If residual contamination exceec g cleanup standards in the soil column is found below 4.6 m

(15 ft), the extent of remediation may require reevaluation by the Tri-Parties. Any decision to leave
contaminants that exceed cleanup standards in place below 4.6 m (15 ft) will be made by the Tri-
Parties and will require public comment depending on the nature of the waste.

e RTD of the pipelines that are shallower than or at 4.6 m (15 ft) bgs for the protection of human health
and ecological receptors from direct exposure.

¢ RTD of the contaminated pipelines (300-15) that transported the majority of the uranium waste to the
disposal sites (316-1, 316-2, 316-5 and 618-1, 618-2 and 618-3).

e  MNA for tritium in groundwater.
e  Groundwater monitoring for uranium, TCE, cis-1,2-DCE, chromium, and nitrate.

¢ ICs will be implemented for the protection of human health and ecological receptors during the
timeframe of this remedial alterr  ve.

Temporary surface caps will be installed over the waste sites that are adjacent to the 300 Area facilities
and utilities that will remain in opera n through at least 2027 (long-term facilities). In addition, pipelines
associated with long-term facilities v be interim void filled, as necessary, for groundwater protection.
When the long-term facilities are no longer in use and removed, the waste sites and pipelines will be
remediated as described above.

Under Alternative 2, the timeframe | the uranium concentration in the groundwater to decrease below
the DWS is the same as that of the No Action alternative in that limited source control measures are being
implemented to mitigate the flux of uranium from the vadose zone and PRZ. Therefore, it is estimated
that it will take approximately 38 years (by year 2052) for the uranium concentrations in the groundwater
to decrease below the DWS. This timeframe is based on the two-dimensional model using the
groundwater data from the monitoring wells with the highest uranium concentrations that are
downgradient from the waste sites w:  the highest uranium source mass.

This alternative includes MNA for the tritium contamination in the groundwater beneath the 618-11
Burial Ground. Through a combination of natural radiological decay and dispersion during transport, the
computer model predicted that the tri im concentrations will decrease to below the DWS by 2031.
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Alternative 3 uses a combination of RTD (at depths of less than 4.6 m [15 ft] bgs) for waste sites,
uranium sequestration using phosph  for the waste sites with deep uranium contamination, MNA for
trittum in groundwater, and groundwater monitoring. This alternative reduces the time required to restore
the uranium-contaminated groundwater in the 300 Area Industrial Complex to the DWS. Remedial
technologies (Figure 16) include the wing:

e RTD. Same as Alternative 2.

e Phased implementation of uranii  sequestration using a combination of surface and deep application
techniques for the waste sites with uranium contamination deeper than 4.6 m (15 ft) bgs. and
groundwater monitoring for uranium.

¢  MNA for tritium in groundwater.
¢  Groundwater monitoring for TCE, c¢is-1,2-DCE, chromium, and nitrate

e ICs will be implemented for the protection of human health and ecological receptors during the
timeframe of this remedial alterr  ve.

Temporary surface caps will be instz 1 over the waste sites that are adjacent to the 300 Area facilities
and utilities that will remain in operz n through at least 2027 (long-term facilities). In addition, pipelines
associated with long-term facilities v be interim void filled, as necessary, for groundwater protection.
When the long-term facilities are » ger in use and removed, the waste sites and pipelines will be
remediated as described above.

The application of phosphate to sequester residual uranium in the vadose zone and PRZ will target the
waste sites having the largest mass of residual contamination based on waste disposal history, sample
data, and groundwater monitoring de  (Figure 17). Because of the uncertainty of applying phosphate to
the contaminated areas, a phased approach will be implemented to determine whether the delivery of
phosphate to the contamination is vi  : for uranium sequestration in the vadose zone. Previous tests
performed in the vadose zone and P were promising but did not positively demonstrate the viability of
this technology for large area application. Phase I of this test will determine this technology’s ability to
reduce the amount of mobile uranium in the vadose zone sediments that could enter the groundwater. If
Phase I is not successful in demonsti  ng the effectiveness of uranium sequestration by evaluating the
pre-and post-remediation soil core samples collected in the Phase I test area, then the approach to restore
the groundwater under Alternative 2 will be implemented instead. Alternative 2 is appropriate because the
groundwater cleanup levels willbe a  eved in 38 years (a reasonable timeframe), there will be minimal
impacts to the Columbia River, and 1  area will be maintained under ICs that restrict groundwater use.

Under Alternative 3, the timeframe | e uranium concentration in the groundwater to decrease below
the DWS is estimated to take approx :ly 18 years (by year 2032). This timeframe is based on the two-
dimensional model using the groundwater data from the monitoring wells with the highest uranium
concentrations that are downgradient from the waste sites with the highest uranium source mass. This
shortened timeframe to achieve the I S for uranium in the groundwater assumes a 50 percent reduction
in the amount of mobile uranium int  vadose zone as a result of sequestration.
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Alternative 4 uses a combination of RTD (at depths of less than 4.6 m [15 ft} bgs) for waste sites, focused
deep RTD for areas of higher uranium contamination, s¢ lestration using surface application of
phosphate for areas of lower uranium contamination, MNA for tritium in groundwater, and groundwater
monitoring. Remedial technologies (Figure 18) include 1 : following:

e RTD. Same as Alternative 2.
¢ Focused deep RTD in areas of higher uranium mass in the vadose zone.

¢ Uranium sequestration using surface infiltration of  >s] ate in areas of lower uranium mass and
groundwater monitoring for uranium.

¢ MNA for tritium in groundwater.
¢ Groundwater monitoring for TCE, cis-1,2-DCE, chromium, and nitrate.

¢ ]Cs will be implemented for the protection of human health and ecological receptors during the
timeframe of this remedial alternative.

Temporary surface caps will be installed over the waste sites that are adjacent to the 300 Area facilities
and utilities that will remain in operation through at least 2027 (long-term facilities). In addition, pipelines
associated with long-term facilities will be interim voic  led, as necessary, for groundwater protection.
When the long-term facilities are no longer in use and 1 10ved, the waste sites and pipelines will be
remediated as described above.

This alternative includes focused deep RTD for the areas that contain the highest mass of uranium
contamination in the vadose zone and PRZ (Figure 19).  addition, the application of phosphate will be
performed in the areas with elevated residual uranium ¢  tamination based on waste disposal history,
sample data, and the groundwater monitoring data.

Under Alternative 4, the timeframe for the uranium cor 1tration in the groundwater to decrease below
the DWS is estimated to take approximately 12 years (by year 2026). This timeframe is based on the two-
dimensional model using the groundwater data from the monitoring wells with the highest uranium
concentrations that are downgradient from the waste sites with e highest uranium source mass. This
shortened timeframe to achieve the DWS for uranium ir e groundwater assumes a 100 percent
reduction in the uranium mass from the focused deep R ' areas and a 50 percent reduction in the amount
of mobile uranium in the vadose zone as a result of sequestration.
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.on because of a higher level of active

vider range of technologies to achieve

osphate injection and infiltration) and

pipelines) compared to Alternative 2,

1 Alternative 5, which relies on RTD and
pipeline removal.

For the residual uranium in the vadose zone and PRZ t/  1as been sustaining the uranium groundwater
plume, Alternatives 3 and 4 provide relatively equivaler  Juction of toxicity, mobility, or volume by
employing uranium sequestration throughout the treatn area, versus groundwater monitoring in
Alternative 2, and deep RTD in Alternative 5. For Alte  ives 2 and 3, a phased project implementation
approach would be required to evaluate delivery methc  or the uranium sequestration chemical
(phosphate) to maximize chemical-to-waste contactin-  sadose zone and PRZ. This approach will
increase the certainty in the chemical delivery method or demonstrate that there is no reliable means for
chemical delivery.

Alternative 3 would have the best short-term effectiver ~ because of a balance in achieving RAOs

within a reasonable timeframe while minimizing safety  illenges to workers and offsite exposure.

No detrimental impacts to the community are associate  ith Alternatives 2 through 5 because actions are
taken onsite. Regarding Alternatives 2 through 5, poter  impacts to workers could include generation of
dust during RTD; however, dust suppression measures  ialc 2 in 1ded in the remedial design to

reduce this effect. However, through 300 Area specific experience (implementing interim actions),dust

suppression measures have resulted in increased tran: of uranium to groundwater and subsequently to
the Columbia River. Nevertheless, it can be assumed yotential impacts to workers from implementing
any actions onsite would be controlled and mitigated gh effective health and safety procedures and

the use of adequate personal protective equipment.

Because Alternatives 4 and S include RTD to depths greater than 4.6 m (15 ft), there would be an increase
in safety challenges compared to implementing a less it~ sive approa . Because these. ernatives rely
on deep RTD, large excavations would also lead to gre:  amou s of greenhouse gas emissions from
equipment and transportation of material to and from the  iposal site, and to and from the backfill material
mining and waste site locations. From the standpoint of . eving 2 uranium DWS in the aquifer in a
reasonable timeframe, Alternative 2 performs poorly co  ired to Alternatives 3 through 5 because the
uranium DWS would not be achieved until about 2052..  rnatives 3 through 5 are expected to achieve
RAOs within a shorter timeframe. The certainty of ach:  ng the uranium DWS in groundwater in a
shorter timeframe is greatest for Alternative 5 because it relies solely on RTD to remove uranium
contaminated waste in the vadose zone and PRZ, but it ovides =2 greatest challenges because of the
deep excavation,

Alternatives 2 through 5 are all considered readily impl  entable although Alternative 5 is ranked lower
because of the technical challenges associated with exc  tion at depths greater than 4.6 m (15 ft).
Alternative 3 and to a lesser degree Alternative 4 have =~ ertainties associated with delivering phosphate
to the waste in the vadose zone and PRZ, but this is viewed as lesser issue than the deep excavation
required in Alternative 5 and would be overcome by us: ;the - ased project implementation approach.
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No significant technical or administt  ve challenges are associated with the proposed alternatives.
Actions such as RTD and surface capping have been implemented extensively at the Hanford Site.
Vendors and materials for implementation of pipeline void filling and uranium sequestration activities are
read ’available.

Although uranium sequestration has been successfully demonstrated in the laboratory and on a limited
pilot scale at the Hanford Site, a phased project implementation approach for large-scale waste site
treatment is anticipated. This approach will increase the certainty in delivering the chemical to the waste
in the most effective and appropriate manner.

Estimated design, construction, O& and decommissioning costs were developed for each alternative.
O&M costs were estimated based on an alternative-specific remedial timeframe from 10 to 38 years. The
total estimated net present value (NPV) costs are $301 million for Alternative 2 ($296 for waste sites and
$5 million for groundwater), $413 n  ion for Alternative 3 ($400 for waste sites and $13 million for
groundwater), $556 million for Alte tive 4 ($545 for waste sites and $11 million for groundwater) and
§ 158 million for Alternative 5 (§1 5 for waste sites and $3 million for groundwater).

Alternatives 2 through 5 do not include costs associated with providing additional onsite waste disposal
capacity. A cost of $27.1 million is associated with construction of a new ERDF Super Cell for disposal
of the excavated materials from the waste sites, which has not been added to the overall cost estimates.

These cost estimates were prepared to meet the -30 to +50 percent range of accuracy recommended in
CERCLA RI/FS Guidance (EPA/54(  -89/004). The cost estimates were developed in accordance with A
Guide to Developing and Documenting Cost Estimates During the Feasibility Study (EPA 540/R-00-002)
and Cost Estimating Procedure for Response Action Decision-Making (PRC-PRO-EP-40282). The final
cost of the project will depend on fin  design, selected scope of work, actual labor and material costs,
competitive market conditions, impli  entation schedule, and other factors.

e cost estimates for each alternative include allowances for capital costs, O&M costs, and periodic
costs. Capital costs consist primarily of expenditures incurred to construct the remedial action. Capital
costs also include all labor, equipme  and material costs. Annual O&M costs include labor, equipment,
and materials, and monitoring; extra Hn, injection, and treatment systems O&M; and waste disposal.
Periodic costs occur only once every  w years (5-year reviews, equipment replacement, and well
rehabilitation an replacement) or expenditures that occur only once during the entire remedial timeframe
(decommissioning costs). A total NI  cost and total non-discounted cost are presented. These two cost
categories facilitate comparisc  between alternatives with different remedial action timeframes. The
NPV cost represents the dollars that would need to be set aside today, at the defined interest rate, to
ensure that funds would be available e future as they are needed to perform the remedial action.
Present worth costs were estimated using the real discount rate published by the Office of Management
and Budget Guidelines and Discount Rates for Benefit-Cost Analysis of Federal Programs, effective
through January 2011 (Office of Management and Budget Circular No. A-94).
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Based on information currently available, DOE and EPA recommend Alternative 3—RTD, Uranium
Sequestration and Groundwater Monitoring as the preferred alternative. Alternative 3 meets threshold
criteria and provides the best balance of tradeoffs relative to the other alternatives for the balancing
criteria. DOE expects Alternative 3 to satisfy the following statutory requirements of CERCLA §121(b):

e Protect human health and the environment
e Comply with ARARs
e Be cost-effective

e Use permanent solutions and alternative treatment 1 1nologies or resource recovery technologies to
the maximum extent practicable

e Satisfy the preference for treatment as a principal element

Because of the uncertainty in effectively applying the sphate to the contaminated areas, the remedy
will be implemented in two phases to determine wheth: he delivery of phosphate to the contamination is
a viable technology for uranium sequestration. The phased approach to remedial actions is presented in
Guide to Preparing Superfund Proposed Plans, Records of Decision, and Other Remedy Selection
Decision Documents (EPA 540-R-98-031). The followi ;is a summary of the guidance:

e Phased approach to cleanup is appropriate where cc  slex groundwater contamination problems are
present at a site (uranium geochemistry)

e Phased response actions can be implemented by one action that is implemented in more than one
phase (in one decision document)

Phase I of this alternative will determine the ability of s¢ lestration technology to reduce the amount of
mobile uranium in the vadose zone sediments that could enter the groundwater. If Phase I is successful,
then phosphate will be applied to the remaining areas id tified for uranium sequestration. Otherwise, the
approach for the groundwater will be implemented as identified under Alternative 2. Alternative 2 is
appropriate because the groundwater cleanup levels wil 2 achieved in 38 years (a reasonable
timeframe), there will be minimal impacts to the Columbia River, and the area will be maintained under
ICs that restrict groundwater use. The recommendation of Alternative 3 as the preferred alternative may
change in response to comments received.

The following information will be included in the ROD. according to CERCLA guidance:
e The ultimate RAO is achieving the DWS for uraniv  in groundwater (30 pg/L).

e  Uranium sequestration will be implemented in phases to determine whether it is a viable technology

to reduce the uranium mass flux in the vadose zo: d PRZ to the groundwater, which wi allow
uranium concentrations in groundwater to decrea low the DWS. Uranium sequestration will be
implemented for the remainder of the waste sites -technology is proven viable during Phase I. If
not, groundwater monitoring, as identified under native 2, will be implemented.
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The following regulations are applicable to the remedial

Under DOE’s CERCLA/NEPA Policy, DOE relies on the
under CERCLA (i.e., no separate NEPA document or NE
NEPA values are incorporated into DOE’s CERCLA doc
2010); NEPA values include (but are not limited to) consi
historical, and socioeconomic impacts of the proposed rer
the analysis in the respective feasibility studies and the co

For the remedies evaluated in this Proposed Plan, envir
disturbance (e.g., increased traffic, noise levels, and fug
760 ac) for a disturbed industrial area that has low to m

Long-term impacts identified for the remedies include

of the 300 Area waste sites and groundwater.

RCLA process for review of actions to be taken
process is ordinarily required [Cook, 2002]).
ntation (DOE O 451.1.1b, Chg 2, June 25,

ition of the cumulative, ecological, cultural,

al action. NEPA values were incorporated into
sions will be included in the CERCLA ROD.

1ental impacts include temporary short-term
e dust) of approximately 3.1 km® (1.2 mi’,
inal habitat quality.

ntial aesthetic and visual impacts, should the

backfilled areas not be adequately contoured and vegetated to blend with the surrounding area. DOE

expects minimal or no long-term impacts to air quality,
transportation; socioeconomic values; or disadvantaged «

In accordance with the Tri-Party Agreement, past pract
both CERCLA remedial action and RCRA corrective a
CERCLA requirements, this preferred remedial action i
obligations under RCRA and Washington State’s Haza

-ural resources, an
mmunities concerned with environmental justice.

historical resources;

site cleanup (remediation) is intended to satisfy
n requirements. In z
itended to full DOE’s corrective action

us Waste Management Act. DOE and EPA

lition to fulfilling

agreed that the preferred alternative (i.e., remedy) would satisfy the requirements of both CERCLA and

RCRA corrective action.

Although this is not a Model Toxics Control Act cleant
Proposed Plan fulfills its seven standards for a final ren

e Protect human health and the environment.

e Comply with the cleanup standards.

e Comply with applicable state and federal laws.

e Provide for compliance monitoring.

e Use the permanent solution to the maximum extent
e Provide for a reasonable restoration timeframe.

¢ Consider public concerns
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ARAR
bgs
CERCLA

CFR
CcocC
COPC
DOE
DOE-RL
DWS
Ecology
EIS

EPA
EPC
ERDF
FFTF

FS

HAB
HCP EIS
HI
HRNM
IC

MNA
NCP

NPL
NPV
O&M
OSE
ou
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applicable or relevant and appr riate requirement
below ground surface

Comprehensive Environmental Response, Compensation, and Liability Act of
1980

Code of Federal Regulations

contaminant of concern

contaminant of potential concern

U.S. Department of Energy

DOE, Richland Operations Office, also known as RL
drinking water standard

Washington State Department of Ecology
environmental impact statement

U.S. Environmental Protection Agency

exposure point concentration

Environmental Restoration Disposal Facility

Fast Flux Test Facility

feasibility study

Hanford Advisory Board

Hanford Comprehensive Land-Use Plan Environmental Impact Statement
hazard index

Hanford Reach National Monur  nt

institutional control

monitored natural attenuation

National Contingency Plan (Cite first as “National Oil and Hazardous Substances
Pollution Contingency Plan” [40 CFR 300].)

National Priorities List

net present value
operation and maintenance
orphan site evaluation

operable unit
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Operation and Maintenance (O&M): Long-term remedial action operations, maintenance, and
institutional controls.

Picocurie (pCi): A unit of radioactivity equivalent to 1 ~ x 10E-12 curies or 0.037 disintegrations per
second. :

Plug-in Approach: Under this approach, a standard re1  dy is selected that applies to waste sites with
similar attributes, rather than to a specific waste site.

Preferred Alternative: The remedial action selected after an evaluation of all alternatives that is
protective of human health and the environment.

Preliminary Remediation Goal (PRG): A PRG is a risk-based value for specific contaminant and
exposure pathways that establish contaminant concentr ons that are protective of human health and the
environment. PRGs are established during the feasibility study based on scientific information and are
used as a target for remedial cleanup goals. Alternatives are developed and evaluated based on how well
they meet the goals. Final remediation goals are set int record of decision and are used during the
remediation of a site.

Proposed Plan: Proposed plans are provided to the put by the responsible parties to present the
preferred alternative and other alternatives analyzed for remedial actions at specific waste sites. Proposed
plans are based on and summarize the remedial investig on/feasibility studies for specific sites.

Radionuclide: An unstable atom that emits excess energy (decays) in the form of radioactivity (rays or
particles). Depending on the type and amount of decay, >longed exposure may be harmful.

Record of Decision (ROD): A ROD is a legally bindin  ublic document that identifies the remedy that
will be used at a group of sites and why it has been sele 1.” ¢ Responsiveness Summary in the ROD
contains the public comments received on the proposed actions and the Agencies’ responses.

Remedial Action Objective (RAO): An RAO is amed n-specific (e.g., soil) or OU-specific goal for
protecting human health and the environment that specifies the contaminant(s) of concern, the exposure
route(s) and receptor(s).

Remedial Alternative: General or specific actions that : evaluated to determine the extent to which
they can eliminate or minimize threats posed by contar ints to human health and the environment,
comply with environmental laws and regulations, and meet other selection criteria.

Remedial Investigation/Feasibility Study (RI/FS): The RI/FS process as outlined in this roposed plan
represents the methodology that the Superfund program has est lished for characterizing the nature and
extent of risks posed by uncontrolled hazardous waste s s and for evaluating potential remedial action
options.

Remedial Action: Actions performed to reduce potential harm to human health and the environment
from radioactive or hazardous substances.

Remediation: Actions performed to reduce potential harm to human health and the environment from
radioactive or hazardous substances.

Removal, Treatment, and Disposal (RTD): A clean iethod where soil an debris are excavated in
such a way that no contaminants above the approved 1 s or concentration for direct exposure and
groundwater protection remain at the Site. Excavated material is treated (as necessary) and sent to an
onsite or offsite engineered facility for disposal.
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