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“Relevant and appropriate” requirements mean those environmental requirements such as cleanup
standards that address problems or situations sufficiently similar to those encountered at the CERCLA
site that their use is we suited to the particular site (NCP, “General” [(40 CFR 300.400(g)(2)]).

A requirement that is relevant and appropriate may not meet one or more jurisdictional prerequisites for
applicability but still make sense at the site, given the circumstances of the site and the release.

In evaluating the relevance and appropriateness of a requirement, the eight comparison factors in NCP,
“General” (40 CFR 300.400[g][2]) are considered:

e The purpose of the requirement and the purpose of the CERCLA action

e The medium regulated or affected by the requirement and the medium contaminated or affected at
the CERCLA site

e The substances regulated by the requirement and the substances found at the CERCLA site

e The actions or activities regulated by the requirement and the remedial action contemplated at the
CERCLA site

e Any variances, waivers, or exemptions of the requirement and  zir availability for the circumstances
at the CERCLA site

e The type of place regulated and the type of place affected by the release or CERCLA action

e The type and size of structure or facility regulated and the type and size of structure or facility
affected by the release or contemplated by the CERCLA action

Any consideration of use or potential use of affected resources in the requirement and the use or
potential use of the affected resource at the CERCLA site

To be considered (TBC) information represents another category of non-promulgated advisories or
guidance issuec y federal or state governments that are not legally binding and do not have the status
of ARARs. In some circumstances, TBC information will be evaluated, . g with ARARs, in

termining the remedial actions necessary for cleanup. TBC information complements ARARs in
determining protectiveness at a CERCLA site or in assessing implementation of certain actions.
For example, because cleanup standards do not exist for all contaminants, health advisories, which would
be TBC information, may be helpful in defining cleanup levels.

Section 161 of the AEA, as amended, provides DOE the authority to establish DOE orders containing
instructions and operational requireme:  considered important to protect HHE from nuclear material,
so e material, a1 syproduct materials. While the r¢ 1irements of DOE Orders must be met, they are
not ARARSs and are independent of the TBC and ARARs identification process at the Hanford Site.

Potential ARARs for 100-D/H are examined to determine if they fall into one of three categories:
chemical-specific, location-specific, or action-specific requirements. These categories are defined as follows:

e Chemical-specific requirements are usually health- or risk-based numerical values or methodologies
that, when applied to site-specific conditions, result in the establishment of public and worker safety
levels and site cleanup levels.

e Location-specific requirements are restrictions placed on the concentration of dangerous substances
or the conduct of activities solely because they occur in special geographic areas.
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e Action-specific requirements are usually technology- or activity-based requirements or limitations
triggered by remedial actions performed at the site.

8.1.2.2 Waivers from ARARs

The CERCLA lead agency delegated authority under Section 121 may waive ARARs, with EPA’s
concurrence, and select a remedial action that does not attain the same level of cleanup as that identified
by the /  ARSs. In Superfund Implementation (Executive Order 12580), the president delegated

Section 121 authority to DOE for cleanup of DOE facilities. Section 121 of the Superfund Amendments
and Reauthorization Act of 1986 identifies the following circumstances in which DOE may waive
ARARs for onsite remedial actions:

® The remedial action selected is only a part of a total remedial action (such as an interim action), and
the final remedy will attain the ARAR upon its completion.

e Compliance with the ARAR will result in a greater risk to HHE than alternative options.
e Compliance with the ARAR is technically impracticable from an engineering perspective.

e An alternative remedial action will attain an equivalent standard of performance using another
method or approach.

e The ARAR is a state requirement that the state has not consistently applied (or demonstrated the
intent to apply consistently) in similar circumstances.

ARAR waivers can be established in the ROD or through a ROD modification.

8.1.2.3 Potential ARARs ldentified

Table 8-2 presents potential federal and Washington State ARARs. When the final remedy selection is
documented in the ROD, all federal and state AR/ s with which the final remedy must comply are also
finalized. Key potential ARARs are identified in the following text.
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8.1.4.2 Direct Contact = posure PRGs for Nonradiological Contaminants

Development of the PRGs for direct contact exposure to nonradiological contamination for both human
and ecological receptors is described in the following sections.

Human Exposure. For human receptors, soil PRGs developed for direct contact and inhalation exposure
pathways are risk-based standards for hazardous substances. Risk-based standards for individual
hazardous substances . : established using applicable federal and state laws and risk equations.
Risk-based standards for individual carcinogens in an unrestricted exposure scenario are based on an
ELCR of 1 x 10° and an HQ of 1.0 for individual noncarcinogenic substances as described in 2007
MTCA, “Unrestricted Land Use Soil Cleanup Standards” (WAC 173-340-740[3][b][iii][B]). Additional
information about exposure assumptions and the risk bases is provided in Section 6.2.3.3.1 of this RI/FS.

Consistent with this approach, the methodology described for unrestricted land use under 2007 MTCA,
“Unrestricted Land Use Soil Cleanup Levels” (WAC 173-340-740[3]), is used to calculate the
risk-based standards for soil ingestion. Risk-based standards for inhalation pathways use equations and
input parameters des  sed in “Cleanup Standards to Protect Air Quality” (WAC 173-340-750[3]) and
EPA-published volatilization factors and particulate emission factors.

For arsenic, lead, and total petroleum hydrocarbon, Table 740-1 in the Method A *"Seil Cleanup Levels
for Unrestricted Land Use” (2007 MTCA “Tables” [WAC 173-340-900]) is used as the PRG for direct

contact exposure.

Soil PRG values are also developed for the direct contact and inhalation pathways combined, using the
casual recreational user exposure scenario. The casual recreational user scenario is used to represent the
reasonably anticipated future land use for the OU(s). A complete description of the activities, exposure
assumptions, and risk bases associated with casual recreational user scenario is provided in

Section 6.2.3.3.3 of this RI/FS. The PRG values listed in Table 8-3 for this exposure scenario are
provided to aid in determining whether the cleanup actions achieve the CERCLA threshold criteria.

Risk-based standards for some contaminants are calculated to be less than area background values

or PQLs. Where risk-based standards are less than area background concentrations, PRGs may be set at
concentrations that are equal to the agreed upon site or area background concentrations. Area background
values for selected nonradioactive contaminants in soil have been characterized for the Hanford Site
(Hanford Site Background: Part 1, Soil Background for Nonradioactive Analvtes [DOE/RL-92-24]).
Similarly, where risk-based standards are less than PQLs, PRGs will default to the PQLs. Therefore, the
PRGs for individual nonradioactive contaminants in solid waste and particulate reflect the value that is
greatest among risk-based standards, area background values, or PQLs.

Ecological Exposure. Ecological PRGs for the protection of plants, soil invertebrates, and wildlife (birds
and mammals) are developed using a tiered approach (7ier [ Risk-Based Soil Concentrations Protective
of Ecological Receptors at the Hanford Site [CHPRC-00784]). The objective of a tiered approach is to
refine available generic screening levels (EcoSSLs in 2007 MTCA [WAC 173-340], Table 749-3, or
BCGs), as needed, with additional literature-derived or site-specific information to more realistically
represent Hanford Site-specific ecological risks. The ecological PRGs are developed in Section 7.3.4 of
this RI/FS.
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ELCR of I x 10™. The PRG values listed in Table 8-3 for this exposure scenario are provided to aid in
determining whether the cleanup actions achieve CERCLA threshold criteria.

Ecological Exposure. BCGs are proposcd for use as ecological PRGs for radionuclides for terrestrial
plants and animals (including soil invertebrates).A discussion of the application of BCGs to radionuclide
toxicity data is presented in Section 7.3. BCGs are also evaluated at the SMDP and considers potential
population impacts for decisions. Additional evaluation may be conducted where biological exposures
exceed BCGs.

8.1.4.4 Soil Concentrations Protective of Groundwater and Surface iter (SSLs and PRGs)

Fate and transport modeling of contaminants in the vadose zone was conducted to assess their potential
impact on groundwater or surface water. Numerical models were constructed to represent the key factors
of the conceptual model for 100-D/H and simulated using thc STOMP code (STOMP Subsurface
Transport Over Multiple Phases Version 2.0 Theory Guide [PNNL-12030]). Modeling with STOMP was
performed with a bounding rcpresentation of wastc distribution and for multiple stratigraphic columns
representing the range of conditions within 100-D/H. The bounding representation of waste distribution
consisted of a uniform distribution through the cntire vadose zonc thickness beneath the backfill for
contaminants with Ky <2 (referred to as the 100:0 initial distribution) and a uniform distribution through
the upper 70 entoft vadose zone thickness beneath the backfil. r contaminants with K,>2
(referred to as  : 70:30 initial distribution). Constituents that were persistent (that is, do not degrade or
decay in a reasonable period) and that had a peak concentration in groundwater occurring within

1,000 years in the future were evaluated in this way. This modeling process, including assumptions and
inputs, is described in Section 5.4 and modeling results in Section 5.6.

SSL values were developcd from STOMP simulated peak groundwater concentrations obtained for an
irrigation recharge scenario representing a bounding future recharge case (based on irrigated : _ culture)
and Hr criterion protective of groundwater and surface water. Those sites/contaminants that failed the
screening level (based on comparison of EPCs to SSLs) were next evaluated against PRG values
develope  from STOMP simulated peak groundwater concentrations obtained for a native vegetation
recharge scenario representative of re-establishment of the native xerophytic plant communities on the
land surface (Table 8-4) and the same criterion protective of groundwater and surface water.

The derivation of these protection levels is described in Section 5.7,

8.1.4.5 COC Identification Based on Groundwater and Surface Water PRGs

A groundwater risk assessment was presented in Section 6.3 of this report. The list of COCs presented in
Table 8-5 was determined in Section 6.3. The process used to identify COCs is described in

Section 6.3.2.3 (COPC Identification Process) and in Section 6.3.5 (Risk Characterization). Based on the
results of the groundwater risk assessment, the list of COCs include chromium (total), Cr(VI),

strontit 90, and nitrate in the 100-D Area; strontium-90, Cr(VI), and nitrate in the100-H Area; and
chromium (total) and Cr(VI) in the Horn area. Nitrate has a 90" percentile concentration less than the
DWS in the 100-H Area, but has areas of localized contamination above the DWS; therefore, it is retained
asa COC.

8.2 Gener: Response Ac 1s

GRAs consistent with RAOs were identified for 100-D/H. GRAs are basic actions that might be undertaken
to remediate a site, and are assembled based on nature and extent of contamination, as presented in the RI.
For each GRA, several possible remedial technologies may exist, which can be further divided into

a number of process options. This section discusses the remedial technology selection process.
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that have been suspected waste sites are summarized and tracked in the WIDS database. As information is
learned about the sites, or as they are remediated and confirmation data collected, the sites are classified
or reclassified, depending on their status. Of the 343 sites (including subsites) as of June 2011 in
100-D/H, 49 sites were not ¢ ed forward per discussion in Chapter 1. Forty-¢ight sites were classified
or reclassified as “Rejected,” “Not Accepted,” or “Closed Out,” and one site will be closed out under
Washington Department of Health Regulations (Table 8-6). These sites were not considered further in
this RI/FS.

In addition, the waste sites for the three reactor core safe storage enclosures, 105-D, 105-DR, and 105-H,
are not discussed in the FS. The waste sites are 118-D-6:1, [ 18-DR-2:1, and 118-H-6:1, respectively.

In September 1993, DOE issued a NEPA ROD (58 FR 48509, “Record of Decision; Decommissioning of
Eight Surplus Production Reactors at the Hanford Site, Richland, WA™) that established a path forward for
the Hanford Site reactors. An “Amended Record of Decision for the Decommissioning of Eight Surplus
Production Reactors at the Hanford Site, Richland, WA (75 FR 43158) was issued in July 2010,

The NEPA ROD provided options for immediate dismantlement for reactor decommissioning, and
one-piece disposal of the reactor cores or dismantlement after an ISS period of approximately 75 years,
which allowed for decay of the radionuclide(s) that presented the major risk for site workers. The three
reactor buildings are currently in [SS. As detailed ~ Hanford Site Cleanup Completion Framework
(DOE/RL-2009-10), the .~.’A ROD (58 FR 48509) indicated DOE’s intent to complete these
decommissioning actions consistent with the proposed cleanup schedule for remedial actions, which
includes the D, DR, and H Reactors. Until reactor removal is complete, DOE will continue to conduct
routine maintenance, surveillance, and radiological monitoring activities during the ISS period.

Additional information developed through the risk assessments in Chapters 5, 6, and 7 does not change
the determinations from Chapter 1. Figures 8-1 and 8-2 present the location of the 100-D and 100-H
waste sites, respectively, that are not evaluated in the FS. Chapter 1 presents additional information on
these waste sites not carried forward.

Waste sites Identified for No Further Action. There are 146 waste sites that are identified for no further
action based on the risk assessments in Chapters 5, 6, and 7, and specific alternative evaluations are not
developed for these sites. Locations of the 100-D and 100-H waste sites for no further action are shown
on Figures 8-3 and 8-4, respectively.

The waste sites identified for no further action include the following:

e 125 interim closed or interim no action sites with verification data that have been quantitatively
evaluated to the PRGs in Table 8-3 and indicate no unacceptable risk to HHE

e 21 waste sites with site-specific evaluations indicating no further action
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action considerations for this subsite. Other portions of the former 105-D facility are
considered s« arately.

128-D-1. The 128-D-1 site was identified as a potential burn pit, but was determined to be a duplicate
of either the 128-D-2 or the 628-3 burn pit waste sites. The site was reclassified as *no action™ based
on this determination; this remains appropriate for final action purposes.

132-D-4. The 132-D-4 site consists of the former 116-D Exhaust Stack for the D Reactor. The stack
and foundation have been demolished and removed to 0.9 m (3 ft) below grade. The 132-D-4 site was
reclassified to “interim closed out” based on sampling at the 116-C, 116-F, and 116-H stacks, which
determined that contamination penetrated the stack concrete minimally and would be removed by
demolition to below grade. A drain line contained within the stack concrete was determined to be
analogous to drain lines in the 116-C and 116-F, which were determined to require no action based
on dose modeling. These determinations remain appropriate for the residual concrete foundation.

UPR-100-D-1. The UPR-100-D-1 site was initially identified as a small area of suspect oil-stained soil.
A 2005 walkdown could not locate any evidence of the site, and noted that the area had been highly
disturbed by demolition and remediation activities. The site was reclassified as “no action.” This
determ  tion remains appropriate for final action purposes.

132-DR-2. The 132-DR-2 site consists of the former 116-DR Exhaust Stack for the DR Reactor. Use of
this stack for the 117-DR Large Sodium Fire Facility was addressed separately as the 122-DR-1:5
subsite. The stack and foundation have been demolished and removed to 0.9 m (3 ft) below grade.
This site was reclassified to “interim closed out™ based on removal of potentially contaminated concrete
and radiological survey of surrounding soil. These determinations remain appropriate for the residual
concrete foundation.

100-H-28:8. The 100-H-28:8 subsite encompasscs the former process water supply pipelines in
subgrade concrete tunnels between the 190-H and 105-H facilities. These pipelines were completely
removed during demolition of the 190-H facility and ISS activities for the H Reactor. The subsite was
reclassified as “no action” based on removal of the pipelines and the absence of any evidence of
Icakage during operations. This determination remains appropriate for final action purposes.

116- 4. The 116-H-4 crib was removed in 1960 during construction of the 117-H Building and

no requirements for interim action were previously determined. Remedial investigation samples

from borehole C7862, as discussed in Chapter 4, were collected to characterize the waste site.

The evaluation on the soil data from RI borehole was performed (Chapters 5, 6, and 7) and identified
that concentrations did not exceed human health, groundwater protection, or surface water protection
PRG values for analyzed constituents. The maximum detected concentrations for aluminum and lithium
exceeded ecological PRG values; however, the maximum detectable concentrations were below Hanford
background concentrations. Additionally, Cr(VI) and total chromium concentrations from groundwater
samples collected at the borehole were both below detection limits. Based on having been previously
removed and RI data evaluation, no further action is identified at this site.

e 100-H-33. 2e 183-H Solar Evaporation Basins RCRA waste site (116-H-6) was closed out
through a modified RCRA closure in 1997. The 100-H-33 waste site was created to address the
radionuclide component of the 183-H Solar Evaporation Basins. Maximum concentrations of
dangerous waste constituents of concern in 183-H Soil from the test pit following remediation
in 1997, 183-H Solar Evaporation Basins Postclosure Plan [DOE/RL-97-48]). are less than the
PRG values presented in Table 8-3. In addition, sample results presented in Chapter 4 from the Rl
borehole identified in the 100-D/H Work Plan (DOE/RL-2008-46-ADDI) at the 183-H Solar
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Waste Sites to be Remediated under Interim Action RODs. A total of 59 waste sites are currently or
anticipated to be remediated under the 100 Area Remaining Sites ROD (EPA/ROD/R10-99/039), or are
anticipated to be in progress by the time the ROD is signed. The locations of the sites are shown on
Figure 8-5.

Waste Sites Remaining for I ‘ther Action. The remaining 86 waste sites are expected to require
further action after the ROD is issued. Thirty-two of the 86 waste sites have been interim or interim

no action closed and had verification d | with exceedances of deep zone (>15 ft bgs) direct contact
human health exposure criteria (residential scenario) for select radionuclides (Chapter 6). Contamination
was detected in deep zone verification soil samples collected from depths greater than 4.6 m (15 ft) bgs and,
as a result, there is no direct exposure pathway. DOE has proposed to place deep excavation ICs to limit
exposure (Table 9-4). Rough order of magnitude cost for excavating and removing the contaminants at all
32 sites is $320 million. However, these radionuclides will continue to decay to below direct contact
human health exposure criteria within 2 to 185 years and during this time (depending on the current
concentration of individual constituent(s) of interest at each site), DOE or the federal government will maintain
controls on the land to prevent exposure to these materials. For this reason, ICs will be maintained for these
sites until unrestricted use is allowable. No further technology a; ication is required and remedial action
alternatives are not developed for these sites.

Two other waste sites associated with river effluent pipelines (100-D-60 and 100-H-34) were evaluated
for risks, as discussed in Chapters 6 and 7. The risk assessments associated with river efflucnt pipeline
investigation indicate no unacceptable human health risk, based on RME scenarios. No technology
application is required and remedial action alternatives are not developed for the below river effluent
pipeline waste sites in this FS. While no IC is required, an annual inspection under the RCRA permit
(Permit Number WA7 89000 8967) is conducted along the shoreline to identify Hanford debris.

The remaining 52 waste sites are expected to be remediated after the ROD is issued. These sites are
evaluated for remedial alternatives in Chapter 9. Risk drivers have been determined based on knowledge
of the process that was performed at the sites and remediation results at similar sites in the River Corridor
(Table J-1, Appendix J). The remedial approaches for the major risk drivers are developed for each
alternative and presented in Chapt  9." ese sites include three waste sites compl  d under interim
actions that had exceedances of human health direct exposure risk PRGs for radionuclides.

The following 52 waste sites remain for remedial action; locations arc shown on Figure 8-6:

e Twenty-nine sites for which interim remedial actions will not be completed until after the ROD is
signed (100-D-50:2, 100-D-75:1, 100-H-36, 100-H-58, 100-D-106, 100-H-51:6, 100-H-59, 600-380,
600-382:1, 600-382:2, 600-382:3, 600-382:4, 600-382:5, 600-383:1, 600-383:2, 600-383:3,
600-383:4, 600-383:5, 600-383:6, 600-383:7, 600-383:8, 600-383:9, 600-383:10, 600-384:1,
600-384:2, 600-384:3, 600-384:4, 600-384:5, and 600-385)

Four sites that have undergone interim action but risk assessment indicates sites exceed sh.  ow
human health direct exposure criteria for radionuclides in a portion of the site (100-D-25, 116-DR-9,
116-D-8, and 118-DR-2:2)
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Cr(VI). Figures 4-90 and 4-95 illustrate areas exceeding the groundwater PRG for nitrate and
strontium-90, respectively.

As described in Chapter 4, Cr(VI) contamination has been identified inse:  Ilo ions (primarily in

)JO-H) in the uppermost water-bearing unit below the unconfined aquifer. There was no contamination
deeper than this based on the RI characterization and there is a strong upward gradient within the lower
portions of the Ringold Formation. Remediation of Cr(VI) contamination in the confined RUM aquifer is
evaluated in the remedial action alternatives.

The CSM described in Section 4.9 identifies locations where confirmation sampling and RI
characterization indicate cleanup goals have been achieved at waste sites, but groundwater monitoring
indicates that a potential for residual contamination in soil exists. The four general locations where
groundwater monitoring indicates potential residual contamination in the vadose zone that may contribute
to groundwater contamination include the following:

e D and DR Reactors where FSB leaks, disposal cribs, and trenches were historical sources of Cr(VI)
and mixed fission product contamination

e High-concentration sodium dichromate transfer facility locations, including the vicinity of the
100-D-100 waste site and other related conveyance systems

e High-volume, low-concentration cooling water disposal areas
e 183-H Solar Evaporation Basin

8.2.1.3 Riparian Soil

Human health risks were assessed in areas outside the footprints of waste sites as part of the RCBRA
(DOE/RL-2007-21, Volume II) and the CRC (DOE/RL-2010-117, Volume II) risk assessments. Based
on the results from this analysis (summarized in Section 6.4), there are no COPCs in riparian soils,
near-shore sediments, and surface water that warrant further evaluation in the FS.

Appendix L presents a CSM of the riparian and near shore environment along 100-D/H to supplement

the analysis of River Corridor-wide ecological risks presented in the RCBRA (DOE/RL-2007-21).
Results from this evaluation identifies that, with the exception of total chromium and Cr(VI), detected
concentrations of contaminants in riparian or near shore groundwater, seeps, aquifer tubes, and pore water
do not present an ecological concern, or are not associated with contaminated groundwater resulting from
Hanford Site operations, and total chromium and Cr(VI) should be considered the ¢ " - COECs for
purposes of alternatives evaluation.

8.3 Identification and Screening of Technology Types and Process Options

This section presents remedial technologies and process options that are subsets of the selected GRAs,
and that may potentially meet RAOs for contaminated waste sites and groundwater at 100-D/H.

The potential remedial technologies are evaluated or screened for implementability, effectiveness in
eliminating, reducing, or controlling risks to HHE, and relative cost. The identified technologies are then
combined into a range of remedial alternatives in Chapter 9.

8.3.1 Identification and Sc :ning of Technolog

The discussion summarizes the technologies and process options considered as part of this evaluation.
Although no action and ICs are not considered remedial technologies, they are important response actions
to be considered as part of the remediation approach and are discussed herein.
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The NEPA ROD (58 FR 48509) provided options for immediate dismantlement for reactor
decommissioning and one-piece disposal or dismantlement of the reactor cores after an ISS period of
approximately 75 years, which allowed for the decay of the radionuclides that presented the major risk for
the sitc workers. Until reactor removal is complete, DOE will continue to conduct routine maintenance,
surveillance, and radiological monitoring activities to ensure continued protection of HHE during the

ISS period.

Removal. Removal technologies include excavation of contaminated materials. The engincering design is
based on existing information. Existing information, including operational process knowledge, vadosc
zone data, groundwater data, and waste site remediation of similar sites, is used in determining the area
for remediation. Excavation of sites with contaminated soil follows the observational approach, allowing
waste characterization to occur as excavation proceeds. The observational approach uses a variety of
techniques including field screening, confirmation sampling, and potholes, soil borings, or test pits, as
appropriate, to determine the extent of contaminant removal required until cleanup goals have been met.
Excavation is coupled with additional characterization from the obscrvational approach, analytical
assessment of soil and groundwater to support design volumes, dust control, efficient transportation,
treatment as required. and disposal. Excavated soil is segregated to determine disposal or

treatment requirements.

Excavation can use conventional equipment and methods including excavators, bulldozers, and wheeled
loaders. Earthmoving equipment removes clean overburden as appropriate, which can be staged for later use
in backfilling, and contaminated media to stage for appropriate waste management activities. Contaminated
media typically are removed in lifts (layers of uniform thickness) to allow screening for contamination.
Ficld screening supports waste characterization and helps determine achievement of remedial goals.

Process options under the removal GRA include standard excavation (depths up to 6 m [20 ft]) and

deep excavation (to depths greater than 6 m [20 ft]). The determination of 6 m (20 ft) for deep excavation
is based on engineering considerations. At excavations exceeding 6 m (20 ft) bgs, implementation
requires technologies that are more complex, such as large layback for open-pit type excavation or use
of shoring. Given the increased complexity. deep excavations have an increased cost compared to
standard excavation.

Ex Situ Treatment and Processing. Following cxcavation, soil can be treated with ex situ methods to

reduce contaminant concentrations or toxicity, remove contaminants (transfer to different media), or
reduce volume, and allow for less costly disposal. Treatment can be achieved by applying physical,

chemical, biological, or thermal techniques.

Additional treatment that may be required to meet waste acceptance criteria at ERDF is not included in
the costs for this process. This ex situ treatment process option only covers technologies that could be
used to treat the soil so that part or all of the soil volume could be backfilled at the location from which it
was removed.

8-68






















































DOE/F  2010-95, REV. 0

Implementability: Very Good. Readily implemented, requires
periodic surveillance and maintcnance.
Cost: Low.

Retained

Proprietary/Government Controls

This typc of control is based on the legal authority of landowners to control the
usc of their I Proprietary controls, such as easements, arc based on the
rights associated with ownership of an interest in land. Government controls
rely on the powers of governments to protect the public health and safety
through zoning, legislation, land ownership, or permit programs.

Land Use Management: Ensures that use of the land is compatible with any hazards
that exist. As presented in Sitewide Institutional Controls Plan for Hanford CERCLA
Response Actions (DOE/RL-2001-41), “DOE will restrict the use of land on waste sites
and prohibit activitics that would interfere with the remedial activity in accordance with
the institutional controls requirements of the CERCLA decision documents and as
described in applicable work plans.” Implementation of land use management controls
can ensure that any changes in use of the land are assessed before being atllowed, and
that institutional controls are maintained beyond change of ownership, as appropriate.
Mechanisms include land use and real property controls (for example, proprictary
controls including casements and covenants) and excavation permits. Land use and real
property controls ensure that the usc of land is in accordance with Hanford Site plans
and CERCLA decision documents. Site evaluations are required before any land
disturbancce activity, and excavation permits are required for excavations on the Hanford
Site to prevent unplanned disturbance or infiltration as prohibited by CERCLA
decision documents.

Groundwater Use Management: Ensures proper usc of groundwater through
groundwater controls. As described in Sitewide Institutional Controls Plan for Hanford
CERCLA Response Actions (DOE/RL-2001-41), groundwater use on the Hanford Site is
generally restricted, except for limited research purposes and for monitoring and
treatment, as approved by EPA or Ecology, or as authorized in EPA- or
Ecology-approved documents. Excavation permits and the land use process also control
groundwater usc.

Land Use Management

Land usc and real property controls (for cxample, proprictary
controls including easements and covenants).

Applies to all COPCs.

FEffectiveness: Good. Reduces or eliminates the potential for direct
contact with contaminated groundwater when well implemented
and maintained for the duration of elevated risk period. Ensures
compatible land usc.

Implementabiline: Very Good. Readily implemented, must identify
and comply with all necessary legal requirements.

Cost: Low.

Retained

Groundwater Use Management

Groundwater controls.

Applics to all COPCs.

Effectiveness. Good. Ensures no improper usc of groundwater.
Implementability: Very Good. Readily implemented, but will
likely require ongoing oversight and coordination with state water
resource managers.

Cost: Low.

Retained




DC RL-Z )95 F /.0

documents and traces additions, deletions, and/or other changes dealing with the status maintenance of the information management system.
of waste managemcnt units. —  Cost Low.
Retained

a. Sitewide Institutional Controls Plan for Hanford CERCLA Response Actions (DOE/RL-2001-41).
b. An “Informational Tool” is an EPA catcgory of an institutional control that is used at the Hanford Site as discussed in DOE/RL-2001-41.
COPC - contaminant of potential concern

WIDS — Waste Information Data System
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Ex situ treatment process options include the following:

e [x situ solidification/stabilization
e Soil washing

e [Ex situ vitrification

e Ex situ thermal desorption

Disposal. Following excavation, contaminated soil needs to be properly disposed, either at the onsite or an
offsite landfill, or by backfilling treated soil. Prior to implementation of a disposal option, waste
acceptance criteria must be evaluated. Treatment required to meet ERDF waste acceptance criteria is
evaluated under the disposal GRA.

Backfilling treated soil involves excavation and ex situ treatment, followed by onsite disposal. Before
implementation of this disposal option, treated soil will need to be compared to PRG criteria to verify
bac  ing is appropriate.

Disposal at the onsite landfill includes transport of excavated soil to EDRF. The waste acceptance criteria
for ERDF are based on regt itory requirements (for example, RCRA Land Disposal Requirements) and
risk-based considerations for long-term protection of HHE. If waste cannot be accepted at ERDF, an
EPA-approved offsite disposal facility will be used. Part of this process option is treatment required to
meet ERDF waste acceptance criteria. Therefore, an ex situ treatment process option does not need to be
evaluated if excavation and disposal at E} 'F are selected as remedial options.

In Situ Treatment. In situ treatment consists of actions that treat contamination in place using physical,
chemical, or biological treatment techniques. The main advantage of in situ treatment is that it allows soil to
be treated without being  cavated and transported, resulting in significantly reduced exposure to site
workers relative to removal of contaminated media for disposal or ex situ treatment. Other advantages
include reduced disturbances to vegetation and cultural resources relative to excavation. In situ treatment
may also provide a larger areal zone treatment, and there is typically little secondary waste generated.

For this evaluation, in situ process options were subdivided by technologies that require delivery of

a reagent to the subsurface for treatment, and those that implement another technique. Within actions
requiring delivery of a reagent, technologies can be further subdivided by the reagent approach (physical,
chemical, or biological), and the method for delivering the reagent to the subsurface. For treatment of
contaminated soil in 100-D/H, the following in situ remedial technologies and process «  ions

were evaluated:

e Reagent approach:

- In situ solidification

- Insitu stabilization/sequestration

- ( emical reduction

- In situ chemical oxidation

- Biological re ion

- Combined cl cal/biological reduction

- Gaseous ammonia injection

- Reductive dechlorination using zero-valent metals or bioremediation of PCBs
- In situ gaseous reduction with chemical reductant or biological substrate

. elivery method:

- Mixing with conventional excavation equipment
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- Deep soil mixing (vertical/horizontal)
- Foam delivery of reagents

- Gas delivery of reagents

- Horizontal injection wells

- Vertical injection wells

- Jet grouting

- Surface infiltration

— Void filling/grouting

e |n situ treatment—other:

- Soil blending

- Desiccation

- In situ thermal desorption

- In situ vitrification

- Soil flushing (vadose zone, water)
— Phytoremediation

Contair nt. Containment actions consist of physical measures to restrict contaminant migration to
groundwater, and/or break the direct contact exposure pathway. Remedial technologies evaluated under
the containment GRA include surface barriers, horizontal subsurface barriers, and compaction.

Surface barrier technologies are constructed over contaminated waste sites to control the vertical entry of
water into contaminated media, which in turn reduces leaching of contamination to groundwater. Surface
barriers also provide a cover of contaminated waste sites to protect against direct contact exposure to
minimize human and ecological risks. In addition to their hydrological performance, barriers can function
as physical obstructions to prevent intrusion by human and ecological receptors, limit wind and water
erosion, and attenuate radioactivity. Surface barriers include Hanford barrier, modified RCRA Subtitle C
or Subtitle D barrier, asphalt/concrete cap, and vegetative cap (evapotranspiration cap). The Hanford
barrier design was developed specifically for use at the Hanford Site for sites containing low-level waste
greater than Class C and/or significant inventories of transuranic constituents.

Emplaced horizontal subsurface barriers are set beneath existing in situ contaminants. These bottom
barriers have features similar to those of vertical barriers in that they minimize movement of
contaminants, restrict infiltration of groundwater, and are constructed of similar materials with similar
technologies. Horizontal barrier technologies can include jet grouting, soil freezing, and wire

saw barriers.

Dynamic compaction can consolidate soil and buried wastes, and minimize the potential subsidence for
a subsequent barrier. The process involves dropping a weight from a predetermined height onto the area
to be compacted.

8.3.1.2 Identification and Screening of Technologies for Groundwater

No Action. The no action response means any further action to remove, remediate, monitor, or restrict
access to contaminated groundwater is discontinued. CERCLA RI/FS Guidance (EPA/540/G-89/004) and
NC (40 CFR 300) guidance require this response to remain in the FS process for comparative purposes,
where it is used as a baseline against which all other alternatives will be compared.
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Institutional Controls. ICs are administrative controls and legal restrictions imposed on land use to prevent
or reduce exposure to hazardous wastes or hazardous constituents and/or to protect the integrity of a
remedy. Section 8.3.1.1 and Table 8-9 describe ICs for the Hanford Site.

For groundwater, ICs include administrative controls, access, and drilling restrictions until achievement
of RAOs. Groundwater use management controls are in place to ensure proper use of groundwater.
Groundwater use on the  anford Site is generally restricted, except for limited research purposes and for
monitoring and treatment, as approved by EPA or Ecology, or as authorized in EPA- or Ecology-approved
documents. Table 8-9 presents an evaluation of groundwater use management restrictions.

Monitored Natural Attenuation. MNA relies on natural attenuation processes such as biological and
chemical reduction, adsorption, dilution, dispersion, and radioactive cay to manage the contamination
onsite. MNA includes an evaluation of the natural attenuation mechanisms and implements source control
and long-term monitoring to track progress toward complying with RAOs. When relying onna  al
attenuation processes for site remediation, EPA prefers processes that degrade or destroy contaminants
(Monitored Natural Attenuation of Inorganic Contaminants in Ground Water Volume | Technical Basis

for Assessment ZPA/61 'R-07/139]). erefore, MNA can be an important component of the overall

remedy, especially for waste sites with short-lived radionuclides.

As presented in Use of Monitored Natural Attenuation at Superfund, RCRA Corrective Action, and
Underground Storage Tank Sites (OSWER Directive 920 17P), MNA is an appropriate remedial
response only where its use will be protective of HHE, and when it will be capable of achieving
site-specific RAOs within a timeframe that is reasonable compared with other alternatives. Largely
because of the 1 certainty associated with the potential effectiveness of MNA to meet remediation
objectives, EPA expects that source control a1 long-term performance monitoring will be fundamcntal
components of any MNA remedy.

Evaluation of MNA as an appropriate response action for contaminated groundwater will be completed in
accordance with the guidelines provided in Use of Monitored Natural Attenuation at Superfund, RCRA
Corrective Action, and Underground Storage Tank Sites (OSWER Directive 9200.4-17P), in addition to
An Approach for Evaluating Progress of Natural Attenuation in Groundwater (EPA 600/R-11/204), and
Monitored Natural Attenuation of Inorganic Contaminants in Ground Water Volume 3: Assessment for
Radionuclides Including Tritium, Radon, Strontium, Technetium, Uranium, lodine, Radium, Thorium,
Cesium, and Plutonium-Americium (EPA/600/R-10/093).

MNA may be selected as appropriate technology for remediation of contaminated groundwater under
certain circumstances. MNA may be considered as an individual remedial alternative, or it may be
combined with other technologies to develop a compound alternative (Figure 8-14, provided later is this
chapter, illustrates MNA of groundwater). Determining how MNA fits with other remediation
technologies requires evaluation of the specific role that MNA will play in the alternative. Evaluation of
an MNA technology application follows a logical sequence of assessment of the following four essential
function requirements of MNA:

e The contamination condition does not currently present an actual risk to human or ecological
receptors. There must be an expectation that exposure mitigation can and will be maintained
throughout = MNA period. Site monitoring must be adequate to confirm exposure mitigation.

e The source of the observed contamination is no longer contributing to the plume. The source
may have been cor lled previously through an engineered remedy or naturally ceased to contribute
to the problem. In some cases, a source control element (fore  nple, localized pump-a1 treat or
selected in situ remedy) may be combined with the MNA alternative to ensure adequate control of
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secondary sources (for example, residual mobile contamination in the vadose zone, or
high-concentration plume segments in groundwater).

The target plume is static or retreating, or existing monitoring data otherwise confirm that
attenuating processes are present and operating at the site. Effective monitoring either exists
currently, or can be implemented, that will provide confirmation that the attenuation is proceeding
as expected and that remedial goals are achieved.

Development and evaluation of MNA either as a technology or as a standalone alternative for
groundwater contaminant plumes requires thorough understanding and description of current site
conditions, knowledge of contaminant characteristics, in addition to representative historical monitoring
results to form the basis for evaluation of MNA as an appropriate alternative. The following conditions
will be considered in evaluating MNA for COCs at 100-D/H:

Reduction of nitrate, primarily facilitated by microbial populations in surface and groundwater,
may occur when the dissolved oxygen content water becomes low and the water enters a reduced
condition. Indigenous facultative and obligate anaerobic microbes may then use the oxygen atoms of
the nitrate molecule in their metabolic processes, reducing the nitrate to other forms (for example,
nitrite, diatomic nitrogen). While these processes may occur in some locations at 100-D/H, the
aquifer is generally well-aerated and, as a result, nitrate tends to be quite stable and mobile in
groundwater. Reduction of nitrate in an un-modified aquifer system is not considered an attenuating
process at 100-D/H.

Reduction of Cr(VI) may also occur in reducing conditions within the aquifer, or through chemical
reaction with reducing compounds. Chemical reduction of Cr(VI) produces trivalent chromium,
which is subject to subsequent precipitation of chromium oxide and hydroxide compounds that
exhibit extremely low water solubility. In groundwater at 100-D/H, Cr(VI) reduction generally occurs
only at locations where the aquifer has been modified to produce reducing conditions, either through
application of some remedial process (examples include, the in situ biostimulation treatability test in
the southwestern portion of the 100-D Area within the chromate and nitrate plumes, ISRM barrier
installed in 100-D. and the calcium polysulfide treatability test at 100-K) or through some
pollution-related process (for example, anaerobic conditions related to septic tank/leach field
discharges, or historical releases of reducing constituents).

Diffusion and dispersion within the aquifer are physical processes that reduce contaminant
concentrations in groundwater over time and distance. Diffusion is a concentration-driven physical
process that results in movement of dissolved constituents from areas of high concentration to
adjacent areas of relatively low concentrations. Dispersion is a physical process that results in mixing
of dissolved constituents within the aquifer water as the result of variations in groundwater flow
velocity along varying flow paths within the aquifer. This mixing results in reduction in contaminant
concentrations over distance. The 100-D/H groundwater plumes cover a relatively large area;
however, the distance along flow paths is relatively short between inland areas of elevated
contaminant concentration and locations of potential exposure to receptors at the groundwater/river
interface. This indicates that the overall portion of the aquifer where diffusion and dispersion may
provide substantial concentration reduction is relatively small. Diffusion and dispersion are, therefore,
not considered major contributors to attenuating processes at 100-D/H at higher concentrations of
contamination, but may still be considered at concentrations near the cleanup levels.

Pump-and-Treat. The pump-and-treat GRA includes collection, ex situ treatment, and discharge.
The following text details the remedial technologies and applicable process options.
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Collection—This process option involves collection of contaminated groundwater through operation
of groundwater extraction wells. Groundwater is pumped to the surface through vertical wells and
then transferred through pipes to a treatment facility. Two pump-and-treat systems currently operate
to remediate groundwater in the 100-HR-3 OU. The DX pump-and-treat system and HX
pump-and-treat systems remediate groundwater in the 100-D and 100-H Areas, respectively.

This process option includes expansion and/or modifications to the existing pump-and-treat systems.

Ex Situ Treatment—Aboveground treatment may involve physical, biological, or chemical
processes. Ex situ treatment process options include the following:

- lon exchange

- Chemical reduction and precipitation

- Electrocoagulation

- Wetlands

- Subgrade bioreactors

- Bioreactors

- Phytoremediation

— Membrane separation (reverse 0smosis)

Discharge  3oth onsite and offsite:

— Onsite scharge includes groundwater injection wells and surface infiltration of treated water
— Offsite discharge includes surface water discharge

In Situ Treatment. In situ treatment consists of actions that treat contamination in place. In situ treatment
of contaminated groundwater generally includes methods to degrade contaminants, such as adding agents to
groundwater (via injection wells or permeable barriers) that facilitate chemical or biological destruction or
immobilization. For this evaluation, technologies are subdivided by the reagent approach (physical, chemical,
or biological), and the method for delivering the reagent to the subsurface. For treatment of contaminated
groundwater in 100-D/H, the following in situ remedial technologies and process options were evaluated:

Reagent approach:

- In situ chemical reduction

- Insitu chemical stabilization

~ In situ biological treatment (anaerobic)

~ Hydrogen or other organic gas sparging

- Insitu :atment using combination of biological and chemical substrates
- Flushing (saturated zone, water)

Delivery method:

- Surface infiltration

- Groundwater circulation wells
- Vertical wells

— Horizontal wells

Containment. Containment technologies assist in preventing or significantly reducing the migration of
contaminants in groundwater through physical barriers or treatment barriers. For treatment of
contaminated groundwater in 100-D/H, the following containment process options were evaluated:
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e (Containment wall (for example, slurry wall or grout wall)
e ISRM
e Reactive chemical barrier
e Reactive biological barrier
e Hydraulic containment via extraction
Hydraulic containment via injection

8.3.2 Evaluation of Technologies and Selection of Representative Technologies

Tables 8-7 and 8-8 present the identification and screening of technologies and remedial process options
for 100-D/H. Table 8-7 presents GRAs and process options for vadose zone soils, including waste sites,
impacted with radionuclides, Cr(VI), and other metals, and organic compounds. Table 8-8 presents GRAs
and process options for groundwater impacted with Cr(V1) and other COPCs.

The various technologies screened in the tables include demonstrated and proven processes, innovative
technologies, and potential processes that have undergone laboratory trials or bench scale testing. Factors
considered in this evaluation include the state of technology development, site conditions, waste
characteristics, nature and extent of contamination, and presence of constituents that could limit the
effectiveness of the technology. A qualitative comparison of implementability, effectiveness, and cost
provided additional evaluation of technologies. The screening tables also present information pertaining
to the sustainability of a process option. It is important to note, however, that sustainability was not
considered as a criterion for the screening of process options.

Implementability refers to the relative degree of difficulty anticipated in implementing a particular
process option under regulatory, technical, and schedule constraints posed by the site. As suggested by
CERCLA RI/FS Guidance (EPA/540/G-89/004), process options and entire technology types can be
eliminated from further consideration if a technology or process option cannot be effectively implemented
at the site. As discussed in Section 4.2.5 of the CERCLA RIFS Guidance (EPA/540/G-89/004),
“technical implementability is used as an initial screen of technology types and process options to
eliminate those that are clearly ineffective or unworkable at a site.” Institutional or administrative
implementability, which includes “the ability to obtain necessary permits for offsite actions, the
availability of treatment, storage, and disposal services (including capacity), and the availability of
necessary equipment and skilled workers to implement the technology,” is also considered in the
initial screening.

Effectiveness refers to the ability of the process option to perform as part of a comprehensive remediation
plan to meet RAOs under the conditions and limitations present at site. Additionally, the NCP (40 CFR 300)
defines effectiveness as the “degree to which an alternative reduces toxicity, mobility, or volume through
treatment; minimizes residual risk; affords long-term protection; complies with ARARSs; minimizes
short-term impacts; and how quickly it achieves protection.” This is a relative measure for comparison of
process options that perform the same or similar functions. Section 4.2.5 of CERCLA RIFS Guidance
(EPA/540/G-89/004) states that the evaluation of process options with respect to effectiveness should focus
on, “(1) the potential effectiveness of process options in handling the estimated areas or volumes of media
and meeting the remediation goals identified in the RAOs; (2) the potential impacts to HHE during the
construction and implementation phase; and (3) how proven and reliable the process is with respect to the
contaminants and conditions at the site.”

For the initial screening of technology types and process options, the cost criterion is relative. It compares
processes and technologies that perform similar functions and have similar effectiveness. Section 4.2.5 of
CERCLA RVFS Guidance (EPA/540/G-89/004) states that, “cost plays a limited role in the screening of
process options. Relative capital and O&M costs are used rather than detailed estimates. At this stage in
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the process, the cost analysis is made on the basis of engineering judgment, and each process is evaluated
as to whether costs are high, low, or medium relative to other process options in the same technology
type.” For this evaluation, cost is used to screen out process options that have a high relative cost if there
are other choices that perform similar functions with similar effectiveness. The cost criterion includes

a cursory consideration of the rough order of magnitude costs of construction and any long-term costs to
operate and maintain the technologies.

Technologies that are not technically feasible based on implementability, effectiveness, and cost were
screened out. Technical implementability is the first screening criteria evaluated as part of this process,
per EPA guidance. However, for technologies with significant technical implementability challenges,

an evaluation of effectiveness and cost was still completed to allow for a more complete evaluation.
Technologies that were considered technically impracticable based on unsuccessful case studies at the site,
challenges associated with existing site conditions (lithology), a potential increased risk to worker safety, or
of increased complexity as compared to other technologies of comparable effectiveness were screened
out. Technologies were: o removed from further consideration if they were considered t¢  ve limited
treatment effectiveness for the specified COPC or performance uncertainties. Appendix [ provides

a thorough discussion of the technologies not retained, including a detailed screening rationale. Remedial
technology types and process options considered viable for remediating contaminated soil at 100-D/H are
carried forward into the development (Chapter 9) and detailed analysis of alternatives (Chapter 10).

8.3.2.1 Identification of Technologies and Selection of Representative Technologies
for Vadose  1e Contamination

For remediation of va 2 zone soils, including waste sites, at 100-D/H, the following response actions
were retained (Table 8-7) to remove contaminants or interrupt the exposure pathway to receptors:

e Removal:

— Standard excavation—Provides for removal of contaminants

— Deep excavation—Provides for removal of contamination
e Disposal:

— Disposal to ERDF— rovides for treatment at the facility (if necessary) and disposal of
contaminants

—  Offsite disposal at an EPA approved landfill--—Provides for disposal of contaminants
e In situ treatment via reagent:

— Solidification—Provides for treatment of contaminants
— Stabilization/se 1estration—Provides for treatment of contaminants

~ Biological reduction—Provides for treatment of contaminants
e Insitu treatment via reagent—d:  very method:
- Vertical injection wells—Used to deliver liquid reagent to the shallow or deep vadose zone
— Jet grouting—Used to deliver liquid reagent to the shallow or deep vadose zone
— Surface infiltration—Used to deliver liquid reagents

—  Deep soil mixing—Used to deliver reagent to the shallow or deep vadose zone
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Void-fill grouting—Provides engineered barrier to interrupt the exposure pathway and
immobilize contaminants

In situ treatment—other:

Soil flushing (vadose zone, water)—Provides transfer of contaminants to groundwater during
remediation; this in situ technology is coupled with groundwater hydraulic containment

Containment:

Surface barrier—Provides engineered structure to interrupt the exposure pathway

ICs, as identified in Table 8-9, are also retained for controls during remediation to interrupt the exposure
pathway. The “no action” GRA does not provide capability to remove contaminants or interrupt the
exposure pathway to receptors but is also retained per the NCP (40 CFR 300).

8322

Identification of Technologies and Selection of Representative Technologies
for Groundwater Contamination

For treatment of contaminated groundwater (Table 8-8) at 100-D/H, the following response actions and
were retained to remove contaminants or interrupt the exposure pathways to receptors:

MNA-—Treatment of contaminants through biological and chemical reduction, radioactive decay,
adsorption, dilution, and dispersion

Pump-and-treat-—Provides for treatment of contaminants:

Collection through groundwater extraction system

Ex situ ion exchange (for Cr[ V1], strontium-90, and nitrate)
Groundwater injection wells discharge

Discharge through surface infiltration

Surface Water discharge

In situ treatment—Provides for treatment of contaminants:

Chemical stabilization—Through subsurface delivery of chemical reagents
Biological treatment (anacrobic) —Using liquid substrate

Combined chemical and biological reagents—Through subsurface delivery of chemical
reductants and electron donors

Physical treatment—Flushing the saturated zone with water to facilitate contaminant movement
to allow for capture and treatment from the groundwater media (that is, pump-and-treat with
hydraulic containment)

In situ treatment—delivery methods:

Surface infiltration—Release of water or reagents at the surface or near surface

Vertical wells—Used to inject water or reagents to enhance contaminant flushing or promote
biological treatment

Reactive chemical barrier—Existing ISRM
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e Containmel

- Hydraulic containment via extraction and injection - provides engineered system to interrupt
the exposure pathways

ICs, as identified in Table 8-9, are also retained for controls during remediation to interrupt the exposure
pathway. The “no action” GRA does not provide capability to remove contaminants or interrupt the
exposure pathways to receptors but is also retained per the NCP (40 CFR 300).

Figures 8-7 through 8-23 present specific information on technologies that have been retained.

For 100-D/H, Chapter 9 presents technologies that are developed into alternatives applicable for each
waste site type group. / pendix [ provides a discussion of the technologies not retained. This appendix
describes the technology, followed by relevant case studies and the screening rationale.
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e To consider using innovative technology when such technology offers the potential for comparable
or superior treatment perfor  ince or implementability, fewer adverse impacts than other available
approaches, or lower costs for similar levels of performance than demonstrated technologies.

e To return usable groundwater to its beneficial uses wherever practicable and within a time frame that
1s reasonable, given the particular circumstances of the site. When restoration of groundwater to
beneficial uses is not practicable, EPA cxpects that further migration of the plume be prevented,
exposure to the contaminated groundwater be prevented, and that further risk reduction be evaluated.

e For groundwater response actions, a limited number of remedial alternatives should be developed to
achieve site-specific remediation levels within different restoration periods using one or more
different technologies.

e The No Action Alternative (no further action if some removal or remedial action has already occurred
at a site) will also be developed.

The purpose of the remedy selection process is to implement remedies that eliminate, reduce, or control
risks to human health  ° the environment.

1e1 «dial alt  atives for 100-D/H have beer ~ eloped to encom lwa s°  carried forward
into the FS and groundv  er plumes within 100-D/H. This section briefly summarizes the target
remediation areas, so the alternative development can focus on the specific areas and COCs at 100-D/H
and integrate the remedial alternatives for waste sites and groundwater.

The evaluated alternatives integrate DOE’s CERCLA response obligations and RCRA corrective action
obligations that relate to the release(s) of hazardous substances, hazardous wastes, pollutants, and
contaminants. Therefore, the evaluated alternative is intended to achieve compliance with CERCLA
remedial action requirements and satisfy the corrective action requirements of RCRA.

9.1.1 Waste Sites

As presented in Table 8-5 (Chapter 8), 291 waste sites have been included for evaluation in the FS.
The COPCs for waste sites are listed in Table 8-1 (Chapter 8). The evaluation of remedial actions relies
on the review of available data associated with the waste sites, including field data as available,
radiological surveys, process history, analogous site information, personal interviews, engineering
drawings and as-builts, and other information identified during the development of the RI/FS.

The comprehensive review and evaluation of this information is provided in Chapters 4 through 7 of
this RI/FS.

Of the 291 waste sites, 146 waste sites are listed in Chapter 8 as having no identified unacceptable risks
and are slated for no further action (see Table 8-5 in Chapter 8). Remedial alternatives are not developed
for these sites.

¢ remaining 145 waste sites are considered in the alternatives analysis. The alternatives are developed
based on the risks and known or suspected contaminants for each of the waste sites summarized in

ble J-1 (Appendix J). During implementation of remedial actions, should field conditions vary from
those presented in the FS and indicate a need to re-evaluate the efficacy of the selected remedial action, |
the remedy will be re-evaluated using the appropriate change process, as presented in Preparing CERCLA |
Records of Decision (DOE/EH-413-9905).

A litional waste site groups considered in the alternatives analysis are described in the
following sections.
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The groundwater flow model is constructed using the USGS modular groundwater flow model
MODFLOW. Particle tracking was performed using the USGS progr  MODPATH. To simulate the
contaminant plume migrations, the model MT3DMS was used. Model development and calibration are
d mented in a comprehensive modeling report contained in Appendix F (Conceptual Framework and
Numerical Implementation of 100 Areas Groundwater Flow and Transport Model [SGW-46279]).

The initial Cr(VI) plume distribution in the 100-HR-3 OU used in the groundwater model simulation is
shown on Figure 9-1. Figures 9-2 and 9-3 show the initial distributions for strontium-90 a1 nitrate,
respectively. The initial distribution plumes for each groundwater COC is based on the concentration
dataset and plume contours developed for Hanford Site Groundwater Monitoring Report for 2011
(DOE/RL-2011-118). The results of the groundwater alternative modeling are included in Appendix F
(Modeling of RI/FS Design Alternatives for 100-HR-3 [ECF-100HR3-11-0114]). These supplemental
documents also discuss the uncertainty with the model results because of variability in subsurface
conditions and other factors.

9.2 Descrip >nof Reme al Alternativ

As suggested by CERCLA RI/FS Guidance (EPA/540/G-89/004), alternatives were developed that incorporate
process options and technologies retained (Chapter 8) and include an appropriate range of waste management
options to ensure the protection of human health and the environment. In addition, accordi: 0 EPA guidance,
the alternatives address contamination for affected media at the entire 100-D/H Area (for example, waste sites
and groundwater combined in each alternative).

Each alternative was developed based on the application of the retained technologies for waste site and
groundwater remediation as identified in Sections 8.3.2.1 and 8.3.2.2, respectively. Four alternatives
are evaluated:

« Alt 1ative 1 — (No Action [as required by the NCP]). This alternative is required by the NCP
(“Remedial Investigation/Feasibility Study and Selection of Remedy”™ H CFR 300.430(e)(6)]).
Further description for this alternative is provided in Section 9.2.1.

« Alternative 2 — RTD and Void ill Grouting for Waste Sites and Pump-and-Treat with
ological reatment for Groundwater. This alternative uses RTD for removal of contamination to
cleanup levels for waste sites. Void-fi  grouting will be used for the box flume of waste site
100-H-36 where RTD would have large ecological impacts near the river. For groundwater,
a pump-and-treat system and biological treatment targeting Cr(VI) will be used.

Nitrate and strontium-90 contaminated groundwater are within the treatment footprint of the Cr(VI)
plume. Based on operational data from the currently operating pump-and-treat facilities and
groundwater simulation modeling results, the groundwater treatment system effluent has not and is
not expected to exceed MCLs for co-extracted strontium-90 or nitrate, so no treatment is proposed for
these groundwater COCs. However, if, through normal operation of the groundwater treatment
system, concentrations of co-extracted COCs exceed MCLs in the effluent, specific treatment would
be evaluated for the respective COCs before reinjection or other approved discharge.
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The application of MNA (such as radioactive decay), the use of dispersion and diffusion, ongoing
monitoring, and ICs for each of the groundwater co-extracted contaminants and the vadose zonc are
discussed under Section 9.2.2 (Common Elements for Alternatives 2, 3, and 4). A detailed description
for this alternative is provided in Section 9.2.3.

e Alternative 3 — RTD and Void-Fill Grouting for Waste Sites and Increased Capacity
»-and-Treat for Groundwater. This alternative uses RTD for removal of contamination to
1p levels for waste sites. Void-fill grouting will be used for the box flume of waste site 100-H-36
where RTD would have large ecological impacts near the river. For groundwater, an expanded
pump-and-treat system for treatment of Cr(VI) will be used. Nitrate and strontium-90 contaminated
groundwater plumes are within the treatment footprint for the Cr(VI) plume.

As identified in Alternative 2, the groundwater treatment system effluent at the 100-D and 100-H
pump-and-trcat systems has not, and is not, expected to exceed MCLs, so no treatment is proposed for
strontium-90 or nitrate. However, if through normal operation of the groundwater treatment system,
concentrations of co-extracted COCs exceed MCLs in the effluent, specific treatment would be
evaluated for the respective COCs before reinjection or other approved discharge. The application of
MNA (such as radioactive decay), the use of dispersion and diffusion, ongoing monitoring, and 1Cs
for each of the groundwater co-contaminants and the vadose zone are discussed under Section 9.2.2
(Common Elements for Alternatives 2, 3, and 4). A detailed description for this alternative is
provided in Section 9.2.4.

o Alternative 4 — RTD for Waste Sites and Pump-and-Treat for Groundwater. This alternative
uses RTD for removal of contamination to cleanup levels for waste sites. For groundwater,
pump-and-treat system for treatment of Cr(VI) will be used. Nitrate and strontium-90 contaminated
groundwater plumes are within the treatment footprint for the Cr(VI) plume and will be co-extracted
by the extraction well network used for the Cr(VI) plume remediation.

As identified in Alternative 2, the groundwater treatment system effluent at the 100-D and 100-H
pump-and-trcat systems has not, and is not, expected to exceed MCLs, so no treatment is proposed for
strontium-90 or nitrate. However, if, through normal operation of the groundwater treatment system,
concentrations of co-extracted COCs exceed MCLs in the effluent, specific treatment would be
evaluated for the respective COCs before reinjection or other approved discharge. The application of
MNA (such as radioactive decay), the use of dispersion and diffusion, ongoing monitoring, and ICs
for each of the groundwater co-contaminants and the vadose zone are discussed under Section 9.2.2
(Common Elements for Alternatives 2, 3, and 4). A detailed description for this alternative is
provided in Section 9.2.5.

The technology evaluation in Chapter 8 explored options for the treatment of vadose zone and
groundwater contamination. A wide range of technologies, such as ISRM for groundwater treatment, have
been tested and applied at Hanford with varying success. Waste site remediation using RTD has been the
selected alternative for interim actions and has been used successfully over the past 16 years at Hanford.
Similarly, treatment of Cr(VI) using pump-and-treat technology has been implemented at 100-D/H to
meet cleanup goals.

Table 9-1 summarizes the retained technologies identified in Chapter 8 and shows the application to
remedy vadose zone soils, including waste sites, and groundwater for the remedial alternatives
(Alternatives 2, 3 and 4). Table 9-2 identifies the technologies applied for each alternative to each of the
291 waste sites that are carried into the FS. ICs applied to the waste sites are discussed separately in
Section 9.2.2.1, so IC components are not included in Table 9-2 and identified separately in Table 9-4.
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(greater than 4.6 m
[15 ft] bgs)
radiological
contamination

restrictions (up to
185 years)

DOE

100-D-19,
100-D-46,
100-D-48:1,
100-D-48:2,
100-D-48:3,
100-D-49:1,
100-D-49:2.
100-D-49:4,
100-D-5, 100-D-6,
100-H-1, 100-H-11,
100-H-12,
100-H-14,
100-H-21,
100-H-22,
100-H-36,
116-D-1A,
116-D-1B. 116-D-7,
116-DR-1 & 2,
116-DR-6,
116-DR-9,
(100-D-25),
116-H-1, 116-H-3,
116-H-7, 118-D-6:3,
118-D-6:4,
118-H-6:3,
118-H-6:6,
UPR-100-D-2,
UPR-100-D-3,
UPR-100-D-4,
100-D-60, 100-H-34
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100-D-19,
100-D-46,
100-D-48:1,
100-D-48:2,
100-D-48:3,
100-D-49:1,
100-D-49:2,
100-D-49:4,
100-D-5, 100-D-6,
100-H-1, 100-H-11,
100-H-12,
100-H-14,
100-H-21,
100-H-22,
100-H-36,
116-D-1A,
116-D-1B, 116-D-7,
116-DR-1 & 2,
116-DR-6, 116-H-1,
116-H-3, 116-H-7,
118-D-6:3,
118-D-6:4,
118-H-6:3,
118-H-6:6,
UPR-100-D-2,
UPR-100-D-3,
UPR-100-D-4,
100-D-60, 100-H-34

100-D-19,
100-D-46,
100-D-48:1,
100-D-48:2,
100-D-48:3,
100-D-49:1,
100-D-49:2,
100-D-49:4,
100-D-5, 100-D-6,
100-H-1, 100-H-11,
100-H-12,
100-H-14,
100-H-21,
100-H-22,
116-D-1A.,
116-D-1B, 116-D-7,
116-DR-1 & 2,
116-DR-6,
116-DR-9,
(100-D-25),
116-H-1, 116-H-3,
116-H-7, 118-D-6:3,
118-D-6:4,
118-H-6:3,
118-H-6:6,
UPR-100-D-2,
UPR-100-D-3,
UPR-100-D-4,
100-D-60, 100-H-34

Waste site with
contamination
contained and left
in place

Entry restrictions
and Excavation
restrictions

100-D-50:2

100-D-50:2

NA

NA
PRG
SSL

Il

preliminary remediation goal

soil screening levels

not an applicable component of the alternative

* Additional waste sites may be added through closure reclassifications.

The operating periods (Table 9-3) for Alternatives 2, 3, and 4 reflect the maximum time needed to
achieve the groundwater cleanup levels for Cr(VI) throughout the aquifer as indicated by the predicted
EPC, prior to conducting rebound testing or compliance monitoring. The EPC is estimated conservatively
in the groundwater model as the maximum concentration predicted by the fate and transport simulation,
but this will likely be overly conservative and does not take into account design considerations and actual
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operations of the pump and treat system. The total flow rate through the existing DX and HX
pump-and-treat systems evaluated in ECF-100HR3-11-0114 was 85 percent of the total system capacity,
or 4,500 L/min ' 200 gpm), based on history. It is anticipated that future operations will target 95 percent
efficiency.

or future monitoring of the selected remedy performance, the EPC can be based on the 95" UCL on the
mean groundwater concentration values from a specified group of w: s and for a specified time window
(e.g., annual or 2 years). These future 1 s can be used to demonstrate groundwater remediation to
48 ng/L (RAO 1) within the four different remediation areas specific to the Cr(VI) plumes, and 10 pg/L
where groundwater has 2 potential to discharge to surface water (RAO 2). Compliance guidance from
the state (2007 MTCA, “Groundwater Cleanup Standards” [WAC 173-340-720(9)(d)(i)] and Methods for
Evaluating The Attainment Of Cleanup Standards Volume 2: Ground Water [EPA 230-R-92-014]) w  be
use for these purposes. These activities will require a statistical evaluation of the monitoring well
network data, which will be defined in the remedial design phase for this area.

Cr(VI) is the primary groundwater COC and has the largest contaminant plume area at 100-D/H.
The other groundwater COCs lie largely within the footprint of the Cr(VI) plumes. The extraction well
network installed for remediation of the Cr(VI) plumes is expected to capture the other groundwater
COCs. Based on operational data from the currently operating pump-and-treat facilities and groundwater
simulation modeling results, the groundwater treatment system effluent has not and is not expected to
exceed MCLs for co-extracted nitrate or strontium-90, so no treatment is proposed for these groundwater
COCs. In lition, groundwater modeling results for future conditions, presented in Appendix F, show
that the trate and strontium-90 concentrations in the combined pump-and-treat influent are less than
their respective MCLs and will remain below the MCLs upon injection of the pump-and-treat eftfluent to
the aquifer, or other approved discharge. However, if, through normal operation of the groundwater
treatment system, concentrations of co-extracted contaminants exceed MCLs in the effluent, specific
atment would be evaluated before reinjection, or other approved discharge.

The application of MNA (such as radioactive decay), the use of dispersion and diffusion, ongoing
monitoring, and s forea « the groundwater co-contaminants and the vadose zone are discussed
under Section 9.2.2.

Alternative development includes the following approaches to treat the COCs in groundwater:

e Cr(VI): Interim remedial actions using pump-and-treat systems with ion exchange treatment
technology to remediate Cr(VI)-contaminated groundwater have been very effective in removing
Cr(VI) mass from the aquifer. The remedial alternatives include expansion of the interim action
pump-and-treat systems using ion exchange treatment technology. Alternative 2 also augments the
treatment process with in situ biological treatment.

e Nitrate: Ni ite-cor minated groundwater will be co-extracted by the extraction well network used
for the Cr(VI) plume remediation. Nitrate concentration in the combined pump-and-treat influent will
be less than the MCL of 45,000 pg  and will remain below the MCL upon injection of the
pump-and-treat effluent to the aquifer, or other  sroved discharge. Specific treatment would be
evaluated if the combined extracted groundwater in the pump-and-treat effluent stream exceeds the
MCL before reinjection, or other approved discharge.

e Total chromium: Under the current geochemical conditions at the site, the majority of total
chromium in groundwater exists as Cr(VI). Therefore, total chromium will not be specifically
addressed in the alternatives but will be treated in conjunction with the selected Cr(VI) remediation
alternative. Chromium(III) is the only other form of chromium likely to be at the site. The ISRM
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barrier and biostimulation treatability test area at 100-D formed treatment areas with reducing-type
environment in the ¢ lifer to reduce Cr(VI) to Cr(Ill) where the less toxic, immobile Cr(III)
precipitates frc ~ solution. Cr(IIl) ' very low solubility (K; = 200 mL/g) and is not likely to be
present in the groundwater at high concentrations. Samples from monitoring wells around the ISRM
and biostimulation treatment areas with total chromium concentrations exceeding water quality
criteria had comparable Cr(V1) concentrations that also exceeded water quality criteria, indicating the
total chromium in groundwater is predominantly Cr(VI). Treatment of the chromium groundwater
plumes to the Cr(VI) cleanup levels will also result in achievement of the total chromium standard
because concentration limits for Cr(VI) are lower (total chromium PRG is 65 pg/L).

Strontium-90: Strontium-90 found at concentrations above the MCL (8 pCi/L) in small, localized
areas at 100-D and 100-H will be managed through MNA and ICs. Natural attenuation by radiological
decay is an important component for managing the strontium-90 groundwater plume. Strontium-90
has low solubility and mobility, and has a half-life of 29.1 years. Appendix F presents groundwater
modeling runs that were performed to evaluate the potential risk from strontium-90. Based on the
groundwater modeling results presented in Appendix F, the strontium-90 contamination is likely to
remain in small areas that can be monitored. Model ; predicts that the strontium-90 con  tration
will decrease by radiological decay to below the MCL within 25 years, based on the 90™ percentile
concentration of 14 pCi/L calculated in Section 6.3.2, and within 61 years based on the maximum
nonsuspect concentration of 34 pCi/L. Strontium-90 contaminated groundwater co-extracted with
Cr(VI) extraction wells will have concentration in the combined pump-and-treat influent less than the
MCL of 8 pCi/L and will remain below the MCL upon injection of the pump-and-treat effluent to the
aquifer, or other approved discharge. Specific treatment would be evaluated if the combined extracted
groundwater in the pump-and-treat effluent stream exceeds the ]| "L before reinjection, or other
approved discharge.

Uranium: Uranium contamination in the 100-HR-3 Groundwater OU is localized around the 183-H
Solar Evaporation Basin. Since 2006 only one well, 199-H4-3, has detected uranium above the

30 pg/L DWS, and in only one sample collected between June 2006 and December 2012. Uranium
concentrations in wells downgradient of the 183-H Solar Evaporation Basin have been decreasing
overall. The Cr(VI) pump-and-treat system includes extraction wells in the area where uranium has
been historically detected. Groundwater and operational data indicate the uranium concentrations in
the HX pump-and-treat influent and effluent are less than the DWS. The localized uranium
contamination, as detected, will be further reduced by dispersion and diffusion created through
co-extraction and injection, or other approved discharge. Any residual uranium contamination in the
groundwater following cessation of the pump-and-treat system will continue to be addressed through
dispersion and diffusion by normal groundwater flow as discussed in Section 9.2.2.3 (Monitored
Natural Attenuation).

Remedy performance monitoring is conducted to evaluate effectiveness of the alternative to attain the
cleanup levels as described in Section 9.2.2.7.

The design concepts presented for each alternative were developed to the level required to prepare a cost
estimate that will allow comparison of the alternatives. The cost estimate accuracy recommended in
CERCLA RI/FS Guidance PA/540/G-89/004) is a range of -30 to +50 percent. Significantly, more
detail on the selected remedy for 100-D/H will be developed during the design phase, after the ROD is
finalized. An RD/RAWP will be developed to discuss in detail the design of the specific components for
each waste site and groundwater plume, including the appropriate location and frequency for monitoring
contaminants retained for monitoring as identified in Tables 4-6, 4-8, and 4-10.

9-16



DC  RL-2010-95, REV. 0

For each of the remedial action alternatives, the steps for establishing remedial action completion are
as follows:

1. Obtain waste site closure: Once the waste sites have been remediated and verification sampling
demonstrates acceptable levels of the COCs, closure will be obtained following the procedures in the
ROD and RD/RAWP.

2. Evaluate for groun vater remedial action completion: Once groundwater cleanup levels are
achieved, ongoing performance monitoring will be used to demonstrate that cleanup requirements
have been achieved and maintained.

9.2 Alternative 1— ) Action Alternative

The NCP (“Remedial Investigation/Feasibility Study and Selection of Remedy” [40 C]  300.430(e)(6)])
requires consideration of a No Action Alternative. The No Action Alternative serves as a baseline for
evaluating against the a  on alternatives, and is retained throughout the FS process. ! action means that
remediation would not be implemented to alter the existing conditions. . or this alternative, it is assumed
that all site remedial activities and interim actions, with the possible exception of backfilling any unsafe
open excavations, will be discontinued in December 2012. Operation of the existing DX and HX
pump-and-treat systems and any other monitoring would cease. No designs or cost estimates are prepared
for Alternative | because no actions are proposed. Figure 9-4 (a-d) presents the groundwater model
prediction of Cr(VI) levels for this alternative 3, 18, 38, and 75 years after remedial actions are
discontinued in 2012. The groundwater model simulations (Modeling of RI/FS Design Alternatives for
100-HR-3  CF-100HR3-11-0114]) assume no continuing sources for groundwater contamination. Because
the pump-and-treat systems are shut down after 2012, extraction wells along the river are turned off and
no longer provide containment of inland contamination from migrating and reaching the river, as can be
seen in the model prediction after 3 years of terminating interim actions. Some mass removal is predicted
to occur through natural flushing, as can be seen in the changes in concentrations out through 75 years.
However, relatively large areas with greater than 10 pg/L Cr(VI) are predicted to remain after 75 years.
If waste site remediation is not complete, as assumed, then the area with greater than 10 pg/L Cr(VI)
would : wrger.

1e concentration plume depictions shown on Figure 9-4 (a-d) reflect the maximum Cr(VI)
concentrations calculated from the model simulation. The groundwater model simulation also provides
predicted maximum, 95 CL, 90" percentile, mean, and median concentrations and trends for the
groundwater COCs. Results of the groundwater model simulation for the COCs are provided in Modeling
of RI/FS Design Alternatives for 100-HR-3 (ECF-100HR3-11-0114), with prediction of COC plumes and
trends. The 95 UCL and 90" percentile concentration trends indicate that cle  up levels would not be
achieved at all areas wi  n the simulation period (75 years) and concentrations along the shoreline,
entering the river, would exceed cleanup levels.

The shoreline concentration trends Modeling of RI/FS Design Alternatives for 100-HR-3
(ECF-100HR3-11-0114) reflect transient state (that is, time varying) conditions in the aquifer from water
level changes resulting from river stage variation. The simulations are discretized into 12 monthly stress
periods over the first 25 years to reflect the seasonal variances in river stage. For the remaining simulation
period, a single transient stress period is used with the river stage elevation remaining constant to reflect
annual average conditic
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Predicted plume depictions for nitrate and stront 1-90 COCs are provided on Figures 9-5 (a-d)
and 9-6 (a-d).

922 Common Elements for Alternatives 2, 3, and 4

The remedial action alternatives developed for 100-D/H waste sites and groundwater contain elements
that are common to multiple alternatives. To limit redundancy in the discussion, these common elements
are described in this section.

9.2.2.1 Institutional Controls

While remediation is underway, ICs will be put in place to control access and to prevent exposure to
contamination. ICs for 100-D/H are expected to be implemented independently for each waste site or
groundwater plume. s are defined and discussed in more detail in Section 8.3.1.1 and Table 8-8
(Chapter 8). ICs are currently in place to protect workers and control site access, and they will be
continued during the period of remedial actions. ICs that are in place to prevent exposure to
contamination will remain =~ place until the waste site or groundwater plume is remediated.

Post-remediation ICs will be put in pla  to address waste site contamination using excavation and
irrigation restrictions, as identified in Table 9-4. Additional waste sites may be added through closure
recl ifications.

Programs are in place to control access onto and specific uses of the Hanford Site that, in addition to
preservation of the national monument security and safety, also serve to protect human health and the
environment by limiting potential exposure to hazardous substances. Many of these multi-purpose or
programmatic controls are therefore ICs as required by each CERCLA ROD on the Hanford Site.

The programmatic controls include site access; personnel badging; real estate and deeds; warning signs
along the Columbia River bank and other access points; maintaining a current Sitewide ICs plan; and
controls for excavating soil, accessing and using groundwater, and restricting irrigation. While these
controls transcend any specific CERCLA ROD or even the overall CERCLA cleanup, DOE and EPA
recognize the importance of maintaining these controls until unrestricted use is allowable.

9.2.2.2 Removal, Treatment, and Disposal

TD, which can be used to eliminate the presence of contamination in soil, consists of the
following actions:

e Collection of confirmatory samples based on the expected and actual risk drivers (media and COPCs).

Confirmatory evaluation will determine the need for remediation and confirmation of COCs.
e Demolition of any surface structures, as required.

e Excavation of waste site structures and vadose zone soil where contaminant concentrations are above
cleanup levels.

e Determination « the extent of excavation required uses an observational approach. Removal actions
use in situ and ex situ sampling, process knowledge, and field measurements to guide
day-to-day excavation.

e Excavation using best practices, which includes appropriately sloped sidewalls based on the type of
the material being removed, benching, shoring, and proper placement of the stockpiled material
according to Occupational Safety and Health Administration standards.
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e Sampling and field screening during excavation to ensure that remediation meets the cleanup levels.
‘contamination above the cleanup levels is encountered beyond the planned limits of excavation, the

extent of removal will : increased. The sampling design also identifies contaminant concentrations
that pose a risk to groundwater or surface water because this risk contributes to additional uncertainty
about the extent of contamination from potential lateral migration (discussed in the CSM, Chapter 4).

e Suj -ession of dust during excavation to ensure that contaminants are not spread by wind and do not
drive mob : contamination toward groundwater.

e Disposal of excavated material (low-level waste) to ERDF as long as the material meets disposal
criteria. Hazardous or mixed waste is treated to meet land disposal restrictions before disposal at
RDF or an EPA-approved offsite location.

e Verification sampling following excavation to demonstrate that soil remaining in the excavated area
does not exceed the cleanup levels.

o ickfilling and contourit  to blend the excavation with the surroundii ou surface and restore
and revegetate the site. Sources for backfill material include local borrow pits and the excavated
material determined to be clean (verified as clean by meeting cleanup levels). Sites are revegetated
with native plant species after backfilling.

Figures 8-7, 8-8, and 8-9 (Chapter 8) illustrate the components of RTD, which has been the basic part of
the interim actions performed for the waste sites at the Hanford Site.

9.2.2.3 Monitored Natural Attenuation

A screening level evaluation of potential application of MNA to the identified COCs in groundwater at
100-D/H indicates at MNA can play an important role in overall remediation of groundwater for
strontium-90 (radioactive decay and sorption to aquifer materials). Following completion of Cr(VI)
removal through active remediation, MNA may be applied (if action levels are exceeded) to remaining
COCs as appropriate as described in item 4, below.

The fi owing discussion provides a preliminary analysis of groundwater plume conditions at 100-D/H
with respect to the requirements (bolded below) for application of MNA:

1. The contamination condition does not currently present an actual risk to human or ecological
receptors. The groundwater contaminant plumes are generally well defined for 100-D/H, and current
ICs (for example, prohibitions aga  t use of groundwater as a source of drinking water) prevent
current exposure to human receptors. Existing groundwater pump-and-treat systems operating at
100-D/H are exerting groundwater capture forces that have reduced the discharge of contaminated
groundwater into the Columbia River. This reduction in discharge mitigates exposure to ecological
receptors and downstream human receptors.

2. The source of the « served contamination is no longer contributing to the plume. Remedial
actions are planned, or have already been implemented, at known source areas that have contributed
to groundwater COC plumes at 100-D/H. This is particularly important to supporting selection of
MNA for groundwater remediation where unremediated source areas are still associated with
persistent groundwater plumes. The expected efficacy of source area remedial alternatives at 100-D/H
is consider  in the overall assessment of MNA for groundwater plume remediation.

processes are present and operating at the site. The presence and activity of attenuating processes
within the affected aquifer system can be demonstrated by either of two methods: (1) monitoring
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history of the g ne indicates that the plume is stable or shri ~ g, which means that sour  are no
longer contributing and that attenuating processes are working within the pl' -, or (2) if the plume is
not stable or shrinking, then empirical measurements and observations of aquifer and plume
conditions confirm that attenuating processes are operable within the aquifer.

Within the 100-HR-3 Groundwater OU, the operating interim groundwater reme al actions have
substantially influenced contaminant plumes, reducing the size of some plumes and reducing
observed COC concentrations. Historical monitoring for specific contaminants does not indicate static
or shrinking plumes at all locations. Observations and measurements of aquifer conditions, however,
do indicate that some attenuating processes are at work within the system. Multiple attenuating
processes may be effective on any one COC. The following processes are identified as potentially
applicable within 100-HR-3 OU:

— Radioactive decay is confirmed for radioactive COC. Strontium-90 exhibits a sufficiently short
radioactive half-life (29.1 years), such that radioactive decay is a major attenuating element of an
MNA alternative.

— Sorption of constituents to the aquifer matrix reduces the relative groundwater concentration of
contaminants that interact sub  tially with the matrix. Th¢ ndency of a constituent to sorb, or
bind, to the aquifer matrix is generally described by its relative distribution coefficient (Ky).
Constituents with higher K, exhibit a stronger tendency to bind to the aquifer solid matrix and
reduce the relative groundwater concentration. Alternatively, constituents that exhibit lower K4
exhibit a reduced tendency to bind to aquifer solids and, therefore, do not exhibit concentration
reduction through sorption to the aquifer matrix. Some constituents exhibit no tendency to sorb to
aquifer solids, so sorption does not provide any meaningful attenuation for those constituents.
Strontium-90 contamination in groundwater at 100-D/H exhibits meaningful attenuation as
a result of sorption effects. Strontium-90 was simulated differently in the vadose zone than in the
saturated zone (Chapter 5):

o In the vadose zone, higher mobility of strontium during very different thermal and
hydraulic conditions that prevailed during the operational period led to this COC being
distributed throughout the vadose zone. Hence, a 100:0 initial source distribution was
used, with the K, value applicable to current and future conditions (K4 = 25 mL/g).

o In the saturated zone, this COC was simulated in Chapter 5 for baseline conditions, and
in this  pter as well for the alternatives evaluatic  using a dual-domain formulation
with K, values appropriate to each domain of this representation (K, = 7 mL/g for mobile
domain, 39 mL/g for immobile domain, which is effectively equivalenttc =15 mL/g
for the aquifer in a single-domain formulation)

Effective monitoring either exists currently or can be im; 'mented. The current groundwater
monitoring well network at 100-D/H provided sufficient spatial and temporal data to define COC
plumes in groundwater and to evaluate and select remedial technologies. As remediation progresses,
the monitoring network will be modified to support the specific data needs. Following active
remediation for Cr(VI), the other groundwater COCs are anticipated to meet cleanup levels, with the
exception of strontium-90.

— Nitrate contamination will be reduced through dispersion and diffusion created through
co-extraction and injection (or discharge) associated with the pump-and-treat system.
Groundwater modeling simulations predict that the dispersion and diffusion will reduce nitrate
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The analysis presented in the ECF also evaluated use of additional extraction wells to capture the
contamination plume in the RUM.

Sensitivity analysis was performed to evaluate bounding cases for flow through the aquifer, leakage from

»overlying unit, and flow from the Columbia River. The evaluation indicated that in the case of high
leakage from the overlying aquifer unit, pumping from the two existing wells might not be sufficient to
prov :capture of the plume in the remediation period. The addition of two extraction wells indicates that
pump-and-treat is feasible for recovering contamination identified within the RUM, for the remedial
action alternatives. Calculations suggest that the parameters of the confining unit and the degree of
connection with the Columbia River play an important role in the effectiveness of pumping from the
silty-sand RUM unit for contaminant recovery. For purposes of this FS, the four extraction well
configuration is included in the remedial alternatives to remediate Cr(VI) contamination in the RUM
water-bearing unit. Further calculations to provide information necessary for the design or scaling for
groundwater extraction and monitoring to verify hydraulic containment from the RUM water-bearing unit
will be conducted as part of the remedial design phase.

Strontium-90 and nitrate contamination is co-extracted with Cr(VI) contaminated groundwater by the
pump-and-treat systems. The co-extracted strontium-90 and nitrate pass through the ion exchange resin
(designed for Cr(VI) removal) and their concentrations remain unchanged. Past operational data and
groundwater model simulations indicate the strontium-90 and nitrate concentration in the influent and
effluent of the pump-and-treat systems is less than their respective MCLs so no further treatment is
evaluated for these two contaminants within the existing pump-and-treat system. If the combined
extracted groundwater in the pump-and-treat effluent stream is found to exceed the MCL for strontium-90
or nitrate, further treatment, if necessary, would be evaluated.

Strontium-90 and nitrate-contaminated groundwater co-extracted during operation of the pump-and-treat
systems are controlled through the hydraulic containment. The strontium-90 plumes are inland and
localized in the 100-D and 100-H areas. The plumes are relatively stationary because of the lower
mobility of strontium-90 and preference to bind with the aquifer sediments so significant quantities of
strontium-90 are not expected to be extracted by the pump-and-treat extraction wells. However, cleanup
levels are expected to be achieved faster wi  pump-and-treat systems operating, as compared to the No
Action Alternative, due to enhanced diffusion and dispersion rates induced by pump-and-treat extraction
and injection wells near e strontium-90 plumes. Strontium-90 contamination is expected to remain in
groundwater following  ut down of the pump-and-treat systems following remediation of the Cr(V1)
groundwater contamination. The remedy for the remaining strontium-90 contamination is MNA through
radioactive decay as described in Section 9.2.2.3.

The extents of the nitrate plumes are within the capture zone of the Cr(VI) pump-and-treat systems.
Nitrate is a mobile constituent and w  be co-extracted under Alternatives 2, 3, and 4. Nitrate
contamination will be reduced by dispersion and diffusion created through co-extraction and injection
associated with operations of the Cr(VI) pump-and-treat system. Past operational data and groundwater
model simulations indicate the nitrate concentration in the influent to the pump-and-treat systems is less
than the DWS (45,000 pg/L). Nitrate passes through the ion exchange resin (designed for Cr(VI)
removal) and concentration remains unchanged at less than the DWS in the pump-and-treat system
tent. Groundwater model simulations predict that dispersion and diffusion resulting from
pump-and-treat operations will reduce the nitrate plume concentrations to less than cleanup levels within
the time frame for completing Cr(V1) remediation and so specific treatment for nitrate is not evaluated.
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9.2.2.5 lon Exchange

Treatment of Cr(VI) contaminated groundwater use of ion exchange technology. The ion exchange
process removes ions from the aqueous phase by the exchange of cations or anic  between the
contaminants and the exchange medium. The ion exchange materials may consist of resins made from
synthetic organic materials that contain ionic functional groups to which exchangeable ions are attached.
The materials may also be inorganic or natural polymeric. After the resin capacity has been exhausted,
resins can be regenerated for reuse or disposed of at ERDF or other EPA-approved disposal facility.

Figure 8-16 illustrates the basic components of an ion exchange system.

9.2.2.6 Operations and Maintenance

Operations and maintenance (O&M) of each remedial alternative (except the No Action Alternative) is
required to ensure that the remedy is operated and maintained in a manner that ensures long-term
effectiveness and permanence. O&M requirements of the selected remedy will be described in an O&M
plan, which details performance monitoring needs, post-closure monitoring requirements, monitoring
methods, analytes and intervals, maintenance activities and frequencies, and associated procedures.

The nature and scope of O&M activities vary by alternative component. For example, O&M activities for
an MNA component primarily include inspection, maintenance, and periodic replacement of monitoring
wells, whereas groundwater pump-and-treat components include routine and preventive maintenance
programs and replacement of pump-and-treat system parts at the end of their design life (typically 15 years).
Alternatives with longer durations include multiple replacements of system parts every 15 years.

O&M activities include periodic rehabilitation, replacement, reconfiguration and decommissioning of the
remediation system components. This consists of:

e Replacement and abandonment of monitoring, extraction, and injection wells (or approved discharge)
e Rehabilitation of extraction and injection wells

s Replacement of extraction well pumps

e  Major system renovations for remedial system life extension

¢ Remedial system decommissioning

The scope and cost of O&M activities are provided in Appendix J (Environmental Cost Estimate for
100-D/H Vadose Zone and Groundwater RI/FS [ECE-100HR311-00004]) and included in each of the
remedy components as described in Sections 9.2.3,9.2.4, and 9.2.5.

9.2.2.7 Remedy Performance Monitoring

Remedy performance monitoring will be conducted to evaluate the effectiveness of the selected
alternative to attain the cleanup levels that will be identified in the 100-D/H decision document.

The nature and scope of the performance monitoring program will vary by alternative component, and
will be developed during the remedial design process and included in a performance monitor  z plan.
Remedy performance monitoring applies to MNA actions as well as actively engineered remedies.

A groundwater monitoring plan has been developed under the interim actions via the 100 Area
RD/RAWP (DOE/RL-96-17) and Interim Action Monitoring Plan for the 100-HR-3 and

100-KR-4 Operable Units (DOE/RL-96-90). The number of wells monitored and the frequency of remedy
performance monitoring is anticipated to vary, depending on the phase of remediation. A geostatistical
analysis will be conducted to determine the optimum spatial distribution for the performance monitoring
network. For alternatives where active remediation is occurring, the frequency of monitoring is assumed
to be quarterly, semiannually, or annually.
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Sampling and analysis will also be conducted for analytes identified to have uncertain status

(Section 8.1.1.2 > ensure protectiveness and confirm current understanding of the nature and extent of
contamination ¢  yoter al risks, these analytes will be analyzed as part of the performance monitoring.
The CERC A 5-year reviews will allow an evaluation of the approach taken with these compounds.

Identification of well locations, including identification of new wells for remedy performance monitoring,
will be defined in the SAP and developed as part of the remedial design. The following assumptions were
made for this FS:

e Monitoring is conducted to evaluate the effectiveness of the selected alternative to attain the cleanup
levels (MNA actions are described in Section 9.2.2.3, and actively engineered remedies are described
in Section 9.2).

e Nature and scope are specific to alternative components and would be developed during the remedial
design process.

J 'draulic and chemical monitoring of the monitoring wells, including extraction wells, is designed to
evaluate contaminant mass removal and containment.

e Sampling locations and frequency for performance monitoring of active groundwater remediation
alternatives will be defined in the RD/RAWP for the selected remedy.

e Sampling locations and frequency to evaluate whether or not the analytes identified in Section 8.1.1.2
have uncertain status will be defined in the RD/RAWP for the selected remedy.

9.2.2.8 Reactive Che ical Barrier (ISRM)

The interim action groundwater remedies include the ISRM barrier (described in Chapter 1). This system
will continue to operate as is (without enhancement), but it is not critical to the achievement of the plume
cleanup. The 3RI not actively maintained and effectiveness is expected to continue to decrease prior
to completion of t  ump-and-treat remediation time frame. Therefore, the groundwater simulations do
not include Cr(VI) reduction by the ISRM barrier when predicting time to achieve cleanup levels.

The If M barrier is a passive system, so there is no cost for its continued operation. Figure 8-19
illustrates the ISRM barrier.

The strategy for implementation of the technologies for each alternative is presented in the
following sections. Cost estimate details for the alternatives are provided in Appendix J (Environmental
Cost Estimate for 100-D/H Vadose Zone and Groundwater RI/FS [ECE-100HR311-00004]).

9.2.3 Alternative.  {TD and Void-Fill Grouting for Waste Sites and Pun -and-Treat with
Biological Treatment for Groundwater
bble 9-6 presents the waste site and groundwater components of this alternative, and Figure 9-7 presents
a pictorial summary of the alternative. The cost for this alternative is provided in Table 9-7. Details for
the cost estimate are provided in Appendix J (Environmental Cost Estimate for 100-D/H Vadose Zone
and Groundwater RI/FS [ECE-100HR311-00004]). Additional details on remedial components specific to
this alternative are presented in sections identified in Table 9-6.
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Table 9-6. Components for Alternative 2—RTD and Void-Fill Grouting for Waste Sites
and Pump-and-Treat with Biological Treatment for Groundwater

RTD

RTD to depth of contamination exceeding cleanup levels, or until
groundwater is encountered if contamination extends into groundwater,
using standard and deep excavation technologies, as described in
Section 9.2.2.2.

RTD is applied to waste sites listed in Table 8-5 (Chapter 8) that are
expected to be remediated under the 100 Area Remaining Sites ROD
(EPA/ROD/R10-99/039). RTD is effective in meeting the human health,
environment, surface water, and groundwater PRGs as reflected in the
risk evaluation of completed waste sites with close out/verification data
(Chapter 6).

RTD also applied to waste sites listed in Table 8-5 (Chapter 8) that are
yet to be remediated and are not remediated under one of the other waste
site remedial components listed above.

Table 9-2 identifies applicable waste sites remediated by RTD using
standard and deep excavation technologies.

Within the SMDP process, ecological PRGs will be considered at

a population level for wildlife and at a community level for plants and
invertebrates, to determine whe er cleanup action is required to protect
ecological receptors.

Groundwater
Components

Pump-and-Treat
System

Operation of existing pump-and-treat systems as described in Section
9.2.2.4, with additional extraction and injection wells to expand
treatment coverage, or other approved discharge. Placement of
additional extraction and injection wells, extraction and injection flow
rates, and well operational periods were determined through
groundwater model simulations described in Modeling of RI/F'S Design
Alternatives for 100-HR-3 (ECF-100HR3-11-0114) in Appendix F. The
RPO process will be used to provide ongoing evaluations to ensure the
system meets ROD requirements.

Designed with active remediation out to Cr(VI) 10 ug/L contour.
Treatment of extracted water through ion exchange.

Operation of pump-and-treat system and bioinjection components to
meet State surface water quality standard at points of groundwater
discharge to the river

Periodic rehabilitation, replacement, reconfiguration and
decommissioning of the remediation system components as described in
Section 9.2.2.6.

—
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Table 9-6. Components for Alternative 2—RTD and Void-f  Grouting for Waste Sites
and Pump-and-Treat with Biological Treatment for Groundwater

Monitoring Remedy performance monitoring will be defined as part of the
Requirements remedial design.

Monitoring evaluates the effectiveness of the selected alternative to
attain the cleanup levels.

The monitoring program will expand by adding a number of specific
monitoring wells. For cost estimating purposes, it has been assumed that
12 new monitoring wells will be installed. Groundwater performance
monitoring is presented in Section 9.2.2.7 for constituents included in
the monitoring program. The constituents include COCs (chromium
(total), Cr(VI), nitrate, and strontium 90) and analytes identified for
additional monitoring (antimony, cadmium, carbon tetrachloride, cobalt,
copper, nickel, silver, and zinc).

CERCLA = Comprehensive Environmental Response, Compensation, and Liability Act of 1980

cocC = contaminant of concern

MNA = monitored natural attenuation

PRG = preliminary remediation goal

RBSL = risk-based screening level

ROD = record of decision

RTD = removal, treatment, and disposal
SMDP = scientific management decision point
WIDS = Waste Information Data System

This alternative optimizes the operation of the interim action pump-and-treat by including bioinjection for
treatment of contaminated groundwater. Bioinjection will be used for specific well pairs or clusters in

a closed-loop fashion separate from the ion exchange treatment plants. This reduces the likelihood of
biodegra tion byproducts reaching the ion exchange treatment systems. Bioinjection is implemented to
augment groundwater remediation in the Horn area to reduce the amount of groundwater that must be sent
to the ion exchange plants, thereby increasing the total capacity of the system and reducing the O&M
cost. Remediation components described in Table 9-6 that are specific to Alternative 2 are described in the
following sections.

9.2.3.1 Void-fill Grouting

Void-fill grouting is an in situ treatment technology to immobilize contaminants by solidification of
wastes. Void-fill grouting can be used to fill large empty spaces (for example, pits and trenches) where
the structure would then be left in place. Specifically, waste site 100-H-36 will be remediated by void-fill
grouting under this alternative. This waste site is an underground concrete box flume sluiceway that led
from the [6-H-5 Outfall Structure to the river shoreline. The site is on the Columbia River shoreline, and
void-fill grouting of the box flume presents fewer ecological impacts along the shoreline than remediation
through RTD. The three side-by-side channels of box flumes, each with an approximately 1.2 x 2.1 m

(4 x 7 ft) interior with 39.6 m (130 ft) of remaining length, will be grout-filled. The spillway run-off pad
extending from the box flume to the river will be removed to the ordinary high water mark by RTD.
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9.2.3.2 Bioinjection

Bioinjection is included in Alternative 2 to enhance the pump-and-treat systems for Cr(VI) remediation.

In addition, the nitrate plume, which has concentrations below 80 m is located within the footprint of
the Cr(VI) plume and would be co-extracted with Cr(V1) during any itment. Bioinjection is the process
of adding an organic substrate to water injected into the saturated zone to induce growth or activity of
indigenous bacteria for reducing chromate. The injected water will be groundwater extracted from a
downgradient well to create a closed-loop injection-extraction system. This will be done, in part, to keep
groundwater affected with the organic substrate from reaching an ion exchange treatment plant and
potentially fouling the ion exchange resin. Additionally, this approach will biologically reduce Cr(VI) in the
extracted groundwater, which will reduce the flow rate to the ion exchange treatment plants, thereby reducing
the O&M costs. Figure 8-17 illustrates bioinjection.

The extraction-injection well sets for bioinjection include the following design components:

¢ Organic substrates include soluble (miscible) substrates (for example, lactate and cheese whey) and
immiscible substrates (for example, emulsified vegetable oil).

¢ Organic substrate will be injected at upgradient wells in pulsed operation to reduce well fouling.

e Groundwater from extraction wells will be used as the source water for the bioinjection and piped
directly to the reagent mixing facility.

e After the source groundwater is mixed with a carbon source at the reagent mixing facility, a pipeline
will carry fluid from the reagent mixing facility to the injection wells.

System components include the following:
e Reagent mixing facility, pipelines, injection wells, pumps, and valves
¢ Stand-alone injection wells

¢ Injection well components to allow the well to operate efficiently without aeration of the
injection water:

— A packer located 3 m (10 ft) from the top of casing to prevent injection well overtopping
— A pressure transducer to measure pressure on the packer

— A drop pipe and foot valve at the bottom of the drop pipe to maintain a standing column of water
in the drop pipe

~ A water level indicator/transducer to monitor water levels in the injection wells

— A cleanout for the pipeline from the mainline to the injection well (a tee in the line where
cleaning tools can be inserted)

— A sampling port that would allow sampling of the injection water

— A pipeline to each injection well, installed on the ground surface (proposed injection rates
ranging from 57 to 160 L/min [15 to 43 gal/min] for each well)

e A preventive maintenance program to mitigate well fouling, which includes the following:

— Visual inspection of injection wellhead piping and fittings
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— Evaluation of injection rates with water level measurements at each well to detect changes that
potentially affe  well performance

—  Well rehabilitation with clean water flushes or physically cleaning the wells with appropriate
cleaning solutions (for example, acid or bleach)

The specific extraction-injection well layouts for Alternative 2 are presented in Modeling of RI/FS Design
Alternatives for 100-HR-3 (ECF-100HR3-11-0114) and summarized in Section 9.2.3.3. It is likely that

a pulsed/intermittent operation will be used to optimize the performance of the bioinjection system.

The groundwater flow and transport model (Modeling of RI/E'S Design Alternatives for 100-HR-3
[ECF-100HR3-11-0114]) was used to simulate bioremediation of Cr(VI) through bioinjection of
biological substrate reagents and identify locations and well spacing for bioinjection. Bioinjection is
simulated in the groundwater flow and transport model (Modeling of RI/F'S Design Alternatives for
100-HR-3 [ECF-100HF 11-0114]) as a first order decay t 1 applied to the substrate to approximate the
consumption of the substrate over time. Appendix I provides additional information on bioremediation as
a potential remedial action for Cr(VI) in the grow vater and vadose zone of the 100 Area.

9.2.3.3 Groundwater Model for Alternative 2

This section provides a summary of the groundwater model for Alternative 2. The interim action
pump-and-treat system is expanded in Alternative 2 to include additional extraction and injection wells
(or other approved discharge), thus encompassing a larger area of the Cr(VI) plumes and co-contaminant
plumes to expedite hydraulic containment and recovery. In addition, in situ treatment is considered in the
m of bioinjection at selected wells and periods to further enhance the reduction of Cr(VI)
concentrations in the aq fer and shorten cleanup times. The treatment of co-contaminants is addressed
under Section 9.2.2, Common Elements, and later in this section. This alternative expands the existing
pump-and-treat system with 15 new or conver | wells for extraction and injection associated with the DX
pump-and-treat system, and 29 new or converted wells for extraction and injection at 100-H for the
HX pump-and-treat system and bioinjection. Duration of well operation is detailed in Modeling of RI/FS
Design Alternatives for 100-HR-3 (ECF-100HR3-11-0114, Table 3-4).

e groundwater model assumes 85 percent availability of the pump-and-treat system capacity to account
for scheduled or unforeseen shutdown periods. As a result, a total capacity of 1,930 L/min (510 gpm) was
assumed for the DX pump-and-treat system and 2,575 L/min (680 gpm) for HX pump-and-treat system.
During periods of in situ treatment, bio-amended water injected at the designated injection wells is
recovered at downgradient extraction wells and recirculated back through the bioinjection system,
bypassing the ion exchange treatment system, as described in Section 9.2.3.2. This reduces the likelihood
of biodegradation byproducts reaching the ion exchange treatment systems. The treatment rate capacity of
the bio-remediation loop is 1,000 L/min (263 gpm).

Alternative 2 is designed to operate until the Cr(VI) groundwater plume’s concentrations are substantially
reduced to less than the groundwater cleanup level in 2007 MTCA (“Groundwater Cleanup Standards”
[WAC 173-340-720]). Wells along the river will be used to contain concentrations in the plume that are
above 10 pg/L, thereby reducing migration to the river, so the State surface water quality standard can be
met at points of groundwater discharge to the river.

All waste sites will be remediated before final remediation of groundwater. Remedial action completion
for waste site and groundwater remediation is described in Section 9.2.

Results from the groundwater flow and transport model Modeling of RI/FS Design Alternatives for
100-HR-3 (ECF-100HR3-11-0114) in Appendix F predict COC plumes and trends over the remediation
simulation period.
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The groundwat model results predict Cr(VI) plumes will be remediated to meet cleanup levels to the
48 ng/L DWS and 10 ug/lL  ate surface water quality standard throug ut the aquiferal 11 and

25 years, respectively, of implementing the groundwater remedy under Alternative 2. F* ire 9-8 (a-¢)
show the modeled Cr(VI) groundwater plumes after 3, 8, 18, 23, and 25 years of operating under this
alternative.

EPC calculations will be used to determine completion of groundwater remedial actions following shut
down of the pump-and-treat systems to evaluate for rebound conditions within the unconfined aquifer.
MTCA compliance requirements (2007 MTCA, “Groundwater Cleanup Standards”

[WAC 173-340-720(9)(d)(i)]) and EPA guidance (Methods for Evaluating The Attainment Of Cleanup
Standards Volume 2: Ground Water [EPA 230-R-92-014]) will be used for the purpose of evaluating
completion. The 95" UC™ calculation will be used to demonstrate compliance as described in

WAC 173-340-720(9)(d)(1).

During performance of the pump-and-treat operations, performance will be evaluated using a number of
measures, including monitoring of contaminants and aquifer hydrologic data for use in model predictions
and statistical evaluations of measured concentration trends on a well by well basis within 100-D south,
100 _ north, Horn area, and 100-H, and along the river shoreline.

As described in Section 9.2.2, groundy 21 _ _ __ co-extracted for treatment of the Cr(VI) plumes are
managed through MNA and ICs to achieve cleanup levels following tive remediation. (MNA is
discussed in detail in Section 9.2.2.3, and ICs are discussed in Section 9.2.2.1). Predicted concentrations
of nitrate and strontium-90 in the combined groundwater influent stream to the pump-and-treat facilities
will be at concentrations below their respective cleanup levels. Predicted concentration trends for each
COC in the combined influent to the pump-and-treat fac ties are provided in Modeling of RI/FS Design
Alternatives for 100-HR-3 (ECF-100HR3-11-0114). Cr(VI) in the treatment system influent will be
removed using ion exchange treatment technology. The other COCs in the resulting treatment system
effluent injected into the aquifer, or ¢ er approved discharge method, remain below cleanup levels.

Nitrate contaminated groundwater is within the capture footprint of the Cr(VI) pump-and-treat system
well network and will be reduced through dispersion and diffusion created through co-extraction and
injection associated with the pump-and-treat system. The groundwater model simulation for this
alternative indicates that nitrate contamination is remediated to cleanup levels within the Cr(VI)
remediation period. Nitrate plume depictions after 3, 5, 8, 12, and 13 years of operating under this
alternative are provided in Figure 9-9 (a-e) showing nitrate concentrations are below cleanup levels after
13 years. No specific treatment or MNA will be needed for nitrate following the remediation of Cr(VI)
through pump-and-treat.

Strontium-90 is localized, and has low solubility and mobility in groundwater. Modelling (Appendix F)
indicates that small pockets of strontium-90 contamination will remain in the aquifer above cleanup levels
following pump-and-treat system shut down. The remedy for strontium-90 following active remediation
is1 VA through radioactive decay. Remaining strontium-90 contamination will attenuate to cleanup
levels through radiological decay in 31 years after Cr(VI) remediation (i.e., 56 years after implementation
of the Alternative 2 remedy). Strontium-90 plume depictions after 3, 18, 48, and 56 years of operating
under this alternative are provided in Figure 9-10 (a-d).
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Uranium is identified as a localized contaminant associated with the 183-H Solar Evaporation Basin, and
is within the capture zone of the pump-and-treat system. Uranium concentrations have been attenuating in
wells downgradient, which have concentrations decreasing overall (Section 4.5.4). If uranium is detected
following completion of Cr(VI) remediation and the shutdown of the pump-and-treat system,

the localized uranium contamination will continue to be addressed through dispersion and diffusion by
normal groundwater flow. Effectiveness of continued natural attenuation will be monitored through
performance monitoring sampling. Uranium cleanup is not modeled since the concentrations were
identified in a single well and have since decreased to below the DWS.

9.24 Alternative 3—RTD and Void-Fill Grouting for Waste Sites and Increased Capacity
Pump-and-Treat for Groundwater

Alternative 3 uses a combination of RTD, void-fill grouting, containment, and MNA/ICs for waste site
remediation to achieve the RAOs, and expanded pump-and-treat for groundwater. Table 9-8 presents the

v ite and groundw:  components of Alte  tive 3, and Figure 9-11 presents a pictorial summary of

/ itive 3. The cost:  Alternative 3 is provided in Table 9-9. Details for the cost est  te are provided in
Appendix J (Environmental Cost Estimate for 100-D/H Vadose Zone and Groundwater RI/FS

[ECE-100HR3 00004]). Additional details on remedial components specific to this alternative are presented
in sections identified in Table 9-8.

Table 9-8. Comp: its for Alternative 3—RTD and Void-Fill Grouting for Waste Sites and Increased

Canacitv Pumn-and-Treat for Groundwater

_—
Waste Site

Components

identified in Section 8.2.1.1 (Chapter 8).

Institutional Controls Institutional controls to be implemented within the 100-D, 100-H,
and Horn areas for land use management and waste site information
management include the following:

e  Permits required for excavations on the Hanford Site to prevent
unplanned disturbance or infiltration as prohibited by
CERCILA decision documents.

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

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

e  Procedural requirements for access, warning signs, or fencing
to prevent or limit the access of humans to hazardous or
sensitive areas.

e  Administrative mechanisms, such as the WIDS database, to
maintain and provide access to information on the location and
nature of contamination.

Additional information on institutional controls is presented in
Section 8.3.1 (Chapter 8).

Post remediation institutional controls implemented at specific
waste sites are identified in Table 9-4.
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Table 9-8. Componen for Alternative TD and Void-Fill Grouting for Waste Sites and Increased
Capacity Pump-and-Treat for Groundwater

Groundwater Monitoring Remedy perfc  ance monitoring will be defined as part of the
Components Requirements remedial design.
(cont.) Evaluates the effectiveness of the selected alternative to attain the

cleanup levels.

The existing monitoring program will be expanded when number of
monitoring wells is added. For cost estimating purposes, it has been
assumed that 12 new monitoring wells will be installed.
Groundwater performance monitoring is presented in Section

constituents include COCs (chromium (total), Cr(VI), nitrate, and
strontium 90) and analytes identified for additional monitoring
(antimony, cadmium, carbon tetrachloride, cobalt, copper, nickel,
silver, and zinc).

CERCLA = Comprehensive Environmental Response, Compensation, and Liability Act of 1980
cOoC = contaminant of concemn

MNA = monitored natural attenuation

PRG = preliminary remediation goal

RBSL = risk-based screening level

ROD = record of decision

RTD = removal, treatment, and disposal
SMDP = scicntific management decision point
WINS = Waste Information Data System

Remediation components specific to Alternative 3 (described in Table 9-8) are described in Section 9.2.2
under common elements and Section 9.2.3.1 for void-fill grouting.

9.2.4.1 Groundwater Model for Alternative 3

This section provides a summary of the groundwater model for Alternative 3. Alternative 3 includes
expansion to the interim action pump-and-treat facilities to provide an additional 5,400 L/min

(1,425 gal/min) treatment capacity to the interim action 100-D/H pump-and-treat systems. New extraction
and injection wells will be installed, along with increased treatment capacity to handle the additional
flow. Alternative 3 expands the pump-and-treat systems with 41 new or converted extraction and
injection wells to the 100-DX pump-and-treat system and 49 new extraction and injection wells to the
100-HX pump-and-treat system. Well use (that is, extraction or injection) and duration of well operation
is detailed in Modeling of RI/FS Design Alternatives for 100-HR-3 (ECF-100HR3-11-0114). Extraction
and injection well locations, specified in Modeling of RI/FS Design Alternatives for 100-HR-3
(ECF-100HR3-11-0114, Table 3-5), were identified to support alternatives evaluation in this FS.

The final placement of wells will be determined in the RD/RAWP,

The model assumes 85 percent availability of the pump-and-treat system capacity to account for
scheduled and unforeseen shutdown periods. As a result, a total capacity of 3,940 L/min (1,040 gpm) was
assumed for the DX pump-and-treat system and 5,150 L/min (1,360 gpm) for HX pump-and-treat system.

All waste sites will be remediated before final remediation of groundwater. Remedial action completion
for waste site and groundwater remediation is described in Section 9.2.
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Table 9-10. Components for Alternative 4—RTD for Waste Sites and Pumn-and-Treat for Groundwater

Groundwater
Components

Pump-and-Treat
System

Operation of existing pump-and-treat systems as described in Section 9.2.2.4,
with additional extraction and injection wells to expand treatment coverage.

Placement of additional extraction and injection wells, extraction and injection flow
rates, and well operational periods were determined through groundwater model
simulations described in Modeling of RI/FS Design Alternatives for 100-HR-3
(ECF-100HR3-11-0114). The RPO process will be used to provide ongoing
evaluations to ensure the system meets ROD requirements.

Designed with active remediation out to Cr(VI) 10 pg/L. contour.
Treatment of extracted water through ion exchange.

Operation of pump-and-treat system components to meet the State surface water
quality standard at points of groundwater discharge to the river.

Periodic rehabilitation, replacement, reconfiguration and decommissioning of the
remediation system components as described in Section 9.2.2.6.

MNA and
Institutional
Controls

MNA as described in Section 9.2.2.3.

Manage strontium-90 in groundwater through a combination of treatment, MNA,
and institutional controls until concentrations meet cleanup standards.

Manage the plumes until concentrations are below the action levels and after the
pump-and-treat system is shut off.

Monitoring of COCs to track the attenuation processes.

Institutional controls to be implemented within 100-D/H include land use
management and waste site information management.

Additional institutional controls for groundwater include:

e Permits required for excavations on the Hanford Site to prevent unplanned
disturbance or infiltration as prohibited by CERCLA decision documents.

MNA and
Institutional
Controls (cont.)

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

e Groundwater use management, as described in Sitewide Institutional Controls
Plan for Hanford CERCLA Response Actions (DOE/RL-2001-41), ensures
proper use of groundwater through groundwater controls.

e Administrative mechanisms, such as the WIDS database, to maintain and
provide access to information on the location and nature of contamination.

Additional information on institutional controls is presented in Section 8.3.1
(Chapter 8).

Monitoring
Requirements

Remedy performance monitoring will be defined as part of the remedial design.
Evaluates the effectiveness of the selected alternative to attain the cleanup levels.

The existing monitoring program will expand when a number of monitoring wells
are added. For cost estimating purposes, it has been assumed that 12 new
monitoring wells will be installed. Groundwater performance monitoring is
presented in Section 9.2.2.7 for constituents included in the monitoring program.
The constituents include COCs {chromium (total), Cr( V1), nitrate, and strontium-
90) and analytes identified for additional monitoring (antimony, cadmium, carbon
tetrachloride, cobalt, copper, nickel, silver, and zinc).
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Table 9-10. Components for Alternative 4—RTD for Waste Sites and Pump-and-Treat for Groundwater

CERCLA = Comprehensive Environmental Response, Compensation, and Liability Act of 1980

CcocC = contaminant of concern
MNA = monitored natural attcnuation
3 = preliminary remediation goal
RBSL = risk-based screening level
ROD = record of decision
RTD = removal, treatment, and disposal
SMDP = scientific management decision point
WIDS = Waste Information Data System

/ ernative 4 1s designed to operate until the Cr(VI) groundwater plume is substantially reduced to less
than e groundwater cleanup level in 2007 MTCA (“Groundwater Cleanup St lards”

[WAC 173-340-720]). Wells along the river wi  be used to contain concentrations in the plume that are
above 10 pg/L, thereby reducing migration to the river, so the State surface water quality standard can be
met at points of groundwater discharge to the river. The model assumes 85 percent availability of the
pump-and-treat system capacity to account for scheduled or unforeseen shutdown periods. As a result, a
total capacity of 1,930 L/min (510 gpm) was assumed for the DX pump-and-treat system and 2,575 L/min
(680 gpm) for the HX pump-and-treat system.

All waste sites will be remediated before final remediation of groundwater. Remedial actic  completion
for waste site and groundwater remediation is described in Section 9.2.

Results from the groundwater flow and transport model (Modeling of RI/FS Design Alternatives for
100-HR-3 [ECF-100HR3-11-0114]) predict COC plumes and trends over the remediation simulation
period. The groundwater model results predict Cr(VI) plumes will be remediated to meet cleanup levels
to 48 ug/L DWS and 10 pg/L State surface water quality standard throughout the aquifer after 11 and 39
years, respectively, of implementing the groundwater remedy under Alternative 4. Figure 9-16 (a-f)
shows the modeled Cr(VI) groundwater plumes after 3, 8, 18, 25, 33, and 39 years of operating under this
alternative. Figure 9-1¢ shows that after 25 years, the majority of Cr(VI) contamination has been
remediated and only one small area in the Horn remains above 10 pg/L. It is very likely this area would
be remediated within the 25-year period with adjustments to the pumping rates.

EPC calculations will be used to determine completion of groundwater remedial actions following shut
down of the pump-ar treat systems to evaluate for rebound conditions within the unconfined aquifer.
MTCA compliance requirements (2007 MTCA, “Groundwater Cleanup Standards”

{WAC 173-340-720(9)(d)(i)]) and EPA guidance (Methods for Evaluating The Attainment Of Cleanup
Standards Volume 2: Ground Water [EPA 230-R-92-014]) will be used for the purpose of evaluating
completion. 1€ CL calculation will be used to demonstrate compliance as described in

WAC 173-340-72 d)().

During performance of the pump-and-treat operations, performance will be evaluated using a number of
measures, including model predictions and statistical ev. 1ations of measured concentration trends for the
100-D south, 100-D north, Horn area, and 100-H, and along the river shoreline.
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Strontium-90 has low solubility and mobility in groundwater. Modelling (Appendix F) indicates that small
pockets of strontium-90 contamination will remain in the aquifer above cleanup levels following
pump-and-treat system shut down. The remedy for strontium-90 following active remediation is MNA
through radioactive decay. Remaining strontium-90 contamination will attenuate to cleanup levels
through radiological decay in 17 years after Cr(VI) remediation (i.e., 56 years after implementation of the
Alternative 4 remedy). Strontium-90 plume depictions after 3, 18, 48, and 56 years of operating under this
alternative are provided in Figure 9-18 (a-d).

Uranium is identified as a localized contaminant associated with the 183-H Solar Evaporation Basin, and
is within the capture zone of the pump-and-treat system. Uranium concentrations have been attenuating in
wells downgradient, which have concentrations decreasing overall (Section 4.5.4). If uranium is detected
following completion of Cr(VI) remediation and the shutdown of the pump-and-treat system, the
localized uranium contamination will continue to be managed through dispersion and diffusion by normal
groundwater flow. Effectiveness of continued natural attenuation will be monitored through performance
monitoring sampling. Uranium cleanup is not modeled since the concentrations were identified in a single
well and have since decreased to below the DWS.

9.3 Remedii Alternative :reening Evaluation

As discussed in EPA guidance (The Feasibility Studv: Development and Screening of Remedial Action
Alternatives [OSWER Directive 9355.3-01FS3]), screening of alternatives is not a required step because
only three alternatives are being evaluated. Consequently, they are all carried into the detailed evaluation
in Chapter 10.
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e The amount of hazardous substances, pollutants, or contaminants that will be destroyed or treated
e The degree of expected reduction in TMV of the waste as a percentage of reduction
e The degree to which the treatment is irreversible

e The type and quantity of residuals that will remain following treatment, taking into consideration
the persistence, toxicity, mobility, and propensity of hazardous substances and their constituents
to bioaccumulate

e The degree to which treatment reduces the inherent hazards posed by the principal threats

10.1.5 Short-Term Effectiveness

This criterion focuses on short-term effects of the remedial alternatives by examining the effectiveness
of alternatives in protecting HHE during the construction and implementation phase until RAOs are met.
As outlined by the CERCLA guidance, this criterion includes four analysis factors:

e Protection of the community during remedial actions (e.g., dust from excavations and transportation
of hazardous materials)

e Protection of workers during remedial actions

e Potential adverse environmental impacts (e.g., waste and generation of greenhouse gas [GHG]
emissions) and the effectiveness and reliability of mitigating measures

e Time until RAOs are achieved

10.1.6 Implementability

The implementability criterion relates to the technical and administrative feasibility of executing an
alternative and the availability of various services and materials required during its implementation.
The ease or difficulty of implementing the alternative is assessed by considering the following types of
factors, as appropriate:

e Technical feasibility, including the technical difficulties and unknowns associated with constructing
and operating the technology, the reliability of the technology, the ease of undertaking additional
remedial actions, and the ability to monitor the effectiveness of the remedy

e Administrative feasibility, including activities requiring coordination with other agencies, and the
ability and time needed to obtain any necessary approvals and permits for offsite actions

e Availability of required services, personnel, resources, technologies, and materials necessary to
construct and operate the alternative

10.1.7 Cost

The cost estimate for each remedial alternative typically includes the following items:

e Remedial design costs including preparation of design drawings and specifications, construction
bid documents, the remedial design/remedial action (RD/RA) work plan, and the interim remedial
action report; typically calculated as a percent of the capital cost

¢ Remedial alternative construction costs including construction management, capital equipment,
general and administrative costs, and construction s contract costs and fees
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The total non-discounted cost for the 5-year reviews for 150 years is estimated to be $14 million (about
$630,000 per ROD). The total discounted cost for the 5-year reviews for 150 years is estimated to be
$4 million (about $190,000 per ROD).

The costs for maintaining programmatic ICs and the 5-year reviews conducted as oversight for the
CERCLA actions on the Hanford Site are the same for each alternative (except No Action) and are
included with the cost estimates. Detailed cost estimates for programmatic ICs and 5-year reviews are
included in Appendix J.

10.2 Inc ridual Analysis of Alternatives

This section evaluates each of the remedial action alternatives defined in Chapter 9 against the CERCLA
threshold and balancing criteria described in Section 10.1. Criteria evaluation details for the remedial
alternatives are documented in tabular form. The ratings provided below indicate the expected
performance of each alternative relative to the CERCLA criteria:

= Performs very well against the criterion with minimal disadvantages or uncertainties

O = Performs moderately well against the criterion but with some disadvantages or uncertainties
= Performs poorly against the criterion and may have significant disadvantages or uncertainties

10.2.1 Alternative 1—No Action Alternative

The NCP (“Remedial Investigation/Feasibility Study and Selection of Remedy” [40 CFR 300.430(e)(6)])
requires consideration of a No Action Alternative to serve as a baseline for evaluating other remediation
action alternatives and is retained throughout the FS process. As presented in Chapter 9, to evaluate the
required No Action Alternative, all site remedial activities and interim actions (with the possible
exception of backfilling any open excavations that are not safe) will be discontinued in December 2012,
including ceasing operation of pump-and-treat systems and additional monitoring. Preliminary design
details and cost estimates are not prepared for Alternative 1.

The individual analysis of this alternative is presented in Table 10-2. Given that No Action fails the
threshold criteria established in NCP (“Remedial Investigation/Feasibility Study and Selection of
Remedy” [40 CFR 300.430(f)]), information regarding the performance of this alternative with respect to
the balancing criteria is not included.

Overall Protection - Not expected to be protective of HHE
of Human Health
and the
Environment

e RAOs will not be achieved
e Allows unmonitored migration of contaminated groundwater to thc Columbia River

e Potcntial for exposure to human and ecological receptors and potential of contaminants
to lcach to groundwater may remain at the waste sites

Compliance with - Is not compliant

ARARs e Since there is no action, ARARs for waste sites will not be met

e DWS and State surface water quality standard ARARs may not bc achieved in a
reasonable time since cessation of remedial actions allows for further migration of
groundwater contaminants and exposure to groundwater
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Evaluation of Potential Hvdraulic Capture and Plume Recovery from the Ringold Upper Mud (RUM) in
the 100-HR-3 Operable Unit (OU) (ECF-100HR3-12-0025 in Appendix F) evaluated use of extraction
wells to capture the contamination plume in the RUM. Sensitivity analysis was performed to evaluate
bounding cases for flow through the aquifer, leakage from the overlying unit, and flow from the Columbia
River. Based on this evaluation a four extraction well configuration is included in the remedial
alternatives to remediate Cr(VI) contamination in the RUM water-bearing unit.

Remedial process optimization activities will be conducted throughout the operational period to assess
remedial action performance. Groundwater simulations are used to modify extraction/injection well fields
and locations for bioremediation for remediation of remaining contamination. Groundwater actions
include MNA and ICs for strontium-90 contamination.

Nitrate, strontium-90, and total chromium contaminated groundwater plumes are within the treatment
footprint for the Cr(VI) plume and will be co-extracted by the extraction well network used for the Cr(VI)
plume remediation. Based on operational data from the currently operating pump-and-treat facilities and
groundwater simulation modeling results, the groundwater treatment system effluent has not and is not
expected to exceed MCLs for co-extracted nitrate, strontium-90, or total chromium, so no treatment is
proposed for these groundwater COCs. However, if, through normal operation of the groundwater
treatment system, concentrations of co-extracted COCs exceed MCLs in the effluent, specific treatment
would be evaluated (and the associated CERCLA documentation developed) for the respective COCs
before discharge.

Groundwater model simulation for this alternative indicates that nitrate contamination is remediated to
cleanup levels within the Cr(VI) remediation period. Small pockets of strontium-90 contamination remain
in the aquifer following completion of the Cr(VI); however, remaining strontium-90 contamination will
attenuate to cleanup levels through radiological decay in 31 years after Cr(VI) remediation (i.e., 56 years
after implementation of the Alternative 2 remedy). Groundwater monitoring will confirm effectiveness of
MNA (described in Section 9.2.2.3) for strontium-90 and determine the effect of pump-and-treat on the
persistence of strontium-90, nitrate, and uranium within the aquifer over time.

The Cr(VI) pump-and-treat system also includes extraction wells in the area where uranium has been
historically detected near the 183-H Solar Evaporation Basin. Operational data indicate the uranium
concentration in the HX pump-and-treat influent and effluent is less than the DWS, as are the current
groundwater conditions. The localized uranium contamination, as detected, will be further reduced by
dispersion and diffusion created through co-extraction and injection. Any residual uranium contamination
in the groundwater following cessation of the pump-and-treat system will continue to be addressed
through dispersion and diffusion by normal groundwater flow as discussed in Section 9.2.2.3.

Table 9-6 and Figure 9-7 provide additional information on this alternative. Appendix J, Table J-3,
presents a summary of the remedial components, areas, and volumes that were assumed for each waste
site in development of cost estimates.

Table 10-3 presents the individual analysis of Alternative 2 with respect to the seven CERCLA criteria.
Alternative 2 is considered to pass the threshold criteria, since the actions as part of this alternative
achieve RAOs and ARARs. Alternative 2 provides long-term effectiveness and permanence, and
short-term effectiveness. Alternative 2 is expected to achieve reduction in TMV because it incorporates
active treatment of groundwater and waste sites. However, contaminated soil removal by RTD is not
considered treatment, so reduction by TMV was reduced to moderately effective. Alternative 2 is
expected to be moderately implementable.
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This alternative incorporates previous interim action remedies (i.e., soil RTD and
groundwater extraction) that have been demonstrated to be effective, plus
additional techniques to optimize remedial design.

Monitoring can track progress and achievement of RAOs.

¢ RTD mitigates risk to human and ecological receptors and
soil-to-groundwater/surface water risks encountered at the site through physical
removal of contaminated soil.

e Pump-and-treat provides for hydraulic containment to limit potential further
migration of groundwater contaminants and treatment to remediate the Cr(VI1)
plume. Biological injection enhances the remediation of the Cr(VI) plume. Other
COC's (total chromium, strontium-90 and nitrate) will be eo-cxtracted with
groundwater extracted for Cr(VI) treatment, where the concentration of strontium-
90 and nitrate in the combined effluent will be less than their respective MCLs.
Following the cessation of active treatment for Cr(VI), MNA will be the sole
mechanism to achieve cleanup levels for strontium-90.

The pump-and-treat enhanced with biological injection is projected to achieve risk
standards in a period of about 56 years in the 100-D Arca, 30 years in the
100-H Area, and 25 years in the Hom area.

e Institutional controls prevent exposure to atfected soil and groundwater.

Compliance with
ARARs

Compliant
e Remedial action/systems are designed to meet ARARS.

e DWS and Statc surface water quality standard ARARs for Cr( V1) are projected to
be achieved in approximately 11 and 25 years of operation, respectively.

Long-term Effectiveness
and Permanence

Expected to have long-term effectiveness and permanence

Factors for this alternative performing very well against the long-term effectivencess
and permanence criterion:

e RTD, void-fill grouting. containment by capping thc ends of pipelines. MNA and

institutional controls, hydraulic containment, pump-and-treat, and biological
injections achieve RAOs.

e RTD using conventional equipment is reliable and practiced extensively at
Hanford. ERDF disposal is cffective and reliable.

e Adequacy and reliability of pump-and-treat operations arc proven at Hantord.

¢ Groundwater biological treatment (bioinjection) provides additional treatment as
pump-and-treat efficiency decreases with decrcasing Cr(VI) concentration.

This alternative remediates soil site and groundwater COC's to PRG levels
established to achieve the RAOs. Residual risks following cleanup to PRG levels
will meet the 10 to 10°® ELCR for radiological and carcinogenic COCs and will
be less than or equal to an HI value of 1.0 for hazardous substances.

Long-term effectivencss and permanence will be evaluated in CERCLA 5-year
review process.

Factors that may provide some disadvantages or uncertainty to long-rerm
effectiveness and permanence:
e Requires long-term cnforcement of institutional controls to mitigate risk.

e Cr(VI) treatment systems will operate beyond their design life to achieve cleanup
and may requirc major system renovations or replacement.
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Table 10-3. Individual Criteria Evaluation for Alternative 2—RTD and Void-Fill Grouting for Waste Sites and
Pump-and-Treat with Bioloaical Treatment for Groundwater

Reduction of TMV
by Treatment

O

Expected to have moderate reduction of TMV by treatment

Factors for this alternative performing moderately well against the reduction of
TMV by treatment criterion:

o Significant mass of Cr(VI) will be removed through pump-and-treat where ion
exchange treatment removes Cr(VI) from the groundwater. When the ion
exchange resin capacity is reached, the resin will be changed out with fresh resin,
Removal of Cr(VI) is not reversible since the spent resin loaded with Cr(VI) will
be disposed as solid waste at ERDF or another EPA-approved disposal facility.

Other reduction of TMV by treatment is achieved through biological reduction
(bioinjection) converting Cr(VI) to less toxic Cr(III). The re-oxidation of Cr(III)
compounds to Cr(VI) is not anticipated to be a significant issuc after
biorcmediation is completed as identified in the bioremediation technology
descriptions in Appendix .

Void-fill grouting reduces leaching (mobility) of contamination from the vadose
zone to groundwater through containment of contaminated media.

¢ Capping of ends of the 100-D-50:2 waste site pipelines provides containment of
contaminated media (scale within the pipclines) to reduce direct contact human
health risks.

e Removed soil is treated at ERDF, if nceded

Factors that may provide some disadvantages or uncertainty to the reduction of

TMV by treatment:

e Dcsign testing of biological injections is necded to fully develop the design
paramcters for these technologics, since they have not been applied full-scale
at Hanford.

o Contaminated soil removal by RTD is not considered trecatment. RTD is the
primary remediation technology implemented for most of the waste sites, and for
this reason. this alternative performs moderately for this criterion.

Short-term
Effectiveness

Expected to have short-term effectiveness

Factors for this alternative performing very well against the short-term

effectiveness criterion:

e No adverse risks to the community from implementation of active treatment
options because of the remote location and implementation of
institutional controls.

e Risks to workers from implementation of active treatment actions are minimized
through a health and safety plan and proper PPE.

e Nominal short-term risks to workers during installation of groundwater cxtraction
and conveyance piping, system O&M activities, and monitoring. Risks are
minimized through a health and safety plan and PPE.

o Cr(VI) DWS and State surface water quality standard ARARs are achieved within
11 and 25 years of remedy implementation, respectively.

Factors that may provide some disadvantages or uncertainty to the
short-term effectiveness:
® 56 years to achieve RAOs for strontium-90 in the unconfined aquifer.
e Nepgative cnvironmental impacts may include:
- Gencration of GHG from use of cxcavation cquipment and disposal to ERDF;
production and delivery of biological reagents (may mobilize other metal but
will be captured and treated in pump-and-treat); well installation,
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Table 10-3. Individual Criteria Evaluation for Alternative 2—RTD and Void-Fill Grouting for Waste Sites and
Pumn-and-Treat with Biolaaical Treatment for Groundwater

Total Nondiscounted Cost

of Alternative $432.6
Total Net Present Value (Discounted)

of Alternative $333.9

a. Order-of-magnitude cost estimates and support information are presented in Appendix J. Costs for institutional controls are
included under the costs for waste site treatment.

b. Periodic costs include O&M and/or construction activitics, including costs to replace an installed remedy or components of
an installed remedy, and services that are not included in initial capital costs or annual O&M costs. Periodic costs may be
onc-time costs or costs that recur at intervals over the life of the remedy.

ARAR = applicable or relevant and appropriate requirement MCL = maximum contaminant level
coC = contaminant of concern MNA = monitored natural attenuation
Cr(lll) = trivalent chromium Oo&M = operations and maintenance
Cr(VI) = hexavalent chromium PPE = personal protective equipment
DWS = drinking water standard PRG = preliminary remediation goal
ELCR = excess lifetime cancer risk RAO = remedial action objective

ERDF = environmental restoration disposal facility ROD = record of decision

GHG = greenhouse gas RTD = removal, treatment, and disposal
HHE = human health and the environment ™MV = toxicity, mobility, or volume

).2.3 Alternative: ITD and Void-Fill Grouting of Waste Sites and Increased Capacity Pump-and-
Treat for Groundwater

The remedial strategy for Alternative 3 relies on optimizing the risk reduction and cost by using a mixture
of RTD, void-fill grouting, and MNA and ICs for waste site contamination to achieve the RAOs, as well
as expanded pump-and-treat with increased treatment capacity for groundwater. For remediated waste
sites that are evaluated in the FS because of PRG exceedances, this alternative builds off the interim
actions previously completed. The remedial action will include the following:

e RTD for removal of contaminants to clean-up levels for waste sites (47 waste sites), including
demolition of structures (e.g., buildings), when necessary

e RTD and void-fill grouting at 100-H-36

e Capping of pipe ends to provide containment of contamination in pipelines associated with waste
site 100-D-50:2

¢  MNA and ICs to mitigate exposure at waste sites 116-DR-9, 100-D-25, and 116-D-8 until
radiological contaminants (cesium-137, strontium-90, and technetium-99) decay to less than
residential RBSLs in the year 2035

For groundwater, Cr(VI) will be treated with an expanded pump-and-treat with increased treatment
capacity for a period of about 12 years following implementation of the remedial alternative for treatment
of Cr(VI). The groundwater model results for this alternative, which are considered estimates for
comparison purposes, predict Cr(VI) plumes will be remediated to meet the 48 ng/L. DWS cleanup levels
throughout the aquifer in 6 years. The groundwater treatment systems will continue operating for another
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6 years to meet the 10 png/L State surface water quality standard cleanup level at the river for groundwater
flowing into the river. The groundwater treatment system effluent has not and is not expected to exceed
MCLs for Cr(VI).

Evaluation of Potential  draulic Capture and Plume Recovery from the Ringold Upper Mud (RUM) in
the 100-HR-3 Operable Unit (OU) (ECF-100F  3-12-0025 in Appendix F) evaluated use of extraction

v Is to capture the contamination plume in the RUM. Sensitivity an.  'sis was performed to evaluate
bounding cases for flow through the aquifer, leakage from the overlying unit, and flow from the Columbia
River. Based on this evaluation a four extraction well configuration is included in the remedial
alternatives to remediate Cr(VI) contamination in the RUM water-bearing unit.

Remedial process optimization activities will be conducted throughout the operational period to assess
remedial action performance. Groundwater actions include MNA and ICs for strontium-90 contamination.

Nitrate, strontium-90, and total chromium contaminated groundwater plumes are within the treatment
footprint the Cr(VI) plume and will be co-extracted by the extraction well network used for the Cr(VI)
plume remediation. Based on operational data from the currently operating pump-and-treat facilities and
groundwater simulation modeling results, the groundwater treatment system effluent has not and is not
expected to exceed MCLs for co-extracted nitrate, strontium-90, or tot chromium, so no treatment is
proposed for these groundwater COCs. However, if, through normal operation of the groundwater
treatment system, concentrations of co-extracted COCs exceed MCLs in the effluent, specific treatment
would be evaluated for the respective COCs before discharge.

Groundwater model simulation for this alternative indicates that nitrate contamination is remediated to
cleanup levels within the Cr(VI) remediation period. Small pockets of strontium-90 contamination remain
in the aquifer fc wing completion of the Cr(VI), however, remaining strontium-90 contamination will
attenuate to cleanup levels through radiological decay in 32 years after Cr(VI) remediation (i.c., 44 years
after implementation of 2 Alternative 3 remedy). Groundwater monitoring will confirm effectiveness of
I IA for strontium-90 and determine the effect of pump-and-treat on the persistence of strontium-90 and
nitrate within the aquifer over time.

The Cr(VI) pump-and-treat system includes extraction wells in the area where uranium has been
historically detected near the 183-H Solar Evaporation Basin. Operational data indicate the uranium
concentrations in the HX pump-and-treat influent and effluent is less than the DWS, as are the current
groundwater conditions. The localized uranium contamination, as detected, will be further reduced by

spersion and diffusion created through co-extraction and injection. Any residual uranium contamination
in the groundwater following cessation of the pump-and-treat system will continue to be addressed
through dispersion and  ffusion by normal groundwater flow as discussed in Section 9.2.2.3.

Table 9-8 and Figure 9. . provide additional information on this alternative. Appendix J, Table J-3,
presents a summary of the remedial components, areas, and volumes that were assumed for each waste
site in development of cost estimates.

Table 10-4 presents the individual analysis of Alternative 3 with respect to the seven ( RCLA criteria.
Alternative 3 was considered to pass the threshold criteria, since the actions as part of this alternative
achieve RAOs and ARARs. Alternative 3 is considered to have good long-term effectiveness and
permanence, short-term effectiveness, and reduction of MYV through RTD and void-fill grouting of
contaminated soil and pump-and-treat for groundwater. However, contaminated soil removal by RTD is
not considered treatment, so reduction by TMV was reduced to moderately effective. Alternative 3 is
expected to be implementable.

10-13



DOE/RL-2010-95, REV. 0

Table 10-4. Individual Criteria Evaluation for Alternative {TD and Void-Fill Grouting of Waste Sites

numan neaiun anua
the Environment

Compliance with
ARARs

and Increased Canacitv Pumn-and-Traat far Graundwater

e This alternative incorporatcs previous interim action remedies (i.e., soil RTD and
groundwater trcatment) that have becn demonstrated to be effective.

e Monitoring can track progress and achievement of RAOs.

e RTD mitigates risks to human and ecological receptors and
soil-to-groundwater/surface water risks encountered at the site through physical
removal of contaminated soil.

e Pump-and-trcat remediatcs the Cr(VI) plumes. Other COCs (strontium-90, and
nitrate) will be co-extracted with groundwater extracted for Cr(VI) treatment,
where the concentration of strontium-90 and nitrate in the combined effluent will
be less than their respective MCLs. Following the cessation of active treatment
for Cr(VI), MNA will be the sole mechanism to achicve cleanup levels for
strontium-90.

The enhanced pump-and-treat achieves risk standards for groundwater within
a period projected to be approximately 44 years of implementation at the
100-D Area, 28 years at the H Areas, and 12 years in the Horn area.

e [nstitutional controls prevent exposure to affected soil and groundwater.

Compliant
¢ Remcdial action/systems meet ARARs.

e DWS and State surface water quality standard ARARs for Cr(VI) are projected to
be achieved in approximately 6 and 12 years of operation, respectively.

Long-term
Effectiveness
and Permanence

Expected to have long-term effectiveness and permanence

Factors expected to perform very well against the long-term effectiveness and

permanence Criterion:

e RTD, void-fill grouting, containment (by capping of ends of pipclines), MNA and
institutional controls, hydraulic containment, and pump-and-treat achieve RAOs.

e RTD using conventional equipment is reliable and practiced extensively at
Hanford. ERDF disposal is effective and reliable.

Adequacy and reliability of pump-and-treat are proven at Hanford.

Monitoring and verification sampling, and long-term groundwater monitoring
track progress toward achieving RAOs.

This alternative remediates soil site and groundwater COC's to PRG levels

established to achieve the RAOs. Residual risks following cleanup to PRG levels

will meet the 107 to 10" ELCR for radiologieal and carcinogenic COCs and will

be less than or equal to an HI value of 1.0 for hazardous substances.

o Long-term effectiveness and permanence will be evaluated in the CERCLA 5-year
review process.

Facrors that may provide some disaudvantages or uncertainty to long-term

effectiveness and permanence:

e Requires long-term enforcement of institutional controls to mitigate risk.
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idividual Criteric  'aluation for Alternative 4— RTD for Waste Sites
and Pumn.and-Treat far Gronndwater

established to achieve the RAOs. Residual risks following cleanup to PRG
levels will meet the 10 to 10 ELCR for radiological and carcinogenic
COCs and will be less than or equal to an HI value of 1.0 for

hazardous substances.

e Long-term effectiveness and permanence will be cvaluated in the CERCLA
S-year review process.

Fuactors that may provide some disadvantages or uncertainty to long-term

effectiveness and permanence:

e Requires long-term enforcement of institutional controls to mitigate risk.

e Cr(VI) trcatment systems will operate for 39 years to achieve the State

surface water quality standard and may require major system renovations or
replacement.

Reduction of TMV
by Tr ment

Expected to have moderate reduction of TMV by treatment

Fuctors expected to perform moderately well against the reduction of TMV by
treatment criterion.

¢ Significant mass of Cr(V1) will be removed through pump-and-treat where
ion exchange treatment removes Cr(V1) from the groundwater. When the ion
exchange resin capacity is reached, the resin will be changed out with fresh
resin. Removal of Cr(VI) is not reversible since the spent resin loaded with
Cr(VI) will be disposed as solid waste at ERDF or another EPA-approved
disposal facility.

e Removed soil is treated at ERDF, if needed

Factors that may provide some disadvantages or uncertainty to the reduction of

TMV by treatment:

¢ Contaminated soil removal by RTD is not considered trecatment. RTD is the
primary remediation technology implemented for most of the waste sites; for
this reason, this alternative performs moderately for this criterion.

Short-term Effectiveness

Expected to have moderate short-term effectiveness

Factors expected to perform moderately well against the short-term
effectiveness criterion:

¢ No adverse risks to the community from implementation of active treatment

options because of the remote location and implementation of
institutional controls.

e Risks to workers from implementation of active trecatment actions are
minimized through an HSP and proper PPE.

o Nominal short-term risks to workers during installation of groundwater
extraction and conveyance piping, system O&M activities and monitoring.
Risks are minimized through HSP and PPE.

o Cr(VI) DWS and State surface water quality standard ARARs are achieved
within 11 and 39 years of remedy implementation, respectively.
Fuctors that may provide some disadvantages or uncertainty to the
short-term effectiveness:
e 56 years to achieve RAOs for strontium-90 in the unconfined aquifer.
e Negative environmental impacts may include:
- Generation of GHG from use of excavation equipment and disposal
to ERDF; well installation, development; and operation of
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ARARs and is not protective of HHE (the two threshold criteria), it was not evaluated for
the balancing criteria.

Alternatives 2, 3, and 4 comply with ARARs and meet this thre old criterion. Remedial actions and
treatment systems proposed under these alternatives would be designed to meet ARARs. For
groundwater, proposed remedies will achieve DWS and State surface water quality standard ARARs in a
reasonable time frame.

3.3 ong-Term Effectiveness and Permanence

Alternatives 2, 3, and 4 are all expected to provide good long-term effectiveness and permanence.
Proposed actions for groundwater are projected to achieve cleanup criteria for Cr(VI) wi  n 25, 12, and
39 years from the start of alternative implementation for Alternatives 2, 3, and 4, respectively. With
projected pump-and-treat facility design life of 25 years, systems would need major renovations under
Alternative 2 and Alternative 4, which use existing systems that have been in place since 2010.

The alternatives remediate soil site and groundwater COCs to PF 7 levels establ ied to achieve the
RAOs. Residual ri 5 following cleanup to PRG levels will meet the 10™ to 10° ELCR for radiological
and carcinogenic COCs and will be less than or equal to an HI value of 1.0 for hazardous substances.

For waste sites, Alternatives 2, 3, and 4 use RTD and disposal at ERDF to remove contamination, which
are :monstrated to be adequate, effective, and reliable at the Hanford Site. Alternatives 2 and 3 also use
void-fill grouting of wa : site 100-H-36, containment by capping pipe ends, and ICs for waste site
100-D-50:2, and MNA and ICs for waste sites 100-DR-9, 100-D-25, and 116-D-8. Alternative 4
remediates these sites with RTD and disposal at ERDF.

Pump-and-treat is used in Alternatives 2, 3, and 4 for treatment of groundwater. The adequacy and
reliability of pump-and-treat is demonstrated at the Hanford Site through the interim actions.

Alternative 3 remediates groundwater using expande pump-and-treat. Alternative 2 uses pump-and-treat
enhanced with biological treatment. Alternative 3 provides an expanded pump-and-treat system to address
the uncertainties identified in the CSM described in Section 4.9 associated with locations where
groundwater monitoring indicates potential residual contamination in the vadose zone that may contribute
to groundwater contamination. Alternative 3 enables more flexibility for more responsive system
adjustments through the RPO because of the expanded well field and increased system capacity.

Alternatives 2, 3, and 4 will achieve DWSs and State surface water quality standard ARARs in a
reasonable time. The adequacy and reliability of ICs is proven at Hanford.

Alternatives 2, 3, and 4 ropose implementation of monitoring and include the CERCLA 5-year review
process, which would evaluate effectiveness of the proposed actions and track progress towards
achievement of RAOs.

10.3.4 Reduction of * icity Mobility or Volume through Treatment

Alternatives 2 and 3 are evaluated to perform moderately well for reduction of TMV and better than
Alternative 4. RTD is the primary technology implemented for Alternatives 2, 3, and 4 for remediation
of waste sites. Contaminated soil removal by RTD is not considered treatment. Alternative 4 implements
RTD exclusively for remediation of waste sites and, therefore, provides the least reduction in TMV by
treatment among the alternatives.

Void-fill grouting in Alternatives 2 and 3 provide for treatment of 4,550 m® (160,600 ft') of contaminated
soil/debris.
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For groundwater, Alternatives 2, 3, and 4 provide substantial reduction of TMV through pump-and-treat
and MNA/ICs. Under Alternative 2, reduction of TMV is also achieved through treatment via biological
reduction (bioinjection).

10.3.5 Short-Term Effectiveness

Alternatives 2, 3, and 4 are compared primarily against the time for the alternative to achieve RAOs.
Alternative 3 achieves RAOs sooner than Alternative 2 and Alternative 4. Alternative 4 takes longer to
achieve RAOs than both Alternative 2 and Alternative 3. The time to achieve RAOs following remedy
implementation by meeting the State surface water quality standard for Cr(VI) in the unconfined aquifer
is 12, 25, and 39 years, respectively, for Alternatives 3, 2, and 4.

The alternatives all protect the community and workers during remedial actions. Potential effects to the
community and workers from implementing any actions onsite would be controlled and mitigated through
effective health and safety plans (HSP) and adequate PPE.

Effects on the environment for all alternatives result from waste site areas exposed to the environment
with machinery-generated dust, generation of remediation process waste, and GHG emissions (from
excavation equipment and transportation of material to ERDF). All alternatives will have some negative
environmental impacts as follows:

e Ecological disturbances and generation of ¢ G from use of excavation equipment and disposal to
ERDF, installation of well pads and construction and operation of pump-and-treat system

e  Waste generation from disposal of contaminated soil and spent ion exchange resin
e Energy consumption from process equipment
e Potential cultural resource effects

10.3.6 Implementability

Alternative 4 uses proven technologies that are currently being implemented for interim remedial actions
(i.e., RTD and pump-and-treat) and is considered to have the best implementability compared to the
other alternatives.

Alternatives 2 and 3 implement other technologies for waste site treatment (e.g., void-fill grouting) that
will likely require additional testing of grout material during remedial design. Alternative 2 also
implements biological treatment that will likely require design testing to establish biological reducing
zone parameters for design of in situ bioremediation treatment of groundwater.

Although biological treatment proposed in Alternative 2 has been proven, the additional design testing
leads to comparatively lower implementability compared to the other alternatives.

10.3.7 Cost

Estimated design, construction, O&M, and decommissioning costs were developed for Alternatives 2, 3,
and 4. The total estimated net present value is $334 million for Alternative 2, $375 million for
Alternative 3, and $433 million for Alternative 4. The higher cost estimate for Alternative 4 is mainly due
to the longer operational period of the pump-and-treat system.

The cost estimate for Alternative 3 includes new facility construction to provide identified increased
pump-and-treat capacity. The RD/RAWP will determine if new facilities are needed or if modifications to
existing pump-and-treat facilities will provide needed capacity.
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historic and cultural resources, ecological resources, socioeconomics (including environmental justice
concerns), and transportation.

The net anticipated effect from implementation of Alternatives 2, 3, or 4 would be a positive contribution
to cumulative environmental effects at the Hanford Site. Where RTD is part of the selected remedial
action, DOE expects that the primary facility to receive contaminated soil will be the ERDF. NEPA
values for ERDF operation were addressed in NEPA Roadmap for the Environmental Restoration
Disposal Facility Regulatory Package (DOE/RL-94-41), Remedial Investigation and Feasibility Study
Report for the Environmental Restoration Disposal Facility (DOE/RL-93-99), and the ROD, as amended
(most recently Amendment to the Record of Decision for the USDOE Hanford Environmental Restoration
Disposal Facility [EPA et al., 2007}).

DOE has included the combined effects anticipated from ongoing CERCLA/TPA (Ecology et al., 1989a)
response actions and a Hanford Site groundwater analysis as part of the cumulative impact analysis in
Final Tank Closure and Waste Management Environmental Impact Statement for the Hanford Site,
Richland, Washington (DOE/EIS-0391). In addition, the impacts of borrow materials used during
remediation was analyzed in Expansion of Borrow Areas on the Hanford Site (DOE/EA-1934).

The NEPA values (i.e., resource area and relevant NEPA considerations) most relevant to and potentially
affected by the actions taking place under this remedial action are described in Table 10-7.

10.5 Coordination of Interim and Final CERCLA Remedial Activities

A feature of each alternative is the ongoing implementation of interim action RODs, CERCLA removal
actions, RCRA corrective actions, treatability tests, and other activities to remediate contaminated areas
or to develop more effective methods that advance remediation.

Implementation of these interim action ROD activities is generating information that allows an improved
understanding of site complexity, supports refinement of the CSM, and documents the effectiveness of the
remedial actions.

Cleanup of waste sites, in accordance with the interim action RODs and focused FSs, is ongoing and
expected to continue until final action RODs are in place. As remedial actions under interim action RODs
are completed, verification sampling and laboratory analyses are performed to document the extent to
which remedial action goals established under the interim action RODs have been met. This information
will be essential to implementing final action RODs.

There are many buildings and structures in the 100 Area. The buildings and structures are evaluated for
removal, usually using a CERCLA removal action. Once these structures are demolished and decommissioned
under CERCLA non-time-critical removal actions, samples of the residual soil may be collected for
analysis. If the analytical results indicate the area is contaminated, the area is considered a potential waste
site. The area is then evaluated, and a remedy is selected in accordance with the interim action ROD.

The sequence and timing of the remedial action to be conducted at the 100-D/H Area OUs under the ROD
associated with this RI/FS will be specified in an RD/RAWP written by DOE. The RD/RAWP will be
submitted to Ecology within 6 months after ROD approval. In-progress interim action remediation for
these OUs shall use the cleanup levels selected in the ROD immediately upon its issuance. All other
aspects of the interim actions for these OUs shall continue to be performed in accordance with the
existing RD/RAWP. When the new RD/RAWP is approved, that document will direct future remedial
action and will replace all interim action RD/RAWP requirements.
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cannot be replaced within a rcasonable
amount of time, its use is considered
irreversible.)

to result in a net benetit to the ecological and visual resources within the region.

Cumulative Impacts Considers if the proposed action could have
(Dircet and Indirect) cumulative cffects on human health or the
environment when considered together with
other activities locally, at the Hanford Site,
or in the region.

The environmental concern of 100-D/H is associated directly with the targeted area. Becausc of
the temporary naturc of the activities and their remote location, cumulative ctfects on air quality
or noise with other Hanford Site or regional construction and cleanup projects would be minimal.
When soil at a site in this area is fonnd to be contaminated with hazardous substances in
concentrations presenting a materi  hreat t«  1man health and the environment, that threat would
be mitigated. The net anticipated effect wou e a positive contribution to cumulative
cnvironmental effects at the Hanford Site through RTD of such hazardous substances and COCs
into a facility that has been designed and legally ¢ 1orized to contain such contaminants safely,
like ERDF. Backfill of the remediated waste sites to natural contour and revegetation to the shrub
steppe habitat would also provide a positive contribution to cumulative environmental impacts.
Contaminated soil removed under any alternative would meet the ERDF waste acceptable criteria
as deseribed in Environmental Restoration Disposal Facility Waste Acceptance Criteria
(WCH-191).

Wastes generated during implementation of proposed alternatives would be manageable
within the capacities of existing facilitics. For perspective, current ERDF capacity is roughly 3
million tons. 100-D/H generated 396,000 tons of waste in CY 2011 and 224,00 tons in CY 2012.
Radiological contamination is expected to be minimal. Radiological contamination from 100-D/H
waste included approximately 21.000 Ciin CY 2011 and approximately 9,500 Ciin CY 2012.

ARAR = applicable or relevant and appropriate requirement
coc = contaminant of concern

CcYy = calendar year

DOE = U.S. Department of Encrgy

ERDF = Environmental Restoration Disposal Facility
NEPA = National Environmental Policy Act of 1969

RTD = removal, treatment, and disposal

* Includes the evaluation for each alternative.
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10.6 CERCLA and RCRA Corrective Action and 1 3D Unit Closure

In the TPA (Ecology et al., 1989a), DOE, EPA, and Ecology intend to integrate DOE's CERCLA
response obligations and RCRA corrective action obligations which relate to the release(s) of hazardous
substances, hazardous wastes, pollutants and contaminants covered by the TPA. The TPA (Ecology

et al., 1989a) guides integration and coordination of CERCLA and RCRA at the Hanford Site. The
following articles explain the relations of CERCLA remedial actions and RCRA corrective actions:

e Article IV, Paragraph 17, which cites the Tri-Parties’ intent “to integrate DOE’s CERCLA
response obligations and RCRA corrective action obligations that relate to the release(s) of
hazardous substances, hazardous wastes, pollutants and contaminants” covered by the TPA
(Ecology et al., 1989a).

e Article XIV applies to the performance of both CERCLA remedial action and RCRA
corrective action.

o Article XXIII acknowledges the potential for overlap between CERCLA and RCRA cleanup.

e Article XXIV specifies the approach for regulatory oversight.

Section 5.4 of the 7 A Action Plan (Ecology et al., 1989b) describes the rationale for placing units in
either a RCRA-CERCLA or a CERCLA past practice category for corrective action. Two key objectives
are that “all past-practice units within an OU will be designated as either RCRA-CERCLA past practice
units or CERCLA past practice units” and that “the past practice process selected for each operable unit
shall be sufficiently comprehensive to satisfy the technical requirements of both statutory authorities and
the respective regulations.”

DOE’s corrective action obligation on the Hanford Site is addressed in the RCRA Hanford Facility Permit
(Hanford Facility Resource Conservation and Recovery Act Permit, Dangerous Waste Portion, Revision
8C, for the Treatment, Storage, and Disposal of Dangerous Waste [WA7890008967]), Condition ILY.2.a,
which provides that “Ecology accepts work under the HFFACO, as amended, and under the CERCLA
program, as satisfying corrective action requirements to the extent provided for in, and subject to the
reservations and requirements of, Permit Conditions 11.Y.2.a.i through IL.Y .2.a.iv.”

(Ecology et al., 1989a).

The 183-H Solar Evaporation Basins are currently in post-closure care. Groundwater monitoring will
continue under current RCRA permit requirements until permit modifications are approved and
implemented.
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