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Executive Summary

This report contains the results of a focused feasibility study (FFS) in which remedial alternatives for
treating hexavalent chromium contamination in the 100 Area in the vadose zone and groundwater were
re-examined and evaluated. Subsurface hexavalent chromium contamination in the 100 Area are at levels
that pose a risk to human health and/or the environment. In an effort to control and mitigate these risks,
existing interim action record of decisions (ROD) for the operable units (OU) in the 100 Area allow for
removal, treatment, and disposal (RTD); pump-and-treat; and institutional controls (IC). Many of the
ongoing 100 Area RTD and pump-and-treat remedial actions are meeting the remedial action objectives
(RAO) established in the interim action RODs and reducing the risks associated with hexavalent
chromium. During the time these remedial actions have been operating, numerous scientific and
engineering studies and field investigations have been completed which suggest that biological or
chemical in situ reduction (ISR) can be a highly effective remedial technology for treating soils and
groundwater contaminated with hexavalent chromium. In situ reduction was not identified or evaluated
during the initial feasibility studies leading to the selection of the current 100 Area source removal and
groundwater remedial actions. Evaluation of ISR as part of a viable remedial alternative to enhance

100 Area interim remedial actions is the focus of this feasibility study. The U.S. Environmental
Protection Agency, Washington State Department of Ecology, and U.S. Department of Energy may use
the results of this FFS to select a preferred alternative and develop a Proposed Plan for amending the

100 Area interim action RODs to allow the implementation of ISR at the 100 Area.

The basic elements of a feasibility study were followed for this FFS; consistent with Comprehensive
Environmental Response, Compensation, and Liability Act of 1980 (CERCLA)! evaluation process
described in EPA/540/G-89/004, Guidance for Conducting Remedial Investigations and Feasibility
Studies under CERCLA?. Background information on the 100 Area hexavalent chromium contamination
areas, including site description, site history, nature and extent of hexavalent chromium contamination,
and qualitative risk assessment was collected from the existing 100 Area remedial action decision
documents and presented in Chapter 2. Qualitative risk assessments for each of the 100 Area source and
groundwater OUs were completed prior to the initiation of this FFS and documented in the associated

limited field investigation reports and other decision documents. Collectively, these assessments

1 Comprehensive Environmental Response, Compensation, and Liability Act of 1980, 42 USC 9601, et seq.

2 EPA/540/G-89/004, 1988, Guidance for Conducting Remedial Investigations and Feasibility Studies under
CERCLA, Interim Final, OSWER 9355.3-01, Office of Solid Waste and Emergency Response, U.S. Environmental
Protection Agency, Washington, D.C.
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determined that hexavalent chromium poses a risk to human health and/or the environment and is a

contaminant of potential concern requiring remediation.

Applicable or relevant and appropriate requirements (ARAR) and RAOs, identified during the earlier
100 Area remedial investigation/feasibility study activities, were reviewed for applicability to this
evaluation. A detailed discussion and listing of the preliminary RAOs and potential federal and state

ARARSs applicable to this FFS are provided in Chapter 3.

Technology identification and screening activities were conducted in 2008 as part of a Remedial Process
Optimization (RPO) effort for the 100-D Area3. These efforts included an exchange meeting on

April 8-10, 2008; follow-on meetings on June 4-6, October 3-4, and October 17, 2008 for the 100-D
Area; and a workshop that focused on potential applications to treat hexavalent chromium in the soils in
the 100-B/C Area on November 12-13, 2008. A treatability test was conducted during the summer of
2005 to evaluate calcium polysulfide as an in situ treatment for hexavalent chromium in the 100-K Area;
the results of this test were also considered. It was anticipated that the results of the technology screening
and alternative development process would ultimately be applicable to chromium remediation efforts for
the source waste sites in the 100-D Area and the underlying 100-HR-3 groundwater OU, as well as other
hexavalent chromium contaminated waste sites and groundwater in the 100 Area. A detailed discussion of
the basis and results of the technology screening and alternative development process and treatability test

is provided in Chapter 4.

Treatment technologies carried forward from the screening process were assembled to create the

following remedial action alternatives. Detailed descriptions of the alternatives are provided in Chapter 5.

e Alternative |1 — Continue Current Actions: Existing ICs would remain in place and RTD and pump-
and-treat operations would continue and possibly be expanded or enhanced. This alternative is

consistent with existing interim action RODs for the 100 Area.

e Alternative 2 — Continue Current Actions with Selective Application of ISR: This remedial action
alternative retains all the technology components of Alternative 1; however, ISR is added as an option
for the remediation of soil and groundwater. Implementation of this alternative would require an

amendment to the interim action RODs.

In addition to the standard elements for a feasibility study, this FFS also presents suggested criteria and a

general strategy for employing ISR to augment or replace RTD and/or pump-and-treat interim remedial

3 SGW-38338, Remedial Process Optimization for the 100-D Area Technical Memorandum Document Rev. 0, Fluor
Hanford, inc., Richland, Washington.
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actions to treat hexavalent chromium contaminated soils and groundwater in the 100 Area. These criteria

and implementation strategy are presented in Chapter 5.

In this FFS, the remedial action alternatives are evaluated against the two threshold and five balancing
criteria defined by CERCLA with careful consideration of the two modifying criteria. The threshold
criteria (criteria that each alternative being evaluated must meet) are (1) overall protection of human
health and/or the environment and (2) compliance with ARARs. The balancing criteria (primary criteria
upon which the individual and comparative analyses are based) are (1) long-term effectiveness and
permanence; (2) reduction of toxicity, mobility, or volume through treatment; (3) short-term
effectiveness; (4) implementability; and (5) cost. The modifying criteria (criteria that will be addressed

once a final decision is made) are (1) regulatory acceptance and (2) community acceptance.

Both Alternatives 1 and 2 meet threshold criteria. Alternatives 1 and 2 protect human health using ICs to
prevent inadvertent exposure. Protection of human health over time is achieved by maintaining ICs until
the RAOs are achieved. Protection of the environment under Alternative 1 is achieved by removing and
consolidating source material at the Environmental Restoration Disposal Facility (ERDF), and treating
groundwater to remove hexavalent chromium. Groundwater treatment residuals are also consolidated at
the ERDF. Alternative 2 protects the environment by treating contaminated soil and groundwater in situ
to convert hexavalent chromium to its less toxic and essentially immobile trivalent form. The treatment
process has been demonstrated to be irreversible under typical environmental conditions such as those
present on the Hanford Site; therefore, protection over time is maintained. Both alternatives minimize

untreated waste.

The long-term effectiveness and permanence for both alternatives are categorized as moderate because
associated residuals (in the form of excavated soil and spent ion exchange resins or other groundwater
treatment residuals) must be managed indefinitely. Alternative 2 is superior to Alternative 1 because
through treatment it reduces toxicity, mobility, and volume of hexavalent chromium while reducing
worker risk and being less intrusive; it also accomplishes this in a shorter timeframe. Where Alternatives
1 and 2 differ most significantly is in short-term effectiveness and cost and in both cases Alternative 2 is
expected to perform more successfully. The CERCLA 5-year review process will be employed to be sure

that the ISR technology is adequately meeting the RAOs established within this FFS.

The application of ISR relies on the introduction of a reducing agent that moves downward by gravity
from the point of application at ground surface or in the vadose zone soils to groundwater. Thus,
implementability and short-term effectiveness are much improved. Groundwater extraction flow rates
needed to supply water to the ISR system are much lower than those required for pump-and-treat systems.

Unlike RTD and groundwater pump-and-treat, a large portion of the ISR treatment residuals (in the form
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of trivalent chromium) will remain in the subsurface, precluding the need for management aboveground
for indefinite periods. All of these factors translate to lowered worker risk and greatly reduced costs

relative to removal strategies at many parts of the 100 Area.

Because removal strategies may be needed at locations that do not possess characteristics appropriate for
the application of ISR, all the components of Alternative 1 will be needed to meet the RAOs.
Alternative 2 adds ISR as a potential additional remedial technology that can be used where applicable
and advantageous. In situ reduction has the potential to substantially reduce worker risk and cost while
accelerating the achievement of RAQs for the 100 Area. In situ reduction also has greatly reduced
ancillary impacts compared to the removal technologies (that is, lower energy consumption and
greenhouse gas emissions; fewer site disruptions; lower risks to workers, the community, and the
environment; and smaller volumes of residuals that must be managed aboveground). The details of the
individual and comparative analyses of these alternatives, along with the evaluation of the required No
Action Alternative, are provided in Chapters 6 and 7, respectively. The background cost information

supporting the remedial alternative cost estimates is provided in Appendix B.
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1. Introduction

This focused feasibility study (FFS) evaluates interim remedial action alternatives to address hexavalent
chromium contaminated soil and groundwater present in the 100 Area of the U.S. Department of Energy’s
(DOE) Hanford Site. The information and evaluations presented in this FFS will be used to prepare a
proposed plan that will be made available for public review and comment.

The scope of the FFS is similar in many aspects to the feasibility study process described in the National
Contingency Plan (NCP) under 40 Code of Federal Regulations (CFR) 300.430 (e), “Detailed Analysis of
Alternatives.” However, it differs in three aspects. First, it evaluates a limited number of interim remedial
action alternatives that include various combinations of the existing interim remedial action technologies
and the additional technology. Existing soil and groundwater interim remedial action technologies that are
currently being used in the 100 Area include institutional controls (IC); removal, treatment, and disposal
(RTD), and pump-and-treat. Second, the FFS evaluates each of the alternatives with respect to a single
“typical” waste site, yet presents costs for six known hexavalent chromium sites and four “yet-to-be-
discovered” (future) waste sites located throughout the 100 Area. The known waste sites include
100-D-12, 100-D-30 SW, 600-334, 116-K-2, 100-C-7:1, and 100-C-7. Lastly, this FFS is specific to
hexavalent chromium,

The U.S. Environmental Protection Agency (EPA), Washington State Department of Ecology (Ecology),
and DOE (Tri-Parties) have agreed on the process for characterization and remediation of waste sites at
the Hanford Site as discussed in the Hanford Federal Facility Agreement and Consent Order (Tri-Party
Agreement) (Ecology et al., 1989). Submittal of this FFS and the associated proposed plan to EPA by
June 30, 2009, will meet Tri-Party Agreement interim Milestone M-016-150. The milestone calls for
augmenting previously selected remedies to provide more effective hexavalent chromium remediation in
the 100 Area and associated reduction of potential threats to human health and the environment. The
recommended remedial action alternative will be presented for public review and comment in a proposed
plan.

1.1 Purpose and Basis

The purpose of this FFS is to provide the information and evaluations of hexavalent chromium
remediation technologies for soil and groundwater so that the EPA, Ecology, and DOE may use the
results to prepare a proposed plan for amending the 100 Area interim action records of decision (ROD) to
allow the implementation of the preferred alternative. This FFS is an outgrowth of technology screening
activities conducted in 2008 as part of a Remedial Process Optimization (RPO) effort for the 100-D Area
as detailed in Section 4.2, and a follow-on workshop that focused on hexavalent chromium remediation in
the soils in the 100-B/C Area in November 2008 (Appendix A). The RPO technology screening effort
was initiated, in part, because (1) Existing interim actions for the 100-D Area are comprised primarily of
pump-and-treat for groundwater and RTD for soil. As currently implemented, these actions are not
meeting the groundwater and river protection remedial action objectives (RAQ) as effectively or as
quickly as originally anticipated; and (2) the RPO technology screening effort was anticipated to identify
additional technologies that could be used to augment the existing remedial action alternatives (pump-
and-treat and RTD) and thereby, promote the attainment of the RAOs in a more timely and cost-effective
fashion.

The technology screening process and results are summarized in Chapter 4. Although several
technologies were retained or “conditionally retained” by the screening process, in situ biological and
chemical reduction, hereafter called in situ reduction (ISR) technologies were identified as the most
appropriate to augment the existing interim soil and groundwater remedial action alternatives for the
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facilities in the 100-BC-1 and 100-BC-2 OUs are those used as part of the ongoing remedial actions, such
as field office trailers, and the facilities that extract and treat water from the Columbia River and transport
that water, via pipeline, to other 100 Area and 200 Area facilities (DOE/RL-2006-20, The Second
CERCLA Five-Year Review Report of the Hanford Site).

2.2.1.2 100-D/DR Area

The 100-D/DR Area contains two contaminant source OUs, 100-DR-1 and 100-DR-2, and the
groundwater in this area is part of the 100-HR-3 Groundwater OU. The 100-DR-1 OU contains 102 waste
sites and the 100-DR-2 OU has 47 waste sites, including sites immediately adjacent to the Columbia
River. These OUs include waste sites associated with the original operation of the 105-D Reactor from
1944 until its retirement in 1967, the operation of the 105-DR Reactor from 1950 until its retirement in
1964, and the cooling water retention basins for both the D and DR Reactors. Currently, untreated process
and fire protection water is provided to the 100-H and 100-F Areas from the 100-D Area
(EPA/541/R-99/039). The 100-D Area water system also serves as a backup for systems in the 100-B
Area that supply the 200 Area with process water.

2.2.1.3 100-H Area

The 100-H Area contains two source OUs, 100-HR-1 and 100-HR-2, and the groundwater is part of the
100-HR-3 Groundwater OU (the same groundwater OU as the 100-D Area). The 100-HR-1 OU contains
60 waste sites and the 100-HR-2 OU has 17 waste sites, including sites adjacent to the Columbia River
shoreline. Waste sites from both OUs are associated with the original operation of the 105-H Reactor
from 1949 until its retirement in 1965, and evaporation basins that received liquid process wastes and
non-routine deposits of chemical wastes from the 300 Area, where fuel elements for the N Reactor were
produced. The 100-HR-1 and 100-HR-2 OUs do not have any active facilities (DOE/RL-2006-20).

2.2.1.4 100-F Area

The 100-F Area contains two contaminant source OUs, 100-FR-1 and 100-FR-2, and the

100-FR-3 Groundwater QU. The 100-FR-1 QU contains 83 waste sites and the 100-FR-2 OU has

22 waste sites along the southern shoreline of the Columbia River. Waste sites from both OUs are
associated with the original operation of the 105-F Reactor from 1945 until its retirement in 1965, as well
as the cooling water retention basin systems for the F Reactor, solid waste burial grounds, and the
Experimental Animal Farm (studying the effects of radiation on plants and animals). The 100-FR-1 and
100-FR OUs do not have any active facilities (DOE/RL-2008-01, Hanford Site Groundwater Monitoring
Jor Fiscal Year 2007).

2.2.1.5 100-K Area

The 100-K Area contains two contaminant source QUs. 100-KR-1 and 100-KR-2 (100-KR-2 and
100-KR-3 were combined in 1994), and the 100-KR-4 __oundwater _ J. __.e 100-KR-1 OU contains

13 waste sites and the 100-KR-2 OU has 136 waste sites, including sites adjacent to the Columbia River.
Waste sites from both OUs are associated with the original operation of the 105-KE and 105-KW
Reactors, operating from 1955 until 1970 and 1971, respectively. Currently, there are several active
facilities within the 100-K Area, including 105-KE and 105-KW fuel storage basins (DOE/RL-2006-20).

2.2.1.6 100-N Area

The 100-N Area contains one contaminant source OU, 100-NR-1, and the 100-NR-2 Groundwater OU.
The 100-NR-1 OU contains 147 waste sites, including sites adjacent to the Columbia River. Waste sites
from the 100-NR-1 OU are associated with the 105-N Reactor that operated from 1963 until 1989. The
N Reactor differs from the other reactors at the Hanford Site, not only because of its closed-loop cooling
system, but because it was designed as a dual-purpose reactor capable of producing special nuclear
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material and steam generation for electrical power. From 1966 until shutdown in 1986, steam was piped
from the N Reactor core-cooling systems to the Hanford Generating Plant for production of electrical
power. The 100-NR-2 Groundwater OU addresses contamination in the aquifer below the 100-NR-1 OU.
The 100-N Area decision documents (see Table 1-1) do not identify hexavalent chromium as being
present in this area.

2.2.1.7 Other Source Areas

The 100-1U-2 (White Bluffs Townsite) OU was an agriculture-based community of about 500 people that
existed before the Manhattan Engineering District project began in 1943. When government operations
began, many of the houses were demolished and new temporary buildings were erected; although most of
the activities in this OU ceased in the early 1950s, not all the facilities were removed until the 1970s. The
100-1U-6 (Hanford Townsite) OU was another agriculture-based town that existed prior to government
operations. Starting in 1943, it was used as a housing camp for more than 45,000 construction workers
and ceased to exist in 1945 (DOE/RL-95-108, Approach and Plan for Cleanup Actions in the 100-1U-2
and 100-1U-6 Operable Units of the Hanford Site). These OUs cover a large portion of the Hanford Site,
known as the 600 Area, including areas between the 100 Area production reactor OUs. There are
currently 84 waste site within the 100-IU-2 OU and 64 waste sites in the 100-IU-6 OU, many of which
are remnants of the White Bluffs and Hanford Townsites and surrounding farms (DOE/RL-95-108).
Waste sites within these OUs are generally not associated with reactor/operational areas, and consist
mostly of surface debris, oil spills, trash dumps, building foundations, surface depressions, and ash piles
from pre-Hanford activities. These two OUs are being addressed under either EPA/541/R-99/039 or
EPA/541/R-00/121.

The 100-IU-1 (Riverland Rail Yard) and 100-IU-3 (Wahluke Slope) OUs were remediated via action
memoranda and deleted from the NPL in July 1998. The 100-IU-4 (Sodium Dichromate Barrel Landfill)
and 100-IU-5 (White Bluffs Pickling Acid Cribs) OUs were remediated under an expedited response
action and closed out in February 1996 (DOE/RL-95-60, Proposed Plan for the 100-1U-1, 100-1U-3,
100-1U-4, and 100-1U-5 Operable Units).

2.3 Nature and Extent of Hexavalent Chromium Contamination

Hexavalent chromium, as sodium dichromate, was added to the cooling water in the Hanford Site nuclear
reactors to retard corrosion in the aluminum process tubes of the reactor-cooling system. The solid
chemical feedstock (approximately 90 percent sodium dichromate by weight) was delivered to the reactor
areas in bags, barrels, or rail cars, and transferred to points of use through local underground pipelines in
stock solutions that contained up to 29 percent sodium dichromate by weight. A highly concentrated acid
salt solution (about 70 percent sodium dichromate by weight) replaced the use of solid feedstock around
1959. The solution was diluted so that the reactor coolant contai =~ w .1 to 2 milligrams per 1
(mg/L) of sodium dichromate. The reactor process water that was disc’ d to retention basins

’ zly outfall structures), cribs, and trenches would have contained hexavalent chromium at
concentrations from 350 to 700 micrograms per liter (ug/L).

It is known that some of the sodium dichromate feed material was spilled during handling or mixing
operations and/or leaked from the transfer pipelines. The spills occurred during the operation period of the
reactors from 1944 to 1971. Some leakage from pipelines has been confirmed during remediation efforts,
and may have occurred during or after the period of reactor operation. Recent observations have shown
that a substantial volume of sodium dichromate concentrate remained in some of the transfer pipelines, at
concentrations as high as 359,000 parts per million as total chromium (NOTE: this analytical result
exceeds the solution saturation limit for sodium dichromate). As of April 2009, the following




DO —

O o0 AN W»L hw

11
12

13
14
15

16
17

18
19
20
21
22
23
24
25

26
27
28
29
30
31
32
33
34
35
36
37
38
39

40
41
42
43

44

DOE/RL-2009-22, DRAFT A
JUNE 2009

characterization and remediation activities have been performed for sodium dichromate transfer pipeline
waste sites:

e 100-B-14:5 — pipeline was found to have been previously flushed and drained; no further interim
action was required.

e 100-B-28 — pipeline has been removed and remediation of underlying soils is ongoing; remediation of
the pipeline included removal of over 200 gallons (gal) of concentrated sodium dichromate solution
(with a maximum analytical result of 359,000 milligrams per liter (mg/L) as total chromium).

e 100-D-56:1 - pipeline has been remediated and is in the process of interim reclassification; no
significant residual sodium dichromate liquid was found during remediation.

e 100-D-56:2 — pipeline has been remediated and is in the process of interim reclassification;
remediation of the pipeline included removal of approximately 850 gallons of concentrated sodium
dichromate solution (with a maximum analytical result of 40,800 mg/L as total chromium).

e 100-F-26:7 — pipeline has been characterized and found to have been previously drained; however,
the draining is believed to have been incomplete, resulting in a small volume of residual liquid within
the pipeline; remediation is currently planned for fiscal year 2011.

e 100-K-79 - portions of the pipeline are planned for removal via demolition activities during fiscal
year 2010; the potential need for any further remediation has not yet been determined.

Hexavalent chromium associated with spills, leaks, or discharges has moved through the vadose zone to
the water table by natural precipitation, perhaps assisted by artificial recharge (for example, leaks in
buried water lines, retention basins and reservoirs, or concentrated runoff from roads or buildings). Once
in the groundwater, the natural hydraulic gradient carries the hexavalent chromium toward the Columbia
River. The locations and lateral extent of the 100 Area hexavalent chromium-contaminated groundwater
plumes are depicted in Figure 2-1. The figures presented in this section show the distribution of
hexavalent chromium in groundwater. This is based on the assumption that filtered total chromium results
are equivalent to hexavalent chromium in Hanford groundwater samples (DOE/RL-2008-01).

Records of spills in the 100 Area generally were not kept during the production years; therefore, locating
the sites of these spills must be done through direct field investigation. Several likely source locations
have been identified and investigated since 1999. Although hexavalent chromium has been found near the
surface in many of these areas, zones of elevated hexavalent chromium in the subsurface vadose zone that
are acting as notable continuing sources to groundwater have not yet been identified in the 100-D Area
(BHI-01185, 100-D Area Chromium Study Summary Report, PNNL-13107, Identification of a Hanford
Waste Site for Initial Deployment of the In Situ Gaseous Reduction Approach; PNNL-13486,
Characterization Activities Conducted at the 183-DR Site in Support of the In Situ Gaseous Reduction
Demonstration, BH1-01747, Results of Hexavalent Chromium Sampling Near 100-D Area Sodium
Dichromate Transfer Station Railroad Tracks; DOE/RL-2006-74, Field Investigation Plan for the Source
of the Southwestern Chromium Plume in the 100-D Area). The failure to locate the hexavalent chromium
source(s) in the vadose zone by drilling or excavation indicates that the source(s) may be highly localized
and concentrated (or present deeper than completion depths). Extensive RTD is being performed
throughout the 100-D Area, focusing on locations where sodium dichromate was handled.

For a detailed description of the nature and extent of hexavalent chromium contamination in the vadose
zone and groundwater, and transport and discharge of sodium dichromate materials at each of the

100 Areas, refer to DOE/RL-2008-46 and its subsequent addenda. A summary is provided in the
following subsections.
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2.3.2 100-D Area

Concentrated sodium dichromate feed materials were provided in both solid and liquid form. From 1944
to 1950, solid sodium dichromate (about 90 percent by weight) was stored and mixed with water at the
108-D Building Chemical Pumphouse to form a less-concentrated solution. In 1950, this process moved
from the 108-D Chemical Pumphouse to the 185-D De-aerating Plant and continued there for about

9 years. Beginning in 1959, mixing of solid sodium dichromate with water was abandoned in favor of
delivering a highly concentrated acid salt solution by railcar or tanker to 100-D-12, the sodium
dichromate pumping station located west of the 105-D Reactor. This solution contained about 70 percent
by weight sodium dichromate and was transferred by overhead pipeline to the 185-D De-aerating Plant
where it was diluted to a 10 to 15 percent by weight solution. This process continued until the reactors
were retired in 1967. The 10 to 15 percent by weight solution was pumped to the 190-D Building for final
dilution, approximately 1 to 2 mg/L sodium dichromate added, and the cooling water pumped to the D
Reactor. The reactor process water contained hexavalent chromium concentrations of approximately 350
to 700 pg/L which was discharged to retention basins, cribs, and trenches.

Hexavalent chromium has been found in much of the groundwater underlying the 100-D Area

(Figure 2-3) and forms two separate plumes called the northern plume and the southern plume. The
relatively uncontaminated area separating these two plumes reflects leakage of river water from the
182-D Reservoir, a source of artificial recharge within the 100-D Area. The northern and southern plumes
appear to have originated from multiple sources in the 100-D Area, yet the source locations remain
undefined. Remediation of the northern plume currently is being conducted using the DR-5 Pump-and-
Treat System in the 100-D Area and by the 100-HR-3 Pump-and-Treat System in the 100-H Area. The
southern plume is being remediated by the DR-5 Pump-and-Treat System and by the in situ redox
manipulation (ISRM) permeable reactive barrier. The ISRM barrier was designed to intercept the highest
concentrations of hexavalent chromium in the southern plume before the contaminant enters the river. A
new, larger pump-and-treat system, 100-DX, is being designed to address the hexavalent chromium
contamination in both the northern and southern groundwater plumes. Concentrations of hexavalent
chromium in the southern plume upgradient of the ISRM barrier have remained high since their initial
discovery in 1999, suggesting that one or more active sources of hexavalent chromium are contributing
contamination to the plume. The location of the source(s), whether in the vadose zone or aquifer or both,
have not been fully discovered. The fact that hexavalent chromium concentrations in upgradient
groundwater have been measured above 4,000 pg/L and as high as approximately 40,000 pg/L establishes
that the source is not cooling water itself (which typically contained approximately 1,000 to 2,000 pg/L of
hexavalent chromium}), but originates from a considerably more concentrated solution.

2.3.3 100-H Area

A process simi”  to that of the 100-D Area was employed to introduce dilute sodium dichromate solution
to the 105-H Reactor. Unlike the multiple mixing steps at 100-D, the 100-H Area used a one-step process
of mixing treated river water with sodium dichromate at the 190-H Building. Given the operational
history of the 100-H Reactor (1949 to 1965), it is reasonable to assume that both the solid sodium
dichromate and liquid solutions were used as feed materials. It may also be inferred that the transition
from solid to liquid occurred around the same time as 100-D and 100-F.

The hexavalent chromium-contaminated groundwater plume within the 100-D and 100-H Areas of the
100-HR-3 groundwater OU can be seen in Figure 2-3 and Figure 2-4, respectively. These figures illustrate
that the average concentration of hexavalent chromium was less than 100 pg/L in fiscal year 2008. The
area to the left of the 100-H Area and to the right of the 100-D Area in the figures is referred to as the
“horn” area. Current investigations are being conducted to address the hexavalent chromium
contamination with this region.
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2.3.6 100-N Area

There is no known hexavalent chromium-contaminated groundwater plume within the 100-NR-2 OU;
therefore, a hexavalent chromium plume map has not been developed for this area.

2.3.7 Other Areas

The Waste Information Data System database lists one waste site outside of the previously identified
areas as also receiving hexavalent chromium waste. This site, the 600-105 Sodium Dichromate Barrel
Disposal Landfill, was located in the 100-IU-4 QU along with the underlying 100-HR-3 Groundwater
OU. The landfill has been remediated and is not considered a significant source of contamination. In
1993, approximately 5,000 crushed 208 liter (55-gallon) drums were removed from the landfill site. Fifty-
seven soil samples were collected in and around the site and analyzed for hexavalent and total chromium.
Results indicated that the total chromium concentrations were below the regulatory cleanup level, current
at that time, of 100 milligrams per kilogram (mg/kg) (Washington Administrative Code [WAC]
173-340-740(2), “Method A Soil Cleanup Levels for Unrestricted Land Use™) (DOE/RL-93-64, Sodium
Dichromate Expedited Response Action Assessment). Well 699-91-46A, v ich is adjacent to the barrel
disposal site, has shown hexavalent chromium concentrations below 10 pg/L since 2006 (Hanford
Environmental Information System database).

2.4 Risk Evaluation

Qualitative risk assessments for each of the 100 Area source and groundwater OUs completed prior to this
FFS were documented in limited field investigation reports. Collectively, these assessments determined
that hexavalent chromium poses a risk to human health and the environment and is a COC requiring
remediation.

This remedial action is focused on addressing hexavalent chromium contamination within the 100 Area.
The existing interim action RODs for these areas addressed chromium to a limited extent; however, the
CERCLA 5-year review identified that additional technologies would be needed to fully address the risk
associated with this contaminant.
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3. Remedial Action Objectives and Applicable or Relevant
and Appropriate Requirements

This chapter identifies RAOs and potential applicable or relevant and appropriate requirements (ARAR)
applicable to the 100 Area. The RAOs are used throughout the feasibility study process, first to aid in
identifying technologies and later as a basis for evaluating their effectiveness. The objectives for
protection of human health and the environment are achieved by reducing or eliminating exposure routes,
as well as by reducing contaminant concentrations and mass.

3.1 Remedial Action Objectives

The “National Oil and Hazardous Substances Pollution Contingency Plan” (40 CFR 300) (NCP) specifies
that RAOs be developed to address COCs, media of concern, potential receptors, and exposure pathways.

A list of RAOs has been prepared for the 100 Area based on existing interim action RODs associated with
possible hexavalent chromium contamination (see Table 1-1) for both source and groundwater OUs, as
summarized in Table 3-1. The actual RAO wording may vary slightly between the interim action RODs.

3.2 Potential Applicable or Relevant and Appropriate Requirements

The ARARs identification process is based on CERCLA guidance (EPA/540/G-89/004, Guidance for
Conducting Remedial Investigations and Feasibility Studies under CERCLA; EPA/540/G-89/006,
CERCLA Compliance with Other Laws Manual: Interim Final, and EPA/540/G-89/009, CERCLA
Compliance with Other Laws Manual: Part I). Section 121 of the CERCLA guidance, requires, in part,
that any applicable or relevant and appropriate standard, requirement, criterion, or limitation promulgated
under any federal environmental law, or any more stringent state requirement promulgated pursuant to a
state environmental statute, be met (or a waiver justified) for any hazardous substance, pollutant, or
contaminant that will remain on site after completion of remedial action. Section 121(e)(1) specifies that
CERCLA response actions conducted on site are subject only to the substantive requirements and
standards of other environmental laws and regulations, but not to procedural or administrative
requirements. These substantive requirements are the ARARs.

A review was conducted of the ARARs presented in previous decision documents and of the current
requirements that may apply to the investigation and remediation of contamination within the 100 Area.
This review included the preliminary ARARSs that are applicable to the preliminary remedial action
alternatives identified in this FFS.

The chemical-specific ARARSs likely to be relevant to remediation of the 100 Area include the federal
maximum contaminant levels (MCL) for groundwater or surface water that is a current or potential source
of drinking water, state cleanup levels for chemical contaminants established in accordance with

WAC 173-340, “Model Toxics Control Act — Cleanup” and various other requirements. Potential federal
and state ARARs are presented in Tables 3-2 and 3-3, respectively.
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Consistent with this, the 100 Area and the Environmental Restoration Disposal Facility (ERDF) would be
considered to be onsite for purposes of Section 104 of CERCLA, and waste may be transferred between
the facilities without requiring a permit. Also consistent with this, the 100 Area and the ERDF would be
considered to be onsite for purposes of Section 121 of CERCLA. Response actions conducted in this
onsite area are not subject to permitting, but must comply with the substantive requirements identified in
the ARARs. Because the facilities are collectively onsite, the offsite transportation rule of

40 CFR 300.440, “Procedures for Planning and Implementing Off-site Response Actions,” does

not apply.
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the attainment of the working remedial goals by addressing one or more of the following targets (1) river
protection; (2) vadose zone sources; and (3) source area and downgradient groundwater.

The working remedial goals that were developed for the RPO process are listed below.

1. Provide immediate protection of the aquatic receptors in the Columbia River. The meeting
attendees concurred that the term “immediate protection” refers to the goal that all applicable
standards are to be met in the river by 2012.

a. This includes meeting the standard of 10 ug/L for hexavalent chromium in the river. The
regulatory agencies have determined that a 1:1 mixing factor is appropriate at the
Hanford Site (EPA/ROD/R10-96/134); therefore, groundwater adjacent to the river
(which will seep into the river and become mixed with river water) may contain no more
than 20 pg/L of hexavalent chromium.

b. This also includes meeting a standard of at least 6 mg/L of dissolved oxygen in
groundwater adjacent to the river.

c. All other groundwater parameters will need to be sufficiently protective of the river such
that the river water complies with all other applicable requirements.

2. Achieve remediation goals for groundwater by 2020.

a. This includes meeting a standard for hexavalent chromium in groundwater some distance
upgradient of the river (values for the standard and the distance will be determined by
modeling), to be protective of the river according to the standards above.

b. This also includes meeting the standards of 48 pg/L for hexavalent chromium and 100
pg/L for total chromium throughout the plume.

c. Meeting the goals for hexavalent and total chromium will require continued management
of the vadose zone in order to restore and protect groundwater.

A detailed summary of the technology identification and selection process will be documented in a
technical memorandum as part of the 2009 100-HR-3 RPO effort.

4.21 Final Technology Screening Results

This iterative evaluation of technologies culminated in the development of technology screening tables
(Tables 4-1, 4-2, and 4-3). These tables summarize the assessment process and identify the candidate
technologies as retained, conditionally retained, or rejected as developed for the river objective,
groundwater, and vadose zone source area remediation, respectively. Altho "1 the source area

_ undwater and downgradient groundwater technologies were analyzed separately, the conclusions
drawn for both were essentially identical. For simplicity and convenience, the results for source area
groundwater and downgradient groundwater have been combined and presented in Table 4-2 under the
general heading of “technologies for groundwater.” The information presented in these tables reflect the
current state of knowledge for hexavalent chromium remediation and the results could change with time
as certain technologies are further developed and as additional technology performance information
becomes available.

The screening tables (Tables 4-1, 4-2, and 4-3) have been structured to present the various levels and
types of information presented at the various meetings as follows: general response actions are shown in
Column 1, remedial technologies relevant to each general response action are presented in Column 2, and
process options for each remedial technologies are presented in Column 3. The process options are
described in Column 4 and are evaluated with respect to effectiveness, implementability, and cost in
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Columns 5, 6, and 7, respectively. The eighth and final column summarizes the reasons a given process
option was retained, conditionally retained, or rejected.

Those process options identified in the tables as “retained” have favorable effectiveness,
implementability, and cost ratings. Although not considered a viable action, “No Further Action” was
retained in each of the four categories to comply with the NCP. Process options were identified as
“conditionally retained” if they were seen as promising technologies but require further testing, or if there
was no clear application at the site at the current time. The “conditionally retained” technologies are
considered worthy of re-evaluation as the development stage of the technology progresses or if ongoing
site characterization efforts identify sites or settings in the 100-HR-3 OU or in other parts of the 100 Area
where the application of a conditionally retained technology would be effective. In general, “rejected”
process options generally have low or unproven effectiveness, implementability issues, or high cost.

4.2.1.1  Summary of River Objective Screening Results

Retained process options to address the river objective include: no further action, monitored natural
attenuation (MNA), expand extraction systems at the river, ion exchange, expand injection of treated
water near the river, ISRM barrier maintenance/amendment, and hydraulic barrier (mounding) adjacent to
the river. Phytoremediation and slurry wall are conditionally retained. Rejected process options to address

the river objective include: bioreactor treatment and chemical and biological barriers.

4.2.1.2 Summary of Groundwater Screening Results

Retained process options to address groundwater include: no further action, MNA, expand extraction
systems, ion exchange, groundwater injection, surface reinfiltration with chemical or biological
amendments, reactive chemical or biological barrier, in situ biological or chemical treatment, in situ
treatment using combined biological and chemical substrates, and hydraulic containment.
Electrocoagulation, sub-grade bioreactors, and slurry wall are conditienally retained. Rejected process
options to address groundwater include: current extraction system, ferrous reduction, wetland treatment,
ex situ bioreactor treatment, phytoremediation, reverse osmosis, and water flushing.

4.2,1.3 Summary of Vadose Zone Screening Results

Retained process options to address vadose zone sources include no further action, MNA, standard
excavation, deep excavation, chemical infiltration, combined chemical/biological infiltration, and
biological infiltration. Jet grouting with reactive materials, foam delivery of calcium polysulfide, and
water flushing are conditionally retained. Rejected technologies to address vadose zone sources include
deep soil mixing, in situ gaseous reduction with chemical or biological substrate, surface barrier, and
vegetative cap.
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4.31.2 Biological ISR at 100-D

As previously discussed, a treatability test has been conducted to evaluate the effectiveness of chemical-
based ISR of hexavalent chromium for the remediation of hexavalent chromium in groundwater in the
100-K Area of the Hanford Site in 2005 (DOE/RL-2006-17). There has been, however, no treatability
study of comparable scale conducted at Hanford to evaluate biologically based ISR treatment of elevated
concentrations of hexavalent chromium in groundwater or the vadose zone within the 100 Area of the
Hanford Site. Consequently, a treatability study of ISR by biological processes has been proposed to
obtain information that will allow the comparison of the results and cost-effectiveness of biological ISR
with those obtained previously by chemical ISR. The proposed biological ISR treatability test is
scheduled for implementation in 2011 and will be designed to treat the groundwater hot spot in the 100-D
Area (waste site 100-D-12), as well as any hexavalent chromium remaining in the overlying vadose zone
that may be acting as a continuing source of groundwater contamination.

No treatability studies are planned for the remaining retained or conditionally retained technologies not
already part of the existing interim remedial action alternatives, and they were not used in the
development of new alternatives for the RPO effort. These remaining retained or conditionally retained
technologies will be further evaluated in the RI/FS process for possible inclusion in the final remedy for
the 100 Area.

4.3.2 Selection of Alternatives for Evaluation

Based on the findings and discussions conducted as part of the technology screening process, the meeting
attendees developed the following three alternatives to serve as a basis for determining whether ISR
should be included as part of the interim actions for the 100 Area.

Alternative 0 — No Action: No remedial actions would be undertaken and existing ICs would be lifted.
Hexavalent chromium would continue to leach from soil to groundwater, and groundwater with
unacceptably high hexavalent chromium concentrations would continue to impact the river. Potential
exposure to surface soils would also continue. (The No Action Alternative is required by the NCP and it
currently exists under the unamended interim action ROD.)

Alternative 1 — Continue Current Actions: Existing ICs would remain in place and pump-and-treat, ISRM
barrier maintenance/amendment, and RTD operations would continue. In addition, continuing current
actions includes expanding and/or enhancing these activities as appropriate. This Alternative currently
exists under the unamended interim action ROD,

Alternative 2 — Continue Current Actions with Selective Application of ISR: This remedial action
alternative is identical to Alternative 1 with the exception that ISR (chemical and/or biological reduction)
is added to accelerate remediation of hexavalent chromium in soil and groundwater. The option of
Alternati 2 however, does not exist under any of the existing interim action RODs and cannot be
implemented until the 100 Area interim action RODs are amended.

The description, comparison, and evaluation of these three alternatives in Chapters 5, 6, and 7 of this FFS
will be used to determine whether the interim action RODs for the 100 Area should be amended to
include ISR as a remedial action option.
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5. Description of Alternatives

The primary components of the remedial action alternatives described in Chapter 4 are presented in the
following sections. Design components of Alternatives 1 and 2, and their potential application to a
representative example of a hexavalent chromium contamination site within the 100 Area, are presented
to facilitate detailed and comparative cost analysis. Detailed analysis of each individual alternative against
the CERCLA threshold and primary balancing criteria is presented in Chapter 6. The comparative
analysis of the relative advantages and disadvantages of each alternative is presented in Chapter 7.

5.1 Alternative 0 — No Action

The CERCLA regulations (40 CFR 300) require the evaluation of a no-action alternative to develop a
baseline for comparison with the other remedial action alternatives that are under consideration.
Implementation of this remedial action alternative would result in no further action to remediate the
source areas or groundwater plumes at the 100 Area. Alternative 0 also presumes that the DOE will
relinquish control of the 100 Area to other government or private entities without easements and
covenants and without the maintenance or enforcement of access or ICs. Alternative 0 is not considered a
viable remedial action alternative for actual implementation.

5.2 Alternative 1 - Continue Current Actions

Alternative 1 is the continuation of the site primary RAs currently being implemented within the 100 Area
in accordance with the current interim action RODs (Table 1-1). The primary current actions for the

100 Area are ICs, RTD, and pump-and-treat. Although an ISRM barrier is part of the existing remedial
action for the 100-D Site (see Section 2.3), implementation of this action is expected to be limited to this
site and it is not further discussed. The primary components of Alternative 1 are summarized below.

5.21 Institutional Controls

Institutional controls are an integral component of Alternative 1 and will continue to be required until
remedial efforts reduce contaminant concentrations in soils, waste sites, and groundwater to below those
considered protective of human health under an unrestricted land-use scenario. Institutional controls could
consist of physical and legal barriers to human access to contaminants in soils, waste sites, and
groundwater. Physical methods of controlling access to waste sites could include signs, entry control,
excavation permits, artificial or natural barriers, and active surveillance. The DOE, or subsequent land
managers, could enforce land-use restrictions as long as risks were above unrestricted land-use levels. The
DOE could continue to use fencing and the badging program to control access to restricted sites for as
long as it maintains control over the land. Land-use restrictions and controls on real property development
will, as necessary, contribute to the protection of human health by minimizing the potential for contact
with contaminated media.

5.2.2 Pump-and-Treat Contaminated Groundwater

Where necessary to meet the RAOs for groundwater remediation and river protection in the 100 Area, the
volume and concentration of hexavalent chromium contamination in groundwater will be reduced by the
implementation of a groundwater extraction, treatment, and reinjection system. Future expansions of
groundwater treatment capacity will be implemented if found to be necessary to meet RAOs. The
expansions include the following activities:

» Extraction wells will be installed at appropriate locations within the plume to maximize capture of the
plume and protect the river while minimizing withdrawal of river water.
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e Ex situ groundwater freatment will be accomplished primarily by ion exchange. The treatment system
will decrease hexavalent chromium concentrations in the influent to the maximum extent practicable
(the reinjection limit for hexavalent chromium is less than 50 pg/L).

e After treatment, the effluent will be reinjected using injection wells or other equivalent reinjection or
infiltration systems. The injection or infiltration systems will be used to maximize hydraulic capture
and containment of the plume by the extraction wells and to minimize discharge of contaminated
groundwater to the river.

This pump-and-treat action described above primarily is designed to decrease concentrations of
hexavalent chromium in groundwater and to decrease concentrations discharging to river substrate. In
some portions of the 100 Area, other groundwater co-contaminants (for example, nitrate, Sr-90, tritium,
uranium, and Tc-99) may be present at concentrations above drinking water standards. The ion exchange
systems used to remove hexavalent chromium also will reduce concentrations of other anionic
contaminants such as nitrate, Tc-99, and uranium. Strontium-90 typically exists in cationic form in
groundwater and is not expected to be removed by an ion exchange system targeting hexavalent
chromium. Tritium also is not expected to be removed by the treatment system. However, these potential
co-contaminants do not exceed the ecological risk criteria for the river and where needed, ICs will limit
human exposure to groundwater.

5.2.3 Removal, Treatment, and Disposal

The hexavalent chromium source waste sites and associated contaminated vadose zone soils within the
100 Area are commonly associated with structures used to store, transport, or handle concentrated sodium
dichromate liquids and powders used as an anti-corrosion additive for coolant water for the 100 Area
reactors. Document DOE/RL-94-61, /100 Area Source Operable Unit Focused Feasibility Study,
identified RTD as a cost-effective action for the remediation of waste sites. Consequently, Alternative 1
provides for the RTD of 100 Area waste sites and soils to depths sufficient to meet RAOs, including
protection of groundwater and the Columbia River.

Excavation of waste sites follows the observational approach, allowing waste characterization,
designation, and treatment to occur as excavation proceeds. Most of the excavated hexavalent chromium
— contaminated waste materials and soils are expected to meet the ERDF waste acceptance criteria
without treatment (WCH-191, Environmental Restoration Disposal Facility Waste Acceptance Criteria).
If the ERDF waste acceptance criteria cannot be achieved, waste treatment would be conducted before
disposal at the ERDF.

Verification sampling is performed during and after excavation to evaluate whether the following cleanup
criteria have been met for hexavalent chromium (1) remaining concentrations are at or below direct
exposure levels for nonradioactive chemicals (WAC 173-340-740(3), “Methoc _ Soil __eanup Levels for
Unrestricted Land Use”), and (2) remaining levels are sufficiently low to provide appropriate protection
of the groundwater and the Columbia River (WAC 173-340-720(4), “Method B Cleanup Levels for
Potable Ground Water™). It is anticipated that excavation to depths equal to the depth to groundwater will
be necessary in order to meet the required cleanup standards at some 100 Area waste sites. Once cleanup
has been verified, clean soil from approved borrow pits will be transported to the excavated areas as
supplemental backfill material. Recontouring of the area to prevent run-on and either resurfacing or
revegetation will occur after remediation to ensure that infiltration is minimized.
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Sufficient ISR reagent would be added to the infiltration solution to ensure that the treatment would
penetrate through the full vadose zone and into the underlying groundwater. Conversion of hexavalent
chromium to trivalent chromium has been demonstrated to be an irreversible process under typical
environmental conditions such as those present on the Hanford Site. This will minimize the potential for
the treated vadose zone to continue as a source of hexavalent chromium to groundwater. However, to
ensure adequate remediation of the underlying groundwater, an existing monitoring well would be
converted to an injection well and used to inject ISR amendment into the center of the hot spot. Four
existing monitoring wells located upgradient, downgradient, and cross-gradient of the injection well could
be converted to low-yield extraction wells (approximately 38 L/min [10 gal/min] each) to supply water
for the injection components of the ISR treatment system. The hydraulic effects of the four converted
extraction wells also would promote the vertical and lateral dispersion of the injected and infiltrated ISR
amendments throughout the hot spot (Figures 5-3 and 5-4). Existing extraction wells located
downgradient of the hot spot could be used to supply water to the drip infiltration component of the ISR
system (Figures 5-3 and 5-4). The combined drip infiltration and injection of ISR-amended water would
be expected to remediate the contaminated vadose zone and the groundwater of the southern plume
groundwater hot spot and overlying vadose zone area within nine months of system startup.

5.5 In Situ Reduction Site Selection Criteria

This section presents a remedy selection criteria and a general strategy for identifying sites within the
100 Area where ISR could be used to augment or replace RTD and/or pump-and-treat technologies. The
criteria below are indicative of many settings where ISR should be considered, but they are not intended
to preclude the use of ISR at other settings where site conditions may warrant the application of ISR
(e.g., large areas of low concentration plumes where pump-and-treat alone may be insufficient to meet
cleanup milestones).

5.5.1 Application of In Situ Reduction to Hexavalent Chromium in Groundwater Applications

Generally, ISR should be considered for implementation whenever the RAOs for hexavalent chromium
contamination in the target aquifers would be difficult to meet in a timely and cost-effective manner with
the existing groundwater remedial systems. The following represent some of the site settings or
conditions where the implementation of ISR could be an appropriate action for supplementing the existing
groundwater remedial systems (for example, pump-and-treat via ion exchange; the ISRM barrier located
in the 100-D Area).

e The implementation of ISR for groundwater remediation (for example, at hot spots) would
substantially reduce operations and maintenance (O&M) costs for new or existing ion exchange
treatment plants by substantially reducing the mass of hexavalent chromium requiring treatment by
ion exchange.

e Substantial contamination is present in lower yielding aquifer zones in the 100 Area (for example,
those areas or strata containing more than 10 percent by weight of fine-grained silts and clays).
Remediation of these zones using pump-and-treat potentially would require numerous closely spaced
extraction wells and longer periods of system operation, resulting in higher capital and O&M costs
than would the implementation of ISR.

e The application of ISR would augment the existing treatment systems on a sufficient scale to ensure
achievement of the RAOs for river protection and groundwater remediation.

5-9
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Step 7. Would ISR likely enhance the effectiveness of the current pump-and-treat systems?
Yes (Select combined pump-and-treat and ISR).
No (No change to remedial action):

o If other COCs are present that cannot be effectively treated by ISR or the current
treatment technologies described in the interim action RODs, the additional
technology evaluation may be required.

Steps 1 and 2 are included to acknowledge interim actions have been ongoing and ISR need not be
included when all goals have been met. Logic from Figure 5-5 is applied to the 100-D southern plume
groundwater hot spot area because interim actions have been in place and cleanup goals are not yet
reached. The answer to Step 3 is “No,” proceeding to Step 5 to determine if a hexavalent chromium
groundwater hot spot is present. The answer to Step 5 is “Yes” leading to the selection of ISR.
Implementation details of ISR, including continuation of pump-and-treat and additional RTD, is
anticipated in the RDR/ remedial action Work Plan phase that follows ROD amendment.

Hexavalentchromium
contaminated groundwater

No changeto
remedialaction

Adequate?

Sclect ISR

forother
COCs?

Select ISR

7.1SR likely to
enhance

effectiveness of

pump-and-treat?

Select combined
pump-and-treat
and ISR

[S7N No changeto
remedialaction

Figure 5-5. Logic for Application of In Situ Reduction for Remediation of
Hexavalent Chromium in Groundwater

Additional factors may affect cost and technical feasibility and will need to be considered in selecting an
appropriate remedy for a given location. These include distance to the river, distance to water treatment
plant, access, availability of feed source(s), and location of cultural and historical resources. For example,
locations near the river may require groundwater reoxygenation following ISR to meet dissolved oxygen
requirements, which would increase the cost of the ISR option at that location. It is anticipated that total
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chromium concentrations will not exceed appropriate ARARs in groundwater as the conversion of
hexavalent chromium to its trivalent form produces a solid phase precipitate with a high soil-partitioning
affinity, ultimately desorbing from the groundwater to surrounding soils. Once adsorbed to the soil, the
trivalent chromium has a very low aqueous solubility, resulting in it remaining in the vadose zone.

5.5.2 Application of In Situ Reduction to Hexavalent Chromium in Soil

In situ reduction should be considered as an alternative to (or in addition to) RTD for the remediation of
hexavalent chromium-contaminated soils under the following settings or conditions:

At sites containing exceedances of hexavalent chromium in deep soils (for example, greater than
about 9.1 m [30 ft] below ground surface [bgs]), sufficient to make RTD more difficult or expensive
to implement than ISR (Sections 6.3.7 and 6.4.7)

In areas where attempts to precisely identify the locations of deep subsurface hexavalent chromium
soil contamination have failed, yet substantial subsurface contamination is inferred to be present
because of the presence of underlying groundwater hot spots or other indirect indicators of the
existence of secondary sources in the vadose zone

In areas adjacent to or beneath existing surface infrastructure (for example, active buried utilities,
buildings) where remediation of shallow or deep soil contamination by RTD is not cost-effective or
may not be implementable

In areas where the sole contaminant is hexavalent chromium

In areas where other COCs requiring remediation also are amenable to remediation via ISR and if
other COCs are likely present, they would not be mobilized and potentially transported, untreated, to
groundwater during the implementation of ISR,

Based on the considerations noted above, a logic that can be used to determine when to include ISR as a
soil remediation option is shown in Figure 5-6 and summarized below.

Step 1. Has an effective remedy been implemented for the hexavalent chromium contaminated
soil?

Yes (proceed to Step 2):

e MNA or RTD.

No (skip to Step 3):

e No remedy has been selected for contamination.
Step 2. Is there the potential for continued groundwater impact?

Yes (proceed to Step 3):

e The vadose zone hexavalent chromium has the potential for further impacts to
groundwater.

No (proceed to Step 3):
e There is no need to change or augment the existing remedial action.
Step 3. Are other COCs present within the vadose zone source area?

Yes (proceed to Step 4):

5-12
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Hexavalent chromium
contaminated soil

2.Continued
groundwater
potential
impact?

No changeto
remedialaction

5.Dee
hexavalgnt No change to
N chromium remedialaction
potential?
RTD to
remove other Select ISR
contaminants

4.Continued
hexavalent chromium
potential?

No change to
remedialaction

Figure 5-6. Logic for Application of In Situ Reduction for
Remediation of Hexavalent Chromium ir )il
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6. Detailed Analysis of Alternatives

This chapter presents a detailed analysis of the remedial alternatives presented in Chapter 5 of this FFS
relative to the CERCLA evaluation criteria identified in 40 CFR 300.430(e)(9), “Detailed Analysis of
Alternatives.” Tables 6-1 and 6-3, provided later in this chapter, provide the results of the detailed
analyses for Alternatives 1 and 2, respectively. Supporting cost information for the alternatives is
presented in Appendix B. This analysis uses the 100-D Area south plume and overlying vadose zone as a
site that is typical of the 100 Area and thus the analysis applies to the other selected 100 Area hexavalent
chromium-contaminated waste sites.

The purpose of the detailed analysis is to develop the necessary information to enable the Tri-Parties to
select the most appropriate remedy for hexavalent chromium-contaminated sites (vadose zone and
groundwater media) in the 100 Area. The remedy must meet CERCLA statutory requirements and the
NCP program goal, which is to select remedies that are protective of human health and the environment,
maintain protection over time, and minimize untreated waste.

The detailed analysis of alternatives takes into account the nature of the contaminants, the potential threat
to human health and the environment, and the anticipated future land use.

6.1 Description of Evaluation Criteria

Section 121(b)(1) of CERCLA (EPA, 1980) indicates that selected remedial actions should (1) be
protective of human health and the environment; (2) be cost-effective; (3) use permanent solutions and
alternative treatment technologies or resource recovery technologies to the maximum extent practicable;
and (4) employ treatments that permanently reduce the toxicity, mobility, or volume (TMV) of the
principal threats posed by a site. To address these statutory requirements, EPA developed nine criteria as
defined in 40 CFR 300.430(e)(9)(iii), “Nine Criteria for Evaluation.” These criteria provide the
framework for conducting the detailed and comparative analyses of remedial alternatives in this FFS and,
subsequently, for selecting an appropriate interim remedial action in the appropriate 100 Area interim
action RODs that meets the statutory requirements,

The nine CERCLA evaluation criteria are as follows:

Threshold Criteria

1. Overall protection of human health and the environment

2. Compliance with ARARs

Balancing Criteria

1. Long-term effectiveness and permanence

2. Reduction of TMV through treatment
3. Short-term effectiveness
4. Implementability
5. Cost
Modifying Criteria

1. Regulatory acceptance

2. Community acceptance

6-1
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The first two criteria, overall protection of human health and the environment and compliance with
ARARs, are threshold criteria. The remedial action alternatives that do not protect human health and the
environment or do not comply with ARARs (or justify a waiver) do not meet statutory requirements and
are eliminated from further consideration in this FFS.

The next five criteria (long-term effectiveness and permanence, reduction of TMV through treatment,
short-term effectiveness, implementability, and cost) are balancing criteria upon which the remedy
selection is based. The CERCLA guidance lists appropriate questions to be answered when evaluating a
remedial action alternative against the balancing criteria. The detailed analysis in Sections 6.2 through 6.4
evaluate each remedial action alternative against these criteria.

The detailed analysis associated with the seventh criterion, cost, is based on cost evaluation for a
representative site (100-D Hot Spot Area) as described in Section 5.4. The results of this detailed analysis
for cost are applicable to the other hexavalent chromium sites in the 100 Area.

The final two criteria, regulatory acceptance and community acceptance, are modifying criteria that will
be evaluated after public review of the selected remedial alternative documented in the proposed plan.
There may be some criteria against which none of the remedial action alternatives perform well. A
qualitative assessment of remedial action alternative performance relative to a particular criterion is based
on engineering judgment when quantitative information is not available.

6.1.1  Overall Protection of Human Health and the Environment

This criterion determines whether adequate protection of human health and the environment, including
preservation of natural systems and biological diversity, is achieved through implementation of the
remedial action alternative. Protection includes reduction of risk to acceptable levels (either by reduction
of concentrations or the elimination of potential routes for exposure) and minimization of exposure threats
introduced by actions during remediation. Environmental protection includes avoiding or minimizing
impacts to natural, cultural, and historical resources. Additionally, this criterion evaluates the potential for
human-health risks, the extent of those risks, and whether a net environmental benefit will exist as a result
of implementing the remedial action alternative.

This first criterion is a threshold requirement and the primary objective of the remedial action program.
As indicated in EPA guidance, overlap exists between this criterion and the criteria for compliance with
ARARSs, long-term effectiveness and permanence, and short-term effectiveness (EPA/540/G-89/004).

6.1.2 Compliance with Applicable or Relevant and Appropriate Requirements

This criterion addresses whether a remedial action alternative attains the federal and State of Washington
ARARSs and/or whether a waiver is justified. When an ARAR is not met, the basis for justifying a waiver
must be;  ented. No ARAR waiver is prop  d for any of the remedial action alternatives identified in
this FFS.

6.1.3 Long-Term Effectiveness and Permanence

This criterion addresses the results of a proposed remedial action alternative in terms of risks that remain
at the site after RAOs are met. The primary focus of this evaluation is the extent and effectiveness of the
controls that may be required to manage the risk posed by treatment residuals and/or untreated wastes.
The following components of the criterion are considered for each remedi action alternative:

e Magnitude of residual risk to human and ecological receptors. This factor assesses the residual risk
from untreated waste or treatment residuals after completion of remedial activities. The characteristics
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of the residual wastes are considered to the degree that they remain hazardous, taking into account
their TMV and propensity to bioaccumulate.

* Adequacy and reliability of controls. This factor assesses the adequacy and suitability of controls used
to manage treatment residuals or untreated wastes that remain at the site. It also assesses the
long-term reliability of management controls for providing continued protection from residuals.
Additionally, this factor includes an assessment of the potential need for replacement of the technical
components associated with a remedial action alternative.

Residual risk to natural and cultural resources after conclusion of remedial activities also is evaluated.
Current environmental conditions are assessed against the remedial action alternative’s long-term and
permanent solutions. The assessment considerations are based on whether lasting environmental losses
would be incurred for the sake of short-term cleanup gains, including whether environmental restoration
and/or mitigation options would be precluded if a remedial action alternative were to be implemented.

6.1.4 Reduction of Toxicity, Mobility, or Volume Through Treatment

This criterion addresses the degree to which a remedial action alternative uses treatment to reduce the
TMYV of hazardous substances. Significant overall reduction can be achieved by destroying toxic
contaminants or by reducing total mass, contaminant mobility, or total volume of contaminated media.

The evaluation focuses on the following factors for each remedial action alternative:
e The treatment processes used and the materials treated
e  Whether there is recycling, reuse, or waste minimization in the treatment process

* The type and quantity of treatment residuals that remain following treatment, and whether any special
treatment actions will be needed

e  Whether the remedial action alternative satisfies the statutory preference for treatment as a principal
element.

6.1.5 Short-Term Effectiveness

This criterion evaluates the potential effects on human health and the environment during the construction
and implementation phases of a remedial action. This criterion also considers the time required to achieve
protection. The following factors are considered for each remedial action alternative:

o The health and safety (H&S) of remediation workers and the public, and reliability of protective
measures taken

o Physical, biological, and cultural impacts that may result from the construction and implementation of
the remedial action, and whether the impacts can be controlled or mitigated

e The amount of time for the RAOs to be met.

Short-term human-health impacts are closely related to the duration of exposure to hazardous wastes and
risks associated with removal of wastes. Typically, the greater the exposure time, the greater the risk.
As-low-as-reasonably-achievable guidelines will be practiced during implementation of the remedial
action to minimize worker risks.

Since the EPA issued EPA/540/G-89/004 in 1988, the concept of “sustainability” has emerged as a
possible new criterion worthy of consideration in the evaluation of each remedial action alternative.
Various definitions of sustainability have been proposed. For this FFS, however, sustainability is defined
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evaluated even if it fails to meet the two threshold criteria. Under Alternative 0, no active remedial action
would be taken at the hexavalent chromium waste sites to address potential threats to human health and
the environment.

6.21 Overall Protection of Human Health and the Environment

Alternative 0 would fail to provide overall protection of human health and the environment, because
hexavalent chromium concentrations would remain on site above applicable standards.

6.2.2 Compliance with Applicable or Relevant and Appropriate Requirements

The ARARs for chromium concentrations in soil and groundwater would not be met because no action
would be taken.

6.2.3 Long-Term Effectiveness and Permanence

Alternative 0 would not be effective in the long term. Rather, the risk would remain because hexavalent
chromium in soil and groundwater would remain untreated.

6.24 Reduction of Toxicity, Mobility, and Volume Through Treatment

There would be no treatment under Alternative 0 and thus no reduction of TMV.

6.2.5 Short-Term Effectiveness

Alternative 0 would require no removal, transfer, or treatment of hexavalent chromium in the 100 Area.
Therefore, the potential for releases and remediation worker exposure would not increase over current
operations in the short term. However, Alternative 0 also would fail to reduce occupational exposure and
risks to workers and others at the site.

6.2.6 Implementability

Alternative 0 could be implemented immediately, but would fail to comply with decisions within interim
action RODs, Tri-Party Agreement milestones, and commitments made to the regulatory agencies,
oversight agencies, the public, and other interested stakeholders. Thus, Alternative 0 would not be
administratively feasible.

6.2.7 Cost

Alternative 0 would involve no cost; thus, it receives a high rating with respect to cost.

6.3 Alternative 1 - Continue Current Actions

The primary current actions are RTD and pump-and-treat. In addition, current actions include some
variation of ICs, depending on site-specific conditions, and could include the ISRM barrier in the 100-D
Area.

A detailed analysis of the components of Alternative 1 with respect to the seven NCP criteria has been
conducted in previous feasibility study and FFS documents, and is reiterated in Table 6-1 and
summarized in the following subsections.

6.3.1 Overall Protection of Human Health and the Environment

Alternative 1 would achieve overall protection of human health and the environment, provided the
technologies are applied aggressively to remove a sufficient volume of soil and extract a sufficient
volume of groundwater.
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6.3.2 Compliance with Applicable or Relevant and Appropriate Requirements

Alternative 1 would comply with ARARs, provided the technologies are applied aggressively to remove a
sufficient volume of soil and extract a sufficient volume of groundwater.,

6.3.3 Long-Term Effectiveness and Permanence

Alternative 1 would be effective in the long term. However, intensive pump-and-treat would need to
continue for a long period unless the primary and secondary hexavalent chromium sources in the vadose
zone or aquifer were removed. If hexavalent chromium sources were removed, they would be removed
permanently and disposed of in the ERDF. Groundwater treatment residuals also may need to be disposed
of permanently in the ERDF, depending on the specific ex situ treatment process employed. The
technologies in Alternative 1 are adequate and reliable.

6.3.4 Reduction of Toxicity, Mobility, and Volume Through Treatment

Alternative 1 would reduce the toxicity, mobility, and volume of hexavalent chromium in groundwater.
Pump-and-treat operations remove contaminated groundwater from the aquifer, while ion exchange is
employed to adsorb hexavalent chromium to its resin. The treated water is ultimately reinjected. The resin
regeneration process converts chromium from the hexavalent oxidation state to its trivalent form,
reducing the toxicity and mobility. Alternative 1 would also reduce the toxicity and mobility of
hexavalent chromium in soil removed by RTD that is pretreated before disposal in the ERDF. However, it
would not reduce the toxicity and mobility of hexavalent chromium in soil that is was not removed by
RTD or pretreated prior to disposal. The overall volume of chromium cannot be reduced because
chromium is an element and thus cannot be broken down, but the volume of the more toxic hexavalent
chromium can be reduced via conversion to trivalent chromium.

6.3.5 Short-Term Effectiveness

Risks to workers would be significant for deep excavation, but risks can be mitigated via engineering
controls. There could be some risks to the community and the environment associated with particulate
emissions, but these risks also could be controlled. Sustainability of Alternative 1 is considered poor
because excavation, especially deep excavation, and intense groundwater extraction are energy intensive
and result in additional greenhouse gas emissions. In addition, both technologies generate considerable
residuals that must be managed indefinitely.

6.3.6 Implementability

Administratively feasible at current levels; however, access is not possible in some areas, such as
culturally sensitive areas and near buildings and utilities. To achieve RAOs, within desired time frame,
the technologies would need to be applied intensively and may to be impractical in restricted areas.

6.3.7 Cost

Supporting cost information, assumptions, and approach to developing the costs are provided in
Appendix B. Costs for Alternative 1 remedial components are summarized in Table 6-1, which includes
unit costs for six known and four future hexavalent chromium-contaminated waste sites in the 100 Area.
Table 6-2 is provided to better illustrate the cost difference between Alternatives 1 and 2 when applied to
the known 100-D-12 waste site. The Alternative 1 costs are based on RTD to a depth of 24.4 m (80 ft),
plus 100-D hot spot pump-and-treat, and ICs. Alternative 2 costs are based on RTD to a depth of 2.4 m
(8 ft), 100-D Hot Spot pump-and-treat, plus ISR, and ICs. These enabling assumptions allow an even
comparison of the cost of Alternative 1 to Alternative 2 for the 100-D-12 site in 100-D Area. Estimated
RTD costs include the assumption that the contamination “footprint” is 9.1 by 9.1 m (30 by 30 ft). This
footprint is assumed to be representative of hexavalent chromium contaminant sites in the 100 Area.
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A one-time allowance (periodic cost) for spot-backfilling an RTD site to offset settlement is included.
The general assumptions for the 100-D Hot Spot pump-and-treat include:
o The extraction, injection, and treatment system configuration includes the following:

— Three existing monitoring wells are converted to extraction wells and two are converted to an
injection well. One existing extraction well would be reconfigured. Well conversion costs
were obtained from CHPRC — Field Engineering Lead.

— Conveyance piping and installation costs were obtained from CHPRC - Field Engineering
Lead. 6-inch-diameter high-density polyethylene piping is assumed. The actual pipe diameter
may be different and would be determined with hydraulic modeling during remedial design.

— The influent flow rate is 189 L/min (50 gal/min).

— The initial influent hexavalent chromium concentration is 7,500 pg/L and declines to
100 pg/L by the year 2015.

— The ion exchange system regeneration occurs every 2 weeks.

— Rock salt and hydrochloric acid quantities for regeneration are estimated at 208 L (55 gal).

—~ Phosphoric acid and sodium hydroxide quantities are scaled based on estimated hexavalent
chromium concentrations and mass.

- The sodium dithionite quantity needed for regeneration is estimated at 3.1 times the estimated
hexavalent chromium quantity removed.

—~ The waste quantity is scaled based on hexavalent chromium mass.

—~ Labor is approximately eight full-time equivalents based on current information.

— The annual O&M cost of $1.6 million for the pump-and-treat system was estimated from the
“100-DX Treatment Plant Pre-Conceptual Design and Cost Estimate Technical
Memorandum” (working draft not released).

The 100-KR-4 and 100-KW pump-and-treat systems are configured and operated similar to the 100-D
Hot Spot system described above, but are assumed to operate through the year 2018. The $2.71 million
O&M cost for the 100-K Area pump-and-treat systems was estimated from actual costs incurred in 2007
(DOE/RL-2008-05, Calendar Year 2007 Annual Summary Report for the 100-HR-3, 100-KR-4, and 100-
NR-2 Operable Unit Pump and Treat Operations, Rev. 0).

A periodic cost equal to 50 percent of the total capital installation cost was included to allow for
decommissioning of the three pump-and-treat systems following the 5-year projected operating period at
the 100-D Hot Spot and 8 years of operation of the two 100-K Area systems.

6.4 Alternative 2 - Continue Current Actions with Selective Application
of In Situ Reduction

A detailed analysis of the components of Alternative 2 with respect to the seven NCP criteria evaluated is
presented in Table 6-3 and summarized below.

6.4.1  Overall Protection of Human Health and the Environment

Alternative 2 would achieve overall protection of human health and the environment by addressing
hexavalent chromium in the vadose zone and groundwater.

6.4.2 Compliance with Applicable or Relevant and Appropriate Requirements

Alternative 2 would comply with ARARs by addressing hexavalent chromium in the vadose zone and
groundwater.
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APPENDIX A

SUMMARY OF NOVEMBER 12-13, 2008 WORKSHOP ON THE
EVALUATION OF HEXAVALENT CHROMIUM REMEDIATION
TECHNOLOGIES FOR THE 100-B/C AREA
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APPENDIX B

SUPPORTING COST INFORMATION
HEXAVALENT CHROMIUM FOCUSED FEASIBILITY STUDY
FOR THE 100 AREA
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Appendix B

Supporting Cost Information
Hexavalent Chromium Focused Feasibility Study for the 100 Area

B.1. Introduction

Cost estimates for the remedial action alternatives described in the DOE/RL-2009-22, Hexavalent
Chromium Focused Feasibility Study (FFS) for the 100 Area (working draft not released) were prepared
to assist with the Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA)
detailed and comparative evaluation of alternatives as required under 40 CFR 300.430 (e). The cost
estimates were generally prepared in accordance with EPA/540/R 00/002, A Guide to Developing and
Documenting Cost Estimates During the Feasibility Study, OSWER 9355.0 75. The cost estimate is one of
the five balancing criteria evaluated in the FFS to provide input into the identification of a preferred
remedial alternative in the Proposed Plan. The cost estimate information is based on the interim remedial
action alternative descriptions presented in Section B2.0.

The cost estimates were prepared using information from multiple sources. Washington Closure Hanford,
LLC, provided a majority of the information used for estimating removal, treatment, and disposal (RTD)
remedial action costs for the six identified (known) hexavalent chromium sites, and the four “yet-to-be
discovered” (future) sites. The groundwater pump-and-treat cost estimate was derived from actual costs
associated with construction and operation of the DR-5, 100-KR-4, and 100-K'W ion exchange systems.
In situ reduction (ISR) costs were prepared based on experience at similar sites, vendor quotes, and
information obtained from Means, 2008, Mechanical Cost Data. Unless specified, the quantities
associated with each RTD remedial action alternative were estimated based on an assumed length and
width for each site. The excavation depth was set equal to the depth to groundwater. Quantities for the
groundwater pump-and-treat alternatives were estimated using currently available information for the
100-D area southern plume (hot spot application) and the 100-K area plumes (source area and
downgradient plume).

The remedial action cost estimates include capital costs, annual operations and maintenance (O&M) costs
and periodic costs. Capital costs are those expenditures that are required to construct the remedial action
alternative. They include all labor, equipment, and material costs, including contractor markups (such as
overhead and profit) associated with activities such as mobilization/demobilization, monitoring, site work,
installation of extraction, containment and treatment systems, and disposal. Capital costs also include the
expenditures for professional/technical services necessary to support construction of the interim remedial
action alternative.

Operations and maintenance costs are those post-construction costs necessary to ensure or verify the
continued effectiveness of an interim remedial action alternative such as operation of a pump-and-treat
system. Operations and maintenance costs were estimated on an annual basis. Periodic costs are those
costs that occur once every few years or once during the entire remedial action timeframe. Examples of
periodic costs include a one-time RTD soil cover maintenance event to repair erosion or subsidence, or
decommissioning of pump-and-treat and ISR systems once the remedial action is complete.

All capital, O&M and periodic costs were estimated using constant dollars. Future O&M costs and
periodic costs were discounted to net present value (NPV) dollars using the real discount rates published
in Appendix C of the Olffice of Management and Budget (OMB) Circular No. A-94, Guidelines and
Discount Rates for Benefit Cost Analysis of Federal Programs, effective through January 2009. A
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An allowance for four future sites was also added to this list for a total of 10 sites. The four future sites
are expected to have characteristics similar to those of the six known waste sites.

Removal, treatment, and disposal was evaluated using characteristic information for the six known and
four future waste sites. All of the waste sites, except the 100-C-7:] site, are assumed to have dimensions
of 9.1 by 9.1 meter (m) (30 by 30 feet [ft]) with depths of either 12.2 m (40 ft), 24.4 m (80 ft), or 25.9 m
(85 ft). Table B2-1 summarizes the information used for estimating excavation quantities for RTD at each
of the six known and four future waste sites.

The excavation of source and contaminated soil waste sites uses an observational approach. This allows
waste sampling, characterization, and treatment to occur as excavation proceeds. Although a majority of
the excavated waste material and soil may meet the Environmental Remediation Disposal Facility
(ERDF) waste acceptance criteria without treatment (Washington Closure Hanford, LL.C [WCH]-191,
Environmental Restoration Disposal Facility Waste Acceptance Criteria), the RTD cost estimates include
a significant allowance for treatment. This allowance is based on WCH’s experience with ERDF
treatment and disposal costs in the 100 Area. All treatment is performed at the ERDF prior to final
disposal.

Verification sampling is performed during (pre-verification) and after excavation is completed
(verification) to confirm that interim action ROD remediation goals for hexavalent chromium have been
met. It is anticipated that excavation to depths equal to the depth to groundwater will be required to meet
remediation goals at each waste site. Once cleanup has been verified, clean soil from the onsite stockpile,
along with material from approved borrow pits, would be transported to the waste site for use in
backfilling each excavation. Recontouring and revegetation of the waste site would occur after
remediation to ensure that infiltration is minimized. An allowance for a one-time maintenance event has
also been included for each of the RTD options. This maintenance event consists of placing supplemental
fill material over portions of the excavation footprint that may have settled.

B2.2.3 Pump-and-Treat Contaminated Groundwater

Hexavalent chromium present in the 100 Area groundwater operable units is associated with several
source and contaminated soil waste sites. Remediation of groundwater is necessary to meet the RAOs for
groundwater restoration and river protection. The 100 Area interim ROD for the 100-HR-3 and 100-KR-4
groundwater operable units selected pump-and-treat for remediation of contaminated groundwater.
Alternative 1 provides for the continued use of pump-and-treat to address hexavalent chromium-
contaminated groundwater to achieve the RAOs and the working objectives described in Chapter 4 of the
FFS report.

In this FFS, remediation of the hot spot area (southern plume) in the 100-D Area and the two

dow: _ d it plumes in the 100-K Area was used toesi  ite capital, O&M, and p  »dic costs for the
pump-and-treat component. The portion of the 100-D Area southern plume with hexavalent chromium
concentrations greater than about 5,000 micrograms per liter (ug/L) was defined as the hot spot area. It is
assumed that a pump-and-treat system similar to the DR-5 ion exchange pump-and-treat system will be
used for remediation of the hot spot. Numerical modeling of the hot spot area assuming a well
configuration consisting of four extraction wells and two injection wells (Figure B2-1), with a combined
pumping rate of 189 liters per minute (L/min) (50 gallons per minute [gal/min]), estimates that hexavalent
chromium concentrations will be reduced to 100 pg/L by approximately 2015 (Figure B2-2).

The pump-and-treat system to address the hot spot area is assumed to require four extraction wells to
withdraw the groundwater at rates of approximately 47.5 L/min (12.5 gal/min) each and two injection
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Table B2-1. Waste Site Information
Focused Feasibllity Study for 100 Area Hex

lent Chromium Remediation

RTD (30 ft x 30 ft at bottom

x Depth (unless specified)

| Undiscovered | Undiscovered | Undiscovered | Undiscovered
Description Units 100-D-12 100-D-30 SW 600-334 116-K-2 100-C-7-1 100-C-7 Site #1 Site #2 Site #3 Site #4
WCH WCH WCH WCH WCH WCH WCH WCH WCH WCH
Soil Excavalion Footprint (bottom) square feet 900 900 900 900 30,000 900 900 900 900 900
Soil Excavation Footprinl (top) square feet 90,000 97,000 27,980 97,000 242,550 113,150 90,000 80,000 27,980 113,150
Alternative 1 Depth (Altemative 2 Depth) feet 80 (8) 80(18) 40 (0) 80 (20) 80 (15) 85 (15) 80 (15) 80 (15) 40 (15) 85 (15)
Total volume bank cubic yards 106,718 106,020 16,130 106,718 341,697 126,725 106,718 106,718 16,130 126,725
ACL volume {soil) bank cubic yards 2,400 2,000 1,333 2,000 77,778 2,167 2,400 2,400 1,333 2,167
ACL volume (concrete) bank cubic yards 0 0 0 0 2,608 1,528 0 0 0 1,528
BCL volume (soil) bank cubic yards 104,318 104,020 14,796 104,718 259,510 123,031 104,318 104,318 14,796 123,031
Tons ACL (soil) U.S. Tons 4,560 3,800 2,533 3,800 147,778 4,117 4,560 4,560 2,533 4,117
Tons ACL (concrete): U.S. Tons 0 0 0 0 5,293 3,101 0 0 0 3,101
Tons BCL (soil) U.S. Tons 198,205 197,639 28,113 198,965 493,068 233,758 198,205 198,205 28,113 233,758
Tons BCL (concrete): U. S Tons 0 0 0 0 3424 0 0 0 0 0
Backfill from borrow source tons 4,560 5,126 2,533 3,800 184,399 7,019 4,560 4,560 2,533 7.019
Backfill from local stockpile tons 198,205 197,639 28,113 198,965 493,068 233,758 198,205 198,205 28,113 233,758
Revegetation Acres 56 56 16 5.6 13.9 6.5 5.6 56 1.6 6.5
100-D Area (Southern Plume) Hot Spot
Plume Length feet 600
Plume Width feat 250
Unconfined Aquifer Thickness feet 25
Porosity dimensionless 0.3
Volume bank cubic yards 139,000
galions 8,415,000
T ISR Treatment

Area acre 1
Depth feet 80
Tolal Volume bank cubic yards 129,100
Notes:

ACL = above cleanup levels
BCL = below cleanup levels

V 14vdd 2Z-6002-14/300
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Extracted groundwater is transferred by pipeline to a centrally located facility for treatment using ion
exchange.

The 100-K Area pump-and-treat system includes the 100-KR-4 and 100-KW systems. The 100-KR-4
system consists of nine extraction wells, five injection wells, and an ion exchange treatment system. The
100-KW system includes four extraction wells, two injection wells, and an ion exchange treatment
system. Both of these systems are assumed to operate until the year 2018. This duration is based on the
current baseline schedule.

The actual costs associated with construction and operation of the 100-KR-4 and 100-KW pump-and-treat
systems were used as a basis for estimating the costs for the Alternative 1 pump-and-treat system for the
100-K Area.

B2.3 Alternative 2 - Continue Current Actions with Selective Application
of In Situ Reduction

Alternative 2 contains all of the components of Altemative 1 with selective application of ISR in
accordance with the site selection criteria described in Chapter 5 of the FFS.

The ISR component of this interim remedial action alternative consists of treating deep contaminated soil
and groundwater (in proximity to the contaminated soil) in situ by delivering a dilute chemical reagent
that converts hexavalent chromium to its less toxic and essentially immobile trivalent form. This
conversion process has been demonstrated to be an irreversible process under typical environmental
conditions, such as those found at the Hanford Site, and at many other hexavalent chromium-
contaminated sites across the U.S. Table B2-1 provides an overview of the site information used for
estimating the size of the ISR treatment area.

It is anticipated that large-scale groundwater contamination and primary source areas of hexavalent
chromium contamination (for example, pipelines, storage tanks), as well as surface and subsurface soil,
will continue to be remediated by pump-and-treat and by RTD, respectively. However, ISR may be
applied to treat hexavalent chromium in settings where RTD or pump-and-treat would be more expensive,
less effective, or difficult to implement. One example would be suspected vadose zone sources of
hexavalent chromium that may be too deep for cost-effective application of RTD. Groundwater plume hot
spots containing high concentrations of hexavalent chromium are another potential site for remediation by
ISR.

For the purposes of the FFS, it is assumed that RTD would be used to address contaminated soil present
inthe roto6.1m Iftyde ~ r ,while Utwouldbe  d mtar ~ atec il rat
depths between 6.1 m (20 ft) and the water table. At one (600-334) of the six known waste sites, it is
assumed that no RTD would be performed and ISR used to treat the full vadose zone. The cost estimate
also assumes that ISR would be used to treat localized areas of hexavalent chromium-contaminated
groundwater underlying the soil treatment zone at two (116-D-2 and 116-K-2) of the six known waste
sites. Pump-and-treat would be used to address the remaining areas of groundwater contamination at these
two sites.

B2.3.1 In Situ Reduction System Design

The ISR treatment system for remediation of a typical vadose zone waste site consists of a tank system for
storage and blending of the ISR reagent and delivery to the target area where it is introduced to the
subsurface soil using a chemical drip system. The drip system would be installed over each of the ten
waste sites with each system covering a 0.4-hectare (1-acre) area. The area covered by the drip system is

B-7
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approximately 50 times greater than the size of the waste site. The drip system would consist of an array
of 0.6- to 1.2-centimeter (0.25- to 0.5-inch) diameter, flexible drip lines spaced 0.6 to 1 m (2 to 3 ft) apart.
The drip system is manifolded to a header that conveys the ISR reagent from the mixing tank. As the
reagent solution infiltrates through the vadose zone, residual hexavalent chromium present in soil is
converted to trivalent chromium following direct contact with the ISR reagent. Sufficient ISR reagent
would be added to ensure that the treatment process would fully penetrate the vadose zone.

If hexavalent chromium was also present in groundwater underlying the vadose zone waste site, the
system would be expanded to include injection of the ISR reagent. To ensure adequate remediation of the
underlying groundwater, an existing monitoring well would be converted to an injection well and the ISR
reagent introduced through the injection well. Four existing monitoring wells located upgradient,
downgradient, and cross-gradient of the target area would be converted to extraction wells and pumped at
an estimated rate of 47 L/min (12.5 gal/min) each. Pumping from the four wells promotes the vertical and
lateral distribution of the ISR reagent throughout the treatment zone. Existing extraction wells located
upgradient or cross-gradient of the treatment zone would be used to supply makeup water for the ISR
system. If site-specific conditions prevent groundwater from being used as makeup, the ISR system will
be supplied from an optional freshwater source.

The ISR component of this alternative is expected to remediate a deep vadose zone, or a deep vadose
zone and groundwater target area, within 9 months of system startup.

B-8
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B.3. Basis of Estimates

This chapter presents the information and assumptions used in developing cost estimates for each of the
interim remedial action alternatives described in Chapter B.2.

B3.1 Global Assumptions

B3.1.1 Labor

All labor and material costs associated with RTD were estimated by WCH. It is assumed that the basis for
these estimates is the fixed-price construction craft labor rates specified in the Site Stabilization
Agreement for All Construction Work for the U.S. Department of Energy at the Hanford Site, Appendix A
(commonly known as the Hanford Site Stabilization Agreement [HSSA]). The HSSA rates include base
wage, fringe benefits, and other compensation as negotiated between Fluor Hanford and the National
Building and Construction Trades Department American Federation of Labor-Congress of Industrial
Organizations (AFL-CIO). It is assumed that the costs (workman’s compensation, 26 USC 21, Federal
Insurance Contributions Act [FICA] [Social Security Act of 1935], and state and federal unemployment
insurance) are included within the fixed-price rate structure. It is assumed that labor and material rates for
2009 were used.

Labor and material costs associated with project management, remedial design engineering, and services
during construction were estimated as a percentage of the interim remedial action alternatives’ capital
construction cost.

B3.1.1.1 Direct Cost Factors

The cost estimates include the following direct cost factors:
e Washington State sales tax at 8.3 percent was applied to all ISR purchased equipment.

e An allowance for scope contingency was added to the RTD, pump and treat, and ISR components of
the remedial action alternatives. The scope contingency varies between 15 and 55 percent in
accordance with Exhibit 5-6, EPA/540/R 00/002. For RTD, a scope contingency of 20 percent was
used. Although this amount is toward the low end of the 15-55 percent range recommended in Exhibit
5-6, it is reasonable given the level of experience WCH has with the RTD technology at the Hanford
Site. A 20 percent scope contingency was used for the pump-and-treat component because it is based
on actual experience with the DR-5, 100-KR-4 and 100-K'W systems. A scope contingency of
35 percent was used for ISR.

e A bid contingency of 10 percent was used for the ISR component. Bid contingency was not included
for RTD since WCH self-performs the work. Bid contingency was not included withp  )-and  at
because the total capital construction cost was derived from an actual construction cost.

e Project management and remedial design costs were estimated as a percentage of the total capital cost
in accordance with the graded scale presented in Exhibit 5-8 of EPA/540/R 00/002.

e Construction management was estimated as a percentage of the total construction cost in accordance
with the graded scale presented in Exhibit 5-8 of EPA/540/R 00/002. A construction management
allowance was not included for the RTD component because WCH indicated that this factor was
included within their unit pricing.
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B3.1.1.2 Indirect Cost Factors

e Factors to account for indirect costs were not applied to the estimates. The RTD, and the pump and
treat capital and O&M components already include indirect costs within the total or unit prices
supplied by WCH and CH2M HILL Plateau Remediation Company (CHPRC). The cost for
installation of the ISR chemical drip system is based on a vendor quote. The pricing for the remaining
ISR components (tank installation, building and conveyance) was obtained from several different
sources that may or may not include indirect costs. Potential indirect costs that may not have been
captured are expected to fall with the contingency allowance.

B3.2 Remedial Alternative Overall Cost Summary

The estimates of capital, O&M, and periodic costs for both interim remedial action alternatives are
summarized in Table B3-1. Additional cost information is presented in Sections B3.3, B3.4, and B3.5.

B3.3 Alternative 0 - No Action

Alternative 0 assumes no further action will be taken at a waste site. Therefore, the estimated cost is $0.

B3.4 Alternative 1 — Continue Current Actions

The primary components for Alternative 1 include institutional controls, RTD of soil and waste, and
groundwater pump-and-treat. The general assumptions, special conditions, and cost estimate breakdown
for Alternative 1 are presented in the following subsections.

B3.4.1 General Assumptions
The general assumptions for institutional controls are as follows.

e IC costs were estimated using IC cost information supplied by CHPRC from another operable unit
feasibility study. The cost estimate includes both a capital and an O&M component,

The general assumptions for RTD include:

e RTD excavation costs by WCH include all labor, equipment and material to excavate soil and debris;
size-reduce concrete from the adjacent facility; load out materials; backfill; perform revegetation
activities; and prepare waste-site closeout documentation.

e RTD treatment and disposal costs include all labor, equipment, and material to transport containers to
ERDF; treatment of hexavalent chromium-contaminated soil to meet land-disposal restrictions; and
disposal at ERDF. ERDF treatment and disposal costs are estimated at 120 percent of the total

.cavation, sampli:  backfill and site  toration cost.

e Costs for RTD are well known after years of experience applying this technology at the Hanford Site.
They include the following:

— Density of soil is 1.9 tons per bank cubic yard
— Excavation cost is $15.00 per ton

- Offsite backfill material cost is $8.00 per ton. Onsite stockpile material is handled at $2.50 per
ton.

— Soil excavation rates are 90 trucks per day total (15 trucks per day at 6 cycles each)

~ Each truck carries 32 tons per cycle (truck-and-pup operation)
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Revegetation costs are $5,000 per acre

Sampling costs are $700 per sample and assume 22 samples for each of the RTD depth options.
Laboratory analysis includes inductively coupled plasma (ICP) metals and hexavalent chromium.
Assumes quick turn (7 day preliminary and 30 day final).

A one-time allowance (periodic cost) for spot backfilling a RTD site to offset settlement is included.

The general assumptions for the 100 D Area southern plume hot spot pump-and-treat include:

o The extraction, injection, and treatment system configuration includes the following:

Three existing monitoring wells are converted to extraction wells and two are converted to an
injection well. One existing extraction well would be reconfigured. Well conversion costs were
obtained from CHPRC - Field Engineering Lead.

Conveyance piping and installation costs were obtained from CHPRC — Field Engineering Lead.
6-inch-diameter high-density polyethylene (HDPE) piping is assumed. The actual pipe diameter
may be different and would be determined with hydraulic modeling during remedial design.

The influent flowrate is 189 L/min (50 gal/min).

The initial influent hexavalent chromium concentration is 7,500 pg/L and declines to 100 pg/L by
the year 2015.

The ion exchange system regeneration occurs every 2 weeks.
Rock salt and hydrochloric acid quantities for regeneration are estimated at 208 L (55 gal).

Phosphoric acid and sodium hydroxide quantities are scaled based on estimated hexavalent
chromium concentrations and mass.

The sodium dithionite quantity needed for regeneration is estimated at 3.1 times the estimated
hexavalent chromium quantity removed.

The waste quantity is scaled based on hexavalent chromium mass.
Labor is approximately eight full-time equivalents based on current information.

The annual O&M cost of $1.6 million for the pump-and-treat system was estimated from the
“100-DX Treatment Plant Pre-Conceptual Design and Cost Estimate Technical Memorandum’
(working draft not released).

’

The 100-KR-4 and 100-KW pump-and-treat systems are configured and operated similar to the 100-D
Area Hot Spot system descrii | above, but are ass1  d to operate through the year 2018. T|

$2.71 million O&M cost for the 100-K area pump-and-treat systems was estimated from actual costs
incurred in 2007 (DOE/RL-2008-05, Calendar Year 2007 Annual Summary Report for the 100-HR-3,
100-KR-4, and 100-NR-2 Operable Unit Pump and Treat Operations, Rev. 0).

A periodic cost equal to 50 percent of the total capital installation cost was included to allow for
decommissioning of the three pump-and-treat systems following the 5-year projected operating period at
the 100-D hot spot area, and 8 years of operation at the two 100-K Area systems.

B3.4.2 Special Conditions

No special conditions apply to this alternative.
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