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5.0 REMEDIAL-ACTION ALTERNATIVES

This chapter discusses the development of remedial alternatives for the 200-PW-1, 200-PW-3,
and 200-PW-6 OU waste sites. Primary inputs for is process were (1) site characterization
information (Chapter 2.0), (2) the identified risks and RAOs (Chapter 3.0), and (3) the
remedial-technology screening results (Chapter 4.0). Special consideration was given to
principal-threat contaminants and to the EPA preference for treatment of those contaminants to
reduce toxicity, mobility, or volume.

The goal of the remedial-action development process was to identify suitable remedies for
achieving the R2  at the subject waste sites. The remedial-alternative development pro. s
attempts to gener  a variety of remedies for each ri ©  "ving decision makers as wir  an array
of options as possible.  »wever, each alternative carried forward into the detailed " /sis must
be effective in meeting the RAOs.

For clarity, s discussion addresses one representative or unique waste site at a time.
Site-specific risks are briefly summarized. Then, applicable retained treatment technol ~“es are
assembled into preliminary reme al alternatives including a limited-response action,
containment, treatment, and removal with disposal elsewhere.

These alternatives were screened for effectiveness, implementability, and relative cost. Those
warranting further consideration were identified and carried forward into the detailed analysis
(Chapter 6.0). To the extent feasible, the alternatives carrie forward for each site included one
that minimized the need for long-term management, one that used treatment as a primary
component, an one that emphasized containment. Only the six representative and unique waste
sites were considered in the FS. As discussed in Section 2.1, the analogous waste sites will be
addressed in the proposed plan.

In addition to remedial actions, remedial alternatives also may include activities intended to
bring the site into a sustainable configuration. These activities are not required. They do not
address actionable risks (risks requiring remedial action). They are not subject to evaluation
with respect to CERCLA criteria. They are intended to help bring the site into a configuration
that is suitable for long-term management under the Industrial Exclusive Land-Use Area

( _UA).

5 DEVELOPMENT OF ALTERNATIVES FOR
THE 216-Z-1A TILE FIELD

5.1 Contaminant Distribution and Risk Sum ary

The RI Report (DOE/RL-2006-51) identifies elevated concentrations of radionuclides at the
216-Z-1A Tile Field, all found at depths of 2.9 m (9.5 ft) or more below the surface of the tile
field, with most being very near the vertical projection of the waste-distribution line. Few
samples were collected immediately beneath the central waste-distribution line, which is located
roughly 1.5 to 1.8 m (5 to 6 ft) bgs (Hanford Site Drawing H-2-24923, 216-Z-1A Modifications).
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2 Common Actions

Several actions are included in each of the activity-based remedial alternatives (i.e., all but the
No-Action Alternative) developed for the 216-Z-1A T : Field. To limit redundancy, they are
listed] e and then referenced under each alternative.

5.1.2.1.1 Institutional Controls and Monitoring

The 216-Z- A Tile Field is within the IELUA. Each activity-based remedial alternative includes
activities necessary to establish and maintain suitable institutional controls (Section 4.2.2.2) that
would, at a minimum, (1) ensure industrial use only, (2) restrict drilling and use of groundwater,
and (3) limit access to areas of residual contamination and to structures or features that are part
of ongoing remedial actions. These introls would be implemented through the site-wi
institutional controls ,  ARL "7 -41.

In addition, each activity-based remedial alternative includes ongoing environmental monitoring

and performance monitoring, as appropriate for the site. These monitoring activities will be

site-specific to a large extent, because they will address the risks identified at the site and the

remedy implemented. Specific monitorii  plans will be developed in conjunction with the

remedial design.
|

5 2.1.2 Expanded Soil-Vapor Extraction

Each activity-based alternative also includes expansion of the existing SVE system, consisting of

(1) the installation of 10 new extraction wells, and (2) addition of a dedicated 28.3 m>/min

(1,000 ft*/min). The FS assumes that the system w  be operated three months per year (roughly

the current annual operating time for the 216-Z-1A Tile Field well field), for a period of |
10 years. The actual annual operating period will vary as a function of several performance |
metrics (e.g., mass removal rate) and operational considerations (e.g., effect of ambient

temperature on the amount of contaminated condensate generated). Periodic evaluation of these

metrics will be used to support optimal configuration and operation. Additionally, in

conjunction with the remedial-design process, a specific set of performance metrics will be

developed to hi » identify when SVE technology has reached the limits of its effectiveness at the

site. Guidance provided in EPA/600/R-01/070, Development of Recommendations and Methods

to Support Assessment of Soil Venting Performance and Closure, will be considered in

developing this set of metrics and the associated performance monitoring plan and in deciding

how to use those metrics to determine when SVE system operations should be terminated at the

216-Z-1A Tile Field.

5.1.2.1.3 Vadose-Zone Well Decommissioning

Each of the activity-based alternatives ultimately would fill in the depressed area above the tile
field. Before that could occur, it would be necessary to decommission all wells that might be
buried by that action. Decommissioning would be conducted in accordance with the substantive
requirements of the applicable portions of WAC 173-160, “Minimum Standards for Construction
and Maintenance of Wells.” Decommissioning would not begin until SVE operations were
completed at the site. Therefore, for each activity-based alternative, it will be necessary to
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operation, plutonium contamination immobilized in the glass was nonsmearable, and
there was no detectable airborne plutonium.)

e The; 1ss monolith would constitute a substantial physical barrier, impeding human and
biological intrusion into residual contamination at greater depths.

e The process generates a relatively small volume of regulated waste, very little of that
waste requiring off-site disposal.

e With the exception of those using vibratory drilling techniques (no soil cuttings) to install
electrodes and inject the starter-path materials, remedial-action workers would not
perform intrusive activities in highly contaminated soils.

«all  ion of Alternative 3

Alternative 3 is assesse to be effective in mitigating the direct-contact risk posed to the site
construction worker, as well as mitigating the risk to groundwater. Although SPV conceptually
isani :al remedial technology in many respects, it is a more complex process than the others
considered. 1at, in combination with fairly widespread knowledge of the problems encountered
during earlier top-down melts (the old technology), may hinder acceptance and, thus,
implementability. Substantial effort may be necessary to educate those unfamiliar with the
current technology, SPV, to gain acceptance and limit the need for substantial precursor
activities (e.g., treatability studies or proof-of-concept testing). Cost is assessed to be high

ri 1tive to the other remedial actions considered. The ISV alternative is carried forward for
detailed analysis.

5.1.2.6 Alternative 4 — Partial Removal, Treatment, and Disposal Plus Expanded
Soil-Vapor Extraction

Alternative 4 at the 216-Z-1A Tile Field would include institutional controls and monitoring
(Section 5.2.2.1.1), expansion and continued operation of the SVE system (Section 5.2.2.1.2),
decommissioning of the wells within the tile-field footprint (5.2 ~ 1.3), and groundwater
monitoring (5.2.2.1.4). Following well decommissioning, soils at the site would be excavated to
a depth of about 6.1 m (20 ft) below the top of the tile field (the equivalent of 8.5 m [28 ft] below
the surrounding ground surface). The excavation base would be about 79 m (260 ft) long and
30 m (100 ft) wide, centered on the main distribution pipeline. A significant portion of the soil
excavated from the 216-Z-1A Tile Field would contain alpha-emitting transuranic isotopes with
half-lives greater than 20 years, at concentrations exceeding 100 nCi/g, and may need to be
disposed of at WIPP. Some portion of the remaining soil would be designated as low-level
waste or mixed low-level waste and would be disposed of at ERDF. Available data do not
support meaningful evaluation of quantities or proportions. Following removal of the
contaminated soils, the excavation would be backfilled to the elevation of the surrounding

land surface.

During excavation, alpha contamination on loose-soil particles will pose high short-term risks to
the remedial-action workers and environment, but it can be mitigated effectively with existing
program controls. Excavation costs will be relatively high because of the need for a high level of
worker protection and environmental protection. Waste-disposal costs may be high, because of
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presented in Sections 3.2, 3.3, and 3.4 and Appendices A, B, and E, and summarized below. The
identified risks drive the development and evaluation of remedial alternatives for the
216-Z-9 Trench.

Risks to H  an Health and the Environment — The risk assessment process and results,
discussed i ‘tail in Sections 3.2 and 3.3 and Appendices A and B, determined that under the
industrial land-use scenario, the contaminants identified at the 216-Z-9 Trench pose no
unacceptable direct-contact risks to human health, or to potential ecological receptors.

Therefore, there is no regulatory requirement to implement remedial actions to mitigate the
potential for direct contact with the contaminated soils. As a best management practice,

ins utional controls (Section 4.2.2.1) would be established and maintained to ensure
continuation of the identified land use restrictions. (See Consideration of Unrestricted Land Use
anc ~«mmary of Risk ~ -ivers below.)

For informational purposes, risks to human health also were evaluated for unrestricted land uses.
Sampling identified radionuc les throughout the soil column, with especially high activities at
the base of the trench. However, in all instances, the contaminants were detected deeper than the
regulatory point of compliance for direct-contact risks under unrestricted land use, which is 0 to
4.6 m (0 to 15 ft) bgs (WAC 173-340-740[6][d], “Unrestricted Land Use Soil Cleanup
Standards,” “Point of Compliance”).

However, using Hanford Site risk assessment guidance (DOE-RL-91-45), a risk exceeding

1 x 10 was identified for the maximally exposed population, a residential farming population

{ ults and children) that lived at the waste site and obtained 25 percent of its fruits and

vegetat s from a garden that (1) contained drill cuttings (soil) from a well drilled through the
waste site into the unconfined aquifer, and (2) was irrigated with water from that well, assumed
to be contaminated at current levels. This potential risk was considered during the development
and evaluation of remedial : ernatives.

Radiological Threat to Groundwater — RESRAD was used to model radiological contaminant
fate and transport in the vadose zone at the 216-Z-9 Trench. That evaluation, documented in
Section 3.4 and Appendix E, assessed cumulative impacts from the identified radiological COCs
over a period of 1,000 years from present. The maximum induced groundwater concentrations
projected were all below the MCL. Thus, there is no regulatory requirement to develop or
implement a related remedial action.

Nonradiological Threat to Groundwater - RESRAD-CHEM was used to model
nonradiological contaminant fate and transport in the vadose zone at the 216-Z-9 Trench. As
documented in Section 3.4 and Appendix E, mod: ng results indicate that the concentrations of
CCly, PCE, and hexachloroethane found at the silt interval 19.8 m (65 ft) bgs could result in
exceedance of their respective MCLs in groundwater. Therefore, it is necessary to develop and
implement a remedial alternative to ensure the protection of groundwater. It should be noted that
the model input used for this evaluation included very conservative assumptions regarding the
contaminant mass, to provide a bounding case; these assumptions are documented in

Appendix E.
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Additionally, in conjunction with the remedial design process, a specific set of performance
metrics will be developed to help identify when S\  technologv has reached the limits of its
effectiveness at the site. Guidance provided in EPA/600/R-01/C . ) will be considered in

dev: Hping this set of metrics and the associated performance monitoring plan, and in
determining ow to use those metrics to determine when SVE system operations should be
terminated at the 216-Z-9 Trench.

Ev-~"-ation of Targeted Soil-Vapor Extraction

Targeted SVE is assessed to be effective in removing additional quantities of the targeted VOCs
from the vadose zone at the 216-Z-9 Trench. The addition of three new wells specifically
ventilating the soils above and below the source area, and upgrading to a larger capacity blower
will ensure "~ proved r- —Hval rates and will help to reduce the contaminantn  :int source
area. Although not independently su...cient to eliminate the threat to oundwater, it could be an
effective component of a remedial alternative. This remedial action is easily implemented, with
the necessary personnel, equipment, and services being readily available. Installation of new
wells into the source area will incur short-term risk to the workers due to radiological
contamination collocated with the VOCs. Costs are expected to be moderate.  his alternative is
carried forward for use in comprehensive remedial alternatives for the 216-Z-9 Trench.

5.2.2.3 Revegetation

This remedial action would be implemented by establishing and maintaining a population of
suitable native plants above the VOC contaminant source area at the 216-Z-9 Trench. The intent
would be to generate sufficient transpiration to limit infiltration, thereby mitigating the potential
for tran ort of VOCs to groundwater.

Iterative evaluations using the RESRAD-CHEM model (Appendix E) indicated that reducing the
precipitation infiltration rate to 13 mm/yr (0.5 in/yr) or less would mitigate transport of the
identified COCs to groundwater during the next 1,000 years. Water-balance studies on the
Hanford Site have shown that vegetation and soil type control the downward movement of
precipitation. For fine-grained soils even without a healthy plant cover of shrubs and grasses, net
recharge is close to zero (PNNL-14702). Site- zcific evaluations may be appropriate to verify
that an acceptable ET rate can be achieved with surface-planted vegetation.

1" »deling runs to support this conclusion did not consider “worst case” scenarios, such as
extreme weather conditions, or short periods of no vegetation due to fire or drought. These
would =ac essed as part of the remedial design process, ensuring that the remedy, as
implemented, was sufficiently protective of groundwater.

This remedy does not suffice as a final remedy because the threat to groundwater will remain as
long as the contaminants remain. Thus, revegetation must be used in conjunction with other
remedial actions that ultimately would eliminate the threat to groundwater by reducing
contaminant mass or permanently immobilizing it.
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be coordinated with the other activities that comprise the full remedial alternative, and may vary
depending on the remedy selected in the ROD.

Reasonable remedial actions will reduce the identified potential human-health risk by reducing
the contaminant mass or by reducing the potential for intrusion into the contaminated media.

Uncertainties — Available analytical res1 s for these soils only address Pu-239 and Am-241.
Sampling occurred only within the perimeter of the trench base, and only extended 2.7 m (8.9 ft)
below the trench base. Additional characterization would support a quantitative evaluation of the
effectiveness, implementability and cost of these remedies.

5.2.3.1 Backfill with Controlled-Density Fill

rem /is intended to inhibit direct contact with the con nini 1 'L r would
be implemented by introducing CDF (a flowable cement product, Section 4.2.2.3.2) into the
216-Z-9 Trench through : existing concrete cover. The trench would be completely filled with
CDF, eliminating all void space. The concrete cover and columns would remain in place. The
concrete cover and CDF would act in concert to deter biological and human intrusion. Optimal
formulation(s) and placement of the CDF would be determined during remedial design.
Although this configuration wi not physically preclude drilling or excavation, a reasonable
person encountering a 30 cm (9-in.) concrete pad underlain by a CDF monolith could be
exper d to exercise caution.

A small soil cover would be placed over the site to provide additional separation from the
contaminants, and to provide a base for vegetative cover. The soil cover would be integrated
into :existing topographic rise that occurs to the west of the trench to enhance its durability.
The actual size and configuration of this soil cover would be determined during remedial design.
For the purposes of the FS, this soil cover is assumed to be 1.2 m (4 ft) thick over the

concrete pad.

Evaluation of Backfill with Controlled-Densit- ="

This action is assessed to be effective in reducing the potential for inadvertent intrusion into the
contaminated soils.  is easily implemented and relatively inexpensive. The CDF remedial
action is carried forward for inclusion in a comprehensive remedial alternative for the

216-Z-9 Trench.

5.2.3.2 Construct Subsurface Intrusion-Prevention Feature

This remedy is intended to impede direct contact with the contaminated soil. It would be
implemented by removing : concrete cover and columns and constructing an IPF within the
trench.  1e construction details will be determined during remedial design. For the purposes of
the FS, the IPF (Section 4.2.2.3.2) is assumed to be a 3 m (10-ft) layer of coarse fractured basalt
with no fine-grained interstitial materials. The basalt would be overlain by materials intended to
1 it infiltration of finer-grained material into the interstitial spaces of the basalt. The coarse
fractured basalt is an effective barrier to burrowing, digging, and well drilling. It also creates a
dry rocky environment that is not conducive to root penetration. The IPF would be covered with
soil and indigenous vegetation to fac tate ET.
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configuration of the radionuclides located in soil beneath the trench will not cause a criticality
(uncontrolled nuclear reaction).

Several intrusive remedial alternatives are evaluated in this report to clean up the

216-Z-9 Trench. All but the No-Action Alternative involve accessing the trench, and would be
expected to require revision to the DSA, as a minimum. Therefore, preparation of the nuclear
safety basis documents should not be a significant discriminator (in terms of implementability or
cost) in identifying the preferred remedial alternatives for the =" 6-Z-9 Trench.

5.2.4.2 Alternative 0 — No Action

At the 216-Z-9 Trench, the No-Action Alternative would consist of groundwater monitoring to
assess for changes in the 1. tif nditions (see « initic in~ 477 1). Institutio
controls would not be establishe rde” ition, the No io tive we notinc’ le
any remedial activities. Therefore, it would not mitigate the identified threat to groundwater.
The No-Action Alternative does not include activities to address direct-contact risks that would
exist if unrestricted land use was a wed.

Evaluation of Altern~*= "

This alternative is not effective, because it does not address the threat to groundwater. Because
regulator approval of this alternative is unlikely (an administrative implementability criterion),
this alternative is not considered implementable. Costs are low.

5.2.4.3 Alternative 1 — Controlled-Density Fill Plus Targeted Soil-Vapor Extraction

In addition to implementing institutional controls and monitoring (Section 5.2.4.1.1),
revegetation (Section 5.2.4.1.2), targeted SVE (Section 5.2.4.1.3), and groundwater monitoring
(5.2.4.1.4), this alternative would backfill the entire trench with CDF, leaving the concrete cover
and columns in place (Section 5.2.3.1). A small soil cover would be constructed over the
concrete cover to provide a base for a selected plant community that would provide sufficient ET
to control i1 ltration and mitigate transport of contaminants to groundwater. Three new
vapor-extraction wells would be constructed throu %h the VOC contaminant source area, and
screened above and below the silt. A new 1,000-ft"/min blower would replace the existing

1 »wer to provide additional extraction capacity.

Ceratliiatinm Af Altawantisra 1

This alternative would be effective in mitigating the threat to groundwater, and in mitigating the
direct-contact pathway. It would be readily implemented, with all equipment, services, and
personnel readily available, and no apparent technical challenges. Relative costs are low

to moderate.

5.2 Alternative 2 - Intrusion-Prevention Feature Plus Targeted Soil-Vapor Extraction

In addition to implementing institutional controls and monitoring (Section 5.2.4.1.1),
revegetation (Section 5.2.4.1. 2), targeted SVE (Section 5.2.4.1.3), and groundwater monitoring
(5.2.4.1.4), this alternative would construct an IPF within the trench as discussed in

5-23












DOE/RL-2007-27 DRAFT A

. ble 5-8 lists the remedi: technologies considered viable for the risks identified at the
216-A-8 Crib, and groups them into potential alternatives.

5.3.2.1 Common Actions

Several actions are included in each of the activity-based remedial alternatives (i.e., all but the
No-Action Alternative) developed for the 216-A-8 Crib. To limit redundancy, they are listed
here and then referenced under each alternative.

5.3.2.1.1 Institutional Controls and Monitoring

The 216-A-8 Crib is within the [ELUA. Each activity-based remedial alternative includes
activities necessary to establish and maintain suital : institutional controls (Section 4.2.2.2) that
would, a minimum, (1) ensure industrial use only, (2) restrict drillit a of T,
and (3) limit access to areas of residual contamination and to structures or features that are part
of ongoing remedial actions. These controls would be implemented through the site-wide
institutional controls plan, DOE/RL-2001-41.

In addition, each activity-based remedial alternative includes ongoing environmental monitoring
and performance monitoring, as appropriate for the site. These monitoring activities will be
site-specific to a large extent, :cause they will address the risks identified at the site and the
remedy implemented. Specific monitoring plans will be developed in conjunction with the
remedial design.

5.3.2.1.2 Vadose Zone Well Decommissioning

For each of the activity-based alternatives, it would be necessary to decommission all wells that
mi; tbe impacted by the action. Decommissioning would be conducted in accordance with the
substantive requirements of the applicable portions of WAC 173-160.

5.3.2.1.3 -oundwater Monitoring

Ea alternative, including the No-Action Alternative, would include groundwater monitoring to
provide ongoing assessment for impacts from the waste site. Implementation of the site-wide
groundwater monitoring requirements that are outline in DOE/RL-89-12 and DOE/RL-91-50 is
described in PN} -11989. This plan includes a description of the monitoring well networks,
constituents, sampling frequencies, and criteria used to design the monitoring program; identifies
Federal and state groundwater-monitoring requirements and regulations; and provides a list of
wells, constituents, and samplii  frequencies for groundwater monitoring conducted on e
Hanford Site. Federal and state regulations include RCRA, CERCLA, and the Washington
Administrative Code. Groundwater monitoring for groundwater OUs associated with the
200-PW-1, 200-PW-3, and 200-PW-6 OUs is incorporated and described in PNNL-SA-32196;
thus, no new groundwater-monitoring components are required. Any changes the monitoring
approach would be defined during the final de :n phase of the selected remec
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6.0 DETAILED ANALYSIS OF ALTERNATIVES

~ch of the alternatives described in Chapter 5.0 was evaluated with respect to specific
CERCLA evaluation criteria, as rec red by 40 CFR 300.430[e][9], “Detailed Analysis of
Alternatives.” The CERCLA criteria are identified and discussed in Section 6.1 of this chapter.
Subsequent sections describe the detailed analysis of specific alternatives.

Analysis of the alternatives takes into account the nature of the contaminants at each site and the
anticipated future land use. Current land use for the 200 Areas is industrial, associated with the
waste-management activities. This land-use status is reasonably predicted to remain the same
until the year 2150, in light of the current DOE commitment to waste-management activities.

lu aluseis t d for the foreseeable future.

6.1  DESCRIPTION OF EVALUATION CRITERIA

The EPA has developed nine CERCLA evaluation criteria, defined in EPA/540/G-89/004, to
¢ lress the statutory requirements and the technical and policy considerations important for
selecting remedial alternatives. These criteria serve as the basis for conducting detailed an
comparative analyses and, subsequently, for selection of appropriate remedial actions.

The nine CERCLA evaluation criteria fall into three categories.

e Threshold Criteria

- Opverall protection of human health ar the environment
- Compliance with ARARs

e Balancing Criteria

- Long-term effectiveness and permanence

- Reduction of toxicity, mobility, or volume through treatment
- Short-term effectiveness

- Implementability

- Cost

e Modifying Criteria

- State acceptance
- Community acceptance.

Threshold criteria constitute the statutory requirements for the remedial action. All alternatives
must (1) achieve and maintain protection of human health and the environment, and (2) achieve
compliance with the ARARs. Only alternatives that meet both threshold criteria are carried
forward in the detailed analysis.

Each ernative then is evaluated to determine its efficacy with respect to the five balanc 3
criteria. The evaluation process is con tent for each alternative, and is quantitative to the extent
necessary to allow meaningfi comparison of the alternatives during the comparative analysis

(discussed in Chapter 7.0).
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6. 3 ong-Term Effectiveness and Permanence

Efficacy with respect to this balancing criterion is based on (1) post-remedy risk to human and
ecological receptors and (2) the adequacy and reliability (durability) of controls implemented to
mitigate post-remedy risks. This criterion is addressed rough a formal assessment of
anticipate post-remedy risks.

1.4 Reduction of Toxicity, Mobility, or Volume
through reatment

11 alancing criterion addresses the degree to which a remedial alternative reduces the toxic 7,
mobility, or volume of a hazardous substance thror'~h treatment. This criterion focuses on the
follc v ors:

e The treatment processes used and the materials treated
*  Whether recycling, reuse, and/or waste minimization are used in the treatment process

e The type and quantity of residuals that remain following treatment, and whe :r any
special treatment actions will be needed

e Whether the alternative satisfies the statutory preference fi treatment as a primary
element in addressing principal threat contaminants.

6.1.5 Short-Term Effectiveness

his balancing 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 speed with which an alternative achieves protection. The following factors are
considered for each alternative.

e Health and safety of remediation workers and reliability of protective measures taken.
Specifica v, this involves identification and evaluation of risks resulting from
implementation, such as fugitive dust, transportation of hazardous materials, or
air-quality impacts from off-gas emissions.

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

e The amount of time required to meet RAOs (i.e., duration of the short-term risks).

Short-term human-health impacts are closely related tc 1e duration of exposure to hazardous
materials and the other risks associated with remedial activities. Greater exposure time equates
to greater risk. Remedial actions will be implemented  compliance with all applicable
work-protection requirements.
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6 8 State Acceptance

This modifying criterion evaluates the technical issues and concerns that the EPA and  :ology
could have regarding a remedial alternative. The regulatory acceptance process would involve a
review and concurrence by the EPA and Ecology. This criterion will be addressed at the time
that the proposed plan is published.

6 9 Con unity Acce ance

This modifying criterion evaluates the issues and concerns that the public may have regarding
aremedial ternative. This criterion will be addressed following public review of the
proposed plan.

6.2 DETAILED ANALYSIS OF ALTERNATIVES
FOR THE 216-Z-1A TILE FIF .

Using the industrial-use risk scenario, assessment of risks to human health at the 216-Z-1A Tile
Field identified an unacceptable level of risk to the future site construction worker. The risk is
posed by the potential for direct contact with soils containing high concentrations of Pu-239/240
an Am-241; these three radionuclides are the principal threat contaminants at this site. Existing
data indicate that, in some locations, cc aminant concentrations generating the actionable risk
levels (i.e., concentrations exceeding the RBCs) are located approximately 1.5 m (5 ft) bgs.
Ground surface above the tile field is approximately 2.4 m (8 ft) below the natural ground
surface (Figure 2-4). Thus, action-level contamination is at least 3.9 m (13 ft) below the natural
ground surface. Vadose-zone calculations using fate and transport models identified no risk of
potentially exceeding MCLs in the groundwater within 1,000 years for the COPCs (see
Appendix E). No ARAR-driven cleanup levels were identified.

However, the SVE system operating at the 216-Z-1A Tile Field continues to remove kilogram
quantities of CCly annually. Although recent soil analyses did not identify CCl, at
concentrations that would pose a threat to groundwater, sampling did not extend more than 26 m
(85 ft) bgs. Based on the continued recovery of CCly, the FS notes a potential for residual
contamination more than 26 m (85 ft) bgs that may pose a threat to groundwater, and therefore
identifies CCly as a COPC warranting remedial action to ensure protection of groundwater.

The risk assessment process included evaluation of scenarios that assumed loss of institutional
control, for consideration during evaluation of remedial alternatives. The assessment concluded
that contamination identified at the site posed no unacceptable risk to the future driller
population, but would pose unacceptable risks to the hypothetical residential farmer population,
under the scenario discussed in Section 3.2. and Appendix A.

Simply backfilling the depression above the tile field with soil to 0.6 m (2 ft) above the current
ground surface would achieve sufficient pre ctiveness for the site construction worker,
providing more than 4.6 m (15 ft) of physical separation between the contaminants and ground
surface. However, more robust alternatives also are considered here to provide an increased
level of protectiveness, should institutional controls be circumvented in the future.
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curri  ly located within the footprint of the 2 5-Z-1A Tile Field will pose relatively minor risk
to the workers and the environment. Construction activities within the depression above the

216-Z-1A Tile Field will pose relatively minor risks to human health. All identified short-term
risks are readily mitigated by current worker protection and environmental protection programs.

Trmmlammamenhilien Expansion and continued operation of the SVE system, and ultimately,
decommuissioning of the vapor extraction wells within the site footprint, are readily
implementable activities. Construction of the IPF also is readily implemented. All required
materials and services are expected to be readily available, and existing environmental and

worker protection programs will readily address all the identified implementation risks.

Total costs fi  Alternative 2 are estimated at $5,814,907; see Appendix D for furtl

6.2.5 Alternative 3 — In Situ Vitrification Plus
Expanded Soil-Vapor Extraction

In addition to institutional controls and monitoring, expansion and continued operation of the
SVE system, decommissioning of the wells within the tile field footprint, and groundwater
monitoring (Section 6.2.1), Alternative 3 at the 216-Z-1A Tile Field would implement ISV using
GeoMelt SPV technology. It would target soils from the current ground surface to a depth of

6.1 m (20 ft), over an area equivalent to the footprint of the base of the original tile field
excavation, which is 30.3 by 79.2 m (100 by 260 ft). 1is would entail approximately 27 melts,
and would generate a glass monolith roughly 4.9 m (16 ft) thick (due to loss of pore space), with
lateral dimension of 30.3 by 79.2 m (100 by 260 ft). Additional discussion is provided in
Section 5.2.2.6.

The glass monolith essentially would encapsulate COCs that had been present in the upper 6.1 m
(20 ft) of the soil column, and would impede inadvertent intrusion into the deeper residual
contamination.

6.2.5.1 Contingencyl n

Assuming that sufficient ch.  cterization is conducted before in :ntation, no reasonable
deviations were identified for the ISV portion of Alternative 3 at the 216-Z-1A Tile Field.

A reasonable deviation from the SVE portion of Alternative 3 would be discovery of a CCly ‘
source area. Contingent action that would address this discovery would include the following:

¢ Removal of the contaminated soils, treatment as necessary, and dispos: or
e More aggressive application of SVE, augmented with ERH as appropriate.

6.2.5.2 Environmental Monitoring

Environmental monitoring would consist of periodic groi dwater monitoring conducted as part
of the site-wide program, and soil vapor monitoring (Section 6.2.1).

6-11












































































































DOE/RL-2007-27 DRAFT A

Figure 6-1. Decay of Cesium-137 in Soils at the 216-A-8 Crib.
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soils th: lie deeper in the vadose zone. Short-term risks are moderate, associated primarily with
the off-gas treatment system and associated waste streams, and are readily mitigated.

Alternative 4 (with partial RTD) is ranked third. It eliminates risk to the site construction worker
by removing all contaminated soils to a depth of 8.5 m (28 ft) below the final finished grade.
However, it poses significant short-term risk to the worker, public, and the environment
associated with the potential for radiological exposures and spread of contamination during
excavation activities and subsequent management of the wastes. Existing site safety programs
are believed capable of mitigating all identified risks. Alternative 4 is expected to generate
significant quantities of waste that contain greater than 100 nCi/g of transuranic isotopes v h
half-lives exceeding 20 years.

Alternative 1 (with soil backfill) is ranked fourth. It mitigates risk to the industrial site worker
by e iblishing 4.6 m (15 ft) of separation from the C(  : that the s. The activit
conducte to mitigate direct-contact risks present minimal short-term risks and generate no
significant waste stream.

Altenn ives | through 4 are equally protective « groundwater, implementing identical remedial
actions (Expanded SVE) to enhance capture of CCly vapors present in the subsurface. Therefore,
consideration of this aspect of each remedial action is not relevant to comparison of e
alternatives. Expanded SVE is not considered in comparison of alternatives with respect to the
seven CERCLA criteria.

7.1.1.2 Compliance with Applicable or Relevant and Appropriate Requirements

The ARARs are ident ed in Appendix C. ARARs do not drive remedial actions at the
216-Z-1AT :Field. owever, all incur ARARSs associated with the remedial activities that they
implement.

Although the complexity of the ARARs incurred by each alternative varies, sometimes
substantially, no compliance difficulties are anticipated for Alternatives 1-4. All meet this
threshold criterion.

Alternatives 1 and 2 incur ARARS associated with filling in the depression above the tile field,
such as fugitive dust control and protection of cultural and ecological resources. Both can
re:. 7 achieve compliance.

A rnative 3 (with ISV) incurs ARARs for air emissions and waste management associated
primarily with the off-gas system and the associated waste streams. Compli e is :lieved to

be readily achievable.

Alternative 4 will incur ARARSs associated with air quality, air emissions, and waste
management associated with excavation. Compliance is believed to be readily achievable.
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This section documents comparative analysis of the five alternatives considered for final
remediation of the identified threat to groundwater at the 216-Z-9 Trench. Note that each
alternative includes revegetation and targeted SVE. These remedial actions are essentially
identical under each alternative and therefore are not relevant to a comparison of alternatives.
Discussion of these activities is very limited.

¢ Alternative 0 — No Action

e A ‘mnative 1 — CDF plus Targeted SV

e Alternative 2 — IPF plus Targeted SVE

e Alternative 3 — ISV plus Targeted SVE

. te iived - art I'D plus Targeted SVE.

7.2.1 T ‘eshold Criteria

Threshold criteria are of greatest importance in the comparative analysis because they reflect the
key statutory mandates of CERCLA. The threshold criteria that any viable alternative must meet
are as follows:

e Qpverall protection of human health and the environment
e Compliance with the ARARs.

7.2.1.1 Overall Protection of Human Health and the Environment

At the 216-Z-9 Trench, this criterion addresses the ability of an alternative to achieve RAO 2,

-otectiveness of groundwater, and to minimize risk to human health and the environment during
implementation. To support comparison, the discussion here typically will focus on activities
that are unique to each alternative, and avoid mention of activities that are included in all
remedial alternatives, such as targeted SVE. Alternatives 1 through 4 all meet this threshold
criterion.

Alternative 1 (with CDF) is ranked first. It provides viable protection of groundwater, equal to
that of the other alternatives. Alternative 1 ensures continued mitigation of direct-contact risks
to the site construction worker by leaving the trench cover in place and filling the trench void
with appropriately formulated CDF, provi ng durable physical separation from the
contaminated soils beneath the trench floor. Implementation risks are significantly lower for tl
i ernative than for the others.

£ ernative 2 (with Il is ranked second. It provides viable protection of groundwater, equal to

that of the other alternatives. Alternative 1 ensures continued mitigation of direct-contact risks

to the site construction worker by removing the cover and columns and constructing a

substantive physical barrier, providing durable physical separation from the contaminated soils

beneath the trench floor. Activities to gain entry to the trench and prepare it for construction of

the IPF pose radiologici exposure risks to the workers. These activities involve very limited |
intrusion into soils at the trench base. All identified short-term risks are readily mitigated by |
existing safety programs.
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Alternative 2 ranks second. Although it achieves long-term protectiveness quickly, this benefit
is offset by very high short-term risks to remedial-action workers. Although excavation of

re ologically contaminated soils is a routine activity, the risks incurred are substantial. These
risks can be mitigated through the implementation of existing safety programs, but the
consequences of failed mitigations could be substantial.

7.3 2 Compliance with Ap] cable or Relevant and Appropriate Requirements

Alternative O incurs no action-specific ARARs. Alternatives 1 and 2 are both expected to
achieve compliance with the ARARs driving protection of human health and ecological
reci  Ors.

al

The alternatives are compared with respect to the balancing criteria in the following discussion.
The primary balancing criteria to which relative advantages and disadvantages of the alternatives
are compared include the following:

e Long-term effectiveness and permanence

¢ Reduction of toxicity, mobility, or volume through treatment
e Short-term effectiveness

¢ Implementability

e Cost.

The first balancing criterion assesses the ability of the alternative to remain effective for the
duration of elevated risk. The secon balancing criterion addresses the statutory preference for
treatment as a principal element of the remedy and the bias against offsite land disposal of
untreated material. Together with the third and fourth criteria, they form the basis for
determining the general feasibility of each potential remedy. The final criterion addresses
whether the costs associated with a potential remedy are proportional to its overall effectiveness,
considering both the cleanup period and operation and maintenance requirements during and
following cleanup. Therefore, it can be determined whether a potential remedy is cost-effecti’
relative to others. Key trade-offs among alternatives will most frequently relate to one or more
of the balancing criteria.

7.3.2 Long-Term Effectiveness and Permanence

Both Alternatives 1 and 2 achieve long-term protectiveness and permanence with respect to the
Cs-137-related risks to the site construction worker and the hypothetical residential farmer
population. (Again, no unacceptable risks are posed to the future driller population.)

Alternative 2 is ranked first because it achieves this protectiveness more quickly and eliminates
the potential threat to groundwater posed by long-lived Tc-99.

Alternative is ranked second because the monofill ET barrier would need to be maintained to
sustain protectiveness.
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documented in Chapter 6.0. This detailed analysis assessed each site-specific remedial
alternative with respect to the following criteria.

e Threshold criteria:

- Overall protection of human health and the environment
~ Compliance with ARARs

e Balancing criteria

- Long-term effectiveness and permanence

- Reduction of toxicity, mobility, or volume through treatment
- Short-term effectiveness

- In ‘emer Tility

- Costu

For each representative waste site, alternatives that met the threshold criteria were carried
forward into the comparative analysis, documented in Chapter 7.0. Here, the information
developed in the detailed analysis was used to compare the remedial alternatives, and to identify
a preferred alternative for each representative waste site. The outcome of the detailed analysis
and the subsequent comparative analysis was as follows.

Detailed analysis of alternatives for the 216-Z-1A Tile Field brought forward the following five
remedial alternatives:

¢ Alternative 0 — No Action (consideration required by CERCLA)
e Alternative 1 — Soil Backfill plus Expanded SVE

e Alternative 2 — IPF plus Expanded SVE

e Alternative 3 — ISV plus Expanded SVE ,

¢ Alternative 4 — Partial RTD plus Expanded SVE.

Based on the comparative analysis of these alternatives, Alternative 2 — Intrusion-Prevention
Feature plus Expanded Soil-Vapor Extraction was identified as the preferred alternative for
the 216-Z-1A Tile Field. It achieves protectiveness by establishing 4.6 m (15 ft) of separation
between the contaminants that exceed RBCs, and provides a durable physical barrier to intrusion
that is effective under both industrial use and a potential future unrestricted land-use scenario,
should institutional controls fail in the future. Short-term risks are minor, associated with
activities that are routine at the Hanford Site and readily and effectively controlled by existing
Hanford Site worker protection and environmental protection programs. The only waste stream

nnerated is from the SVE system, currently implemented at the site as an expedited response
action to remove CCly mass and protect groundwater. The present-worth cost for this alternative
is estimated at $5,814,907; see Appendix D for further details.

Detailed analysis of alternatives for the ~ " 6-Z-9 Trench brought forward the following five
remedial alternatives:

e Alternative 0 — No Action (consideration required by CERCLA)

e Alternative 1 — CDF plus Targeted SVE
e Alternative 2 — IPF plus Targeted SVE
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¢ lead agency also may evaluate v :ther a remedy change is warranted on its own merits,
even where the requirements of the NCP (40 CFR 300.825][c]) are not triggered.

9~ 4 Remedial esign

The technical specifications for cleanup remedies . 1 technologies are detailed in the remedial
design after development of the remedial design/remedial action work plan. The remedial design
for the 200-PW-1, 200-PW-3, and 200-PW-6 OUs and the 200-ZP-1 Groundwater OU will need
to be integrated to address remediation of CCl, in the vadose zone and groundwater. The EPA
oversees development of the design and specifications for the selected remedy based on the
specifications described in the ROD.

9.2.5 Remedial A on

emedial action follows the remedial design phase and involves the actual construction or
implementation phase of site cleanup. EPA oversees construction and operation of the reme
based on the specifications described in the ROD and the remedial design.

9.2.6 Five-year eview

CERCLA 5-year reviews provide an opportunity to evaluate the implementation and
performance of a remedy to determine whether it remains protective of human health and the
environment. Data summaries will be reviewed for performance monitoring of the remedy
implementation in the 5-year review. Generally, reviews are performed 5 years following the
initiation of a CERCLA response action, and are repeated every succeeding 5 years as long as
future uses remain restricted. EPA will perform 5-year reviews, and EPA retains responsibility
for determining the protectiveness of the remedy.

9.2.7 National Priorities List Delisting

The final closeout report documents compliance with the CERCLA decision doct  :nts and
remedial design report/remedial action work plans for a Superfund site and provides a
consolidated record of all removal and remedial actions for the entire NPL (40 CFR 300).

The final closeout report describes how the cleanup was accomplished and provides the overall
technical justifica Hn for site d  sting from t  National Priorities List by the EPA.
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CERCLA Process
. —oewn el Imerviews
|- Records Review |
—.
O
vawa vunsuun
|: Define Nature and Extent of
+ Evaluate Risks uesgn .
« Screen Potential Alternatives - Construction/Implementation/O&M
« Develop Alternatives, Including Costs + Closure Report

+ Evaluate Alternativec Anainet NCIP Critaria

r Action not after Site it any point in the process when a concerr d.

Step 1. Site Inspection. “Site inspection” includes interviewing site personnel regarding the history
of the site, reviewing waste disposal records, and evaluating existing data.

Step 2. Remedial Investigation. “Remedial investigation™ consists of conducting an environmental
study to identify the nature and extent of contamination and performing a preliminary evaluation of
the risk posed to human health and the environment.

Step 3. Feasibility Study. The “feasibility study” (FS) includes the details of a remedial alternatives
evaluation, which includes a complete risk assessment of current conditions and an evaluation of the
potential risk reduction presented for each of the remedial alternatives that are considered.

Step 4. Proposed Plan. The “Proposed Plan” (this document) is based on previous field
investigations and reports that are completed in the first three steps of the CERCLA process described
above. The Proposed Plan summarizes the remedial alternative evaluations and presents the preferred
alternative recommended in the FS to the public for comments.

Step 5. Record of Decision. The “Record of Decision” (ROD) formally documents the cleanup
alternative that was selected after the Tri-Parties reviewed and responded to public comments on the
Proposed Plan.

Step 6. Remedial Action. “Remedial action” consists of the actual cleanup activities being
performed. When cleanup is completed a final report is written that describes the remedial actions
implemented, the result of the actions, and the conclusion of the CERCLA process.

Site Characteristics

The 200-PW-1, 200-PW-3, and 200-PW-6 OUs are located in an area that has a semi-arid climate with an
average annual precipitation of 17 cm (6.8 in.). The 200 East and 200 West Areas occupy approximately
51 km® (19.5 mi*) of the Hanford Site. Facilities located in these areas were built to process irradiated
nuclear fuel from the production reactors located in the 100 Areas along the Columbia River (Figure 1).
The operation of these facilities included discharging liquid wastes directly into the soil at 15 of the
17 waste sites in these OUs (two of the sites are tanks that are not believed to have leaked).

These waste sites are located in the Pasco Basin, one of several structural and topographic basins of the

Columbia Plateau in south-central Washington State. Basalts of the Columbia River Basalt Group and
a sequence of younger sediments underlie the waste sites.
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nanocuries per gram

picocuries per gram

Plutonium Finishing Plant

Plutonium Reclamation Facility

preliminary remediation goal

plutonium-uranium extraction

remedial action objective

risk-based concentration

Resource Conservation and Recovery Act of 1976
Recovery of Uranium and Plutonium by Extraction
RESidual RADioactivity dose model

rem al investigati

U.S. Department of Energy, Richland Operations Office
Record of Decision

remo’  trc  ment, and disposal

soil screeni:  level

soil vapor extraction

semi-volatile organic compound

standard waste box

tributyl phosphate

U.S. Department of Energy, Washington State Department of Ecology,
and U.S. Environmental Protection Agency

Hanford Federal Facility Agreement and Consent Order
volatile organic compound

Washington Administrative Code

Waste Isolation Pilot Plant

cubicyi Is
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Public Information Repository locations:

This Proposed Plan is available for viewing at the following public information repositories:

O 0 1NNk W N —

Public Access Room

2440 Stevens Center, Room 1101

P.O. Box 950, Mail Stop H6-08

Richland, WA 99352

Phone: (509) 376-2530

Fax: (509) 376-4989

ATTN: Svlvia Cook

e-mail:

Hours: v:vuto 11:50 am., 1:00 to 3:30 p.m.
Office closed every other Friday.

Suzzallo Library
University of Washington
P.O. Box 352900

Seattle, WA 98195-2900
Phone: (206) 543-4664
Fax: (206) 685-8049

DOE-RL Public Reading Room
Washington State University

Consolidated Information Center, Rm. 101L
2770 University Drive

Richland, WA 99352

Phone: (509) 372-7443

Fax: (509) 372-7444

Gonzaga University

Foley Center

East 502 Boone

Spokane, WA 99258-0001
Phone: (509) 323-6110
Fax: (509) 324-5806

Portland State University
Branford Price Millar Library
934 SW Harrison

Portland, OR 92707-1151
Phone: (503) 725-4126

Fax: (503) 725-4524
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