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309 Bradley Blvd., Suite 115 in\

Richland, Washington 993! 0CT 022

Dear Mr. Ceto: EDN

FEASIBILITY STUDY FOR THE PLUTONIUM/ORGANIC-RICH PROCESS
CONDENSATE/PROCESS WASTE GROUP OPERABLE UNIT: INCLUDES THE
200-PW-1, 200-PW-3, AND 200-PW-6 OPERABLE UNITS, DOE/RL-2007-27, DRAFT A
AND PROPOSED PLAN FOR 200-PW-1, 200-PW-3, AND 200-PW-6 OPERABLE UNITS,
DOE/RL-2007-40, DRAFT A

The purpose of this letter is to provide the Feasibility Study for the Plutonium/Organic-Rich
Process Condensate/Process Waste Group Operable Unit: Includes the 200-PW-1, 200-PW-3,
and 200-PW-6 Operable Units, DOE/RL-2007-27, Draft A and Proposed Plan for 200-PW-1,
200-PW-3, and 200-PW-6 Operable Units, DOE/RL-2007-40, Draft A for review and comment
by the U.S. Environmental Protection Agency (EPA).

These two documents were prepared as a collaborative effort with early and frequent input from
EPA. Several workshops were conducted to brief the State of Washington Department of
Ecology, Tribal Nations, State of Oregon, and the Hanford Advisory Board on the methodology
and progress of the risk assessment and the Feasibility Study process.

Submittal of the Feasibility Study for the Plutonium/Organic-Rich Process Condensate/Process
Waste Group Operable Unit: Includes the 200-PW-1, 200-PW-3, and 200-PW-6 Operable Units,
DOE/RL-2007-27, Draft A and the Proposed Plan for 200-PW-1, 200-PW-3, and 200-PW-6
Operable Units, DOE/RL-2007-40, Draft A to EPA satisfies the Tri-Party Agreement Interim
Milestone M-015-45B. Please note that the Appendices A-F are included on a CD in the report.
In accordance with the Tri-Party Agreement, please provide comments to the U.S. Department of
Energy, Richland Operations Office (RL) by close of business on November 15, 2007.

RL has scheduled a briefing to discuss the key components of these documents the week of
October 1, 2007. RL followed the CERCLA process in developing remedy alternatives and
evaluated the alternatives using the first seven CERCLA criteria. As you are aware, these seven
criteria focus on the environmental, technical, and implementation aspects of the alternatives.

RL recognizes that the proposed plan may be modified, after public review, to address public and
State acceptance, including potential concerns involving transuranic contaminants.
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If you have any questions, please contact me, or your staff may contact Matt McCormick,
Assistant Manager for the Central Plateau, on (509) 373-9971.

Sincerely,

mof%(mﬁ\w—\
ravid A. Brockman
AN 24T Manager

Attachments

cc w/attachs:

G. Bohnee, NPT

L. Buck, Wanapum
R. S. Dinicola, USGS
D. A. Faulk, EPA

S. Harris, CTUIR

J. Hedges, Ecology
R. Jim, YN

S. L. Leckband, HAB
K. Niles ODOF

A1V AAVLMLAWALLAL 1 VI LAL

cc w/o attachs:

B. A. Austin, FHI
B. H. Ford, FHI

D. S. Miller, FFS
R. E. Piippo, FHI
A. F. Shattuck, FFS
J. G. Vance, FFS
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EXECUTIVE SUMMARY

The lutonium/Organic-Rich Operable Unit (OU) Group waste sites are located in the 200 West
and 20C _ust Areas of the Hanford Site within the industrial (exclusive) land-use boundary
(Figu ). The Plutonium/Organic-Rich Group OU consists of 17 Comprehensive

Envir al Re mse, Compensation, and Liability Act of 1 980' (CERCLA) past-practice
liquid-waste disposal sites within three OUs (the 200-PW-1, 200-PW-3, and 200-PW-6 OUs).
Ten of these waste sites are cribs, two are settling tanks, and there is one each of the following
waste sites: tile field, French drain, injection/reverse well, covered trench, and an unplanned
release. T : waste sites in both the 200-PW-1 and 200-PW-6 OU, located in the 200 West Area,
received aqueous process and laboratory wastes containing primarily an  icium and plutonium.
The ~10-PW-1 OU waste sites also received o inic waste consisting primarily of carbon
tetrachloride, tributyl phosphate, and lard oil. 1ne 200-PW-3 waste sites, located in the 200 East
Area, received liquid wastes containing uranium, plutonium, fission products, and organics,
primarily normal paraffin hydrocarbons, tributyl phosphate, and butanol.

The U.S. Department of Energy (DOE) recognized the potential risks posed by some of the
contaming sar took expedited actions to reduce those risks at some of the more contaminated
sites. In the 1970s, 0.3 m (1 ft) of soil was removed from the floor of the 216-Z-9 Trench, which
was cont 1nated with high concentrations of plutonium and americium, to reduce the risk of a
nuclear criticality reaction. In the early 1990s, soil-vapor extraction (SVE) was implemented at
the 216-Z-9 Trench, 216-Z-1A Tile Field, and 216-Z-18 Ct  waste sites to mitigate risks to
groundwater by capturing volatile organic compounds, primarily carbon tetrachloride, from the
subsurface soils. Both of these actions significantly reduced the mass of contaminants present at
these sites. Approximately 58 kg (128 Ib) of plutonium and a significant (but undocumented)
amount of americium were removed from the floor of the 216-Z-9 Trench. SVE, which is still in
operatic has removed approximately 79,000 kg (174,000 Ib) of carbon tetrachloride as of
September 2006, as well as an unquantified amount of other volatile contaminants.

The 216-Z-9 Trench and the 216-Z-1A Tile Field, along with the other Plutonium/Organic-Rich
OU waste sites, represent significant challenges in terms of remedial design. Some of the sites
received hazardous wastes with both long-lived radionuclides and organic components. The
geometries (e.g., size, depth, piping configurations) are different for almost every waste site.
The gec Hgic conditions that influenced the migration of the waste components into the
subsurface soils also vary within this group of waste sites. These complexities make the analysis
and identification of remedial alternatives a challenging task, because the evaluation has to
consider both radionuclide contamination that is held (sorbed) in the soil matrix at various depths
as well as organic contam tion that was more mobile in different phases (vapor, aqueous, and
as a nonaqueous phase liquid), which spread organic (and some radionuclide) contaminants in a
fferent subsurface pattern than typically found at sites with only radionuclide contamination.

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

il







DOE/ "~ 2007-27 DRAFT A

The analogous waste-site approach identifies and evaluates various remedial alternatives for ea
representative waste site using the data presented in the Remedial Investigation ....) Report
(DOE/RL-2006-51°). The remedial alternatives are evaluated with respect to the first seven of
the nine ( RCLA criteria (EPA/540/G-89/004, OSWER Directive 9355.3-014) (two threshold
criteria [(1) protection of human health and the environment; (2) compliance with applicable or
relevant and appropriate requirements (ARAR)] and five balancing criteria [(3) lo: term
effectiveness and permanence; (4) reduction of toxicity, mobility, or volume through treatment;
(5) short-term effectiveness; (6) implementability; (7) costs]) to identify a preferred alternative(s)
for the evaluated waste sites. The resulting preferred remedial actions are summarized in the
proposed plan (DOE/RL-2007-40%), which is made available for public review and comment.
The two modifying criteria ([8] State acceptance; [9] community acceptance) will be evaluated
by the U.S. Environmental Protection Agency through the public review process of the proposed
plan (EPA/. )/G-89/004) and documented in a record of decision.

Remedial alternatives for each representative waste site are evaluated in this FS. Remedies for
the analogous waste sites are, by definition, selected by analogy to their representative waste site.
The remedies for the analogous waste sites will be presented in the proposed plan. There, the
analogous waste sites are described briefly, the anticipated risks are listed, and a remedial
alternative is identified for each waste site. A key principle of the analogous waste sites

. _oroach is to recognize that contingencies are considered whereby alternative remedial action
may be required, should data collected during the remedial design or implementation
demonstrate that the preferred remedy identified in the FS or proposed plan is not appropriate.

After the selection and documentation of the preferred remedial alternatives for these waste sites,
including contingent actions, is published in the record of decision, the remedial design process
can begin. This process will require the collection of additional site-specific data to confirm that
the selected remedy or a contingent remedy is appropriate for the waste-site conditions. During
this confirmation process, if new data are found that deviate from those anticipated in the site
conceptual contamination model, then contingent actions to the preferred alternative can be
invoked (as described in this FS and the proposed plan) and can be incorporated into the
remedial design. Two examples of how the contingent actions would be applied are as

follows: (1) If volatile organic compounds are found to be present at an analogous waste site, an
SVE system would be used to remediate that site, even though the representative waste site did
not have SVE as part of the preferred alternative except as a contingent action; and

3 DOE/RL-2006-51, 2006, Remedial Investigation Report for the Plutonium/Organic-Rich Process
Condensate/Process Waste Group Operable Unit: Includes the 200-PW-1, 200-PW-3, and 200-PW-6 Operable
Units, Draft A, U.S. Department of Energy, Richland Operations Office, Richland, Washington.

* 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.

> DOE/RL-2007-40, in process, Proposed Plan for the Plutonium/Organic-Rich Process Condensate/Process Waste
Group Operable Unit: Includes the 200-PW-1, 200-PW-3, and 200-PW-6 Operable Units, Draft A, U.S. Department
of Energy, Richland Operations Office, Richland, Washington.
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e Alternative 2 — Intrusion-Prevention Feature plus Targeted SVE
» Alternative 3 — ISV plus Targeted SVE
e Alternative 4 — Partial RTD plus Targeted SVE.

Based on the comparative analysis of the remedial alternatives carried forward for the

216-Z-9 Trench, Alternative 1 — Controlled-Density Fill plus Targeted SVE was identified as
the preferred alternative (see Table ES-3). It achieves protectiveness upon implementation by
upgrading the SVE system to enhance its ability to reduce contaminant mass in the source area.
It also provides a durable physical barrier to potential exposures and intrusion by backfilling the
trench with controlled-density fill that is effective under both industrial land-use and unrestricted
land-use scenarios. Short-term risks are minor, associated with activities that are routine at the
Hanford Site and readily and effectively controlled by existing Site worker protection and
environmental-protection programs. The only waste stream generated is from the SVE system,
¢ ntlyimp  ented at the Site as an expedited response action to remove carbon tetrachloride
mass from the vadose zone and protect groundwater. The present-worth cost for this alternative
is estimated at $4,706,371.

241-7-361 Settling Tank. Characterization from 1999 to 2001 identified plutonium in the
sludge remaining in the tank. There is no indication that the tank has leaked. Potential remedial
technologies for removal of the sludge were developed and evaluated in a previous study
(DOE/RL-2003-52%). This report identified a preferred alternative for removing the sludge,
consisting of Power Fluidics’ to loosen and homogenize the sludge. Slurry plumps would be
used to transfer the fluidized sludge to standard waste boxes, where adsorbents are used to
stabilize the sludge. Based on available data, the standard waste boxes would be designated as
mixed transuranic waste. The only path forward for mixed transuranic wastes at this time is
disposal at the Waste Isolation Pilot Plant near Carlsbad, New Mexico. Once the sludge has
been removed from the tank, the tank would be left in place and backfilled with
controlled-density fill. No new information has been developed for this tank since that report, so
the recommended preferred alternative is carried forward in this FS. The present-worth cost for
this alternative is estimated at $12,918,889.

216-A-8 Crib. The Rl identified significant Cs-137 contamination at the 216-A-8 Crib.
Geophysical logging in RI Borehole C4545 during 2005 showed very high readings between
34and 7" 3 m (11 and 73 ft) below ground surface (bgs), with a maximum of 1.5 x 107 pCi/g
identified at 6.1 m (20 ft) bgs. Soil sampling from Borehole C4545 in 2005 showed a maximum
concentration of 877,000 pCi/g, found in a sample collected from the interval between 5.8 and
6.6 m (19 and 21.5 ft) bgs. The depths given are depths below the top of a 0.6 m (2 ft) thick
stabilization cover emplaced in 1990.

° DOE/RL-2003-52, 2003, Tank 241-Z-361 Engineering Evaluation/Cost Analysis, Rev. 0, U.S. Department of
Energy, Richland Operations Office, Richland, Washington.

7 Power Fluidics is a trademark of NuVision Engineering, Inc., Pittsburgh, Pennsylvania.

X
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The alternatives considered for the 216-A-8 Crib are as follows:

e Alternative 0 — No Action
e Alternative 1 — Monofill Evapotranspiration Barrier
¢ Alternative 2 — Partial RTD.

Based on comparative analysis of the alternatives carried forward for the 216-A-8 Crib,
Alternative 1 - Monofill Evapotranspiration Barrier was identified as the preferred
alternative (see Table _3-4). It ac eves protectiveness by controlling access to the principal
threat contaminant and limits infiltration and thus migration of contaminants (specifically
Tc-99). The principal threat contaminant, Cs-137, is expected to decay to levels that pose no
unacceptable risk to the industrial-site construction worker within 136 years, and to levels that
pose no unacceptable risk to the future well driller or future residential farmer within 249 years.
Institutional controls will ensure that the barrier is protected and maintained during that time
period. Short-term risks incurred are associated with activities that are routine at the Hanford

Site and readily and effectiv: rolled by existing Site worker protection and
\Viros -pr | pr ™ pre t Hrth cost for this a ‘ve im at
$3,965,968.

216-Z-10 Injection/Reverse Well. As discussed in the RI, historical soil sampling and
geophysical logging in three adjacent boreholes identified no significant plutonium
contamination near the 216-Z-10  ection/Reverse Well. Because no contamination was
identified in the upper 4.6 m (15 ft) of the soil column, there is no identified direct-contact risk to
potential human and ecological receptors. The plutonium disposed of in this well is expected to
be bound to the sediments in proximity to the well perforations from 36 to 46 m (118 to

150 ft) bgs. The RESidual RADioactivity (RESRAD) (ANL, 2005% modeling of plutonium fate
and transport at the 216-Z-9 Trench showed no risk to groundwater, so even though there are
differences in the depth of the plutonium contamination between these sites, the limited amount
of plutonium at the 216-Z-10 Injection/Reverse Well is not likely to migrate to groundwater.
Therefore, there is no regulatory requirement to develop or implement remedial alternatives for
this waste site.

This waste site will be closed by decommissioning e well in accordance with

WAC 173-160-381.” As a precaution, decommissioning activities will be modified to the extent
possible to minimize the volume of liquid introduced into the well during the decommissioning
process. Grouting will seal the well and annular space, precluding infiltration of water from

the surface.

8 ANL, 2005, RESRAD, Version 6.3 Fnvironmental Assessment Division Argonne National Laboratory, Argonne,
Illinois, available on the Internet at

WAC 173-160-381, “Minimum Standards for Construction and Maintenance of Wells,” “What are the Standards
for Decommissioning a Well?” Washington Administrative Code, as amended, Washington State Department of
Ecology, Olympia, Washington.
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1.0 INTRODUCTION

The Hanford Site, managed by the U.S. Department of Energy (DOE), encompasses
approximately 1,517 km” (586 mi®) in the Columbia Basin of south-central Washii  on State.
In 1989, the U.S. Environmental Protection Agency (EPA) placed the 100, 200, 300, and

1100 Areas of the Hanford Site on the 40 CFR 300, “National Oil and Hazardous Substances
Pollution Contingency Plan” (National Contingency Plan [NCP]), Appendix B, “National
Priorities List” (NPL), pursuant to the Comprehensive Environmental Response, Compensation,
and " “ability Act of 1980 (CERCLA). The process for characterization and remediation of waste
sites at the Hanford Site is add sed in the Hanford . .deral Facility Agreement and Consent
Order (Ect Hgyet ., 1989), commonly referred to as the i-Party Agreement. Submittal of
this feasibility study (FS) for the Plutonium/Organic-Rich _.oup C™~ waste sites by

N i 30, 2007, will n " Party Agreement Milestone M-015-45B.

The 200 Areas NPL site is in a region referred to as the Central Plateau and consists of the

200 West /  a and 200 East Area (Figure 1-1). The 200 Areas contain approximately 700 waste
sites that include waste management facilities and inactive irradiated nuclear-fuel reprocessing
facilities. These sites are managed by the DOE, Richland Operations Office (RL), excluding
sites assigned to the Tank Farms Waste Management Area. Several waste sites in the 600 Area,
located near the 200 Areas, also: included in the 200 Areas NPL.

In 2002, RL, EPA, and Washington State Department of Ecology (Ecology) conducted a
thorough review of the cleanup approach that was being applied through DOE/RL-98-28,
200 Areas Remedial Investigation/Feasibility Study Implementation Plan — Environmental
Restoration Program (Implementation Plan) and identified improvements to accelerate cleanup
of these waste sites. As part of this improved approach to accelerating waste-site cleanup, these
three agencies (the Tri-Parties) agreed to consolidate the 23 process-based operable units (OU)
into 12 groups based on similarities between contaminant sources (Tri-Party Agreement
Milestones M-13-02-01 and M-15-02-01, approved in June 2002). As a result of this process,
the Plutonium/Organic-Rich Process Condensate/Process Waste Group OU (200-PW-1 OU), the
Organic-Rich Process Condensate/Process Waste Group OU (200-PW-3 OU), and the Plutonium
Process Condensate/Process Waste Group OU (200-PW-6 OU) were consolidated into one group
— the Plutonium/Organic-Rich Group OU - because the waste sites in all three OUs received
plutonium- and/or organic-rich process condensates and process wastes. All of the
Plutonium/Organic-Rich Group OU waste sites are located in the 200 East and 200 West Areas
w sgures 1-2 through 1-4) within the industrial-exclusive land-use boundary identified in
\OE/EIS-0222-F, Final Hanford Comprehensive Land-Use Plan Environmental Impact
Statement igure 1-1).

The Plutonium/Organic-Rich Group OU consists of 17 CERCLA past-practice liquid-waste
disposal sites and areas where carbon tetrachloride (CCl,) has migrated beyond the boundaries of
the known CCly disposal sites in the 200-PW-1 OU. Ten of these waste sites are cribs, two are
settling tanks, and there is one each of the following waste sites: tile field, french drain,
injection/reverse well, covered trench, and an unplanned release. able 1-1 identifies the

17 waste sites in the Plutonium/Organic-Rich Group OU.

1-1
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and risk assessment at sites containing residual radioactive materials. Extensive documentation,
including a user’s manual, validation and verification documents, and guidance on input data
sources support the validity of RESRAD risk and dose estimates. The calculations are based on
widely accepted conservative models and assumptions that tend to overestimate the doses and
risks to individuals.

3.2.3 Toxicity Assessment

The third step in risk assessment is an evaluation of the toxicity of the COPCs by an assessment
of the relationship between the dose of a contamin: :and the occurrence of toxic effects.
Chemical toxicity criteria, which are based on this relationship, consider both cancer effects and
effects other than cancer (noncancer effects). The toxicity criteria are required to quantify the
pote ial healthr s caused by the COPCs. ~ 1ly cancer effects are of concern for the
radionuclides (except for uranium, which was not a COPC in soil); however, a number of the
nonradionuclide COPCs are considered toxic for their potential to induce cancer and because of
their non-cancer toxic effects. The toxicity criteria used in the risk calculations are presented in
Appendix A, Tables A4-1 through A4-3. Toxicity criteria for nonradionulcides are from ™~ A,
preferentially PA’s Integrated Risk Information System (IRIS) (EPA, 2007), an online database
of toxicity criteria, but were obtained from other EPA sources if a value was not available in
IRIS. Tox" 'ty criteria for the radionuclides are from EPA/402/R-99/001, Cancer Risk
Coefficients for Environmental Exposure to Radionuclides, Federal Guidance Report No. 13.
This report incorporates state-of-the-art models and methods that take into account age and
gender dependence of radionuclide intake, metabolism, dosimetry, radiogenic cancer risk, and
competing risks. Additional toxicological information for the COPCs can be found in
Appendix A, Attachment A-5.

3.2.4 Risk-Assessment Results

Risks (for cancer) and hazards (for noncancer effects) are calculated for an RME scenario for
each pathway, a calculation that overestimates risks for the majority of the population to ensure
that public health is protected. Cancer risk estimates represent the potential for cancer effects by
estimating the probability of developing cancer over a lifetime from site exposures (e.g., a risk of
1 x 10 indicates a one-in-one-million chance of developing cancer from exposures at the site).
Noncancer hazards assume that there is a level of chemical intake that is not associated with an

- adverse health effect even in sensitive individuals. = e EPA’s target cancer risk goal is 1 x 10
to 1 x 10, with action usually required if risks exceed 1 x 10™*; target health goals for non-canc:
contaminants are a hazar index of less than or equal to 1. Table 3-2 summarizes the cancer risks
from exposure to COPCs in soil for all three populations evaluated: construction workers, future
drillers, and future residential farmers. No non-cancer hazard indexes exceeded one for any
population at any waste site. Non-cancer results are shown on Tables A5-3 and A5-7 in
Appendix A.

Under current industrial land use and institutional controls, there are no significant exposures to
chemicals and radionuclides in soil. Volatile or radiological emissions from the subsurface are
insignificant for workers. Institutional controls prevent the use of impacted groundwater, and
impacted soil is covered by at least 1.8 m (6 ft) of un-impacted soil. However, if construction

3-11
























DOE/RL-2007-27 DRAFT A

WN 29253, Central Plateau Terrestrial Ecological Risk Assessment Data Quality Objectives
Summary Report — Phase I1l. The sampling and analysis plans are DOE/RL-2004-42, Central
Plateau Terrestrial Ecological Sampling and Analysis Plan - Phase I, DOE/RL-2005-30, Central
Plateau Terrestrial Ecological Sampling and Analysis Plan - Phase II; and DOE/RL-2006-27,
Central Plateau Terrestrial Ecological Sampling and Analysis Plan — Phase III).

Problem formulation involved reviewing relevant site records (e.g., WIDS) as a first step to
assess existing data on site conditions pertinent to ecological exposure. This information was
consi :red before the site visit was undertaken (ERAGS Step 1). As noted in ERAGS, a possible
outcome of 2 site visit is a determination that present or future ecological impacts are negligible
because complete exposure pathways do not.exist. This is tant determination, and the
guidance e Hhasizes that all sites should be evaluated by personnel to ~ itermine
whether this conclusion is appropriate. In accordance with this guidance, the principal authc  of
the 1tral Plateau ecological DQOs and sampling and analysis plans alua | whether
complete exposure pathways exist for the 200-PW-1, 200-PW-3, and 200-PW-6 OU waste sites.

Evaluating potential exposure pathways is one of the primary tasks of the screening-level
characterization of a site. For an exposure pathway to be complete, a contaminant must be able
to travel from the source to ecolc ‘cal receptors and to be taken up by the receptors via one or
more exposure routes. If an exposure pa way is not complete for a specific contaminant, the
exposure pathway does not need to be evaluate further.

Exposure potential was one of the key considerations 1the framework of the Central Plateau
Ecological Risk Assessment study design and was considered in selecting areas for sampling and
analysis. This process started with a master list of sites including all Central Plateau waste sites
liste in the Tri-Party Agreement, Appendix C, as amended September 1, 2003. A query of the
WIDS database was used for waste-site selection. Given the focus of the Central Plateau
Ecological Risk Assessment to support remediation decisions, considerable effort went into
evaluating the soil depth where cleanup is required. The Washington Administrative Code
defines the soil cleanup depth (the standard point of compliance) as extending from the ground
surface to 4.6 m (15 ft) bgs (WAC 173-340-7490[« b], “Terrestrial Ecological Evaluation
Procedures,” “Point of Compliance,” “Standard Point of Compliance”).

Information is provided in Table 3-5 for the deeper rooted plant species and deeper burrowing
mammal and ant species occurring on the Hanford Site (PNL-2774, Characterization of the
Hanford 300 Area Burial Grounds: Task IV — Biological Transport; RHO-SA-211, Intrusion of
Radioactive Waste Burial Sites by the Great Basin Pocket Mouse (Perognathus parvus). None of
the maximum depths reported for plant or animal species were greater than 3 m (10 ft), well
above the 4.6 m (15-ft) interv: defined for applicability of shallow-zone screening thresholds
(WAC 73-340-7490[4](b]), which indicates that the pathway from deep soil to ecological
receptors is incomplete. The Hanford Site-specific data indicate that the shallow-zone soil

(<4.6 m [15 ft) bgs) is the primary contaminated medium of concern for ecological receptors.
Waste sites were considered inaccessible to ecc »gical receptors if the contamination was deeper
than 4.6 m (15 ft) bgs or if the potential contaminant pathways to ecological receptors have been
broken by man-made structural features.
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Soil macroinvertebrates also burrow extensively in deserts. For example, some species of spiders
(e.g., trap-door spiders) are known to burrow albeit shallowly (usually less than 15 c¢m [6 in.]), as
do many species of arid-system beetles such as the ubiquitous Eleodes spp. and other darkling
beetles. At the Hanford Site, harvester ants likely are the deepest burrowing animals occurring
on the Central Plateau (PNL-2774). For this reason, harvester ants are actively managed for
removal where they occur on waste sites. For example, alpha contamination was found on the
soil surface at one of the sites (216-Z-9 Trench) that apparently had been brought to the surface
by ants. The contamination was detected at the edge of the existing concrete pad through site
surveillance. his contamination pathway was promptly mitigated by pesticide application and
the installation of a biobarrier to circumvent this potenti. exposure pathway.

Plants rely on extensive below-ground biomass to capture nutrients and water. The extent of the
rooting systems for species in the 200 Areas was evaluated in P} 5247, Rooting Depth and
Distributions of Deep-Rooted Plants in the 200 Area Control Zone of the Hanford Site. This

stu concentrated on plant species suspected of having deep-root systems and those species
reported in previous studies to contain radionu: des in aboveground parts. These maximum
rooting depths listed in Table 3-5 are consistent with the majority of plant species in a literature
review of rooting depth by vegetation types (“Maximum Rooting Depth of Vegetation Types at
the Global Scale” [Canadell et al., 1996]). This review indicates that 194 of 253 species had
maximum rooting depths of 2 m (6.6 ft) or less. Deeper rooting plant species also are actively
managed on waste sites. Although root depth determines whether buried waste is accessible by
plants, biologically mediated contaminant transport is a function of the biomass available for
transport. Consequently, the relative density of roots is more important than the absolute depth
attained. As shown in Figure 3-7, only a minor percentage of roots ever reach depths greater
than 1.5 m (5 ft) bgs. This is especially true for arid-adapted plants of the Central Plateau. In dry
environments such as this where groundwater is inaccessible, plants must rely on meteoric water
inf ration to survive, and plant roots tend to extend laterally (rather than vertically) to capture
this infiltrating water.

It is important to recogi e that biointrusion into subsurface sites requires above-ground
conditions favoring burrowing animals and deep-rooted plants. These conditions are lacking for
the majority of sites within the 200-PW-1, 200 W-3, and 200-PW-6 OUs because of the
institutional controls in place to discourage biotic access to buried waste. These contrc : include
(1) at least an annual visual site inspection to look for evidence of subsidence or animal intrusion,
(2) a surface radiological survey performed in any areas where radiation is detected, covered with
soil, or posted for further action, (3) herbicide application performed several times a year to
control any vegetation, and (4) pesticides applied as needed to control ants and termites.

Because of the active management practices and lack of biological activity at 1.8 m (6 ft) bgs,
exposure potential to ecological receptors is not of concern for the remaining sites, because waste
is buried deeper than 1.8 m (6 ft), and there are no aboveground receptors that could access the
waste. These waste sites include the following:

e 216-A-7 Crib
e 216-A-8Crib
e 216-A-24 Crib
e 216-Z-1Crib
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only radionuclide identified as a COCs for the protection of groundwater was Tc-99 at the
216-A-8 Crib.

Because Tc-99 was only identified at significant concentrations in one soil sample (79.6 pCi/g at
5.8t0 6.5 m [19 to 21.5 ft] bgs) at the 218-A-8 Crib, and the modeling of the potential transport
to groundwater was ased on conservative assumptions, confirmatory soil sampling is needed to
confirm the concentrations and mass of Tc-99 that are present at this crib. As part of the
remedial design of the selected remedy for this crib, the evaluation of a PRG for Tc-99 will be
completed. The evaluation will include whether the remaining mass of Tc-99 poses a potential
threat to groundwater, consideration of the final selected remedy, and performance criteria for the
selected remedy.

3.8.2.2 N -adionuclide Contamination

The protection of groundwater evaluation identified CCls as a COC along with hexachloroethane
and PCE, because they also are VOCs. The evaluation included fate an transport modeling
using RESRAD-CHEM to calculate the concen tion of CCly that could be left in-place in the
source a .that would not impact groundwater (i.e., be protective of groundwater) above the
MCL of Sug™ Calculation ¢ ails are provided in Appendix E. A concentration of 1 mg/kg
was calculated as the concentration of CCly in the source area that would be protective of
groundwater.

However, the remediation goal for organic COCs will be developed during remedial design and
remedy implementation to demonstrate that the migration to groundwater pathway has been
mitigatc  The fini performance criteria will be selected during the remedial-design phase, and
the assessment of the performance cri  ia and achievement of the RAOs will be conducted as
part of the required CERCLA 5-year reviews.

As part of the remedy for soil contaminated with organics, SVE is proposed for the
200-PW-1 OU was sites. The SVE system has been used as an expedited response action at
three of the 200-PW-1 OU waste sites. Between April 1991 (when the pilot test was conducted)
and September 2006, 78,884 kg (173,900 1b) of carbon tetrachloride have been removed from the
vadose zone with the S\ system. Carbon tetrachloride concentrations in the extra: :d soil
vapor have decreased significantly at the three sites during operation of the SVE system. Initial
carbon tetrachl concentrations in extracted soil vapor were approximately 30,000 ppmv at
the 216-Z-9 Tr¢ well field and 1,500 ppmv at the 216-Z-1A Tile Field/216-Z-18 Crib well
field. In contrast, concentrations in extracted soil vapor were approximately 21 ppmv at the
216-Z-9 Trench well field in September 2006 and 10 ppmv at the 216-Z-1A Tile
Field/216-Z-18 C » well field in July 2006. The mass of carbon tetrachloride extracted each
vear by the SVE system also continues to decline. From 1991 through 1997, approximately

351 kg (165,000 1b) were removed. In comparison, from fiscal year 1998 through fiscal
year 2006 only 4,033 kg (8,900 1b) were removed (SGW-33" ).

The SVE system proposed as part of the final remedy for organics at the 200-PW-1 OU waste
sites will be operated until performance metrics demonstrate that the migration to groundwater
pathway has been mitigated and the system should be shut down. The implementation,
performance monitoring, and end point of the selected vadose-zone remedy for the
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4.0 IDENTIFICATION AND SC :ENING OF REMEDIAL
TECHNOLOGIES

A primary objective of this FS Report is to identify remedial technologies and process options
that meet the RAOs for the 200-PW-1, 200-PW-3, and 200-PW-6 OUs, and then combine them
into arange of  nedial alternatives for further evaluation. This chapter of the FS report
discusses the technology selection process.

r

e potential remedial technologies are selected for evaluation based on their ability to mitigate
the identified risks or achieve compliance with the potential ARARSs that are ARAR to the
remedial action. Those selected for evaluation are assessed with respectto tl

implement lity, effectiveness, and relative cost in acco e with E}  guidance

(The Feasibility Study: elopmeni 1d Screenii  of k lial -tion Alternatives,

OSWER 9355.3-01FS3, :t Sheet [EPA, 1989];1 A/540/G-89/004); and the NCP

(40 CFR 300.430[e], “Remedial Investigation/Feasibility Study and Selection of Remedy,”
“Feasibility Study”).

CERCLA requires development and evaluation of a range of responses, including a no-action
alternative, to ensure that an appropriate remedy is identified and selected. The selected final
remedy must comply with ARARSs and must protect human health and the environment. The
technology-screening process consists of a series of steps that include the following:

¢ Identify GRAs that may meet RAQs, either individually or in combination with other
GRAs

e Identify, scr 1, and evaluate remedial-technology types for each GRA

» Select one or more representative process options for each technology type.

Following the technology screening, the representative process options are assembled into
remedial alternatives (in ¢ apter 5.0) that are evaluated further in the detailed and comparative
analyses of alternatives (in Chapters 6.0 and 7.0, respectively).

41 ( VERAL-RESPONSE ACTIONS

1e GRAs describe those actions that will satisfy the RAOs. The RAOs for the 200-PW-1,
200-PW-3, and 200-PW-6 OUs are identified in Chapter 3.0. Briefly, they are to (1) prevent
unacceptable risk (greater than 1 x 10™ excess lifetime cancer risk or a dose exceeding
100 mrem/yr for the industrial land-use scenario) to human health from direct contact with COCs
in the soil within 4.6 m (15 ft) of the ground surface, and (2) prevent migration of COCs to
groundwater in concentrations that exceed MCLs. Five GRAsS, listed below, were selected to
implement the RAOs:

e No action - baseline GRA required by CERCLA
» Institutional controls — to mitigate risk by controlling access to, and use of, the

contaminated sites
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0.3 m (1 ft) layer of highly contaminated soil was removed from the trench floor to mitigate
criticality concerns. Remote excavation has been successfully implemented for the

F and H fuel-storage basins at the Hanford Site. Although more expensive than conventional
excavation, remote excavation can be cost effective when targeting long-lived contaminants that
otherwise would require remedies with very long-term monitoring and maintenance
requirements.

4.2.2.4.3 Soil-Vacuum Excav: on

High-vacuum systems can be employed as a soil-excavation technology. Alternately, a wand
with a supersonic air stream is delivered through a nozzle under high pressure to break up soil
and move soil particles. A secondary air vacuum withdraws loose soil from the excavation to a
collection vessel. Soil-vacuum excavation processes facilitate removal of contaminated media
with minimal d¢ 1ge to adjacent pipelii  or utilities and 1y be invaluable in instances where
excavation encroaches on underground structures. Soil-vacuum or air-jet excavation techniques
are less effective where large gravel and cobbles or debris are encountered. The
implementability, effectiveness and cost of the technology are well known. Soil-vacuum
excavation has been successfully demonstrated through use of the soil-vacuum excavation
equipment in the 300 Area and as part of the 200-PW-1, 200-PW-3, and 200-PW-6 OUs RI
soil-vapor probe installations around the PFP Complex.

4.2.2.5 Ex Situ Treatment

Characteriz.  on data presented in the RI Report (DOE/RL-2006-51) suggest that no treatment
will ¢ necessary to meet disposal-facility waste-acceptance criteria. However, ex situ treatment
technologies have been considered in this section for their ability to minimize the volume of
material that may require disposal. These technologies (thermal desorption, vitrification, vapor
extraction, soil washing, automated segregation based on radioactivity, and
solidification/stabilization) are described in detail in the following subsections.

4.2.2.5.1 Thermal Desorption

hermal desorption has been identified as a presumptive remedy by EPA (EPA/540-F-93-048,
OSWER Directive 9355.0-48FS) for the removal of VOCs from soil. This technology uses heat
to volatilize orgal : contaminants from soil, typically employing a rotary kiln to disaggregate
soils to facilitate volatilization. A carrier gas or vacuum is used to collect and transport the
volatilized organics to a gas-treatment system. Concentrated contaminants can be removed
(e.g., by carbon adsorption) from the process stream or destroyed using a secondary combustion
chamber or catalytic oxidizer. Residual liquids and spent activated carbon require further
treatment. With low temperature thermal desorption, the decontaminated soil retains its physical
properties and its ability to support biological growth.

Current characterization data show that all VOCs are collocated with radiological contaminants;
therefore, thermal treatment (such as thermal desorption or incineration) that reduces or

eli inates the VOCs will not reduce waste volume and most likely will not affect selection of the
disposal facility. Current data also suggest that the waste soils will meet disposal-facility
waste-acceptance criteria wi - out treatment. Thus, the short-term risks and costs incurred in
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between the stabilizing agent and contaminants, to reduce their mobility (stabilization). Multiple
process options exist, including bituminization, emulsified asphalt, modified sulfur cement,
polyethylene extrusion, pozzolan/Portland cement, sulfide-forming compounds, and soluble
phosphates. The target contaminant group is inorganics, including radionuclides. Most
solidification/stabilization processes have limited effectiveness with organic contaminants.
Solidification/stabilization is retained for further consideration. DOE/RL-2003-52 identified a
recommended remedial action for the ex situ stabilization of the sludge in the 241-Z-361 Settling
Tank. Pow: Fluidics'? technology would be used to remove the sludge from the tank and place
it in standard waste boxes (SWB), where it would be stabilized with a polymer absorbent,
WaterWorks ¢ -400 Superabsorbent Crystals."” This previously recommended stabilization
technology is retained.

4.2.2.6 In Situ Treatn
4.2.2.6.1 Soil-Vapor Extraction

The SVE process is a conventional process for remediating soils contaminated with VOCs and
has been identified by EPA as a presumptive remedy (EPA/540/F-93/048, Presumptive
Remedies: Site Characterization and Technology Selection for CERCLA Sites with Volatile
Organic Compounds in Soils, OSWER Directive 9355.0-48FS). SVE with carbon adsorption
currently is implemented as an expedited response action at the 200-PW-1 OU. The technology
has proven very effective, removing approximately 78,884 kg (173,909 1b) of CCl4 from the
vadose zo1  between 1992 and September 2006 (SGW-33746). However, the mass of CCly
removed annually continues to diminish.

The SVE process involves inducing airflow through the soil matrix with an applied vacuum that
facilitates the mass transfer of adsorbed, dissolved, or free phases to the vapor phase. Vapors are
drawn to the surface through vapor-extraction wells for treatment:

Carbon adsorption is the most commonly employed vapor-treatment process and is adaptable to
a wide range of VOC concentrations and process flow rates. The treatment process using
skid-mounted, off-site-regenerated carbon canisters generally is employed for low soil-vapor
flow volumes, as encountered at the subject waste sites. The process can be used alone or with
other methods. Spent carbon requires treatment or disposal by thermal desorption and
destruction of the CCls. Radiological contamination may preclude disposal or regeneration off
site.

4.2.2.6.2 Passive Soil-Vapor Extraction

Passive soil-vapor extraction (PSVE) removes underground VOCs by enhancing the natural
air-pressure changes that occur in subsurface soils in response to naturally occurring changes in

'> Power Fluidics is a trademark of NuVision Engineering, Inc., Pittsburgh, Pennsylvania.

'3 WaterWorks Crystals is a registered trademark of WaterWorks America, Inc., North Royalton, Ohio.





































































