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PART I
INTERIM MEASURE/INTERIM REMEDIAL ACTION DECISION ANALYSIS

The Interagency Agreement (IAG), Statement of Work, Section I.B.11.b., prescribes a
two-phase approach for the closure and cleanup of Resource Conservation and Recovery Act
(RCRA) Interim Status units at the Rocky Flats Environmental Technology Site (RFETS). As
such, the intent of the IAG is that the U.S. Department of Energy (DOE) will first close the
Solar Evaporation Ponds (SEPs) to eliminate the continued or threatened release of contaminants
from the SEPs then, as necessary, perform corrective action(s) to mitigate prior releases from
the SEPs. Under the first phase of the effort, DOE was required to conduct a characterization
of the "sources/soils" of the SEPs. Consequently, the requirements for closure are interpreted
to mean that DOE will close the ponds in a manner that will prevent further degradation of the
environment by including contaminated soils, liners, sludges, building debris, equipment, and
pondcrete into the closure action. Various alternatives can be implemented to successfully close
and remediate Operable Unit 4 (OU4). In determining the most appropriate alternative, the
following factors were considered:

» The nature and extent of contamination present;

« The closure/remediation objectives established for the IM/IRA;

« The cleanup levels determined to be protective of human health and the environment;
and :

+ The evaluation criteria used to compare acceptable alternatives.

Figure II1.0-1 is the overall flow diagram depicting the organization of Part III and the
activities involved in selecting an appropriate interim measure/interim remedial action (IM/IRA).
Of the decision factors listed above, the nature and extent of contamination was presented in Part
II of this Decision Document. Section III.1 presents the closure/remediation objectives that the
IM/IRA is to achieve. Section III.2 discusses the methodology for establishing the OU4
remediation levels and provides the remediation levels (e.g., PRGs) for the contaminants of
concern (COCs). Section II1.3 identifies those process options deemed to be appropriate for the
closure/remediation of OU4 and groups them into general response actions (GRAs) to allow
comparison of the credible alternatives. Section III.4 delineates the evaluation criteria used to
compare the GRAs to determine the GRA’s suitability for implementation. Section III.5
provides the results of the detailed analysis of the IM/IRA selection process. A justification for
the selected IM/IRA is presented in Section III.6.

III.I REMEDIAL ACTION OBJECTIVES

As stated above, the purpose of the OU4 IM/IRA program is to close the SEPs and their
liners, remediate contaminated soils, and disposition the OU4 sludges, pondcrete, and Buildings
788 and 964 and their ancillary equipment. Specific technical closure/remediation objectives
are:

022/722446/303 . WPF 0U4 Proposed IM/IRA-EA Decision Document
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Protect human health and the environment from further risks resulting from
unmitigated direct exposure to contaminants found in soils, liners, debris, sludges,
pondcrete, surface water runoff, or air, in a manner consistent with the National
Contingency Plan (NCP), Comprehensive Environmental Response, Compensation,
and Liability Act (CERCLA), CHWA, RCRA, and the IAG;

Minimize the need for long-term maintenance;

Provide a closure system that will be the long-term remedy for OU4 and, to the
greatest extent practicable, be consistent with and expected to meet the requirements
for ground water protection (developed during the subsequent hydrogeological
investigations);

Minimize the impact to surrounding RFETS facilities, operations, and utilities;.

Minimize the impact upon the stability of the hillside north of the SEPs, which has
the potential for slumping;

Provide a closure/remediation system that will comply with the CDPHE- and EPA-
approved applicable or relevant and appropriate requirements (ARARSs), unless a
waiver is justified;

Minimize impacts to the interceptor trench system (ITS);

Be cost-effective, and within the congressionally approved funding limitations;

Utilize permanent solutions and alternative (i.e., innovative) treatment technologies
or resource recovery technologies to the maximum extent practicable;

Meet the schedule milestones specified in the IAG;
Minimize the generation of waste;
Minimize the spread of contaminants during implementation; and

Integrate closure activities for RCRA Units 21, 24, and 48.

The selected GRA will be designed to achieve the remedial action objectives to the
maximum extent practicable.
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III.2 RISK ANALYSIS

Results of the risk analysis are used to assess the ability of the GRAs to meet the first
remedial action objective: protection of human health and the environment. This section
presents the methods used to evaluate the risks posed by soil contaminants at the SEPs.

Data from characterization activities at the SEPs were used to identify COCs in surficial
and vadose zone soils. The goal of this analysis was to define the nature and extent of
contamination in these media that may pose a risk to human health and the environment and to
assist in identifying and selecting an appropriate IM/IRA alternative for the site. All steps of
the risk analysis, completed in support of the OU4 IM/IRA, were developed in concert with the
CDPHE and the EPA. The risk analysis includes several new statistical techniques suggested
by Gilbert (1993), which were slightly revised to support the risk analysis and modified human
health intake equations based on guidance provided by the CDPHE (1993). The statistical
techniques suggested by Gilbert are described in Part II, Section 3. Details concerning the
results of the statistical evaluation are provided in Appendix III.A. An additional statistical
analysis was performed on the IHSS 176 surficial and vadose zone soils. The results of this
study are included in Appendix III.I.

Using the previously mentioned statistical techniques, risk assessment concentrations for

_each potential COC were developed following EPA Risk Assessment Guidance for Superfund

(RAGS) (EPA 1991).  These values are compared to PRGs (Section I1I1.2.3). The final result

is a determination of which contaminants exceed the PRGs for the protection of human health

on an QU4 site specific basis. These results are used in defining potential general response
actions and in the selection of a preferred alternative.

The following sections briefly identify the PCOCs, define long-term target concentrations
that are protective of human health, and present the final list of COCs that will be used to
evaluate technologies that are appropriate for the site. Section III.2.1 presents the PCOCs that
were developed statistically in Part II (Section 3). Section III.2.2 describes the development of
risk-based preliminary remediation goals (PRGs) used in defining long-term target potential COC
concentrations that minimize potential risks to human health. Subsection III.2.3 summarizes the
methods used to define the final list of COCs for consideration during selection and
implementation of remedial technologies for OU4. Subsection III.2.3 also defines the general
areas within OU4 that may pose a risk to human health and the environment based on existing
data. Several appendices, III.A, III.B, and III.C, contain detailed information concerning
statistical evaluations (including detection levels, detection frequencies, and range of detections)
risk-based PRGs, and COCs. Figures II1.2-1a and II1.2-1b schematically illustrate the approach
used to identify PCOCs and determine risk-based PRGs. Figures III.2-1a and III.2-1b also
define the approach for developing the final list of COCs and extent of contamination to be
considered when evaluating the applicability and effectiveness of remedial alternatives for OU4.
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II1.2.1 Identification of Potential Contaminants of Concern

The statistical analysis of the OU4 RFI/RI data to determine the potential contaminants
of concern (PCOCs) is presented in Part II of this IM/IRA-EA decision document. Figure
III.2.1 (a and b) presents the strategy to determine the final COCs based on calculating PRGs
for comparison to the OU4 RFI/RI results. A PCOC is a contaminant that is detected above
background and becomes a COC if it exceeds the target level (PRGs or background, whichever
is greater). Table III.2-1 presents the list of PCOCs developed using the strategy described in
Part II. Calcium and potassium were eliminated as PCOCs because they are essential human
nutrients (EPA, 1989). Silicon and sulfide were eliminated as PCOCs because they are naturally
occurring ubiquitous anions. Gross alpha and beta were also eliminated as PCOCs because they
are screening analyses methods for the presence of radionuclides and are not contaminates.

III.2.2 Development Preliminary Remediation Goals

The following sections present the methods for calculation of PRGs for soils and an
evaluation of cross-media contamination to assess the potential for soils to be a source of ground
water contamination.

III.2.2.1 Soil Preliminary Remediation Goals

Risk-based PRGs for human health were calculated for the PCOCs based on an evaluation
of exposure pathways and chemical and radiological toxicity. Risk-based PRGs are
concentration ‘goals for individual constituents for specific environmental media and land use
combinations which are protective of public health. Ecological PRGs were not included in this
evaluation. The rationale for this decision is that OU4 has been defined as a potential source
of contaminants, rather than as a point of impact for contaminants (DOE, 1992). OU4 is a
highly disturbed industrial area that does not have the ecological attributes of the surrounding
region. - Because the QU4 area has been characterized previously as containing few ecological
attributes within its own boundaries, humans will be the primary receptors of concern. Further,
risk-based PRGs for humans are generally more conservative than those values typically
developed to be protective of ecological resources given the target media. Even though no
quantification of risks to ecological receptors at OU4 was completed, a qualitative discussion of
ecologic impacts is included as part of the alternatives evaluation at the end of this section. For
the OU4 IM/IRA, the media of concern used to calculate PRGs are surface soils [0 to 3 inches
below ground surface (bgs)] and subsurface or vadose zone soils (3 inches bgs to the mean
seasonal high ground water elevation). The on-site residential exposure scenario was used to
calculate surficial soil PRGs and the industrial exposure scenario was used for the vadose soils
in accordance with the EPA RAGS guidance. Soils deeper than the mean seasonal high ground
water elevation are seasonally or typically saturated and may be a source of ground water
contamination. Due to the saturation potential, these soils will be addressed in the Phase II
RFI/RI. PRGs provide target concentrations for use during analysis and selection of remedial

022/722446/303 . WPF OU4 Proposed IM/IRA-EA Decision Document
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TABLEII.2-1

LIST OF THE POTENTIAL CONTAMINANTS OF CONCERN FOR THE OU4 IM/IRA

Footnotes:

Surficial Soil Vadose Zone Soil

Radionuclides® Radionuclides®
Americium —241 Americium—241
Cesium—134 Cesium-134
Plutonium—239,240 Cesium—-137
Tritium ) Plutonium—239,240
Uranium—233,234 Radium -226
Uranium -235 Strontium—89,90
Uranium—238 Tritium

Uranium —233,234
Metals/Inorganics Uranium—235
Beryllium Uranium-—238
Cadmium
Calcium a/ Metals/Inorganics
Mercury Barium
Nitrate/Nitrite Cadmium
Silicon a/ Calcium a/
Silver Lithium
Sodium Manganese

Nitrate/Nitrite
Organics Potassium a/
Benzo(a)anthracene Sodium
Benzo(a)pyrene Sulfide a/
Benzo(b)fluoranthene Zinc
Benzo(ghi)perylene '
Benzo(k)fluoranthene Organics
Bis(2—ethylhexyl)phthalate 2—butanone
Chrysene Acetone
Di~n—butyl phthalate Bis(2—ethylhexyl)phthalate
Fluoranthene Chloroform
Indeno(1,2,3—cd)pyrene Di—n-butyl phthalate
Phenanthrene Methylene chloride
Pyrene Toluene
Aroclor—1254 Cyanide

a/ Chemical later eliminated as an essential human nutrient or naturally occurring anion.

b/ Gross alpha and gross beta were statistically evaluated as described in Appendix II.A but were not included
as PCOCs because this analysis is on indicators of radioactivity. Statistics were calculated to confirm the presence
of radioactivity in the surficial and vadose zone soils.

I-8
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alternatives. They are not intended to replace the baseline evaluation that will be completed
under the Phase II RFI/RI for OU4.

I11.2.2.1.1 Pathways of Exposure

Two potential future land use scenarios were considered in the development of PRGs:
residential and commercial/industrial. Residential land use is considered improbable at the
RFETS. However, this scenario is required by the CDPHE to establish clean closure
requirements under RCRA. A residential scenario is a most conservative potential future land
use. Commercial/industrial land use (short-term industrial scenario) is considered to be a more
probable future land use at the RFETS and was also considered in the development of PRGs for
OU4. Figure II1.2-2 presents a conceptual exposure assessment model.

Under the residential land use scenario, potential future receptors could be exposed to
contaminated surface soils through incidental ingestion, dermal contact, and inhalation of
contaminated soil particulates. Only those chemicals not considered volatile (e.g., Henry’s Law
constant less than 10 atmospheres per mole per cubic meter [atm-m*/mole]) were considered
for potential inhalation of contaminated soil particles. Inhalation of volatile organic compounds
(VOCs) was considered to be an insignificant pathway given the lack of VOCs in the surficial
soils and the limited numbers and low concentrations of VOCs in vadose zone soils at OU4.
Ingestion of fruits and vegetables was also considered an insignificant pathway in developing
PRGs for the residential scenario due to the improbability of subsistence farming or gardening
in the SEP area. Therefore, this pathway was not used to screen the GRAs. However, this
potential exposure pathway may be considered in the baseline risk assessment to be completed
as part of the Phase II RFI/RI, if necessary. Both adults and children were considered as
receptors in the residential scenario.

Under the commercial/industrial land use scenario, only short-term use of the site during
construction (remediation) was considered. Worker exposure was considered for incidental
ingestion of soils, dermal contact, and inhalation of contaminated particulates. Longer term
exposure of industrial/commercial workers was not retained in the final PRG evaluation because
it was not relevant for PRG comparisons. The residential PRGs would have primacy over the
commercial/industrial worker PRGs. The latter calculation was, therefore, not retained in this
evaluation.

Exposure parameters for organic and inorganic PCOCs under the residential and
construction worker scenarios were taken from the State of Colorado’s Interim Final Policy and
Guidance on Risk Assessments for Corrective Action at RCRA Facilities (CDH, 1993). For
radionuclides, exposure parameters were taken from the RAGS, Part B (RAGS) (EPA, 1991c).

Intake equations were taken from RAGS, Part B and modified as directed by CDPHE.
For the residential scenario, the RAGS equation for residential soil PRGs was modified to
include intake from dermal exposure and from inhalation of particulates. The equations were

022/122446/303.WPF OU4 Proposcd IM/IRA-EA Decision Document
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also modified to separate intakes for adults and children according to the CDPHE guidance
(CDH, 1993). For the construction worker scenario, the RAGS equation for
commercial/industrial soil PRGs was modified both to include dermal exposure and to adjust
intake factors to correspond to the CDPHE guidance (CDH, 1993). For radionuclides, the
RAGS equation was modified slightly according to the EPA revisions to the RAGS guidance
(EPA, 1993e), which adjust for the new external toxicity values provided in the Health Effects
Assessment Summary Table (HEAST) (EPA, 1993c). These parameters and equations used to
calculate PRGs are listed in Appendix III.B.

II1.2.2.1.2 Toxicity Assessment

Toxicity information used to calculate risk-based PRGs included the reference dose (RfD),
the reference concentration (RfC) for evaluating noncarcinogenic effects, the slope factor (SF),
and unit risk for evaluating potential carcinogenic effects. Values were obtained from the
Integrated Risk Information System (IRIS) (Micromedix, Inc., 1993). If values were not
available from the IRIS, then the HEAST (EPA, 1993c) was consulted. For polynuclear

“aromatics (PNAs) not listed in the IRIS or the HEAST, toxicity values were calculated using the
Provisional Guidance for Quantitative Risk Assessment for Polycyclic Aromatic Hydrocarbons
(EPA, 1993d). In addition to toxicity values, information on toxic endpoints (i.e., critical
effects or target organs) was also obtained from the IRIS or the HEAST for the PCOCs.
Toxicity information for organic and inorganic chemicals is summarized in Table III.B-7 and
toxicity information for radionuclides is summarized in Table III.B-8 in Appendix III.B.
Complete toxicological profiles for each PCOC are contained in Appendix III.C.

Only oral and inhalation values have been derived by the EPA and are listed in the IRIS
or the HEAST. The EPA has not developed toxicity values for dermal exposure due to the lack
of scientific studies to quantify dermal toxicity and carcinogenic potential for the vast majority
of priority pollutants. In the absence of dermal reference toxicity values, the EPA has suggested
that in some cases it is appropriate to modify an oral RfD so it can be used to estimate the
hazard incurred by dermal exposure (EPA, 1989d). This requires that the observed toxic
endpoints are the same for both oral and dermal exposures and that a quantitative estimate exists
for both dermal and oral absorption of the chemical. This information is generally not available
for most priority pollutants. Oral toxicity values are nevertheless often used to quantify risk
associated with dermal exposure. As a consequence, any valuation of the contribution of dermal
exposure to the overall hazard should be viewed as highly tentative at best. Oral absorption
factors for the PCOCs were taken from appropriate Agency for Toxic Substance and Disease
Registry (ATSDR) profiles as a conservative estimate of oral absorption. When ATSDR profiles
were not available, or when information on the extent of absorption was not located, the
following default values were determined by adopting absorption factors from similar chemicals:
0.20 for metals and inorganics; 0.90 for VOCs; 0.50 for phthalates; and 0.20 for PNAs. These
values are dermal (as opposed to gastrointestinal) absorption values. Absorption values for each
chemical are listed in Table III-B.7 of Appendix III.B.

022/722446/303 . WPF 0OU4 Proposed IM/IRA-EA Decision Document
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II1.2.2.1.3 Calculation of Preliminary Remediation Goals

PRGs were calculated for each of the two future scenarios: residential and construction
(remediation). For residential land use, PRGs were calculated for PCOCs in surficial soils only.
For the construction worker scenario, PRGs were calculated for PCOCs in vadose zone soils
only because vadose zone soil is a medium that construction workers are likely to contact.
Calculations were based on exposure assumptions identified in Section I11.2.2.1.1 and on toxicity
information discussed in Section III1.2.2.1.2. For carcinogens, PRGs were calculated to
correspond to a cumulative individual risk level of a one-in-one-million chance (1.0 x 10°) of
developing cancer. Cumulative individual risks were considered by dividing the target risk level
(1.0 x 10%) by the number of carcinogens affecting the same target organ. For example, if five
carcinogens affect the liver, the PRG for each of those five carcinogens corresponds to a target
risk level of 1.0 x 10°%5 or 2.0 x 107. Similarly, for noncarcinogens, PRGs correspond to an
adjusted target hazard index based on the critical effect of the PCOC to account for cumulative
exposure from multiple chemicals. PRGs and other chemical-specific statistics for each of the
exposure scenarios considered are presented in Table III.2-2. The methodology to calculate
PRGs is conservative. This means that the risk will tend to be overestimated and that additional
surface soils may be included in the remediation activities than is necessary to provide the
required level of protection.

II1.2.3 Development of Contaminants of Concern

The final phase of the risk analysis process is to characterize the nature and extent of
contamination at OU4 and refine the list of PCOCs to identify those COCs that are present in
concentrations in excess of the calculated PRGs. Once these specific compounds were identified,
the areas within OU4 and the volume of material requiring remediation could be defined.

COCs for which toxicity data were available were identified by comparing the
representative PCOC concentration value (i.e., the 95 percent Upper Confidence Limit (UCL),

. 95 percent Upper Tolerance Limit (UTL), or the maximum observation) to the most conservative

risk-based PRG. The 95 percent UTL was used only in cases when a 95 percent UCL could not
be determined. Maximum values were used to identify potential "hot spots” and are discussed
in Appendix III.LA. Thus, for example, where a chemical had both carcinogenic and
noncarcinogenic effects, the lower of the two resulting PRGs was used as the comparison
criteria. For inorganics and radionuclides, the representative background level was also
compared to the computed risk-based PRG. The greater of either the background level or the
PRG was selected as the comparison criteria for representative PCOC concentration values. The
rationale for this approach is that the target concentration level that defines contamination at the
site should either be the level that is protective of human health at a cumulative risk level of
1.0x10° or a representative background level, whichever is higher. No target long-term
concentration level would be lower than the representative background concentration (i.e.,
remediating below background concentrations will not be attempted).

022/722446/303.WPF 0U4 Proposed IM/IRA-EA Decision Document
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TABLE IIL.2-2

RFI/RI CHARACTERIZATION, BACKGROUND, AND PRELIMINARY REMEDIATION GOAL INFORMATION
POTENTIAL CONTAMINANTS OF CONCERN
LISTED BY CARCINOGENS, NONCARCINOGENS, AND RADIONUCLIDES

Surficial Soil (0-3" bgs(1)) Vadose Zone Soil (3° bgs to mean seasonal
Poteatial Contaminant high ground water clevation)
of Concem (PCOC) 0U495% UCL 95% UCL PRG 0U495% UCL 95% UCL - PRG
(RFLRD) (Background)  (Future Resident) (RFI/RI) (Background) (Construction Worker)
(2) ()] (N ___(2) (4)__ (8)
CARCINOGENS
METALS/INORGANICS
Beryllium (mg/kg) 3.98 092 1L93E-03 Not PCOC
Cadmium (mg/kg) 1721 0.64 1.91E+03 163.06 23 L10E+05
VOCs (8)
Chloroform (ug/ks) Not PCOC 125 - 9.84E+04
Methylene chloride (ug/kg) Not PCOC 30.56 - 7.89E+04
SEMIVOCs
Benzo(a)anthracene (ug/ksg) 830.29 - T40E+00 Not PCOC
Benzo(a)pyrene (ugkg) 881.44 - 740E-01 Not PCOC
Benzo(b)fluoranthene (ug/kg) 37131 - 7T40E+00 Not PCOC
Benzo(k)fluorantheae (ugkg) 225 - 7.40E+01 Not PCOC
Bis(2 —cthylhexyl)phthalate (ug/kg) 8129.91 - 2.69E+03 220 - 5.00E+04
Chrysene (ugksg) 946.1 - 1.37E+02 Not PCOC
Indeno(1,2,3~cd)pyrene (ug/kg) T12.54 - 740E+00 Not PCOC
OTHER
Aroclor—1254 (ug/kg) 3251.4 - L19E+01 Not PCOC
NONCARCINOGENS
METALS/INORGANICS .
Barium (mg/kg) Not PCOC 108.4 93.87 6.99E+03
Beryllium (mg/kg) 3.98 0.92 1L.23E+01 Not PCOC .
Cadmium (mg/kg) 1721 0.64 S.96E~01 163.06 23 1.88E+01
Manganese (mg/kg) Not PCOC 238.92 190.5 347E+02
Mercury (mg/kg) 0.17 0.03 1.8SE~01 Not PCOC
Nitrate (mg/kg) 595.62 1 1.58E+04 1873.4 71 3.18E+05
Nitrite (mg/kg) 595.62 L11 9.88E+02 1873.4 EA | L99E+04
Silver (mg/kg) 2.19 0.58 1.48E+02 Not PCOC
Strontium(mg/kg) Not PCOC 1.19B+05
Uragium (mg/kg) 1.85E+00 6.17E+01
Zinc (mg/kg) Not PCOC 474 23.64 6.3TE+04
VoG
2~butanone (ug/kg) Not PCOC 29 - 4.7TE+07
Acetone (ug/kg) Not PCOC 69.92 - 5.96E+06
Chloroform (ug/kg) Not PCOC 12.5 - 6.43E+05
Methylene chloride (ug/kg) Not PCOC 30.56 - 3.80E+06
Toluene (ug/kg) Not PCOC 2119 - L19B+07
SEMIVOCs
Bis(2—ethylhexyl)phthalate (ug/kg) 8129.91 - LOSE+05 20 - 1.50E+06
Di-n~butyl phthalate (ug/kg) 713.18 - 1.74E+06 220 - 4.2SE+07
Fluoranthene (ugkg) 37458 - 6.35E+04 Not PCOC
Pyrene (ug/ks) 386.04 - 3.5TE+04 Not PCOC
OTHER
Aroclor—1254 (ug/kg) 3251.4 - 1L.74E+03 Not PCOC
Cyanide (mg/kg) Not PCOC 15.93 - 495E+03
022/722446/114.WK1
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TABLE

m.2-2

RFI/RI CHARACTERIZATION, BACKGROUND, AND PRELIMINARY REMEDIATION GOAL INFORMATION
POTENTIAL CONTAMINANTS OF CONCERN
LISTED BY CARCINOGENS, NONCARCINOGENS, AND RADIONUCLIDES

Surficial Soil (0—3" bgs(1)) Vadose Zone Soil (3" bgs to mean scasonal
Potential Contaminant : high ground water clevation)
of Concem (PCOC) 0U4 95% UCL 95% UCL PRG 0U495% UCL 95% UCL - PRG
(RFIRI) (Background)  (Future Resident) (RFIRD) (Background) (Construction Worker)
2) (4) ) (2) (4) (8)
PCOCs WITHOUT TARGET LEVELS
METALS/INORGANICS
Lithium (mg/kg) Not PCOC 14.26 83.2 NONE
Sodium (mg/kg) 1274.36 1654 NONE 1863.7 2720 NONE
SEMIVOCS
Benzo(ghi)perylene (ug/kg) 657.34 - NONE NOTA PCOC
Phenanthrene (ug/kg) 381.55 - NONE NOT A PCOC
RADIONUCLIDES
Americium —241 (pCi/g) 26.24 0.027 2.65E~01 332 0.01 1.09E+00
Cesium-134 (pCi'g) 0.04 ND 8.90E-04 0.0098 ND 6.11E-02
Cesium—137 (pCi/g) Not PCOC 0.05 0.166 1L51E-01
Plutonium—239 (pCi/g) 14.22 0.062 3.83E-01 6.74 0.02 1.16E+00
Plutonium—240 (pCi/g) 14.22 0.062 3.83E~-01 6.74 0.02 1.16E+00
Radum-226 (pCi/g) Not PCOC 144 0.65 5.22B~02
Strontium—89 (pCi/g) Not PCOC 0475 0.54 7.88E+01
Strontium—90 (pCi/g) Not PCOC 0475 0.54 7.42E+00
Tritium (pCi/g) 0.388 ND L63E+03 533 0.0316 4.95SE+03
Uranium-233 (pCi/g) 14.29 122 5.2SE+00 33 0.53 L6TE+01
Uranium—-234 (pCi/g) 14.29 122 5.32E+00 33 0.53 1.67E+01
Uranium—-235 (pCig) - 0.163 0.09 1.68E-02 0.14 0.1 1.97E-01
Uranium—238 (pCi/g) 9.66 1.27 785E—04 6.66 0.63 541B-02

(1) bgs—below ground surface

(2)Calculated 95% upper confidence limit on the arithmetic mean using RFI/R1 data; note that when the data could not be fit to a normal or lognormal distribution
the reported maximum value was used as the 95% UCL value,

(3) Reported maximum value using RFI/R1 data.

(4) Cakeulated 95% upper confid limit on the arithmetic mean on background data (sce text for details).

(5) Cakulated value equal to the arithmetic mean plus two times the standard deviation on background data (see text for details).

(6) Reported maximum value for background data (see text for details).

(7) Cakulated risk—based preliminary remediation goal for the future resideat exposure scenario (see text for details).

(8) Calkculated risk—based preliminary remediation goal for the construction worker exposure scenario (see text for details).

FOOTNOTES: Carcinogenic and noncarcinogenic PRGs were compared for analytes. The lower PRG was used to classify an analytes as a COC.

Tritium was converted from pCi/L to pCi/g for comparison purp

tritium based on OU4 soil characteristics (i.e., soil moisture content).

022/722446/114. WK1
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The soil PRGs are presented in Table III1.2-2. Only those chemicals for which PRGs
could be calculated are shown in Table III.2-2. As described previously, essential human
nutrients and naturally-occurring, ubiquitous anions were eliminated as PCOCs. As shown in
Table II.2-2, the following PCOCs in surficial soils exceed their PRGs: beryllium;
benzo(a)anthracene; benzo(a)pyrene; benzo(b)fluoranthene; benzo(k)fluoranthene; bis(2-
ethylhexyl)phthalate; chrysene; indeno(1,2,3-cd)pyrene; arochlor-1254; cadmium; americium-
241; cesium-134; plutonium-239 and -240; and uranium-233, -234, -235, and -238. In vadose
zone soils, far fewer PCOCs exceeded their PRGs. PCOCs in vadose zone soils which exceed
their PRGs include cadmium, americium-241, plutonium -239 and -240, radium-226, and
uranium -238.

The soil PRGs are developed to be protective of human receptors that may directly be
exposed to the soils at OU4 through the upward pathways of exposure. The upward pathways
include incidental ingestion, dermal contact, and inhalation of particulates of contaminants in
soil. In addition to the risks from exposure to upward pathways are the risks from cross-media
contamination to ground water. Estimating risks from contaminants in ground water is not the
focus of this Phase I IM/IRA, but will be one of the primary objectives of the Phase II
hydrogeologic studies. In order to determine what PCOCs may be contributors to contamination
in the ground water at OU4, the previously described catastrophic dissolution and MYGRT
models were used (Refer to Appendix III.D). Results of the modeling were comparedto ground
water comparison criteria. The results of the comparison are described in Appendix III.D.

II1.2.3.1 Summary

Table III.2-3 presents the summary of the' COCs based on the risk analysis. It also
includes the COCs for which there is no toxicity information; these COCs will be retained as
a conservative assumption and further evaluated under risk management.

In addition to the risk posed by direct contact (upward pathways of exposure), the
potential exists for contaminants in soil to impact ground water quality. An evaluation of this
potential is provided in Appendix III.D. This appendix includes results of the catastrophic
dissolution and MYGRT models. While these results are not designed to predict the risks from
the ground water impacts, they are based upon the identified mechanism for potential
contaminant transport from soils into ground water. The results can be used as a qualitative
indication that some of the COCs may migrate in sufficient quantities to cause ground water
criteria to be exceeded.

In addition to the risks from the chronic exposures, subchronic exposures during the
remediation are evaluated in Part IV, Section 10.3. The calculations presented in Section
IV.10.3 have a level of uncertainty associated with the final result that is dependent on:

« The various input parameters (both the data ‘used and the site-specific soil
characteristic values),

022/722446/303 . WPF OU4 Proposed IM/IRA-EA Decision Document
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TABLE II1.2-3
SUMMARY OF COCs BASED ON RISK ANALYSIS

POTENTIAL SURFICIAL SOILS VADOSE ZONE SOILS
CONTAMINANTS RFI/RI Background PRG CONTAMINANT | RFI/RI Background PRG CONTAMINANT
OF 95% 95% Resi— TARGET OF 95% 95% Construction | TARGET OF
CONCERN UCL/UTL | UCL/MUTL dential by LEVEL COMMENTS CONCERN UCL/UTL |UCL/UTL | Worker®/ LEVEL | COMMENTS CONCERN

METALS/INORGANICS )
Barium (mg/kg) - -= o -— - NO 108.4 93.87 6986.85 6986.85 | Construction Worker PRG notexceeded NO
Beryllium (mg/kg) 3.98 0.92 0.0019 0.92 | Background target level ded YES —= - - - - NO
Cadmium (mg/kg) 1721 0.64 0.60 0.64 | Background target level exceeded YES 163.06 23 18.80 18.80 | Construction Worker PRG exceeded YES
Cyanide (mgkg) - - - - -= NO 15.93 - 4945.80 4945.80 | Construction Worker PRG not ded NO
Manganese (mg/kg) -= el - - - NO 238.92 190.5 346.51 346.51 | Construction Worker PRG notexceeded NO
Mercury (mg/kg) 0.17 0.03 0.18 0.18 | Residential PRG ot exceeded NO - -— - - - NO
Nitrate (mg/kg) 595.62 1.11 15815.84 15815.84 | Residential PRG not ded NO 1873.4 7.1 317637.92| 317637.92 | Construction Worler PRG notexceeded NO
Nitrite (mg/kg) 595.62 111 988.49 988.49 | Residential PRG not ded NO 1873.4 71 19852.37]  19852.37 | Construction Worler PRG not ded NO
Silver (mg/kg) 2.19 0.58 148.27 148.27 | Residential PRG pot ded NO -= —-= - - -~ NO
Strontium (mg/kg) - —— - - —— NO 0.275 —— 119114.22| 119114.22 | Construction Worker PRG not ded NO
Uranium (mg/kg) 29.0 ¢/ 38 1.85 3.8 | Background target level exceeded YES 20.07 1.9 61.66 61.66 | Construction Worker PRG pot exceeded NO
Zinc (mpkg) - -= --= - - NO 4.74 23.64 63747.50|  63747.50 | Construction Worker PRG not excoeded NO
VOCs
2—-butanone (ug/k g):l -= - - - —-— NO 29 - 47697330.79 147697330.79 | Construction Worker PRG notexceeded NO
A (ug/kg) -- == - - - NO 69.92 - 5962196.64| 5962196.64 | Construction Worker PRG notexceoded NO
Chloroform (ug@g)" - - - - - NO 12.5 - 98400.00 98400.00 | Construction Worker PRG notexceeded NO
Methylene chloride (ug/kg) -— - - -= ~- NO 30.56 -— 78900.00 78900.00 | Construction Worker PRG not exceeded NO
Toluene (ug/kg) - - - -= - NO 211.9 - 11924342.79 [11924342.79 | Construction Worker PRG potexceeded NO
SEMIVOCs
Benzo(a)anthracene (ug/kg) 830.29 - 7.40 7.40 | Residential PRG exceeded YES -= - -— -= - NO
Benzo(a)pyrene (ug/kg) 881.44 —— 0.74 0.74 | Residential PRG exceeded YES - - -= -—= —— NO
Benzo(b)fuoramthene (ug/kg) 371.31 —— 7.40 7.40 | Residential PRG exceeded YES —— - - - it NO
Benzo(k)fluoranthene (ug/kg) 422.5 - 74.02 74.02 | Residentia) PRG ded YES —= -—= —— —= -- NO
Bis(2—cthylhexyl)phtbalate (ug/kg) 8129.91 o 2686.37 2686.37 | Residential PRG ded YES 220 - 49980.44|  49980.44 | Construction Worker PRG ot ded NO
Chrysene (up/kg) 946.1 - 137.39 137.39 | Residential PRG ded YES - -= -= - - NO
Di—n~butyl phtbalate (ug/kg)¥ 713.18 ——1 1735035.21| 1735035.21 Residential PRG not ded NO 220 - 42488913.53 |42488913.53 | Construction Worker PRG not ded NO
Fluoranthene (ug/kg) 374.58 - 63547.33 63547.33 | Residential PRG not ded NO - - - -— - NO
Indeno(1,2,3- cd)pyrene (ug/kg) 112.54 - 740 7.40 | Residential] PRG ded YES - - - - - NO
Pyrene (ug/kg) 386.04 —-= 35745.38 35745.38 | Residential PRG not exceeded NO - - - - - NO
OTHER
Aroclor—1254 (ug/kg) 32514 - 11.87 11.87 | Residential PRG ded YES NO

- 022/722446/115.WK1

I1-16




TABLE I11.2-3 (Continued) .
SUMMARY OF COCs BASED ON RISK ANALYSIS

POTENTIAL SURFICIAL SOILS VADOSE ZONE SOILS
CONTAMINANTS RFI/RI Background PRG ' CONTAMINANT | RFI/RI Background, PRG CONTAMINANT
OF 95% 95% Resi— TARGET OF 95% 95% Construction | TARGET OF
CONCERN UCL/UTL |UCL/MUTL dential b/ LEVEL COMMENTS CONCERN _|ucLutL [ucLutL | worker LEVEL |COMMENTS CONCERN

RADIONUCLIDES

Americium—-241 (pCi/g) 26.24 0.027 0.27 0.27 | Residential PRG exceeded YES 3.32 0.01 1.09 1.09 | Construction Worker PRG excoeded YES
Cesium—134 (pCi/g) 0.04 ND 0.001 0.001 | Residential PRG exceeded YES 0.0098 ND 0.06 0.06 | Construction Worker PRG notexceeded NO
Cesium—137 (pCi/g) - - -- -- - NO 0.05 0.166 0.16 0.166 | Background target level not exceeded NO
Plutonium—~239 (pCi/g) 14.22 0.062 0.38 0.38 | Residential PRG ded YES 6.74 0.02 1.16 1.16 | Coustruction Worker PRG exceeded YES
Plutonium—240 (pCi/g) 14.22 0.062 0.38 0.38 | Residential PRG exceeded YES 6.74 0.02 1.16 1.16 | Construction Worler PRG exceeded YES
Radium—226 (pCi/g) el -— - -= -= NO 1.4 0.65 0.05 0.65 | Background target level exceeded YES
Strontium—89 (pCi/g) - - - - - NO 0.475 0.54 78.80 78.80 | Construction Worker PRG not ded NO
Strontium - 90 (pCi/g) ot - - - - NO 0475 0.54 7.42 7.42 | Construction Worker PRG pot ded NO
Tritium (pCisgf’ 0.338 ND 1630.00 1630.00 | Residential PRG pot exceeded NO 5.33 2122 4950 4950 | Construction Worker PRG not excoeded NO
Uranium-233 (pCi/g) 14.291 - 1.22 525 5.25 | Residential PRG ded YES 3.23 0.53 16.70 16.70 | Construction Worler PRG not exceeded NO
Uranium-234 (pCi/g) 14.29 1.22 532 5.32 | Residential PRG ded YES 3.23 0.53 16.70 16.70 | Construction Worker PRG not. ded NO
Uranium—235 (pCifg) 0.163 0.09 0.02 0.09 | Background target level exceeded YES 0.14 0.1 0.80 0.80 | Construction Worker PRG exceeded NO
Utranium-238 (pCi/g) 9.66 127 0.0771 1.27 [ Background target level ded YES 6.66 0.63 3.86 3.86 | Construction Worler PRG exceeded YES
COCs WITHOUT TARGET LEVELS|

Benzo(ghi)perviene (ug/kg) 657.34 —— -— - No available toxicity information YES - —— —— - —— NO
Lithium (mgkg) - - - - - NO 14.26 83.2 - - No toxicity information YES
Sodium (mg/kg) 1274.36 165.4 -= - No available toxicity information YES 1863.7 2720 - - No toxicity information YES
Ph threne (ug/kg) 381.55 —— —— —— No available toxicity information YES —-= -= - —— - NO
a/ These analytes retained as PCOCs as a result of pre— RFI/RI data only.

b/ The lowest of the PRGs between inogenic and inogenic were used to classify analytes as COCs.

¢/ Values represent U~238 which encompasses essentially all of the mass of natural uranium and has been converted from pCi/g to mg/kg for comparison purposes.
d/ Tritium was converted to pCi/g for comparison purposes. A calculation was performedto determine the activity of tritium based on QU4 soil characteristics.
ND = Not detected.
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- The assumptions about environmental conditions that have been made, and
»  Uncertainty associated with the modeling equations that have been used.

The largest sources for the uncertainty are the data that have been used in determining the
constituent soil concentrations. The calculations used the 95 percent UCLs/UTLs for each soil
constituent concentration. The use of a high confidence interval provides an upper bound for
the actual soil concentrations. The EPA states in RAGS that the 95 percent UCLs/UTLs are the
accepted soil concentrations to use, and as such, will add conservatism to the estimate. The
final results will also be uncertain because of the use of estimated site-specific input parameters
(i.e., soil densities, moisture contents, excavation volume estimates, meteorological parameters,
etc.). These parameters are averages of the conditions that are representative of the site.
However, these conditions may not be homogeneous for the entire site. Therefore, the values
of the parameters vary in reality and are uncertain. The assumptions used will also contribute
to the uncertainty because an assumption was used when a well-defined number could not be
found and professional judgement must be used to determine the value (i.e., the use of a
"typical" scraper weight of 40 tons when the actual weight is unknown). Typically, a value is
used that overestimates the "real" value, and as such, makes the assessment conservative. The
models used for the assessment calculations also introduce uncertainty into the results. The
accuracy of the models is limited to several factors:

« Sophistication of the model’s dispersion algorithms,

o The availability of site-specific data (i.e., meteorological data, geochemical
parameters) to characterize conditions in the modeling domain.

The overall affect of these sources of uncertainty is that the final results can be accompanied by
a conservative uncertainty of approximately one to two orders of magnitude.

The aerial extent of contamination is evaluated in the following section. It focuses on the
COCs identified in Table I1I-2.3. The objective is to identify the locations and depths at which
the COCs occur and the volume of soil that must be remediated. :

II1.2.4 Defining Areas of Concern

Based on the COCs presented in Table II1.2-3, the areal extent of contamination within
the OU4 boundary that may pose a risk to public health was established. Contaminated vadose
soils will be excavated to the depth of the mean seasonal high ground water elevation within
THSS 101 and a portion of IHSS 176. Soils outside IHSS 101 will be excavated if their
respective PRG concentrations are exceeded. Only soils exceeding their PRGs (target levels in
Table III.2-3) will be excavated outside IHSS 101 (and within the OU4 remediation boundary).
Contaminated surficial soils within the OU4 boundary (north of the SEPs) will be excavated to
6-inches bgs. After this excavation, verification sampling will be performed to determine if
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additional soil removal is necessary (see Section IV.8). The objective of this mapping activity
was to define those general areas, and their depths, that will have to be addressed during
development and evaluation of an appropriate IM/IRA for OU4 since these areas exceed the
calculated PRGs, which are protective of human health. Historical data from OU4, which were
not used to compute summary statistics, were incorporated into these maps to identify areas of
concern. Maps for all of the specific COCs, using only the RFI/RI data, are presented in
Section I1.3 and Section I1.4. Figure II1.2-3 summarizes the areas of concern for all the COCs
based on OU4 RFI/RI data. The areas of concern shown on the figure form the basis for the
extent of potential contamination that will be the focus of the IM/IRA solution. This method
of determining the areas of concern provides a very conservative estimate of the extent of
contamination actually present. This will also provide a conservative estimate of the actual
extent of contamination as it assumes mass contamination rather than point-source problems.
The exact areas subject to the IM/IRA . selected alternative will be determined during
implementation of the OU4 IM/IRA. It should be noted that the areas of concern depicted in
Figure II1.2-3 are discontinuous due to natural bedrock formations. The area below the
unconsolidated material-bedrock contact projection is excluded because it is contaminated by
ground water seeps. The remediation of this area will initially be driven by the ground water
remediation followed by the remediation of contaminated soil areas which will ensure the entire
area meets the remediation criteria previously established.
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1.3 TECHNOLOGY IDENTIFICATION AND SCREENING

Process options, GRAs, and closure/remediation scenarios, are identified and screened
in this section. Figure III.3-1 is a flow diagram that summarizes the activities that were
performed to develop a closure/remediation general response action.

II1.3.1 Technology Identification and Screening

A preliminary screening of possible treatment technologies to close and remediate the
SEPs was conducted. The technologies that were considered are shown in Table III.3-1. Table
I1.3-1 is divided into three parts: technologies that could treat the liners/debris, technologies that
could treat the soils and sludges, and barrier methods that would be placed over the ponds to
minimize infiltration. Pondcrete is not addressed by this treatment technology screening and will
be considered treated sludge for remediation purposes. In addition, technologies that could be
applied in situ and ex situ were identified. In situ technologies are conducted with the
waste/contaminated media left in place. Ex situ technologies require the physical removal of
waste and contaminated media prior to their treatment.

Technologies were screened based on the following four criteria:

« Proven effectiveness;

» Applicability;

« Implementability; and -
o Cost. :

Each of the screening criteria is described below.

+ Proven Effectiveness - A proven technology is one that has been used successfully
at other sites (DOE or non-DOE) with similar wastes and/or characteristics. Since the
IAG schedule does not allow a lengthy research and development period, technologies
that have been proven only at the bench- or pilot-scale level without a demonstrated
record of full-scale implementability were not considered to be proven technologies.

+ Applicability - This criterion was used to screen a technology with respect to its
applicability at the SEPs. If a demonstrated technology could not be utilized to
effectively treat the identified contaminants or a class of contaminants (e.g., organics)
within the IAG schedule, then it was eliminated from further evaluation. This
criterion is discussed in terms of in situ and ex situ applicability.

« Implementability - Technologies were screened based on if the studies (e.g.,

' feasibility) needed for their implementation could be performed within the
treatability/engineering development time frame of the IAG schedule. Technologies
requiring extensive testing and development that could not be implemented within the
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TABLE I11.3-1
IDENTIFICATION AND SCREENING OF POTENTIAL TECHNOLOGIES

£l

Category Preliminary Screening Criteria Retained for
Technology : : Further
Ap:)rl,i(‘:galgillity Api)l(iciltt)ﬁity Eff:cr’?i:::ess Applicability Ir:’:?)lc:ns\::::l:ji:;y Cost Evaluation

BARRIERS ‘
Engineered Cover N/A N/A Yes Yes "Yes Medium Yes
Temporary Cover N/A N/A Yes Yes Yes Low Yes
LINERS/DEBRIS
Vitrification .- Yes Yes Yes Yes No High No
Solidification/Stabilization " Yes Yes Yes Yes Yes Medium Yes
Containerization No Yes Yes Yes Yes High Yes
Size Reduction Yes Yes Yes Yes Yes Low ‘ Yes
SOILS/SLUDGES
Vitrification Yes Yes Yes Yes No High No
Solidification/Stabilization Yes Yes Yes Yes Yes Medium Yes
Organic Polymerization No Yes Yes Yes No High No
Soil Flushing Yes No Yes No Yes Medium No
Soil Washing No Yes Yes - Yes Yes Medium Yes
Solvent Extraction No Yes Yes Yes Yes Medium Yes
Precipitation Yes Yes Yes No Yes Low No
Adsorption Yes . Yes No Yes® Yes High No
Degradation Yes Yes Yes Yes® Yes Medium Yes¥
Incineration No Yes Yes Yes® Yes High No
Thermal Desorption Yes Yes Yes Yes Yes Medium®High® Yes®
Electrokinetics Yes No No Yes No High No
Containerization No Yes Yes Yes Yes High - Yes

¥ Cost range - Treatment methods: < $100/ton = Low; $100-500/ton = Medium; > $500/ton
- Barrier methods: < $5 million = Low; $5-20 million = Medium; > $20 million
 Applicable to in situ only

 Applicable to ex situ only

High
High
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IAG schedule constraints were removed from the evaluation list. In addition, if
required resources were unavailable or could not be economically obtained, then the
technology was eliminated from further evaluation.

+ Cost - The cost of each technology was estimated and assigned a relative score of
low, medium, or high. If the cost of one technology was much greater than the cost
for other comparable technologies, then the technology with the greater cost was
eliminated from further evaluation.

Technologies that failed to meet any one of the screening criteria were removed from the
list for consideration. Figure II1.3-2 is a summary of the technologies that were initially
screened for the OU4 closure/remediation.

The results of the initial screening process are summarized in Table II1.3-1 and illustrated
on Figure II1.3-2. Those process options which were eliminated based on application of the
screening criteria are shaded on Figure III.3-2. The specific reasons these process options were
eliminated are presented below.

III.3.1.1 Identification and Rationale for Technologies Failing the Screening Process

The technologies that failed the preliminary screening process are described in this
section and the reasons for their elimination are discussed.

Vitrification

Vitrification is a process in which solid or semi-solid hazardous materials that are stable
at very high temperatures are fused with glass or ceramics. This technology has been used for
the treatment of high-level radioactive waste from reprocessing spent nuclear fuel and has been
demonstrated in situ as a treatment for buried wastes. During the vitrification process, the
wastes are transformed into a molten, vitreous mass that, upon cooling, will form a glass-like
product that is leach resistant and that does not need secondary containment. The process is
energy-intensive, requiring the materials to be heated to approximately 1350°C to become
molten. Both specialized equipment and trained personnel are required to operate this complex
process. Some constituents, especially metals, may vaporize during the high temperature
process, potentially yielding toxic emissions. As a result, this technology typically requires off-
gas treatment (high-efficiency particulate air filters and/or scrubbers).

"Vitrification would be potentially suitable for treating the contaminated soils and OU4
sludges. If selected, the development and procurement of the needed equipment would likely
require an extension of the IAG schedule. The cost of vitrification is and has historically been
greater than the cost of comparable technologies for low-level radioactive waste. Vitrification
has been identified as Best Demonstrated Available Technology (BDAT) for a number of wastes,
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ST-111

QU4 Closure/
Remediation Scenarios Remedial Types Technologies Descriptions Screening Comments
-m -m Not Applicable No action Used as the baseline for iled analysi
T — Ground Water Monitoring Ongoing monitoring of wells Potentially applicable
s —
Vadose Zone Monitoring Ongoing monitoring of lysimeters Potentially applicable
([ Comainment 1}
Temporary Cover Tarpaulin cover to minimize infiltration and.erosion Potentially applicable
Enginesred Cover Clay and possibly synthetic-membrane-covered soil Potentially applicable
r— F ging : Containarization | Packaging of waste for storage/disposal Potentially applicable
—_————
[ Excavation 1} TP T . ; 1 wi dard i i
1 | Cor d media with earthmoving Potentially applicable
equipment
D« dati Chemical or biological formation of cor tobe Potentially applicable
i -~ tess toxic or less mobile
{ Phyﬁ!z;ﬁ::‘w |— Machanical operation to divide objects into smaller pieces Potentially applicable
Solidification/Stabilization Contami encapsulated and/or chemically stabilized Potentially applicable
Soil Washing Physicalchemical separation of contaminants from the soils Potentially applicable
]' Solvert E: L | Dissolving of contaminants from the soils into the solvent fluid Potentially applicable
Ex ST V/// Adsomtion ///) Removal of contaminants from the Bquid phase to the soild phase Eliminated: High cost
[///, Precipitation //// Contami become insoluble with addition of chemi Eliminated: Difficul to implement
Organic Polymerization Stabilization of organic wastes using reactive polymers Eliminated: Schedul ictions and high cost
/7 Incineration 777/ Combustion of inants In oxyg Eliminated: High cost; only organics treated
Troma Treatmer 'I Thermal Desorpti I Volatilize organics with secondary treatment Potentially applicable
{_Thermal Treatment | Qe .
- ¥/// Vritication 7///) Fusion of solid materials into a glass-like product Eliminated: and high cost
% m Removal of contaminants from the Equid phase to the solid Efiminated: High costs
T [///, Degradation /// Chemical or biclogical formation of to be Etiminated: Low soil p bility
oy . less toxic or less mobile .
l Treatment | .
M Removat of ionkc or charged species from solls Eliminated: Low soil p bility
Contaminants become insoluble with addition of chemicals Eliminated: Low soll permeabllity
| In Sau Ti : Y/// Soil Flushing ///] Leaching of contaminants from the soils into the flushing fluids ~ Efiminated: Low solil permeabiiity '
Solidification/Stabilization Contaminants encapsulated and/or chemically stabilized Potentially applicable
l~___-{7/‘[1»,9",31 Desorption Z] Volatilize organics with secondary treatment Efiminated: High cost
{__Themmd Treatmert _} 77 Virficat 77 Fusion of solids materials into a glass-like product Eliminated: Proven effectiveness, schedule
A - restrictions, and high cost
-m Onstte storage at existing permitted facility Potentially applicable
Onsite Storage )
[m} -_ Agency-approved new onsite storage facility Potentlally applicable
Offsite Disposa Waste Disposal Facility Disposal at permitted offsite facllity Potentlally applicable
) PREPARED FOR
U.S. DEPARTMENT OF ENERGY
ROCKY FLATS ENVIRONMENTAL
TECHNOLOGY SITE
LEGEND GOLDEN,COLORADO
m Technology efiminated
from futher evaluation Figure lI1.3-2
Solar Evaporation Ponds

Operable Unit No.4, IWIRA EA DD
Initial Screening of Technologles
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but the EPA has repeatedly delayed the effective date of treatment standards for vitrification due
to a lack of available vitrification capacity.

Vitrification was eliminated from the list of possible treatment technologies because of
the time required to develop and implement the vitrification process, and because its high cost
makes it a noncompetitive alternative. '

Organic Polymerization

Organic polymerization is a stabilization process involving reactive organic chemicals to
treat wastes containing organic chlorides, phenols, paint sludges, cyanides, heavy metals,
inorganic salts, and radionuclides. The process immobilizes the hazardous constituents using
a polymer formulation. The polymer precursors are mixed with wet or dry waste at ambient
temperature using a specialty mixer. A catalyst is usually added and mixing is continued until
all components are completely dispersed. The mixture is transferred, if necessary, to a waste
container before the polymer forms. The polymerized material does not usually combine
chemically with the waste, but rather encapsulates solid particles and small liquid droplets
(micelles). In some polymerization reactions, water is incorporated into the polymer structure
or evaporated by the heat of the reaction.

One major advantage of this technology is that organic polymerization can accommodate
wastes over a wide pH range. The final product typically occupies about 30 percent less volume
than cement-based systems. Another advantage of organic polymerization is that for
" radionuclides, with long term stability, this radiolytic decomposition typically produces
hydrogen. The polymerized waste form is less dense than its cement-based counterpart, and
hence, incurs less transportation costs. The major drawback to this technology is that it costs
approximately five times as much as cement- or lime/pozzolan-based systems. Stabilization
chemicals are reactive and require special storage and handling procedures. In most cases, the
chemicals are toxic as well. Like vitrification and thermoplastic stabilization, polymerization
requires expensive, specialized equipment and highly skilled operators. The technology,
although highly effective, is not a feasible alternative for this project due to schedule constraints
and its high costs.

Soil Flushin

Soil flushing is the in situ process of injecting fluid into contaminated soil and allowing
the fluid to leach contaminants from the soil matrix. The fluid is then extracted from the
subsurface via recovery trenches or wells for treatment. This technology could be utilized to
wash the soils in place and transfer the contaminants to a more easily treated media (i.e., water).
The extraction fluid could be either water or an aqueous chemical solution that would displace
the contaminants from the soil. Soil flushing is a proven technology that has been used
successfully to treat many types of wastes, including radioactive wastes, at several DOE sites.
However, soil flushing typically is effective only for soils that have hydraulic conductivities
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greater than 1.0x10* centimeters per day (cm/day). The OU4 soils have hydraulic conductivities
that range from 1.0x10* cm/day to 1.0x10° cm/day. It is possible to enhance soil permeabilities .
and minimize difficulties associated with clayey soils using a technique called soil mixing. This
method, used in conjunction with soil flushing, however, is not recommended due to the inherent
difficulties of performing QC on the process. It should be noted that soil mixing is retained in
this analysis for in situ stabilization. Soil flushing was eliminated from further consideration on
the basis that it would not be effective for the existing conditions at OU4.

Precipitation

Precipitation operations provide a means to immobilize heavy metals by reacting them
to form insoluble compounds or complexes. Metals will precipitate at varying pH levels
(depending on the metal complex and valence). In situ precipitation is performed by introducing
aqueous chemical solutions (via infiltration galleries or sprinklers) into saturated soils to adjust
the pH of the subsurface in order to form insoluble heavy metal complexes that remain in the
soil. The formation of contaminant metal complexes is reversible at the proper pH conditions;
therefore, the treated soils would require continuous maintenance to maintain the proper soil
conditions so that reversal of the process and destruction of the insoluble complexes do not
occur. In addition, the reactant solution probably would not directly contact the soil matrix due
to low and highly variable RFETS soil permeabilities and the predominant interstitial flow
regime. There are no known commercial or full-scale applications of this technology. Due to
the significant clay content of RFETS soils, it is unlikely that mechanical means, such as shallow
soil mixing, would adequately loosen and disperse soil particles to allow direct contact with the
reactant solution. The potentials for incomplete reactions of available contaminants and
disassociation of formed complexes give this technology’s long-term effectiveness a great degree
of uncertainty. Extensive testing would be required to validate the effectiveness of using in situ
precipitation at the RFETS. Therefore, in situ precipitation was eliminated from the list of
possible treatment technologies because it was not considered to be implementable within the
IAG schedule. Ex situ precipitation was eliminated because the operation would not be
applicable to soils in that the formed precipitation would be difficult to separate from the
decontaminated soils.

Adsorption

Adsorption is the operation of removing organic and metal contaminants from an aqueous
phase with the use of activated carbon, resins, clays, zeolites, and agricultural products (e.g.,
manure, peat). Adsorption could be applied in situ at the SEPs by diverting ground water or
vadose zone liquids containing suspended or solubilized soil contaminants to a trench filled with
one or more of the adsorption materials listed above. Applicability of in situ adsorption will
depend on the degree of flow control of ground water or vadose zone liquids. A flushing system
might be required for the vadose zone. Determination of the required types, amount, location,
and placement of adsorbent; and adsorbent efficacy and efficiency, which is influenced by the
ground water flow regime through the adsorbent as well as soil contaminant desorption kinetics,
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all contribute to a great degree of uncertainty with respect to short-term effectiveness. The cost
of adsorption has historically been higher than the cost of comparable technologies. Both ex situ
and in situ adsorption were eliminated from the list of possible treatment technologies because
of the high costs associated with the anticipated large volume of adsorption materials required
and its associated disposal cost. In addition, the in situ system maintenance and implementation
difficulties associated with the low RFETS soil permeabilities preclude further consideration of
the in situ technique. The ex situ technique was also eliminated because the adsorption materials
would be difficult to separate from the decontaminated soils.

Degradation (In Situ)

Degradation is the process of using biological or chemical means to degrade primarily
organic contaminants, although other types of contaminants have been demonstrated to be
treated. In situ bioremediation can be carried out either by enhancing the soil conditions to
increase the growth of the indigenous micro-organism population, or by applying (with sprayers
or injection wells) strains of micro-organisms engineered to degrade specific contaminants.
Many commercially available products and processes .can be used to enhance in situ
biodegradation. Oxidation and reduction reactions within the soil matrix may occur through
management of the natural oxidation/reduction processes in a soil or through addition of an
oxidizing/reducing agent. Degradation processes are proven technologies that have been used
successfully to treat many types of wastes. The in situ degradation process would not be
applicable at OU4 because of the implementation difficulties associated with low RFETS soil
permeabilities. In situ degradation was therefore eliminated from the list of possible IM/IRA
treatment technologies.

Thermal Desorption (In Situ)

Thermal desorption processes use heat to vaporize organic contaminants found in soils.
In situ thermal desorption processes are proven technologies, and would be applicable for
volatile organic contaminants at OU4. Thermal desorption would not destroy heavy metals or
radionuclides, so it would be used in conjunction with other treatment/containment processes for
these contaminants. Thermal desorption is energy and cost intensive, however, in situ thermal
desorption is more energy- and cost-intensive than ex siru thermal desorption processes, which
is why it is not commonly used. In situ thermal desorption was eliminated from the list of
possible OU4 treatment technologies because of the large costs and energy requirements, and
limited applicability to OU4 contaminants.

Incineration

Incineration is primarily utilized to treat organic compounds by high-temperature
oxidation and usually produces the following byproducts: water vapor, carbon dioxide, sulfur
dioxide, nitrogen oxides, and ash. It is a desirable ex situ treatment option when dealing with
large quantities of combustible organic wastes. Incineration has been demonstrated and utilized
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successfully to treat organic wastes at many Superfund sites. Many types of mobile incineration
units are available that could be transported and operated at the SEPs. Fuel could be delivered
as required to supply the energy, however, incineration is extremely energy and cost intensive. -
Some tests would be required to determine the optimal incineration process, but this process
could be implemented within the time constraints of the IAG schedule. Incineration would not
destroy or immobilize heavy metals or radionuclides, so it would be used in conjunction with
other treatment/containment processes for these contaminants. The ash waste would require
stabilization. The current regulatory climate indicates that incineration would not be easily
accepted as a treatment remedy. The cost of soil incineration is generally higher than the cost
of comparable thermal technologies because of the large, mostly inert soil mass requiring
heating. Incineration therefore was eliminated from the list of possible treatment technologies
because of its high cost and because it would not be effective at treating the radionuclide
contaminants.

Electrokinetics

Electrokinetic soil processing is an in situ, continuous process for the removal of ionic
or charged species from soils, including heavy metals, radionuclides, and selected organic
pollutants. Electrokinetics is the process of passing a low-intensity direct current through
contaminated soil. This current creates localized acidic ground water conditions near the anode
and basic ground water conditions near the cathode by electrolysis and ionic disassociation.
Cations are desorbed from the soil near the anode and can be removed by pumping the ground
water in the vicinity of the anodic region of influence; however, the zone of treatment would
have to be saturated in order to effect the migration of contaminants. No commercial or full-
scale applications of this technology have been identified. Extensive testing would be required
to validate the effectiveness of electrokinetics at the RFETS, making it difficult to meet the IAG
schedule. The cost of electrokinetics, including the contribution from energy demands would
most likely be higher than the cost of comparable technologies. This technology would not be
effective for remediating unsaturated vadose zone soils. Based on these discriminators,
electrokinetics was eliminated from the list of possible OU4 treatment technologies.

II1.3.2 Description of Potentially Applicable Technologies

Technologies that passed all of the preliminary screening criteria are listed in Table III.3-
2, along with the type of treatment. The goals of the OU4 SEP closure address the media
mentioned below. The design of the selected GRA will close/remediate the following media:

«- Pond Liners

The liners within the SEPs are considered hazardous waste by the CDPHE via the
"mixture” rule in 6 CCR 261.3(a)(2)(iv). The COCs detected in the liners include
metals and radionuclides. The results of the analytical analysis performed on the liner
material have been presented earlier in Part II, Section 3.
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TABLE II1.3-2

POTENTIALLY APPLICABLE REMEDIATION TECHNOLOGIES

Containment Removal Ex Situ In Situ Storage/Disposal
Treatment Treatment
Ground Water | Containerization | Degradation | Solidification/ | Onsite Storage
Monitoring Stabilization
Vadose Zone | Excavation Size Offsite Disposal
Monitoring Reduction
Temporary Solidification
Cover /Stabilization
Engineered Soil Washing
Cover
Solvent
Extraction
Thermal
Desorption
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Pond Sludge

The residual sludge pumped from the B series SEPs, SEP 207-C, and the nearby
clarifier unit contains COC concentrations in excess of the established PRGs. The
various COCs include radionuclides and metals. The contaminants associated with
this media are the same contaminants found in the pond liners and soil beneath the
ponds.

Pondcrete

Pondcrete is treated (solidified) sludge processed during the 1980’s from SEP 207-A
that will be dispositioned as a component of this remedial action. The contaminants
associated with this material are identical to those found in the untreated pond sludge
but are solidified within a concrete matrix.

Surface Soil Contamination

Surface soils with COC concentrations exceeding established PRGs are located in
several areas within the OU4 boundaries. The various COCs include radionuclides,
metals, volatile and semivolatile organic compounds, and pesticides. The COCs and
PRGs identified for surface soils located within the OU4 boundaries (upward exposure
pathways) have been presented earlier in Table II1.2-3.

Vadose Zone Soil Contamination

Vadose zone soils with COC concentrations exceeding established PRGs are located
primarily beneath the SEPs. The various COCs include radionuclides, metals,
volatile and semivolatile organic compounds. The COCs and PRGs identified for
vadose zone soils located within the OU4 boundaries (upward exposure pathways)
have been presented earlier in Table III1.2-3.

Remediation Debris

Debris will be generated during implementation of closure activities. Debris will
include utilities associated with the SEP operations, foundations and structures
adjacent to the SEPs, and materials from the closure/removal of Buildings 788 and
964. The contaminants associated with these materials are the same contaminants
found in the liners and soils because the utilities and Building 788 supported the SEPs
operations.

Debris will be screened for the presence of contaminants as practicable to eliminate
uncontaminated material from being disposed of as contaminated debris. Debris from
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the demolition of Building 964 is thought to be free of contamination based on
radiation surveys and will be segregated appropriately.

Several methods may be pursued which address these media and meet the remediation
goals. These methods include the following:

Containment of Consolidated Media with Prevention of Contaminant Migration

The upward exposure pathways for the liners, sludges, surface soil, and vadose zone
soil contamination in their current state include inhalation, ingestion, and dermal
contact. Drinking water would be the primary exposure pathway for the ground
water beneath the SEPs. Precipitation and run-on enable contamination to migrate
from its current location in the form of runoff and infiltration. The containment
option (engineered cover, temporary cover, or backfill cover) would consolidate
surface and vadose zone soils via excavation. SEP liners, debris, sludges, and
pondcrete would also be consolidated beneath the engineered cover. The engineered
cover would prevent precipitation and run-on from infiltrating into the contaminated
liner material, sludges, pondcrete, debris, surface soils, and vadose zone soils.
Historical information indicates that the ground water elevation beneath the SEPs has
risen (seasonally) and contacted contaminated media and the SEP 207-B liners. The
possibility therefore exists that the ground water may rise in the future and contact
the consolidated contaminated material. To address rising ground water concerns,
engineered controls could be constructed to prevent rising ground water from
contacting the contaminated materials beneath the cover. These controls may include -
vertical walls/interception trenches, horizontal barriers, subsurface liners and leachate
collection systems, grout curtains, and/or a subsurface drainage layer. A vertical
wall/interceptor trench would divert ground water flowing towards the waste zone and
dewater the area behind the barrier, while the horizontal barrier and subsurface
drainage layer would divert or intercept ground water rising into the consolidated
waste zone. '

Removal of Contaminated Materials

Contaminated materials would be removed for treatment or transportation to an
approved off-site disposal or on-site storage facility. The OU4 sludge has been
removed from the SEPs and is currently being stored in holding tanks until treatment
and/or transport to an approved off-site disposal or on-site storage facility. The
pondcrete (currently being stored on a RCRA-approved holding pad) would be
removed and packaged for transport to an approved off-site disposal or on-site storage
facility. Contaminated debris materials associated with the closure would be
containerized and transported to an approved off-site disposal or on-site storage
facility. After removal of the liners, pondcrete, and contaminated soils, the potential
for these materials to release contaminants to the surface exposure pathways or
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contaminate the ground water would be eliminated. Alternatives considered include
excavation of soils and liners and containerization of contaminated media for storage
or disposal.

+ Treatment of Materials to Remove Contaminants

Several in situ and ex situ treatment options are available to treat the liners, sludges,
debris, and contaminated surface and vadose zone soils which should mitigate the
possibility for contamination of the ground water beneath the SEPs. These treatment
options may be utilized alone or in combination. Treatment options being considered
include solidification/stabilization, soil washing, solvent extraction,
oxidation/reduction, high pressure wash/chemical extraction, degradation, thermal
extraction, and thermal desorption.

The following subsections present detailed discussions with respéct to the technologies
that are considered to be potentially applicable for closure/remediation of the SEPs.

II1.3.2.1 Engineered Cover

An engineered cover system for the SEPs would be designed to address site-specific
conditions and concerns while meeting state and federal regulatory requirements. The
engineered cover would be designed to control infiltration of precipitation through the closed
ponds, prevent animal intrusion, and minimize water and wind erosion. Engineered controls
would be provided to prevent a potential future rising ground water table from contacting and
leaching contaminants from the consolidated media. An engineered cover would also reduce the
risk associated with direct exposure pathways for human and animal contact. An engineered
cover system could be designed to contain and prevent the migration of the COCs at the OU4
SEPs.

The potential engineered cover technologies under consideration would, at a minimum,
incorporate the requirements identified in Title 6 of the Colorado Code of Regulations (6 CCR)
1007-3, 265.228(a)(2)(iii), including: .

+ Provide long-term minimization of liquid migration through the SEPs;

« Function with minimal maintenance;

« Promote drainage and minimize erosion or abrasion of the cover;

« Accommodate settlement and subsidence to the maximum extent possible to maintain
the integrity of the cover; and

+ Have a permeability less than or equal to the permeability of the underlying natural
soils present.
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Surface water control measures would be integrated into the cover system. The
engineered covers would divert surface water away from the cover areas in a controlled manner
to avoid damage to the covers from erosion.

The engineered cover system would consist of layered components, drainage systems,
and any other systems deemed necessary to close the SEPs. The selection and design of the

- final cover system components would be dependent on the nature and concentration of

contaminants present; the level of performance required to ensure overall protection of human
health and the environment; and the governing regulatory standards. Each of the potential
engineered cover components, their function, and level of importance to long-term performance,
are described below. In addition, six different cover design alternatives that have been applied
at other facilities are presented. A detailed discussion of all of the performance objectives is
included in Section IV.2, Design Basis Functional Requirements. Should containment be
selected as the OU4 closure/remediation solution, the cover components listed below will be
addressed as part of the detailed design efforts and optimization of the engineered cover design
such that the cover complies with the identified ARARs.

Stabilized Waste/Backfill

Depending on the structural stability of the underlying wastes and contaminated media,
backfill material may be added to and mixed with the wastes, and then compacted to form a
stable base for the engineered cover system. Additional backfill may also be placed over these
compacted materials and compacted to establish the final grade before the placement of other
cover components. Backfill is typically used to establish final grades and slopes because it is
usually the least expensive of the available cover materials.

Hydraulic Barriers

Asphalt concrete, flexible membrane liners (FMLs), compacted clay soils, and
geosynthetic clay liners (GCLs) may be used to serve as primary hydraulic barriers to minimize
infiltration. Asphalt concrete and clay soils provide a firm foundation for the overlying layers
of the cover system. Clay soils can also serve as a consistent controlled bedding material for
the protection of an overlying FML. GCLs may provide better bridging action than compacted
clay soils when placed in tension (e.g., spanning a sink hole formed from the settlement of
underlying material). GCLs, however, have not been proven over extended periods of time.
For this reason they would not be suitable for engineered covers requiring a long design life
(i.e., greater than 75 years).

An FML would provide the initial low-permeability barrier to prevent infiltration
migration where clay materials or GCLs were used as the primary hydraulic barrier. The clay
layer must be placed below the frost depth to avoid shrinking and swelling. The FML would
be placed directly above the clay to reduce the moisture fluctuations within the clay layer, since
extreme saturation and desiccation of clay could cause severe cracks resulting in direct flow
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paths for moisture migration. The FML would be placed immediately following completion of
the clay barrier to reduce surface drying and cracking. The FML would also roof-over the
inconsistencies in the underlying compacted clay soil layer. FMLs are synthetic materials that
are unproven over long periods of time. Therefore, FMLs are not typically used in engineered
covers that have a design life requirement exceeding 75 years. '

Hydraulic barrier materials may also be used beneath the consolidated contaminated
materials as a subsurface liner. A subsurface liner would prevent leachate from migrating into
the ground water and would prevent rising ground water from contacting contaminated materials.

Drainage Layer

A drainage layer typically consists of-sand, gravel, or manufactured drainage fabrics.
This layer would be designed to have larger void spaces than either the overlying cover soils or
the underlying material and have proper pore distribution and adequate bottom slope. The
drainage layer would provide a mechanism to laterally transport water moving downward
through the cover, thereby minimizing the hydraulic head build-up over the underlying
compacted material and reducing the volume of water infiltrating into the underlying material.
.Multiple drainage layers may be used for design redundancy and/or to provide the means to
laterally transport water moving upward (i.e., from a rising ground water table), thereby
minimizing hydraulic head build-up under buried wastes and preventing the ground water from
contacting the wastes.

Biotic Barrier

A biotic barrier consisting of cobbles or riprap materials would prevent burrowing
animals from tunneling into the waste zone. The biotic barrier also functions as a protective
barrier in that plant roots would not penetrate the cobbles because soil moisture is greatly
reduced in the void space of the cobbles.

Capillary Break

A capillary break consisting of coarse materials, such as sand, gravel, and cobble, could
be used to reduce the amount of percolation through the engineered cover. The water pressure
must be nearly equal to atmospheric pressure for significant quantities of water to flow into and
through the coarse material. The overlying fine-textured soils must become nearly saturated to
allow water to flow into the coarse sublayers (Wing, 1993). This resistance to drainage
increases the storage capacity of the overlying soils, and provides time for the processes of
evaporation and transpiration to remove the soil moisture.
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Filters

A filter fabric (typically a nonwoven geotextile, either needle-punched or heat-bound),
could be used between the topsoil/backfill material and the biotic barrier/drainage layer to
prevent fines from sifting into the drainage layer voids, rendering the drainage layer
nonfunctional. Filter fabrics are synthetic materials that are unproven over long periods of time.
Therefore, filter fabrics would not be considered for engineered covers having a design life
requirement exceeding 75 years. Filter fabrics may however be used during construction to keep
specific layers segregated. Sand and gravel can also be used as filter materials. These materials
would serve the same function as filter fabric. These natural materials would be considered for
engineered covers having a design life requirement exceeding 50 years.

Topsoil

The main function of the topsoil layer is to support adequate vegetation growth. This
layer is designed to be of adequate depth to establish proper root growth for the selected
vegetation. Topsoil typically has a medium texture to facilitate seed germination and plant root
development. It is minimally compacted to facilitate root growth and to maintain sufficient
infiltration to promote growth and root development through periods of drought. In the event that
topsoil is scarce or costly, a general backfill material can be designated for the lower portion
of the topsoil layer to establish final grades and slopes. Therefore, the depth of the topsoil
material can be minimized to serve the function of supporting the establishment of vegetation
only. -

Vegetation

The surface soils of the cover would be stabilized to decrease erosion due to wind and
water. Vegetation is typically the aesthetically preferred final surface of a cover system, and
proper vegetation establishment would reduce the damaging effects from erosion due to wind and
surface water runoff. Plants also transmit water from the soil to the atmosphere through
transpiration, providing a removal pathway for the water stored in the soil layers. When
coordinated with surrounding native species, the plants also provide a pleasant blend with natural
surroundings.
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Erosion Protection

Gravel consisting of angular, 1/2-inch- to 3/4-inch-diameter pieces placed over a seeded
cover aids in reducing surface erosion from wind and water. The gravel also encourages
vegetation establishment by reducing evaporation in the uppermost portion of the topsoil which
provides nourishment for vegetation in semiarid environments. The addition of the gravel may
result in shorter and less frequent irrigation requirements for vegetation establishment and fewer
repairs because of erosion rutting. In-areas where steepened slopes are required due to space
constraints, or where erosion modeling deems it necessary, riprap materials may be used to
stabilize these slopes.

The area immediately surrounding the cover areas would be regraded to drain runoff
away from the cover. Where space or topographic constraints would not allow positive slopes
away from the cover areas, berms and/or swalés would be provided to keep surface water from
entering the cover areas. The disturbed areas would be seeded with grasses indigenous to the
site area.

Other Components

Design features will need to be incorporated into the IM/IRA design to minimize leaching
and migration that may occur from a potential rising ground water table. The application of
these design features is contingent on the location/depth of consolidated waste, the amount of
leachate generated as predicted through computer modeling (see Section IV.10.4), and the
assessment of the ground water conditions in the engineered cover area.

Vertical walls, or slurry walls, interceptor collection trenches, and horizontal barriers,
are low-permeability subgrade walls that effectively control ground water when installed
correctly. The use of slurry walls and horizontal barriers for containment is considered a
proven, standard technique. Drains can be used in combination with the slurry walls or
horizontal barriers to remove or divert ground water. A construction quality assurance/quality
control program is critical to ensure that the walls or horizontal barriers function as designed.
The disadvantages of slurry walls or horizontal barriers is that their depths are generally limited
to about 100 feet bgs. Long-term ground water monitoring is typically required with slurry
walls and horizontal barriers.

Grout curtains are another type of low-permeability subgrade barrier that can control
ground water flow. Construction of grout curtains is a well established, proven technique and
its effectiveness is dependent on grout injection hole spacing and geologic conditions. A
construction quality assurance/quality control program is critical to ensure that the grout curtain
functions as designed. The grout curtain can be used in combination with a ground water pump-
and-treat scenario. The disadvantages of the grout curtain include the installation difficulty in
heterogeneous soils and the lengthy ground water monitoring period required. Grout curtains
are not usually considered a permanent solution.
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A subsurface liner and leachate collection system could be used as an engineering control
to reduce the possibility of leaching and migration of contaminants from a rising water table.
The subsurface liner system will prevent ground water from contacting the waste zone, while
the leachate collection system will treat any leachate produced and collected upon the liner due
to infiltration. The disadvantage of the subsurface liner and leachate collection system is that
it is not a passive option because a treatment system will be operating to treat the leachate. A
passive system is defined as a system not requiring additional maintenance, operations, or
servicing during the expected life of the system. Several passive system components that meet
the long term performance criteria are described in Section III.3.2.1, Engineered Cover
Alternatives. Passive systems are typically installed for those systems that need to function
beyond the required 30-year RCRA post-closure care period. The liner and leachate collection
system option is operationally intensive and more expensive in comparison with other
engineering controls described above. This option may be required if the minimum technology
requirements of a new hazardous waste disposal facility are determined to be relevant and
appropriate. :

A subsurface drainage system consisting of layers of sand and gravel would divert ground
water from the waste zone if the elevation of the ground water table rises in the future. This
system would act passively to prevent contact of the wastes with a rising ground water table by
allowing ground water to flow to the existing Interceptor Trench System (ITS). The water
would be collected in the ITS System and treated prior to discharge (near term). In the long
term (after termination of ground water treatment) it would be discharged to the surface without
treatment. : '

Subsurface groundwater control systems were evaluated (see Appendix III.LE), and a
subsurface groundwater control system will be designed based upon the selected engineered
cover design, hydraulic calculations, and performance modeling (if required). :

Engineered Cover Alternatives

The alternatives that were considered for the engineered covers are discussed in detail
below. These alternative engineered covers use different combinations of the components
presented above. It should be noted that these cover alternatives are conceptual and that the final
design of an engineered cover may be modified to comply with specific requirements. As
previously stated, the need for an individual cover component would be determined during the
conceptual and detailed design efforts. Geotechnical testing would be required for determination
of hydraulic permeability, compaction, moisture content, dry density, moisture density, field
density, particle size (gradation), liquid limit, plastic limit, and plasticity index to select the
appropriate cover materials. It is assumed that in this analysis, local areas would be the source
of backfill soils. An evaluation of specific engineered cover alternatives is provided in Appendix
IIL.F.
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. Cover Alternative 1. This technology includes backfilling the area with general
backfill/topsoil material and a final vegetative cover. Alternative 1 would reduce the
potential of human and animal contact with the underlying material while providing an
aesthetically pleasing final appearance that would blend with the natural surroundings.
Backfilling and grading provide no hydraulic barriers to prevent infiltration of
precipitation into the underlying material and ground water, so moisture removal would
be dependent on evaporation and transpiration through the vegetative cover. Research

. at Los Alamos National Laboratory indicates that this method of reducing infiltration is
effective in arid to semiarid environments. Figure III.3-3 shows the proposed design and
components of this technology, which are as follows:

. Topsoil/backfill (support vegetative growth);
. Pea gravel (erosion control); and
. Vegetation (erosion control and transpiration).

Cover Alternative 2. This cover system would exceed the performance level expected
of backfilling and grading, in that it provides a biotic barrier/capillary break and a lateral
drainage path for gravity-flow removal of moisture that has infiltrated through the
overlying cover soils. The drainage layer would be designed to have a greater hydraulic
conductivity than the underlying materials. The addition of this capillary break would
discourage root growth into the underlying components, and the drainage layer would
decrease the volume of moisture infiltrating into the underlying materials and ground
‘ water. Through proper balancing of evaporation, transpiration, and lateral migration
' through the drainage layer, much of the infiltration could be removed before reaching the
underlying backfill and waste materials. Figure III.3-4 shows the proposed components
of this alternative,

. Sand (drainage/cushion);

. Angular riprap (biotic barrier/capillary break);
. Gravel (filter);

. Sand (filter);

. Topsoil/Backfill (support vegetative growth);

. Pea gravel (erosion control); and

. Vegetation (erosion control and transpiration).

Cover Alternative 3. This alternative is similar to Cover Alternative 2 in design
objectives, but would utilize a manufactured drainage material (drainage nets, etc.) rather
than a sand layer. Most commercial drainage nets are equivalent in performance to 1 foot
of sand [approximate saturated hydraulic conductivity of 102 centimeters per second
(cm/sec)]. The advantage of this option is that fewer haul loads would be required,
compared to sand, to import the drainage net onto the site. The size of the area
required for material stockpiling would also be reduced. The filter fabric layers above
and below the drainage net function to capture soil fines. This will prevent clogging and

022/722446/304 WPF OU4 Proposed IM/IRA-EA Decision Document
‘ . February 10, 1995

I1-38



ﬁ*—"ﬁé "ﬁill-llﬁgl
n—n ﬁm ||=|| |

I i ='==n_,
. %@W

i

P
e

i ﬁml ” ||‘|;l ||

NOTES:

VEGETATION <EROSION CONTROL
AND TRANSPIRATION)

PEA GRAVEL (EROSION CONTROL)

2| TOPSOIL C(VEGETATION SUPPORT)

GENERAL BACKFILL OR TOPSOIL
- (WATER STORAGE FOR VEGETATION GROWTHD

BURIED CONTAMINATED MEDIA
(BACKFILLED AND COMPACTED)

PREPARED FOR

1. THE DEPTH OF THE GENERAL BACKFILL WILL
VARY WITH RESPECT TO THE DEPTH OF THE
EXCAVATION AND DESIRED FINAL GRADE.

2. THIS SKETCH REPRESENTS PRELIMINARY
DESIGN CONCEPTS. IF SELECTED, THE
FINAL CONFIGURATION WILL BE DEVELOPED
ON DESIGN DRAWINGS.

U.S. DEPARTMENT OF ENERGY

ROCKY FLATS ENVIRONMENTAL
TECHNOLOGY SITE
GOLDEN,COLORADO

Figure I1.3-3

Soler Evaporation Ponds
Operable Unit No. 4
IM/IRA EA DD
Cover Alternative 1

93DN1105.0WG I11-39




..;I—Iu=- u.—ggﬁ!_i?_llq_

.. =ﬁ s
?ﬁ?ﬁﬂﬁﬂ%ﬂﬁﬂﬁ_ﬁ;‘é%ﬂl‘

3
Bw

"’—l _ l—n
i _1_1 —1 |_ Iﬁ'
LL—f =ﬁ§

l—_—l _IIL_I ‘

u—n

Tk ’ Sl R Tl
STy T T
M B T by T

B F =t N

NOTES:

VEGETATION (EROSION CONTROL
AND TRANSPIRATION

PEA GRAVEL (EROSION CONTROL)D

a| TOPSOIL (VEGETATION SUPPORTD

“_f% GENERAL BACKFILL OR TOPSODIL <WATER

STORAGE FOR VEGETATION GROWTHD

SAND C(FILTERD
GRAVEL. (FILTER)

ANGULAR RIPRAP (BIOTIC BARRIER/
CAPILLARY BREAK)

SAND (DRAINAGE/CUSHION)

BURIED CONTAMINATED MEDIA
(BACKFILLED AND COMPACTED>

PREPARED FOR

1. THE DEPTH OF THE GENERAL BACKFILL WILL
VARY WITH RESPECT TO THE DEPTH OF THE
EXCAVATION AND DESIRED FINAL GRADE.

2, THIS SKETCH REPRESENTS PRELIMINARY
DESIGN CONCEPTS. IF SELECTED, THE
FINAL CDNFIGURATION WILL BE DEVELOPED
ON DESIGN DRAWINGS.

' U.S. DEPARTMENT OF ENERGY

ROCKY FLATS ENVIRONMENTAL
TECHNOLOGY SITE
GOLDEN, COLORADO

Flgure 1iL3-4

Solar Evaporation Ponds
Operable Unil No. 4
IM/IRA EA DD
Cover Alternative 2

93DN110S.DWG [11-40




allow the drainage net to perform as designed. The drawback to this cover design is that
the long-term integrity (i.e., greater than 30 years) of the manufactured drainage net is
unproven. Figure II1.3-5 shows the proposed components of this alternative,

. Filter fabric (filter);

. Fabricated drainage net (drainage);

. Filter fabric (filter);

. Angular riprap (biotic barrier/capillary break);

. Filter fabric (filter);

. Topsoil/backfill (support vegetative growth);

. Pea gravel (erosion control); and

. Vegetation (erosion control and transpiration).

Cover Alternative 4, This cover system would perform the same evaporation,
transpiration, and lateral drainage functions as the covers described above. However,
this cover alternative would include the addition of a double-layered, low-permeability
barrier under the drainage layer to prevent moisture infiltration into the underlying
contaminated soil and wastes. This low permeability barrier would consist of a flexible
membrane liner (FML) and a layer of compacted clay. FMLs are synthetic materials that
are unproven over long periods of time. They are not typically used in engineered
covers that have a design requirement exceeding 75 years. This engineered cover design
is used to close hazardous waste sites in areas that receive high levels of annual
precipitation. In the semiarid RFETS environment, the clay may desiccate and crack,
providing a direct channel for infiltration into the waste zone. Figure III.3-6 shows the
proposed components of this alternative,

. Compacted clay (low permeability barrier);

. FML (low permeability barrier);

. Sand (drainage/cushion);

. Angular riprap (biotic barrier/capillary break);
. Geotextile filter fabric (filter);

. Topsoil/backfill (support vegetative growth);

. Pea gravel (erosion control); and

. Vegetation (erosion control and transpiration).

Cover Alternative 5. This alternative is similar to Cover Alternative 4 in theory, but a
GCL would replace the compacted clay soil barrier layer used in Cover Alternative 4.
The installation of a GCL is less complicated than a compacted clay liner. The GCL is
simply rolled out and overlapped, and moisture and compaction controls are instituted
to ensure that the GCL meets design specifications. The GCL would also be thinner than
a c/ompacted clay liner; therefore, the transportation, handling, and storage requirements
for the GCL would be less than the compacted clay liner. Although the material cost for
the GCL is typically higher than for mined clay, this cover alternative may be more cost-
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. effective overall when the lower construction, transportation, and storage costs are
considered. GCLs are becoming more readily accepted as a design option for final cover
applications. GCLs have not been proven over extended periods of time. Therefore,
GCLs would not be suitable for engineered covers requiring a design life exceeding 75
years. Figure III.3-7 shows the proposed components of this alternative,

. Selected contaminated soils (cushion for GCL);
. GCL (low permeability barrier);
. FML (low permeability barrier);

. Sand (drainage/cushion);

. Angular riprap (biotic barrier/capillary break);
. Geotextile filter fabric (filter);

. Topsoil/backfill (support vegetative growth);

. Pea gravel (erosion control); and

. Vegetation (erosion control and transpiration).

Cover Alternative 6. This alternative is developed using natural materials that are
anticipated to provide sustained passive integrity over the long term. Geosynthetic
materials would not be incorporated in this design alternative since their durability has
not been proven for extended periods of time.

The design would include the addition of a low-permeability asphalt concrete layer and
a poured polymeric asphalt coating. Asphaltic materials have long-term integrity if they

. : are constructed below the frost line and are isolated from ultraviolet light and oxidizing
materials. Figure II1.3-8 shows the proposed components of this alternative

Gravel base course (structural support);
Asphalt concrete (low permeability barrier);
Polymeric asphalt (low permeability barrier);
Sand (drainage);

. Angular riprap (biotic barrier/capillary break);
. Gravel (filter);

. Sand (filter);

. Topsoil/backfill (support vegetative growth);

. Pea gravel (erosion control); and

. Vegetation (erosion control and transpiration).

This engineered cover system is similar to the design that has been proposed for the DOE
Hanford Reservation in southeastern Washington. The Hanford engineered cover is
designed for a passive lifespan of 1,000 years. ~
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1.3.2.2 Temporary Cover

The temporary cover option would be implemented as an interim measure in the event
that a significant amount of time is required to obtain additional information (i.e.,
hydrogeological data to assess the need for ground water remediation) to demonstrate the long-
term effectiveness of a permanent IM/IRA solution. The temporary cover would be used to
prevent short-term exposures by isolating the contaminants from the environment. Upon
assessing the additional information, a final permanent solution would be selected and
implemented.

The temporary cover would consist of a waterproof fabric (i.e., tarpaulin) that would be
used to cover the SEPs to prevent the release of contaminants via surface water run-off and
fugitive emissions. The edges of the tarpaulin would be overlapped and joined to prevent
infiltration of precipitation.” Concrete blocks or sand bags would be placed on the tarpaulin to
anchor the cover system against high winds. The functional life of the tarpaulin is about 5 years
due to degradation resulting from exposure to sunlight, oxidation, and wind. The SEPs may also
be regraded to facilitate gravity drainage away from the covered areas. If gravity drainage
cannot be provided by regrading the area, a pumping system may need to be installed. If
pumping is required, ponding water, freezing weather conditions, and leakage through the
tarpaulin may necessitate additional controls. '

III.3.2.3 Solidification/Stabilization

Solidification/stabilization can be applied either in situ or ex situ depending on whether
the contaminated media is to remain in place or must be excavated. In situ treatment of soils
has been used in diverse applications to greatly reduce the mobility of the contaminants and
decrease the potential for these contaminants to migrate to the ground water. An engineered
cover over the treated soils may be required to provide long-term isolation. Ex situ treatment
technologies have been successfully used to treat radioactive, hazardous, and mixed waste to
meet established waste acceptance criteria prior to disposal. In the commercial nuclear industry,
radioactive wastes often are treated with a cementitious binder to mitigate the potential for
release of radionuclides to the environment. The solidification/stabilization processes produce
a treated medium that will not degrade appreciably either physically or chemically. The process
is shown schematically on Figure III.3-9.

Solidification of a contaminated media entails mixing the media with a solidification agent
and allowing it to harden into a leach-resistant, durable, monolithic solid. The operation may
or may not incorporate the contaminants into the solidified matrix via chemical reactions. As
a result, chemical stabilization is often needed in conjunction with solidification to prevent

.unwanted mobilization of contaminants. Stabilization refers to techniques which "reduce the

hazard potential of the waste by converting the contaminants into their least soluble, mobile or
toxic form" (Conner, 1990). This conversion occurs by altering the pH of the waste, altering
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the form of the contaminant, or complexing the contaminant in a solid matrix.
Solidification/stabilization agents that have been used for contaminated media include:

. Cements (masonry, Portland, gypsum, polymeric);
. Lime/pozzolan mixtures (lime/fly ash, lime/blast furnace slag); and
« _ Encapsulation binders (bitumen, thermoplastic polymers, catalyzed polymers).

Additives often have been used with solidification agents to enhance or de-emphasize
certain properties of the fluid or solidified matrix. These affected properties have included:

. Workability;

. - Set-up (solidification) time;

. Contaminant leach-resistance;

. Environmental durability; and

. Strength development and ultimate strength.

Contaminants that have been successfully immobilized using solidification include:

. Most organic compounds;
. "Metals; and
. Radionuclides.

Therefore, this technology is applicable for all of the various COCs at the OU4 SEPs.
Cement and lime/pozzolan mixtures provide contaminant immobilization by chemical reactions
with the binder and by encapsulation. Metal and radioactive ionic species typically are
incorporated into the matrix through reactions with the cement or lime/pozzolan paste, although
encapsulation of contaminant micelles (aggregates of usually large organic molecules acting as
charged colloidal particles) may also occur. Organic contamination typically is bound by micelle
encapsulation; and emulsifiers commonly are used to disperse the organic material throughout
the paste. Some low molecular weight organics act as retarders by inhibiting the solidification
reactions. As a result, these types of organics are difficult or impossible to solidify in a
cementitious binder.

Encapsulation binders provide solidification of a contaminated media by surrounding
individual media particles or micelles with subsequent setting or hardening.  Water
accompanying the contaminated media may be consumed by binder solidification reactions
(cements and catalyzed polymers), trapped as micelles within the binder, or evaporated (bitumen
and thermoplastic polymers). Since the media are trapped in the binder, the media and
contaminants are effectively immobilized. However, if a contaminant is relatively soluble in the
binder, then this treatment may not provide effective contaminant leach resistance. Ineffective
leaching resistance can occur when the contaminated medium contains low molecular weight
organic compounds solidified with encapsulation binders, especially bitumen and thermoplastic
polymers. In addition, when the solidification operation requires heating (as with bitumen and
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thermoplastic polymers), these volatile organics may require additional treatment through an off-
gas collection and treatment system.

Contaminated media may be solidified either in situ or ex situ, depending on the
requirements for final disposition. These requirements include:

. Federal or state treatment regulations;

. Disposal site waste acceptance criteria (WAC);
. Solidification method effectiveness; and

«  Waste disposal facility closure requirements.

The origin of in situ solidification of wastes and contaminated media is found in the
construction industry when soils were stabilized with cementitious or pozzolanic formulations
to provide increased structural load-bearing strength and resistance to slumping and settling.
Typically, the required increase in strength was relatively small, and tolerances for solidification
formulations and rates of application could be permissibly loose. With the advent of in situ
waste and contaminated media solidification, the tolerances necessarily became more strict to
ensure adequate and uniform treatment of contaminants. Additionally, contaminant sampling and
survey protocols have to be adequately defined to ensure accurate characterization. Quality
assurance and control requirements became more stringent to ensure that results can adequately
be predicted and documented.

In situ solidification can be performed using a variety of common types of mixing
equipment. The selection of the equipment depends on the degree of mixing required, and the
depth of the contaminated media requiring solidification. Depending on the site requirements,
dust suppression measures or dust collection equipment may be employed. Commonly used in
situ mixing equipment includes:

. Backhoe or dragline;
. Backhoe-mounted mixing injectors; and
. Mixing augers.

In situ solidification would be applicable at OU4 since the levels of contamination present
an unacceptable risk and removal, followed by storage/treatment, is impractical. Acceptance
of this technology would be dependent upon verification that the contaminants would be
immobilized within the treated matrix.

In situ solidification of contaminated media offers the advantages of:

. Less material handling requirements (eliminates media excavation and packaging
and reduced associated potential for worker exposure);
. No requirements for transportation to a storage or disposal facility; and
. No requirements for storage or disposal at another facility.
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In situ solidification of contaminated media has the following disadvantages:

. Volume of solidified media is increased compared to the original contaminated
media volume; i
. Treatment effectiveness and solidified product homogeneity are uncertain because
of variations of contaminant distribution in the media and media processing
A techniques;
. Reprocessing or packaging of unacceptable solidified media is difficult; and
. Significant research and development on bench-scale testing could be required to

derive an adequate solidification recipe.

Ex situ solidification of wastes or contaminated media originated with the commercial
nuclear industries. Wastes were typically disposed of off-site which required treatment and
packaging in easily handled units. This solidification technique was adopted for wastes from
hazardous waste sites when in situ methods were impractical or unfavorable. Since this
technique treats contaminated media in batches, contaminant characterization can be more
decisive and solidified product properties are more easily ensured compared to the in situ
technique. Ex situ solidification formulation development is similar to that for the in situ
technique.

Ex situ solidification of contaminated media offers the following advantages:

. Contaminants are removed from the site; and
. Treatment effectiveness and solidified product homogeneity are relatively easily
ensured.

Ex situ solidification of contaminated media has the following disadvantages:

. Volume of solidified media is increased compared to the original contaminated
media volume (exceptions include volume reduction of aqueous wastes treated in
thermal encapsulation operations);

. Packaging inefficiency increases final disposal volume;

. Contaminated media and solidified product must be handled;

. Significant research and development could be required to derive an adequate
solidification recipe;

. Transportation to a disposal facility is required; and

. On-site storage or off-site disposal is required.

Solidification in situ may best be applied to the contaminated soils surrounding or beneath
the SEPs. The soils are cobbly, sandy, and clayey loams which would be amenable to a variety
of solidification reagents due to the particulate nature of these soils. Solidification of these soils
would occur primarily by encapsulation, although metals and radionuclides adhering to the soil
particles likely would react with cementitious or pozzolanic binders and become incorporated
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in those binders’ matrices. = Immobilization of contaminants should be effective since the
majority of the SEP soil contaminants are metals and radionuclides, with only minor amounts
of organic compounds. The degree of immobilization would depend on the treated materials
homogeneity, proper solidification technique (lack of cracks and voids), binder formulation, and
ultimate strength. : '

Solidification ex situ may best be applied to the secondary waste stream sludges generated
during the SEP sludge removal activities. The pond and clarifier sludges characterized by
Weston (1991) and Halliburton NUS (1992) contain a variety of metals, radionuclides and salts.
A cement or pozzolanic-based system (or combination of both) should immobilize the
contaminants by chemical reactions with the binder and by encapsulation. Solidification using
cement is a proven technology for liquid, sludge, or solid wastes containing various metals,
organic compounds, radionuclides, oils, resins, plastics, and asbestos. Cement-based systems
are cost-effective because both the equipment and technology are readily available. The
techniques of cement mixing and handling are well developed and do not require specialized
processing equipment. In addition, the techniques of cement mixing and handling are reasonably

‘tolerant of many chemical variations in waste sludges. A process window can be designed to

accommodate varying characteristics of the waste within a set physical/chemical range and which
will yield a stabilized wasteform that meets the established waste acceptance criteria. Factors
such as the strength and permeability of the final product can be controlled by varying the
amount of binder added during the process. Pozzolanic materials may be added to immobilize
metals present.in the sludge. Research indicates that cement/flyash processes generally exhibit
the lowest leaching of metals with time versus cement processes without the addition of flyash.
Compositions including both lime and flyash have comprised the largest volumes of wastes
treated to date in the United States.

Treatability studies would be required in any case for solidification of SEP waste or
contaminated media. Areas of study would include:

. pH of the waste;

. Selection and application of the binder;

. Binder formulation development/degree of contaminant immobilization;
. Selection and performance of environmental durability tests; and

. Ratio of solidified to original media volume. '

Coincidental with the solidification treatability study is the analysis to determine the final
physical form (size and shape) of the solidified OU4 sludge. The final disposal form is
dependent on the ultimate waste acceptance criteria for the solidified waste. Three alternatives
will be evaluated if sludge solidification is selected in conjunction with one of the five general
response actions described in Section III.3.3 of this document. These alternatives are listed
below and discussed in detail in the following text:
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. Containerization;
. Half-Crate Solidification; and
. Solidified Pellets.

Containerization

Containerization would minimize the short-term exposure of the final waste product to
the environment. This formulation would utilize a stabilization process in which the OU4
sludges would be mixed with cementitious materials yielding a final waste form that could pass
all regulatory requirements. The waste-binder slurry would be homogenized and mixed as
necessary and then poured into a container (e.g., 55-gallon drum) to cure. The container would
provide a means to easily stack, store, and transport the stabilized waste.

Half-Crate Solidification

Like containerization, this alternative also incorporates the use of a stabilization process
to produce monolithic structures which can pass all regulatory integrity tests. This option,
however, does not utilize additional exterior protection over the monolith. Instead, the slurry
is poured into "half-crate" forms prior to set up and curing. This process yields a rectangular-
shaped slab (approximately 2 ft x 4 ft x 7 ft) that can easily be stacked, stored, and transported
for ultimate disposal.

Solidified Pellets

Similar to the production of containerized and half-crate monolithic final products, a
cylindrical-shaped pellet may be produced. The stabilization slurry (sludge-additives) would be
processed through a pelletizer unit rather than poured into a large form to cure. Although the
leachability potential may increase due to the increased exposed surface area of the pellets, the
pellets may be simpler for disposition, because they are more easily mixed with the other
contaminated media (i.e., soils, liners, pondcrete, utilities, debris). In addition, a pellet-like
product could add to the desired compaction strength of constructed waste layers supporting an
engineered cover. The discrete size and shape of the pellet would allow deliberate separation,
if required, from soils and other heterogeneous media.

I11.3.2.4 Soil Washing

In this process, contaminated soils are excavated and are typically segregated according
to ranges of particle sizes which also roughly segregates the contaminated soils from the
uncontaminated soils. Fine grained soils typically adsorb the most contaminants while course
grained soils are typically uncontaminated. After fractionating the excavated soils into clean and
contaminated soil streams, the contaminants are separated from the contaminated soil in an
aqueous-based extraction system. The wash water may be augmented with a leaching agent,
surfactant, pH adjustment, or chelating agent to increase the removal efficiency of organics,
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metals, and radionuclides. The clean soil fractions usually are returned to the site as backfill.
Soil washing experiments at the DOE Hanford Reservation confirm that selective removal of fine
sand, silt, and clay particles from the coarse fraction of sand, cobbles, and boulders is an
effective method of selectively concentrating contamination. The residual waste streams (e.g.,
wash water/agent and concentrated soil contamination) may require further treatment depending
on the process used. As part of the mechanical screening step, vegetative matter and detritus
may also require separation for disposal or, if uncontaminated, may be recycled for use as mulch
to help establish a vegetation cover on reclaimed areas. The soil washing process is shown
schematically in Figure III.3-10.

Soil washing does not destroy wastes, but is a means of separating the contaminants,
thereby reducing the volume of hazardous waste requiring treatment. Soil washing may be used
-in combination with bioremediation, incineration, and solidification.

This technology is designed for soils, sediments, liners, and sludges. The contaminant
groups for which soil washing may be applicable to are listed below:

. Halogenated semivolatile organic compounds (SVOCs);
. Nonhalogenated SVOCs;

. Halogenated volatile organic compounds (VOCs);
. Nonhalogenated VOCs;

. Pesticides;

. Metals; and

. Radionuclides.

The technology offers the potential for recovery of metals and can remove a wide range
of organic and inorganic contaminants from coarse-grained soils. The following factors may
limit the applicability and effectiveness of this process:

. Contaminants typically are found in fine soil fractions and in plant matter;

. Fine soil particles (silts, clays) are difficult to remove from washing fluid;

«  Complex waste mixtures (e.g., metals with organics) make formulating the
washing fluid difficuit; '

. High humic content in soil inhibits desorption of contaminants (i.e., contaminants
become chelated); and

. Contaminant removal from wash fluids may be expensive.

Soil washing is a full-scale developed technology, but additional testing and treatability
studies will need to be performed to demonstrate applicability to SEP media and contaminant
types. These studies would include the selection of the appropriate additives to the soil washing
water. [Note: The information used to prepare this sec/tion was derived from the following
sources: (Air Force, 1986); (DOE, 1992); (EPA, 1989a); (EPA, 1989b); (EPA, 1990a); (EPA
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1991b); (EPA, 1992a); (EPA, 1992b); (EPA, 1993a); (EPA, 1993b); {Smarkel, L.L., 1988);
and (Trost, P.B. et al, 1987).]

II1.3.2.5 Solvent Extraction

In this process, the contaminated media is excavated, and then fed into an extraction unit
where they are mixed with an appropriate solvent. The targeted contaminants (organics and
possibly heavy metals) dissolve into the solvent. The extracted contaminants and solvent are
then placed in a separator for treatment (where the contaminants and solvent are separated) and
re-use, respectively. The treated media may be returned to the site, disposed of, or routed for
further treatment as appropriate. Organically-bound metals can be extracted along with the
target organic contaminants, thereby creating residuals with special handling requ1rements The
solvent extraction process is shown schematically in Figure III.3-11.

Solvent extraction does not destroy wastes, but is a means of separating the contaminants,
thereby reducing the volume of hazardous waste requiring treatment. Contaminants from large
volumes of contaminated media are concentrated into a smaller volume of liquids which are
easier to treat. Solvent extraction may be used in combination with other technologies such as
solidification, incineration, or soil washing, depending upon the nature of the contaminants and
secondary waste streams.

This technology is designed for soils, sediments, liners, and sludges. The contaminant
groups for which solvent extraction may be applicable to are listed below:

. Halogenated SVOCs;

. Nonhalogenated SVOCs;
. Halogenated VOCs;

. Nonhalogenated VOCs;
. Pesticides; and

. Heavy metals.

This technology may have to be combined with other technologies such as soil washing to treat
all the COCs identified at the OU4 SEPs. The following factors may limit the applicability and
effectiveness of this process:

. Traces of solvent may remain in the treated solids;
e The toxicity of the solvent may be prohibitive;

. Organically bound metals can be extracted along with the target organic
contaminants, thereby creating residuals with special handling requirements;

. Solvent extraction is generally least effective on high-molecular-weight
organic and hydrophilic substances; and

. Some soil types and moisture content levels will adversely impact process
performance.
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Solvent extraction is a fully developed technology, but treatability studies would be
required to demonstrate its applicability to OU4 media and contaminant types. These studies
would include the selection of the appropriate solvents, and would address the amount of solvent
that may remain in the treated solids. The toxicity of the solvent may become an important
consideration. [Note: The information used to prepare this section was derived from the
following sources: (DOE, 1992); (EPA, 1989c); (EPA, 1990b); (EPA, 1993a); (Hall, et al,
1990); (Rowe, R., 1987); (Reilly, T. R. et al, 1986); (Hazardous Waste Consultant, 1993); and
(Weimer, 1989).]

II1.3.2.6 Ex Situ Degradation

Degradation technologies can be divided into two main categories: biological processes
and chemical processes. Each of these degradation technology types is discussed in more detail
in the following subsections. '

I11.3.2.6.1 Biological Processes (Bioremediation)

Bioremediation is a treatment technology which uses micro-organisms (principally
bacteria, fungi, and actinomycetes) to degrade and destroy organic and inorganic contaminants.
These microorganisms use the organic and inorganic contaminants as substrate and oxygen
sources, break the contaminants down into byproducts, and transform them into less toxic or
nontoxic forms.

There are many options available for ex situ bioremediation. The most common ex situ
bioremediation technologies for soils include bioreactors, ‘composting, and landfarming.
Landfarming would not be suitable for the subsoils at the SEPs because of the radioactive
contamination that would be exposed to the environment. Treating soils with bioreactors would
be carried out by mixing water and microbes with the contaminated soil to form a slurry
mixture. Nutrients and pH adjustment chemicals would be added to ensure optimal conditions.
Composting involves placing excavated soils either onto liners or pads, or into specially designed
composting cells. Nutrients, pH adjustment chemicals, and water would be added to ensure

~ optimal composting conditions. Depending on the types of contaminants being biodegraded, air

can be circulated (if necessary) through the compost via perforated pipes in the compost bed,
or through tilling the soil. Many commercially available products and processes can be used to
enhance ex situ biodegradation.

Ex situ bioremediation can be used to treat soils and waste water. A wide variety of
organic and some inorganic contaminants can be treated with bioremediation. The following
contaminants and contaminant groups have been successfully treated with bioremediation
processes: '

. Halogenated VOCs;
. Halogenated SVOCs;
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. Nonhalogenated VOCs;
. Nonhalogenated SVOCs;

. Solvents;

. Polynuclear aromatic (PNA) compounds;

. Benzene, toluene, ethylbenzene, and xylene (BTEX);
. Polychlorinated biphenyls (PCBs);

. Organic pesticides/herbicides; and

. Nitrate/nitrite (Cutter, 1992; EPA, 1993b).

Only bioremediation of organics will be discussed further, since bioremediation could not
successfully treat most of the inorganic and radioactive COCs found in the OU4 soils, liners,
and sludges. Therefore, this technology would need to be implemented in conjunction with other
technologies to treat all of the COCs at the OU4 SEPs.

Microorganisms use organic material in the media as substrate, removing it by microbial
respiration and synthesis. For most applications, aerobic (oxygen rich) processes are used for
removal of organic hazardous wastes. However, anaerobic (oxygen deficient) processes have
been shown to treat halogenated compounds more effectively than aerobic processes. For these
reasons, it is important to know the components of the waste being treated. The simplified
equation for the utilization of organic material as a substrate for respiration and cell synthesis
is shown below:

Organics + O, + nutrients + cells ------- >
new cells + CO, + H,0 + nonbiodegradable end products

II1.3.2.6.2 Chemical Processes (Degradation)

Degradation of contaminants through chemical means involves changing the oxidation
state (or number) of the contaminants and sometimes even the molecular structure of the
contaminants through reactions with simple, usually inorganic oxidizing or reducing chemicals.
Reducing or oxidizing the contaminants can decrease their toxicity, volume, or mobility by
converting the contaminant to a less toxic or nontoxic species, destroying the original species,
or converting the contaminant to a insoluble species, respectively. Mixtures of contaminants,
where some contaminants require oxidation and others require reduction (e.g., organics and
metals), usually cannot be treated simultaneously. The contaminant mixtures require separation
steps either before or during treatment, to segregate contaminants amenable to oxidation from
those amenable to reduction. In all cases, however, when a contaminant is oxidized, its
oxidizing agent is also reduced; and when a contaminant is reduced, its reducing agent is also
oxidized.
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Oxidation

Oxidation is a chemical reaction in which the oxidation state (or number) of an atom is
increased. Oxidizing agents accept electrons, thereby increasing the oxidation state of donor
atoms or contaminants. As a result, the toxicity (or mobility) of a contaminant can change.
Oxidation can be an effective way of pre-treating wastes before biological treatment.
Compounds that are difficult to treat biologically can be partially oxidized to make them more
amendable to biological treatment.” Care must be taken to ensure that oxidation of the waste
does not produce substances that are more toxic, soluble, or refractory to biological treatment
than the parent compound.

Several technologies are available for ex situ oxidation. Reactors are most commonly
used for ex situ oxidation. Treating contaminated media in reactors is carried out by mixing
water and oxidizing agents with the contaminated soil to form a slurry. The soil slurry pH
would be adjusted to ensure optimal conditions. Many commercially available products and
processes can be used to enhance ex sifu oxidation processes.

Oxidation could be used to treat soil and waste water. In the past, oxidation has
primarily been used to treat cyanide wastes and dilute solutions containing oxidizable organics.
Some contaminants and contaminant groups which have been successfully treated with oxidation
are listed below:

. Aldehydes;

. Unsaturated acids;
. Some pesticides;

. Alcohols; and

. Aromatic amines.

Typically, oxidation reactions are not used in the treatment of metals since some oxidizing agents
may react violently with, or may increase the solubility or toxicity of certain metals.

Types of equipment and materials needed for ex situ oxidation depend on the type of
oxidizing agents being used. If ozone is used, an ozone generator would be required.
Equipment and materials that may be required for ex siru oxidation include excavation
equipment, oxidation reactors, oxidizing agents, pH adjustment chemicals, and if necessary,
moisture and temperature control systems.

Treatability studies would be required to determine the potential for oxidation and
reduction of waste constituents, oxidation products (particularly hazardous products), reduction
products, soil moisture, soil type and profile, oxidation catalysts present in soil, selectivity of
oxidizing agent(s) for specific wastes present at the site, and soil pH. Some of the factors
affecting the oxidation process which would need to be considered in the treatability studies
include soil moisture, soil and waste pH, soil type, characterization and concentrations of
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wastes, potential for oxidation of waste constituents, -catalysts for oxidation present in soil, and
naturally occurring oxidizable substances in the soil.

Reduction

Reduction is a chemical reaction in which the oxidation state (or number) of an atom is
decreased by chemical reactions with electron donors. Reducing agents donate electrons to a
contaminated atom, thereby reducing the oxidation state of the atom. In general, as a result of
reduction, the toxicity or solubility of a contammant can decrease, or it may be transformed to
a more easily handled form.

Several technologies are available for ex situ soil reduction. Reactors are most commonly
used for ex situ reduction. Treating soils in reactors is carried out by mixing water and reducing
agents with the contaminated soil to form a slurry. The soil slurry pH would be adjusted to
ensure optimal conditions.

Ex situ chemical reduction could be used to treat soils and waste water. A variety of
metals and organics can be treated by reduction, including:

. Mercury;

. Chromium;

. Herbicides;

. Fungicides; -

. Insecticides;

. Halogenated aromatics;

. PCB:s;

. Di- and tri-nitrophenols;

. Hexachlorocyclopentadiene; and
. Trichloroethylene.

Equipment and materials that may be required for ex situ reduction include excavation
equipment, reduction reactors, reducing agents, pH adjustment chemicals, and moisture and
temperature control systems.

Some of the factors affecting the reduction process include soil and waste pH, soil
moisture, characterization and concentrations of contaminants, and naturally occurring reducing
substances in the soil. Treatability studies would be required to determine characterization and
concentration of wastes, the potential for reduction of waste constituents, oxidation products,
reduction products, soil moisture, soil type and profile, catalysts for reduction present in soil,
selectivity of reducing agent(s) for specific wastes present at the site, soil organic matter, and
soil and slurry pH.
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II1.3.2.7 Thermal Desorption (Ex Situ)

Thermal desorption processes use heat to vaporize VOC and SVOC contaminants found
in soils, sludges, or liners. The temperatures required to vaporize contaminarts are typically
in the range of 150 degrees centigrade (°C) (300 °F) to 538 °C (1000 °F) (DOE, 1993c), but
temperatures as high as 760 °C (1400 °F) are sometimes used depending on the contaminants
(EPA, 1993b). As the contaminants vaporize, they are desorbed and separated from the
contaminated media. Contaminated media is usually excavated before it is treated with thermal
desorption. '

Generally, thermal desorption technologies consist of at least two components: a primary
chamber and a vapor recovery system. Some thermal desorption processes provide for complete
treatment of the gases, vapors, and water produced. Others provide for only a vapor collection
system and further treatment must be provided elsewhere. The ex situ thermal desorption
process is shown schematically in Figure III1.3-12. Skid-mounted units are commercially
available.

Contaminated material is heated in the primary treatment chamber. Most thermal
desorption systems allow for control of residence times and temperatures so that throughput can
be maximized, and energy requirements can be minimized. Residence times may be controlled
by on-line vapor emissions sampling systems. Dry solid product and soil vapors exit the
chamber. Some systems provide processes that remoisturize. the dry products to reduce the
spread of contaminants remaining in the product.

Vapors are collected in the vapor recovery system where they are condensed or
incinerated. Condensed vapors are collected and treated for disposal.

Thermal desorption can be used to treat soils contaminated by a wide variety of organic
contaminants. The following list provides the general contaminant groups and specific organic
compounds that could be treated by thermal desorption:

. Halogenated VOCs;

. Halogenated SVOCs;

. Nonhalogenated VOCs;
. Nonhalogenated SVOCs;

. Solvents;

. PNAs;

. BTEX;

. PCBs;

. Organic pesticides/herbicides;

. Organometallic pesticides/herbicides; and

. Volatile metals (arsenic and mercury) (EPA, 1993b).
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This technology would need to be implemented in conjunction with another technology
such as soil washing to treat the metal and radionuclide contaminants that have been identified
at the OU4 SEPs.

Factors that have a significant effect on costs include:

. Moisture content of the media;

. Initial contaminant concentration;

. Target contaminant concentration;

. Waste quantity;

. Waste handling and preprocessing;

. Types of contaminants being treated; and

. Costs and availability of fuel (EPA, 1993b).

Treatability studies would be required to determine the efficiency and feasibility of
thermal desorption in decontaminating contaminated media to meet cleanup standards and
regulatory requirements at the SEPs. Studies would also be required to determine the moisture
content of the media and required temperatures and residence times to reach desired final
contaminant levels. '

I11.3.2.8 Utilities/Equipment Treatment

Waste and equipment from the demolition of the utilities, Building 964, Building 788,

and RCRA Unit 48, will be decontaminated as required for handling, and where appropriate will

be segregated and treated for reuse and or recycled. The primary considerations for treatment
include minimizing worker and environmental exposure, waste minimization, natural resource
conservation, and meeting waste acceptance criteria at a treatment/storage/disposal facility. The
application of treatment will be balanced between the potential effectiveness and waste
acceptance criteria versus the cost and secondary waste generated. In order to choose the most
appropriate option, consideration will be given to the characterization of the contamination, the
tenacity of the contaminant adherence, chemical structure of the contaminants, final disposition
of decontaminated equipment, generation of secondary wastes, treatment systems available, and
waste acceptance criteria of the targeted treatment/storage/disposal facilities. If the physical
form of the contaminants is not amenable to the readily available selected Best Demonstrated and
Available Technologies (BDAT) or requires excessive time and generates large volumes of
waste-by-products, then decontamination is not deemed practical. The following BDATS, as
discussed in the "Debris Rule" should be considered for the recoverable debris present at the
OU4 SEPs.

I11.3.2.8.1 Physical Extraction

Removal of surface contamination by high-pressure water/steam sprays, abrasive blasting,
or scarification of facilities, equipment, debris, and utilities surfaces may be required to meet
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material/waste handling and reuse requirements, or to'meet waste acceptance criteria if required.
These technologies could be used in conjunction with size reduction (see Section II1.3.2.9, Size
Reduction). These technologies are applicable BDAT for contaminated debris, and can be
applied both in situ and ex situ. ’

High-pressure water/steam sprays with regulated temperature and pressure can be
effective in removing surface contamination and in removing contaminated surface layers. This
technology has been successfully applied at decontamination facilities and at the RFETS
decontamination pad to remove both hazardous and low-level radioactive contamination. This
technology has also been used to remove hazardous constituents. This technology generates
significant volumes of secondary waste water requiring further storage, treatment or disposal.

Abrasive blasting utilizes water and/or air pressure and steel shot, grit, and other
commercially available non-hazardous abrasive material to remove contamination or surface
layers embedded with contaminants. Abrasive material must be packaged, treated, and disposed
as a hazardous, radiological, or mixed waste, requiring further storage, treatment, and/or
disposal. Significant reduction in the size of the waste materials may or may not be achieved
through transfer of contamination from large pieces of equipment/siding to abrasive media which
can be more easily compacted and packaged. This technology depends on the type and tenacity
of contaminants, the type of abrasive, and the type of substrate. This contaminated volume of
abrasive waste, however, still requires final treatment and/or disposal. A relatively new
technology that utilizes frozen carbon dioxide pellets has been shown to achieve good surface
decontamination of certain materials while eliminating the volume of contaminated abrasive
media since the solid carbon dioxide quickly sublimes after use leaving only the removed
contaminants.

Scarification produces a smaller volume of secondary waste than high-pressure sprays or
abrasives since no decontamination media is added to or mixed with the removed contaminants.
Scarification utilizes grinding and cutting tools to remove contaminated surface layers. Dust and
particle collection are required with this process.

I11.3.2.8.2 Chemical Extraction

Chemical extraction of hazardous wastes is BDAT for contaminated debris and utilities
and can be applied both in situ and ex situ. There are three primary. methods for chemical
extraction: water washing and spraying, liquid-phase solvent extraction, and vapor-phase solvent
extraction. Each of these methods is discussed below.

Water washing and spraying consists of water sprays or water baths of sufficient
temperature, pressure, residence time, and agitation; containing surfactants, acids, bases, or
detergents to remove hazardous contaminants from debris surfaces and surface pores, or to
remove contaminated debris surface layers. Chemical extraction via water washing and spraying
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is similar to physical extraction techniques using high pressure sprays, except that chemical
extraction utilizes aqueous chemical solutions during decontamination.

Liquid-phase solvent extraction involves the use of a non-aqueous liquid or a dissolved
and/or suspended solution. The liquid solution is applied to debris surfaces and surface pores
and hazardous contaminants in the liquid phase. The contaminants are removed from the debris
along with the liquid or solution while using appropriate agitation, temperature, and residence
time.

Vapor-phase solvent extraction involves application of an organic vapor, using sufficient
agitation, residence time, and temperature to dissolve hazardous contaminants on debris surfaces
and in surface pores in the vapor phase. The dissolved contaminants are removed with the
organic vapor.

All of the technologies categorized as chemical extraction have the potential to generate
significant volumes of secondary waste requiring collection, storage, volume reduction (i.e.,
evaporation, neutralization), and final treatment (i.e., cementation, vitrification). Depending
upon the chemical used in the extraction process, land disposal restrictions (LDRs) may be
applicable to the secondary waste. . Decontaminated materials may be recycled.

I11.3.2.8.3 Metal Melting

Metal melting is an acceptable ex situ treatment technology. This process requires metals

to be segregated and packaged by composition and type of contaminant. Metals are loaded into

the melter and are brought to a liquid state. The slag, containing impurities, is separated for
further processing or disposal. Typically, the slag is further treated by incineration and
packaged for disposal. The cost of this process is relatively high. DOE radiologically
contaminated metallic debris have been melted and re-cast as shielding devices and waste
containers to be re-used within the DOE complex. Several commercial facilities in the United
States accept low-level radioactive and low-level mixed wastes contaminated metal for melting
and separation.

I1.3.2.9 Size Reduction

Size reduction of the liners, utilities, and other contaminated debris may be required to
facilitate consolidation and/or containerization of the materials for storage and disposal. This
technology could be applied both in situ and ex situ. Some of the size reduction technologies
being considered include circular diamond or carbide saws, diamond chain saws, diamond rope
saws, flame cutting, shredders, crushers, gas torching, and impact hammers. One or several
of these technologies could be used to reduce the size of the liners, utilities, and debris prior to
containment and disposal. High-force compaction may be used to volume-reduce containerized
solid wastes. The type of size reduction technology that is used would depend on the liners,
utilities, and debris materials.

022/722446/304. WPF OU4 Proposed IM/IRA-EA Decision Document
February 10, 1995

111-66



Many of these size reduction technologies could produce a substantial amount of dust.
Water sprayers and air filters can be used to reduce airbornme dust emissions, but will produce
a secondary waste stream requiring collection and treatment.

I11.3.2.10 Containerization

Containerization would involve excavating and placing the soils, liners, treated sludge,
pondcrete, utilities, and debris (with size reduction, if necessary) into containers. The packaging
process would require procurement of suitable containers. Itis anticipated that standard RFETS
wood crates (56 cu. ft. and 112 cu. ft.) would be used.

The disposal requirements established by DOE Order 5820.2A would be followed when
packaging the OU4 waste. Some of the applicable disposal criteria are as follow:

. Waste must not be packaged for disposal in cardboard or fiberboard boxes, unless
such boxes met DOT requirements and contain stabilized waste with a minimum
void space. For all types of containers, void spaces within the waste and between
the waste and its packaging shall be reduced as much as practical;

. Liquid wastes, or wastes containing free liquid, must be converted into a form
that contains as little freestanding and noncorrosive liquid as is reasonably
achievable, but, in no case, shall the liquid exceed 1 percent of the volume of the
waste when the waste is in a disposal container, or 0.5 percent of the volume of
the waste processed to a stable form;

. Waste must not be readily capable of detonation or of explosive decomposition
or reaction at normal pressures and temperatures, or of explosive reaction with
water. :

. Waste must not contain, or be capable of generating, quantities of toxic gases,
vapors, or fumes harmful to persons transporting, handling, or disposing of the
waste; and

. Waste must not be pyrophoric. Pyrophoric materials contained in waste shall be
treated, prepared, and packaged to be nonflammable.

Equipment and materials needed for placing the waste into containers include:

. Backhoes or similar excavation machinery to place waste into the containers;
. Lifting equipment; '
. Hand tools;
. Fork truck and transport vehicles; and
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. Sprayers or other equipment to control the generation of dust.

Traditional methods for remediation of radionuclide-contaminated soils, such as
excavation, transportation, and permanent storage, are costly (depending on the disposal site
conditions) because of the typically large volumes of soil to be removed and the management
of radioactive contamination.

Removal and disposal techniques potentially are applicable for all types of contamination.

The following factors may limit the applicability and effectiveness of this process: .
. Availability of disposal capacity for radioactive and mixed wastes nationally may
be restricted or unavailable;
. Public concerns regarding land disposal may impact and delay the receiving

facility in accepting RFETS-generated waste;

. Off-site disposal costs may be prohibitive;

. Verification of non-mobility and stabilization of waste may be expensive; and

. Interim storage of the media while awaiting approval of additional DOE disposal
sites may be costly and require monitoring.

An applicable disposal site for the OU4 wastes must be selected, negotiated, and
approved. Individual disposal sites will require tests and analyses that demonstrate adherence
to waste acceptance criteria.

II1.3.3 Identification and Description of General Response Actions

The technologies deemed to be potentially suitable for the closure and remediation of
QU4 (see Table I1I.3-2) were combined into GRAs to allow comparison of the alternatives to
select the most appropriate IM/IRA for OU4. The five General Response Actions (GRAs) are
presented in Table III.3-3. Some of the common aspects of all the GRA alternatives are
discussed below. The specific activities associated with each alternative are described in the
following subsections.

An industrial hygiene, industrial safety, and radiation assessment must be conducted prior
to implementing the IM/IRA to identify worker safety requirements, including the need for
personal protective equipment (PPE). A task-specific health and safety plan will be prepared
to identify the worker protection requirements.

Depending on the GRA selected for the IM/IRA, structures in the vicinity of the SEPs
could interfere with the implementation of the GRA. These potential interferences include
aboveground/underground (AG/UG) utilities (including portions of OU9 - Original Process
Waste Lines), Building 788 including the pondcrete production and processing equipment (RCRA
Unit 48), and Building 964. Decontamination, removal, and/or other actions will be required
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TABL 3-3

PRELIMINARY GENERAL RESPONSE ACTIONS AND ALTERNATIVES

General Response Action I
No Action

General Response Action II
Containment
(Closure in Place)

General Response Action 11T
In Situ Treatment
(Closure in Place)

General Response Action IV
Contaminated Media Removal

General Response Action V
Contaminated Media Removal

with Ex Situ Treatment

Alternatives

A. Regrade and seed SEP area.

Leave sludge in tanks.

Leave Pondcrete in storage.

Alternatives

A.

Vegetative Cover and ground
water control system

(Cover Alternative 1)
Temporary Cover (Tarpaulin)
Engineered Cover and ground
water control system

(Cover Alternatives 2 to 6)

Notes:

1.

Removal and consolidation of
liners and contaminated soils
from zones where soils have
COC concentrations exceeding
the PRGs.

The sludge will be solidified
and combined with the
contaminated soil and pondcrete
for Alternatives A and C.
Alternatives A and C will
require post-closure care and
monitoring.

The sludge will remain in the
tanks as a temporary measure
for Alternative B. Pondcrete
will remain in a RCRA-
approved storage area.
Alternative B does not include
post-closure care and
monitoring since this is a
temporary measure which will
be followed by a permanent
solution.

Removal of Building 788 and
pondcrete production equipment
(RCRA units 21 and 48) will be
required. Removal of Building
964 (RCRA Unit 24) may be
required.

Alternatives

A.

In Situ treatment of contaminated soil,
liners, and sludge; consolidation of
contaminated debris and pondcrete; and
construction of an engineered cover.

In Siru treatment of contaminated soil and
sludge; consolidation of contaminated
debris, pondcrete, and liners; and
construction of an engineered cover.
Removal of contaminated debris, liner,
sludge, and pondcrete for off-site disposal
or on-site storage; in situ treatment of
soils, and construction of an engincered
cover.

Notes:

1.

Removal and consolidation of
contaminated soils from zones where COC
concentrations exceed the PRGs.

In sit treatment will be
solidification/stabilization.

Engineered cover alternatives 1 to 6 will
be considered.

All alternatives will require post-closure
care and monitoring.

Alternative may involve onsite storage,
including the development of a new
storage facility.

Alternative may include the offsite
storage, treatment, and/or disposal of the
contaminated media.

Removal of Building 788 and pondcrete
production equipment (RCRA units 21
and 48) will be required. Removal of
Building 964 (RCRA Unit 24) may be
required.

Alternatives

A.

Remove all contaminated
media/waste for storage/disposal
and backfill the SEPs. Sludge
and pondcrete will be treated to
meet Waste Acceptance Criteria
(WAC) for off-site disposal or
on-site storage.

Notes:

Alternative will involve
excavation and containerization
of all contaminated media.
{May require size reduction.]
Alternative may involve onsite
storage, including the
development of a new storage
facility.

Alternative may include the
offsite storage, treatment,
and/or disposal of the
contaminated media.
Alternative constitutes clean
closure of the SEPs; post-
closure care and monitoring
would not be required.
Removal of Building 788 and
pondcrete production equipment
(RCRA units 21 and 48) will be
required. Removal of Building
964 (RCRA Unit 24) may be
required.

Alternatives

A.

Remove all contaminated
media/waste, (treat all
contaminated media/waste ex
situ) and backfill the SEPs
using remediated OU4 soil.

Notes:

1.

Alternative will involve
excavation of all contaminated
media/waste.

Alternative includes Ex Situ
treatment to reduce the volume
of contaminated media/waste
requiring disposal. Clean soils
will be retumed to the site as
backfill. Ex situ treatment
alternatives includes:

- decontamination

- solidification/stabilization,
- soil washing,

- solvent extraction,

- degradation, and

- thermal desorption.
Alternative may involve onsite
storage, including the
development of a new storage
facility for treatment residues.
Alternative may include the
offsite storage, treatment,
and/or disposal of the treatment
residues.

Alternative constitutes clean
closure of the SEPs; post-
closure care and monitoring
would not be required.

-Removal of Building 788 and

pondcrete production equipment
(RCRA units 21 and 48) will be
required. Removal of Building
964 (RCRA Unit 24) may be
required.
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. to eliminate these interferences. The options being considered for the disposition of materials
generated as a result of removing these structures include:

Decontamination/BDAT;

Relocation;

On-site storage;

Consolidation within the SEPs (if the chosen IM/IRA incorporates the use of an
engineered cover); and

Shipment of materials off-site.

Final disposition of the debris will be determined based on the GRA selected, the levels
of contamination present in the debris, and the availability of storage/disposal sites. COC
contamination levels which exceed the PRGs, within soils in the vicinity of the SEPs, have been
divided into zones. Zoneés where soils have COC concentrations exceeding the PRGs may need
to be remediated on a case-by-case basis. Thé type, quantity, and concentration of
contaminant(s) will determine the remediation strategy.

Potential remediation strategies for zones where soils have COC concentrations exceeding
the PRGs include:

Excavation and consolidation of contaminated soils within the SEPs prior to
backfilling for construction of an engineered cover;

Excavation and ex situ treatment;

Excavation and storage as waste for future treatment/disposal, and

Excavation and shipment to an approved disposal facility.

Potential remediation strategies for the SEP and clarifier sludge include:

Sludge storage in holding tanks for future treatment/disposal;

Solidify (ex siru) and combine with contaminated soils, liners, and pondcrete.
Consolidated material will be dispositioned beneath an engineered cover;

In situ treatment of soils, liners, and sludge and consolidation of contaminated
debris and pondcrete; consolidate material beneath an engineered cover; and
Sludge treatment to meet approved Waste Acceptance Criteria (WAC) for off-site
disposal or on-site storage.

Potential remediation strategies for the pondcrete include:

022/722446/304 WPF

On-site temporary storage;
Consolidation with debris, soils, liners, and sludge beneath engineered cover; and
Process to meet approved WAC for off-site disposal or storage.
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Some of the IM/IRA GRAs may require importing equipment and materials from off-site
locations. The need to import equipment and materials could impact the schedule and cost of
the IM/IRA GRA since security procedures require inspection of any vehicle and equipment
entering or exiting the Protected Area. )

Sampling would be needed to monitor the performance of the IM/IRA during
implementation and/or to verify that required standards have been achieved upon completion of
the IM/IRA. A sampling and analysis plan will be prepared to specify the procedures that will
be followed to meet the sampling objectives.

The previous items were considered during the development and evaluation of the
IM/IRA GRAs presented in this section. However, the need to address these items is contingent
on the extent of the OU4 remedial activities. Part IV.3.1 describes how these items will be
addressed to ensure effective implementation of the recommended IM/IRA GRA. The following
nine GRA alternatives represent possible closure solutions for the SEPs.

II1.3.3.1 General Response Action I - No Action

The no action GRA is based on the assumption that the pond liners and adjacent soils
would not cause an adverse impact to human health and the surrounding environment once the
pond sludges were removed. Figure II1.3-13 presents a general schematic of this alternative.
It is assumed that the IM/IRA objectives are achieved without any controls or other remedial
actions. However, based on the information provided in Section III.2, existing surficial and
vadose zone soil COC concentrations exceed the PRGs that were established to be protective of
human health. As such, the no action GRA could only be selected if it could be demonstrated
that the contaminants are immobile and confined within the soil matrix, would degrade to
acceptable levels, or be adequately addressed as part of a ground water remediation system. In
this situation, there would not be a completed pathway by which human or ecological receptors
could be exposed to unacceptable contaminant levels. To demonstrate that the no action risks
to human health and the environment are minimal, the long-term (i.e., 1,000 years into the
future) risk would need to be considered. If the no action GRA could be demonstrated to be
protective of human health and the environment, long-term monitoring would not be required
either by regulation or to assess future risk, i.e., the no action GRA constitutes clean closure
of the SEPs. However, if it is determined that addmonal actions are required to remediate the
ground water, monitoring would need to be conducted to assess the effectiveness and progress
of the ground water remediation activities. It should be noted that the no action GRA would not
preclude remediation of ground water as part of the OU4 Record of Decision after the additional
Phase II hydrogeological investigations and Risk Assessment activities.

Although no remedial actions are required, the no action GRA includes site alterations
to facilitate proper drainage of the area. These drainage controls would consist of regrading the
SEPs area; using backfill, if necessary; and establishing a vegetative cover over the disturbed
areas to minimize erosion. The regrading activities could require the removal or relocation of
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AG/UG utilities and other interferences. The resulting waste would be managed to achieve
compliance with applicable regulations. Post-closure maintenance would be unnecessary. Under
the no action GRA, sludge would remain in the storage tanks. The no action GRA would
require long-term monitoring and maintenance of the sludge storage tanks until a sludge
treatment/disposal remedial option is selected. The pondcrete would remain at the on-site
RCRA-approved storage area. '

Few raw materials or resources would be required to implement this GRA. The drainage
control, and vegetative materials are standard and readily available. Items that would contribute
to the overall cost of this GRA would include:

. Utilities removal/relocation;
. Site preparation;

. Topsoil; and

. Seed.

The benefits of this GRA would include:

. Post-closure monitoring would not be required for the regraded area;

. Elimination of potential closure structural interferences with future ground water
characterization activities;

. No funds would be spent on sludge and pondcrete treatment until a d1spos1t10n
alternative is identified;

. Cost-effective remedy; and

. Protective of human health and the environment.

The disadvantage of this GRA is:

. The disposition of OU4 sludge and pondcrete is not finalized;

. OU4 sludge and pondcrete disposition costs may increase as a function of time;
and

. The no action GRA can only be selected if it can be demonstrated that the
contaminants are immobile and confined within the soil matrix, or will degrade to
acceptable levels, or be addressed as part of a ground water remediation system.

II1.3.3.2 General Response Action II - Containment (Closure in Place)

This GRA is based on constructing a cover system to isolate the contaminants from the
environment. The required performance of the cover system is dependent on the nature of the
contaminants and the degree to which contaminants are able to migrate from the media to the
environment. That is, the larger the potential for contaminant migration to adversely impact
human health, the more effective the cover must be.
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Under this GRA, three GRA alternatives have been considered. The first alternative (A)
involves excavating (and replacing) contaminated media, constructing a ground water control
system, grading to provide positive drainage away from the contaminated areas, and establishing
a vegetative cover to prevent erosion and to minimize infiltration by maximizing evaporation and
transpiration. The second alternative (B) would be a temporary measure to preclude contaminant
transport should additional information be required to select a final remedy for OU4. The third
alternative (C) would be construction of a groundwater control system and an engineered cover
to provide long-term isolation of the contaminated media. Alternatives A and C are considered
to be permanent final closure actions. These alternatives would utilize a subsurface passive
ground water control system constructed from natural, durable materials capable of withstanding
long-term usage. Alternative B is designated as an interim closure action. This alternative
would utilize a liner design and would be constructed from human-made materials with limited
long-term durability.

In addition to the construction of the cover system, a post-closure care and monitoring
program would be established for alternatives A and C. To ensure that the integrity of the final
cover system is maintained after closure, arrangements for restricting use of the property will
be provided as part of a property deed filed with the local land use authority. A survey plat
showing the boundaries of the engineered cover will be submitted along with the property deed.
A description of each alternative is provided below.

III.3.3.2.1 Alternative A - Vegetative Cover

This GRA alternative would control the migration of contaminants via the air, surface
water, and the ground water pathways. Figure IT1.3-14 presents a general schematic of this
alternative. Under this GRA alternative, all contaminated soils, liners, pondcrete, and utilities
from the SEPs; and all non-recoverable debris from Building 964 and Building 788 would be
excavated and temporarily stockpiled. Size reduction of the liners and pondcrete would be
employed to consolidate them with the soils. The OU4 sludges would be solidified using a
process that physically blends the pond and clarifier sludges together into a homogeneous slurry
and then solidifies the resultant mixture with contaminated soil and selected additives to a water
content that passes the Paint Filter Liquids Test (USEPA Method 9095-SW846). The stabilized
sludge would then be combined with the remaining soil-pondcrete-liner mixture. A subsurface
ground water control system, that meets RCRA/CHWA standards for closing an interim status
surface impoundment, would be constructed above the mean seasonal high ground water
elevation to prevent a potential future rising ground water from contacting the consolidated waste
material. Zones.outside the pond limits, where soils have COC concentrations that exceed
PRGs, would be excavated and consolidated within the SEPs. The liners, pondcrete, sludges,
and debris would be consolidated within the SEPs.

Backfill would be placed over the contaminated materials and grading would be
performed to reshape the existing topography to manage infiltration, run-on, runoff, and erosion,
and to prevent and minimize the contact between the surface water and contaminated materials.
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The backfill would be seeded to provide a vegetative cover. Pea gravel would be used to
facilitate the growth of the vegetation and provide protection against erosion. . A vegetative cover
would provide a cost-effective, short- and long-term method for surface stabilization.

The transport of contaminants via air and surface water exposure pathways would be
eliminated by ensuring that all contaminants are covered, to the proper depth, with clean
backfill. Also by proper drainage and a hardy vegetative cover, infiltration into the contaminant
areas can be minimized to reduce leaching of contaminants into the vadose zone.

Few raw materials or resources would be required to implement this GRA alternative.
Drainage control backfill and vegetative materials -are standard and readily available. It is
assumed that off-site borrow areas would be the source of backfill material.

‘Items that would contribute to the overall cost of this GRA include:

. Facilities/utilities removal/relocation;

. Site preparation;

. Contaminated materials excavation and replacement;
. Subsurface drainage system;

. Solidification equipment;

. Backfill;

. Pea gravel;

. Topsoil;

. Seed; and

. Post-closure monitoring.

The primary operating costs would be derived from cover inspections, erosion control, and
maintenance of the vegetation cover.

The advantages of this GRA include:

. Elimination of potential closure structural interferences with future hydrogeological
characterization activities;

. Waste minimization; and

. Protective of human health and the environment.

The disadvantages of this GRA alternative would be:

. Contaminants would remain in place and have the potential to be a source of
ground water contamination if precipitation infiltrates the vegetative cover;
. Possible adverse impacts to the objectives of the potential ground water

remediation program; and
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. Worker exposure to contaminants would be increased due to consolidation and
size-reduction of the pondcrete and liners, and exposure to the OU4 sludges during
sludge removal and solidification/mixing with the contaminated soils.

In summary, the objective of isolating the waste from air and surface water runoff
contaminant exposure pathways would be achieved by the engineered cover. A resulting added
benefit would be that waste treatment/storage/disposal facilities would not be required.

The drawback of this GRA is that the contaminants would remain after closure. If it is
determined in the future that the contaminants left in place pose a significant risk via the ground
water pathway, the entire source-control remedy may have to be replaced. This would result
in a significant expenditure of additional funds.

II1.3.3.2.2 Alternative B - Temporary Cover

This GRA alternative would consist of backfilling the empty SEPs with clean soil and/or
grading the surrounding area to provide positive drainage away from the pond area. The ponds
would then be covered with a temporary cover such as a tarpaulin or geotextile material to
minimize erosion and infiltration of precipitation, and to minimize the contact between surface
water and contaminated media. The cover would span the entire surface area of all of the
ponds. Zones outside the pond limit where soils have COC concentrations exceeding the PRGs
would be excavated and the removed materials would be placed under the temporary cover. All
graded areas not covered by the tarpaulin/geotextile would be stabilized and/or vegetated to
minimize erosion. Utilities impacted by the construction of the temporary cover would be
removed and stored under the cover. This temporary measure would be implemented pending
the results of the additional hydrogeological investigations, which may be used to select an
appropriate ground water remedial solution (if necessary). Figure III.3-15 presents a general
schematic of this alternative. '

Alternative B does not address the disposal of the OU4 sludges or pondcrete. The sludge
would remain in the holding tanks until a disposition alternative was selected. Likewise,
pondcrete would remain at its present on-site storage location until a disposition alternative was
selected.

Few raw materials or resources would be required to implement this GRA alternative.
Drainage control, backfill, and vegetative materials are standard and readily available. It is
assumed that on-site borrow areas will be the source for the backfill soils.

Items that would contribute to the overall cost of this GRA alternative include:

. Materials and installation of the temporary cover;
. Facilities/utilities removal/relocation;
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. Site preparation; and.
. Backfill.

The primary operating costs would be derived from:

. Cover inspections;
. Erosion control;
. Maintenance of the pondcrete storage pads;

. Maintenance and monitoring of the OU4 sludge holding tanks: and
. Maintenance of the temporary cover.

Advantages associated with this GRA are:

. Additional remedial actions could be easily implemented, if necessary; and
. Wastes are isolated from air, and surface water exposure pathways.

Disadvantages associated with this GRA alternative are:

. Maintenance requirements could be significant due to degradation of the temporary
cover from ultraviolet light, oxidation, wind, ponding of water and freeze/thaw
. cycles;
. The disposition of OU4 sludge and pondcrete is not finalized;
. Cost for final SEP closure may increase as a function of time;
. Disposition costs for sludge and pondcrete may increase as a function of time; and
. The potential exists for large volumes of clean soil used as backfill to be classified

later as contaminated media.

In summary, benefits of the temporary protective cover GRA alternative would be the
isolation of liners and subsurface soils from the atmosphere and surface runoff waters while
additional hydrogeological investigations and the baseline risk assessment are being conducted
to determine if additional action is required. If ground water characterization and risk
assessment activities indicate that additional source controls are required, this temporary action
would not preclude the implementation of additional actions.

II1.3.3.2.3 Alternative C - Engineered Cover

This GRA alternative would be similar to the GRA alternative A and would consist of
consolidating the liners, pondcrete, processed OU4 sludge, contaminated soils, debris, and soil
within zones outside the pond limits, and constructing an engineered cover with a ground water
control system that meets RCRA/CHWA standards for closing an interim-status surface
impoundment. Size reduction would be required to consolidate the liners and pondcrete.

022/722446/304 WPF 0OU4 Proposed IM/IRA-BA Decision Document
February 10, 1995

I1-79



Figure II1.3-16 presents a general schematic diagram of this alternative. The engineered
cover would be installed as a physical barrier to eliminate air and surface water runoff exposure
pathways. The cover would be designed to decrease the mobility of contaminants in the soils,
liners, pondcrete, sludges, and debris by reducing or eliminating precipitation infiltration into
the contaminant zone and reducing the leaching of contaminants into ground water. The cover
would also act as a barrier to prevent intrusion of animals into the contaminated materials.
Engineered covers that have been considered are described in Subsection III.3.2.1. The
disturbed areas would be vegetated to reduce erosion. The ground water control system would
divert ground water away from the consolidated waste zone.

To implement this GRA alternative, testing for hydraulic permeability, compaction, and
moisture content would be required to select the appropriate cover materials. It is assumed that
off-site borrow areas would be the source of backfill soils.

Items that would contribute to the overall capital cost of this alternative include:

. Facilities/utilities removal/relocation;
. Solidification equipment;

. Site preparation;

. Backfill;

. Pea gravel, ‘

. Ground water control system;

- Biotic barrier layer; :

. Low-permeability layer;
. Drainage and filter materials (if required);

. Topsoil;
. Seed; and
. Post-closure monitoring.

The primary operating costs would be derived from cover inspections, erosion control repairs,
and cover maintenance.

The advantages of this GRA alternative would be:

. Waste minimization;
. Isolation of wastes from air, surface water, and ground water exposure pathways;
and
e Early, cost effective disposition of sludge and pondcrete waste materials.
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The disadvantages of this GRA alternative would be:

. Contaminants would remain in place and have the potential to be a source of
ground water contamination if precipitation infiltrates the engineered cover;

. Possible adverse impacts to the objectives of the potential ground water
remediation program; and

. Worker exposure to contaminants would be increased due to consolidation and

size-reduction of the pondcrete and liners, and exposure to the OU4 sludges during
sludge removal and solidification/mixing with the contaminated soils.

In summary, a benefit of this GRA is waste minimization. A resulting added benefit
would be that waste treatment/storage/disposal facilities would not be required. The objective
of isolating the waste from air, ground water, and surface water runoff contaminant exposure
pathways would be achieved by the engineered cover. '

The drawback of this GRA is that the contaminants would remain after closure.
However, if it is determined in the future that the contaminants left in place pose a significant
risk via the ground water pathway, the entire source-control remedy may have to be replaced.
This would result in a significant expenditure of additional funds.

II1.3.3.3 General Response Action III - In Situ Treatment (Closure in Place)

~ This GRA is similar to GRA II except that in situ treatment would be provided if it is
determined that an engineered cover with a ground water control system is not effective enough
to adequately protect human health. The degree of treatment required and the required
performance of the engineered cover system is dependent on the contaminant concentrations and
mobility and the media (i.e., soils, liner, pondcrete, sludges, debris) to be treated. The cover
aspects of GRA III, including post-closure care and property use and deed restrictions, are
identical to GRA II, Alternative C.

Under this alternative, an engineered cover would be used to provide a physical barrier
to eliminate air and surface water runoff exposure pathways by minimizing contact between
contaminated media and the environment. The cover would be designed to decrease the mobility
of contaminants by reducing the amount of precipitation infiltrating the consolidated
contaminated wastes. The cover would preclude the release of contaminants to the surface
environment and would act as a barrier to prevent intrusion of animals into the treated material.
Engineered covers that have been considered are described in Section I11.3.2.1. The disturbed
areas would be vegetated to reduce erosion.

Treatability studies may be required to maximize the efficiency of the in situ stabilization
treatment. In addition, testing for hydraulic permeability, compaction, and moisture content
would be required to select the appropriate materials for the engineered cover. It is assumed

that off-site borrow areas would be the source of backfill soils. Zones where soils have COC
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. concentrations exceeding the PRGs would be excavated, and the excavated materials would be
placed within the SEPs prior to construction of the engineered cover. The disturbed areas would
be vegetated to reduce erosion. Treatability studies would include, but not be limited to:

. Binding agent selection;

. Binder formulation development;

. Selection of environmental durability tests; and
. Ratio of solidified to original media volume.

Items that would contribute to the overall capital cost of this alternative include:

e Facilities/utilities removal/relocation;
. Site preparation;
. Backfill;
. Pea gravel,;
. Biotic barrier layer;
. Hydraulic barrier layers;
. Drainage and filter materials (if required);
. Topsoil;
. Seed;
. Treatability studies;
. Post-closure monitoring; and
4 . ‘ . In situ treatment equipment rental.

The primary operating costs would be derived from:

. Operation of in situ treatment equipment (temporary);
. Quality assurance/quality control testing;

. Inspections;

. Erosion control repairs; and

. Maintenance of the vegetation cover.

Three variations of this GRA exist:

A. Consolidation of contaminated debris and pondcrete, and in situ treatment of soils,
sludges, and liners;

B. Consolidation of contaminated debris, pondcrete, and liners, and in situ treatment
of soils and sludges; and

C. Removal of contaminated debris, liners, sludge, and pondcrete for off-site
disposal; and in siru soil treatment.

These variations are discussed in more detail below.
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I1.3.3.3.1 Alternative A - Consolidation of Contaminated Debris and Pondcrete and in
Situ Treatment of Contaminated Media/Waste (Soils, Sludges, and Liners)
beneath an Engineered Cover

This alternative would involve in situ. treatment of the soils, sludges, and liners and
consolidation of contaminated debris and pondcrete beneath an engineered cover. The in situ
treatment technology considered is solidification/stabilization. The debris and pondcrete may
require size reduction for consolidation under the engineered cover. Figure II1.3-17 presents a
general schematic of this alternative. In addition, the OU4 sludges would be required to be
pumped from the holding tanks to the treatment areas for in situ solidification along with the
soils and liners. A description of these technologies has been presented in Sections I11.3.2.3 and
I1.3.2.9. '

The advantages of this GRA alternative would be:

. Minimized worker exposure to contaminants;
. Waste minimization;
. Immobilization of contaminants and elimination of them as a source of

. contamination to the ground water. (The engineered cover would isolate
contaminants from surface runoff and air exposure pathways.); and
. Early, cost effective disposition of sludge and pondcrete waste materials.

The disadvantages of this GRA alternative would include:

. Less operational and quality control measures exist for in situ treatment processes
compared to ex situ treatment processes, which could result in nonuniform
treatment of contaminated material;

. Contaminants remain in place and are a potential source of ground water
contamination if the in situ treatment is not completely successful and precipitation
infiltrates the engineered cover or if the ground water table rises; and

. Potential worker exposure "to contaminants during media/waste handling
operations.

In summary, this GRA alternative has the benefit of waste minimization. Contaminated
materials would be handled little, thereby reducing the potential spread of contamination and the
resulting increase in waste volume. The objective of isolating the waste from air and surface
water runoff contaminant exposure pathways would be achieved and worker exposure to the
contaminants would be minimized. The drawback of this GRA is that the in situ treated media
would remain after closure. If it is determined in the future that the contaminants left in place
pose a significant risk via the ground water pathway, the entire source-control remedy may have
to be replaced. This would result in significant expenditure of additional funds.
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II1.3.3.3.2 Alternative B - Consolidation of Contaminated Pondcrete, Liners, and Debris
and In Situ Soil and Sludge Treatment with an Engineered Cover

This alternative consists of consolidating the liners, pondcrete, and contaminated debris;
treating sludges and subsoils in situ; and constructing an engineered cover. The in situ treatment
technology considered is solidification/stabilization. The debris and pondcrete may require size
reduction for consolidation under the engineered cover. In addition, the OU4 sludges would be
required to be pumped from the holding tanks to the treatment areas for in situ solidification
along with the soils. A description of these technologies has been presented in Sections I11.3.2.3
and I11.3.2.9. Figure II1.3-18 presents a general schematic diagram of this alternative. This
diagram is presented to generally depict the location of the subsurface drainage layer which
would not be required by the other GRA III alternatives.

The advantages of this alternative would be:

. Minimization of worker exposure to contaminants;
. Waste minimization;
. Immobilization of contaminants and elimination as a source of contamination to the

ground water. (The engineered cover would isolate contaminants from surface
runoff and air exposure pathways.); and
. Early, cost effective disposition of sludge and pondcrete waste materials.

The disadvantages associéted with this GRA are:

. Less operational and quality control measures exist for in situ treatment processes,
compared to ex situ treatment processes, which could result in nonuniform
treatment of contaminated material; .

. Contaminants remain in place and are a potential source of ground water
contamination if the in situ treatment is not completely successful and precipitation
infiltrates the engineered cover or if the ground water table rises; and

. Potential for worker. exposure to contaminants during media/waste handling
operations.

In summary, this GRA alternative offers the benefit of minimizing the amount of waste
that would require treatment, storage, or disposal. Fewer contaminated materials would be
handled, thereby reducing the potential spread of contamination and the resulting increase in
waste volume. The objective of isolating the waste from air and surface water runoff exposure
pathways would be achieved and worker exposure to the contaminants would be reduced since
the subsurface soils would be treated in situ. Worker exposure could result from handling/size
reducing the liners, debris, pondcrete and during the transfer of the sludge to the treatment area.
The drawback of this GRA is that the in siru treated media would be a potential contaminant
source to the ground water. If it is determined in the future that the contaminants left in place
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pose a significant risk via the ground water pathway, the entire source-control remedy may have
to be replaced. This would result in significant expenditure of additional funds.

M1.3.3.3.3 Alternative C - Removal of Contaminated Debris, Liners; Sludge, and
Pondcrete and In Situ Soil Treatment with an Engineered Cover

This GRA alternative is a variation of the preceding one and entails removing the liners,
sludge, pondcrete and all contaminated debris for on-site storage or off-site disposal. This
alternative is being considered to allow the cost of removal to be compared to the cost of
consolidation. This cost comparison is intended to provide DOE with strategic planning,
management, and budget information. The subsoils would be treated in situ via
solidification/stabilization. The debris would require size-reduction for disposal. Figure III.3-19
presents a general schematic of this alternative. A description of these technologies has been
presented in Sections I11.3.2.3 and I11.3.2.9.

In addition to the cost items previously mentioned, removal and disposal/storage of liners,
sludges, pondcrete, and debris would contribute significantly to the overall capital cost.

Advantages of this GRA alternative include:

. ‘Contaminated debris would be removed and subsoils would be treated, eliminating

the debris/waste contaminant sources; and .
. The engineered cover would isolate waste from the surface runoff and air exposure
pathways. '

Disadvantages of this GRA alternative include:

. Higher capital and operating costs due primarily to off-site disposal or on-site
storage;

. High risk of potential exposure to contaminants during transportation to an off-site
disposal facility;

. Less operational control exists for many in situ treatment processes compared to

ex situ treatment processes, which could result in nonuniform treatment of
contaminated material;

. Potential for worker exposure to contaminants during removal of the sludge,
liners, pondcrete, and debris; and
. Difficulties associated with meeting off-site disposal or on-site storage

requirements for the contaminated debris, sludge, liners, and pondcrete.

In summary, the closure objective would be realized in that the engineered cover would
isolate the remaining contaminants from airborne and surface water runoff exposure pathways.
Ground water protection objectives would be met, as the liners and debris would be removed
and the subsurface soils would be treated in situ. Primary drawbacks to this GRA alternative
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include increased potential for worker exposure to contaminants during removal of the
contaminated liners, sludge, pondcrete, and debris; more uncertainty of quality control of in situ -
treatment process; and the high costs of off-site disposal. ;

II1.3.3.4 General Response Action IV - Contaminated Media/Waste Removal for Disposal

This GRA involves the complete removal of all contaminated media/waste (i.e., liners,
pondcrete, sludges, debris, non-recoverable debris from Building 964 and Building 788, and
soils) for either on-site storage or off-site treatment and/or disposal. Figure III.3-20 presents a
general schematic of this alternative. This alternative constitutes "clean" closure of the SEPs;
that is, the concentration of contaminants remaining in OU4 soils will be less than the
established PRGs. Since this alternative involves clean closure, an engineered cover and post-
closure care and monitoring would not be required. However, suitable backfill and grading
would be required to replace the excavated material and to provide drainage and minimize
erosion. The disturbed areas would be reseeded to provide a vegetative cover. It is assumed
that off-site borrow areas would be the source of the backfill materials.

This alternative would involve containerization of the contaminated materials for storage,
transport, and/or disposal. Size reduction would be used to facilitate containerization and waste
handling for compliance with transportation and disposal requirements. Also, an additional on-
site storage facility may be needed should existing storage capacity not be adequate to handle
the expected volume of waste.

Specific items that would contribute to the overall capital cost include:

. Facilities/utilities removal/location;

. Size reduction;

. Site preparation;

. Removal and containerization of contaminated media;

. On-site storage facility, if required;
. Off-site disposal of contaminated materials;

. Backfill;
. Topsoil; and
. Seed.

Frimary operating costs would be affected by:

. Amount of excavation required;

. Waste storage facility inspection and maintenance;

. Monitoring and maintenance of sludge storage tanks;

. Monitoring and maintenance of pondcrete storage area;
. Maintenance of closed site; and

. Transportation and disposal of contaminated materials.
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Advantages of this alternative would include:

. Closure and ground water protection objectives would be met;

. Contaminated liners, sludges, utilities, Building 788 and Building 964, and subsoils
would be removed, thus eliminating contaminant migration to the atmosphere,
surface water, and ground water; and

. Post-closure monitoring would not be required for the closure area.

Disadvantages associated with this alternative include:

. Liners, pondcrete, soils, sludges, and debris would eventually require shipment for
off-site disposal or on-site storage which would increase the cost and the potential
for exposure to contaminants; '

. This alternative is likely to have high capital and operating costs; and

. Worker exposure to contaminants would not be minimized. Exposure
would be increased during removal and storage of the liners, soils, and
debris.

In summary, the benefit of this GRA would be that both the closure and ground water
protection objectives would be met, as the sources of contaminants would be removed and would
no longer present a threat to receptors via airborne, surface water, or ground water exposure
pathways. Post-closure monitoring would not be required. Disadvantages of this GRA would
be that workers would be exposed to contaminants during removal and transportation of the
liners, sludges, pondcrete, debris, and subsurface soils, and that a large volume of excavated
materials would require costly off-site disposal or on-site storage. It should be noted that the
materials would be required to meet the waste acceptance criteria of the disposal/storage site to
be protective of human health and the environment.

Im.3.3.5 General Response Action V - Contaminated Media/Waste Removal with Ex
Situ Treatment

As with the preceding alternative, all contaminated materials (soils, liners, debris,
sludges, and pondcrete) would be removed. Ex situ treatment of the contaminated materials
would be employed to reduce the volume of waste to be disposed and to meet waste acceptance
criteria for the ultimate disposal facility. The establishment of treatment performance
requirements to meet waste acceptance criteria is contingent on identification of the receiving
facility. Treated soils with concentrations of contaminants less than the established PRGs would
be returned to OU4 to be used as backfill. This alternative constitutes "clean" closure of the
SEPs; that is, the concentration of contaminants remaining in OU4 soils will be less than the
established PRGs. Since this alternative involves clean closure, an engineered cover and post-
closure care and monitoring would not be required. However, suitable backfill and grading
would be required to replace the excavated material and to provide drainage and minimize
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erosion. The disturbed areas would be reseeded to provide a vegetative cover. If additional

backfill is required, it is assumed that off-site borrow areas would be the source of the backfill

materials. Figure II1.3-21 presents a general schematic of this alternative.

Potential ex siru treatment technologies include:

. Decontamination;

. Solidification/stabilization;
. Soil washing;

. Solvent extraction;

. Degradation; and

. Thermal desorption.

These technologies may be combined to treat multiple contaminants.  Engineering
implementation and treatability studies would be performed to optimize the effectiveness of a
chosen technology. Studies may also be required to determine how to most effectively manage
treatment residues and secondary waste streams.

Items that would contribute to the overall capital cost of this GRA include:

. Facilities/utilities removal/relocation;

. Site preparation;

. Removal of contaminated soils, liners, utilities, and Buildings 788 and 964;
. Backfill;

. Decontamination;

. Off-site treatment facilities including secondary waste treatment;
. Seed; '

. Topsoil;

. Treatability studies;

. Size reduction;

. Treatment facilities; and

. On-site storage facility, if required.

Primary operating costs would be influenced by:

. Amount of excavation required;
. Operation of ex situ treatment facilities;
. Maintenance of closed site;
. Transportation and disposal of liners, soils, and debris; and
. On-site waste storage facility inspections and maintenance.
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Advantages of this alternative would be:

The closure and ground water protection objectives would be met since the
debris, liners, and subsoils would be removed and treated, eliminating
contaminant migration into the air, surface water, and ground water;

Ex situ treatment allows good operational control of the process to ensure
regulatory compliance and quality control requirements; and

Post-closure monitoring would not be required.

Disadvantages of this alternative would be:

High costs would likely be incurred due to the operation of a treatment facility;
Worker exposure to contaminants would not be minimized
since exposure would be increased during removal, treatment, packaging, and
shipment of contaminated materials;

Increased risk of accident/facility due to transportation; and

High costs would be associated with the large amount of contaminated materials
to be transported and disposed or stored.

In summary, the benefits of this GRA would be that both the closure and ground water
protection objectives would be met (sources of contaminants would be removed and would no

longer pose a

risk to receptors via air, surface runoff, or ground water exposure pathways), and

‘large quantities of soil would not have to be shipped for off-site disposal or on-site storage.

Post-closure monitoring would not be required. Drawbacks of this GRA would be that workers
potentially would be exposed to contaminants during removal, treatment, packaging and
shipment of contaminated materials. Costs for this GRA would be relatively high due to the
shipment of contaminated materials for off-site treatment and. disposal or the construction of an
on-site storage facility.
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III.4 DETAILED ANALYSIS EVALUATION CRITERIA

After identifying the potential General Response Actions (GRAs), a detailed evaluation
was conducted to select the preferred IM/IRA. This evaluation determined which GRA is most
applicable to the site-specific conditions.

The provisions contained in Section IX.C of the IAG were followed to perform the
detailed analysis of the GRAs. Although the criteria specified in Section IX.C of the IAG are
to be followed as part of a Corrective Measures Study/Feasibility Study (CMS/FS) and do not
specifically apply to the selection of an IM/IRA, these criteria were adopted for selecting the
OU4 IM/IRA since the IM/IRA is considered to be the final closure and remediation for this
operable unit. The IAG selection criteria are consistent with the statutory mandates of CERCLA
Section 121 and the nine evaluation criteria presented in the National Oil and Hazardous
Substances Pollution Contingency Plan (NCP). An explanation of the evaluation criteria used
for the selection of the preferred IM/IRA is provided below.

The performance objectives identified in Section IX.C of the IAG required the IM/IRA

to:
. Protect human health and the environment;
. Comply with ARARs unless a waiver is justified;
. Be cost-effective; ‘
. Utilize permanent solutions and alternate treatment technologies or resource
recovery technologies to the maximum extent practicable; and
. Address the preference for treatment as a principal element.

In assessing the GRAs under the last two mandates listed above, the following items were
considered:

. Long-term uncertainties associated with land disposal;
. Goals, objectives, and requirements of the Solid Waste Disposal Act;

. Persistence, toxicity, mobility, and propensity to bioaccumulate of the hazardous
substances and their constituents;

. Short- and long-term potential for adverse health effects from human exposure

. Long-term maintenance costs;

. Potential for future remedial action costs if the GRA should fail; and

. Potential threat to human health and the environment associated with excavation,

transportation, and redisposal or containment.

The nine evaluation criteria used to compare the various GRAs with respect to the above-
mentioned performance objectives are listed in Figure III1.4-1. Descriptions for each evaluation
criterion are provided below. :
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Threshold Criteria

The following two threshold criteria are mandatory requirements that must be satisfied

in order for the GRA to be selected.

)

@

Overall protection of human health and the environment is the ability of the GRA to
adequately eliminate, reduce, or control the chemical and radiological risks associated
with each exposure pathway. The GRAs were assessed to determine both long- and
short-term risks to human health and the environment. In this way, the general ALARA
characteristics of each GRA could be compared. The PRGs were established as the
action levels for protecting human health. Compliance with this evaluation criterion is
based on the GRA’s ability to isolate the contaminated media in excess of the PRGs so
that human health and environmental exposures are eliminated.

Compliance with ARARs is the ability of the GRA to satisfy the requirements specified
in the list of ARARs. The GRAs were assessed to determine if the identified ARARs
will be satisfied, or provide grounds for invoking a waiver.

Primary Balancing Criteria

Primary balancing criteria are used to identify and compare the major tradeoffs between

the GRAs. The balancing criteria allow the GRAs to be ranked and to determme the preferred
IM/IRA. Balancing criteria include the following:

3)

4

)

Long-term effectiveness and permanence is the anticipated ability of the GRA to
maintain reliable protection of human health and the environment over time, once the
IM/IRA objectives are met. GRAs were assessed to determine the long-term
effectiveness and permanence they afford, along with the degree of certainty that the
GRA will prove successful. Factors that may be considered in this assessment are the
magnitude of residual risk remaining from untreated waste, or from treatment residuals
of the remedial activities, and the adequacy and reliability of controls, such as
containment systems and institutional controls, necessary to manage treatment residuals
and untreated waste.

Reduction of toxicity, mobility, or volume through treatment is the anticipated
performance of the treatment technologies, if used. GRAs which employ treatment were

assessed for the degree that the GRA reduces tox1c1ty, mobility, or volume of waste or
residuals.

Short-term effectiveness is the time required to achieve the IM/IRA objectives and
assess the adverse human health and environmental impacts resulting from
implementation of the GRA. The GRAs were assessed to determine their short-term
effectiveness by considering:
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(6)

Y

. Short-term risks that might be posed to the community during implementation of
the GRA (i.e., ALARA concerns);
. Potential impacts on workers during implementation of the GRA;

. The effectiveness and reliability of protective measures;
. Potential environmental impacts of the GRA;
. The effectiveness and reliability of mitigative measures during implementation; and

. The time required to achieve protection.

In addition, the factors required to be assessed under NEPA were integrated into the
selection of a GRA by incorporating these NEPA factors into this primary balancing
criterion. The integration was necessary to ensure that NEPA concerns were included
in the decision-making process to select the preferred alternative as required by DOE
NEPA implementation regulations (10 CFR 1021). The NEPA assessment criteria are
described in Section IV.10 and include consideration of direct and indirect impacts,
unavoidable adverse impacts, irreversible or irretrievable commitment of resources, and
cumulative impacts.

Implementability is the technical and administrative feasibility, ‘and availability of
materials and services required to implement the GRA. The GRAs were assessed to
determine the ease or difficulty of implementing the GRA by considering the following
factors:

. Technical feasibility, including technical difficulties and unknowns associated with
~the construction and operation of a technology;

. Reliability of the technology;

. Ease of undertaking additional remedial actions (if required); and

. Ability to monitor the effectiveness of the remedy.

Cost is the amount of funds required to implement the GRA. The GRAs were assessed
to determine capital costs including both direct and indirect costs. The operating costs
associated with treatment would likely be realized over a period of less than one year.
Therefore, these operating costs were included as capital costs. Long-term routine
monitoring costs would be similar for most alternatives and were therefore addressed
qualitatively.

Modifying Criteria

Modifying criteria will not be entirely known until the public comment period is over.

These criteria will be considered, along with any new information, when preparing the
Responsiveness Summary and may require modification of the preferred IM/IRA. Modifying
criteria include:

®

Regulatory agency acceptance is the ability of the preferred IM/IRA to address all of
the concerns raised by the regulatory agencies including the agency’s position and key
concerns related to the preferred IM/IRA and other GRAs, and agency comments on
compliance with the ARARs or the proposed use of waivers. These concerns are
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| . discussed, to the extent possible, in this Decision Document which has been issued for
| public comment.

(9) Community acceptance refers to the public’s general response to the preferred IM/IRA
described in this Decision Document, including community support or opposition to the
preferred IM/IRA. These concerns will be considered, to the extent possible, when
preparing the Responsiveness Summary.
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1.5 DETAILED ANALYSIS OF GENERAL RESPONSE ACTIONS

The five GRAs presented in Section II1.3.3 were compared to each other with respect to
the criteria listed in Section II1.4. The goals of the detailed analysis were to identify the GRAs
which meet the threshold criteria and to select the GRA that best fulfills the primary balancing
criteria. It is important to note that this evaluation is performed to determine if a GRA can be
designed and implemented to achieve ARAR compliance and be protective of human health and
the environment. The final evaluation of protectiveness to human health and-the environment
will be conducted during the detailed design of the selected GRA.

For the threshold criteria, each GRA was assigned either a "yes" or "no" depending on
whether the GRA would be protective of human health and environment and would comply with
the identified ARARs. The GRA must meet these threshold criteria (i.e., "yes") in order to be
retained for further consideration. For the balancing criteria, each GRA was awarded either a
"high," "medium,"” or "low" corresponding to a high, medium, or low level of agreement,
respectively, with the objectives of each criterion. The evaluation results for each criterion were
compared in order to rank the GRAs. The modifying criteria were not addressed in the detailed
analysis and will be considered during the development of the Responsiveness Summary.

II1.5.1 Overall Protection of Human Health and the Environment

As part of the detailed analysis, protection of human health and the environment was
considered a threshold criteria. If a GRA was not protective of human health and the
environment, then it could no longer be considered a viable IM/IRA. Each of the five GRAs
were evaluated to determine if they would be protective of human health and the environment.
The evaluation results are listed in Table III.5-1 and discussed below.

GRA I, No Action, was determined not to adequately protect human health and the
environment because some contaminants in OU4 would remain at concentrations that exceed the
PRGs. Although GRA I would not interfere with additional ground water characterization
activities, risks to human health and the environment associated with this alternative would not
be minimized or reduced in any way. The evaluation result indicates that GRA I should not be
evaluated further; however, GRA I was retained for comparison purposes to allow the other
GRAs s to be ranked against a baseline.

GRA II includes an engineered cover and a ground water control system to contain the
OU4 contaminated materials. This GRA is considered protective of human health and the
environment since it eliminates upward pathways of exposure (e.g. through air, surface soils,
and surface water). The ground water control system would prevent potential rising ground
water from contacting the consolidated contaminated materials. Some contaminants with half-
lives greater than 1,000 years (e.g.,. plutonium-239/240, uranium-235, and americium-241)
would continue to exceed PRGs beyond the expected life of the engineered cover. This GRA
only minimally interferes with additional ground water characterization activities. Because this
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TABLE II1.5-1
OVERALL PROTECTION OF HUMAN HEALTH AND THE ENVIRONMENT

Evaluation Factor General Response Action I General Response Action II General Response Action III Geueral Response Action IV General Response Action V
No Action Containment (Closure in Place) In Situ Treatment Contaminated Media Removal Contaminated Media Removal
(Closure in Place) with Er Situ Treatment
MINIMIZE CURRENT RISK

1. Does the GRA have the potential to

lower the current risk?

No. However, the current risk was
not quantified through a baseline
risk assessment. Instead, PRGs
have been calculated based upon a
10 health-based risk level. Some
COCs concentrations exceed the
Iculated PRGs. Residual risk
would only be reduced through
natural jon and degradati
Current risk via the ground water
pathway will be further quantified
during an additional hydrogeological
investigation. Current risk to plants
and wildlife remains unchanged.

Yes. Exposure resulting from the
air, direct contact, ingestion, and
surface water pathways arc
pd A .
to ground water, if any, would be
reduced. Modeling to determine the
potential for leaching of

i from the d
contaminated media demonstrates
that the risk to human health or the
eavi tis insignificant.
Exposure pathway to plants and
wildlife is mitigated.

Yes. Same as GRAIL. In situ
treatment further reduces
contaminant migration to ground
water, if any, beyond that of GRA
II.

Yes. The removal of contaminated
media will eliminate all curreat and
future risks at OU4, including any
ground water concerns. Exposure
pathway to plants and wildlife is
mitigated.

Same as GRA IV.

HUMAN HEALTH AND ENVIRONMENTAL PROTECTION

2. Does GRA treat contamination?

No treatment provided.

No treatment provided for soils

In situ solidification/stabilization

No treatment provided unless

Contaminated soils, studge, liners,

debris and liners; however, GRA would treat ination; h s quired to comply with the Waste pondcrete, and debris would be
reduces poteatial for migration of the extent of treatment may not be Acceptance Criteria for the offsite removed and treated ex situ.
contaminants. Shudge and pondcrete verifiable. Shudge and pondcret: disposal facility or on-site storage
will be processed. will be processed. facility.
3. Does GRA destroy or stabilize No contaminant destruction or Sludge and pondcrete contaminants Contaminants may be stabilized by No contaminant destruction or Ex situ treatment will destroy or
contaminants? stabilization. will be stabilized via processing. in situ treatment. Pondcrete and stabilization unless required to stabilize contaminants.
sludge will be stabilized via comply with the Waste Acceptance
processing. Criteria for the offsite disposal
facility or on-site storage facility.
INSTITUTIONAL CONTROLS
4. Is there a need to institutionally By definition, "No Action” does not | Yes Yes No. Contaminated materials are No. PRGs arc met.

control risk? include any controls. However, removed from OU4.
institutional controls could be
provided to prevent exposure.
5. What control measures need to be Land use restrictions. The site Land use restrictions. No building, ~ | Land usc restrictions. No building, None None
implemented? would not be permitted for construction, or farming directly on construction, or fanming directly on
residential use. the engineered cover. Ground water the engineered cover. Ground water
and vadose zone monitoring. and vadose zonc monitoring.
EVALUATION RESULTS: NO
(Should the GRA be evaluated [However, "No Action” is retained YES YES YES YES
further?) as the baseline for ison.]

P
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alternative reduces risks to human health and the environment to an acceptable level (i.e., all
contaminants exceeding PRGs are contained and isolated by the cover), the evaluation result is
that GRA II was retained for further evaluation.

GRA 111, in situ treatment (closure in place), is considered protective of human health
and the environment. This alternative includes all the benefits of GRA II by providing an
engineered cover plus the additional benefits of in situ treatment. Upward pathways of exposure
would be eliminated and contaminants would be stabilized. The in situ treatment could provide
a larger risk reduction than GRA II by immobilizing contaminants. As such, GRA III was
retained for further evaluation. ‘

GRA 1V results in the removal of all OU4 contaminated media for off-site disposal or
on-site storage. Under this GRA,-residual risks to human health and the environment would be
eliminated at OU4; however, ultimate protection of human health and the environment relies on
the off-site disposal or on-site storage facility. This GRA is more protective of human health
and the environment in the OU4 area than any of the three preceding GRAs. This GRA would
have no impact on additional ground water characterization activities, once completed, and
would eliminate the potential for contaminant migration from soils at OU4 into ground water.
The evaluation result is that GRA IV was retained for further evaluation.

GRA V is identical to GRA IV in all respects except that the contaminated soil, sludge,
pondcrete, liners, and debris would be treated on-site using ex situ technologies. Treated clean
soils would be returned to the OU4 area to be utilized as backfill. Since GRA V involves
removal of all contaminated media in excess of the PRGs, and treatment of hazardous waste, it
is considered protective of human health and the environment. Therefore, GRA V was retained
for further evaluation.

III.5.2 Compliance with ARARs

As required by Paragraph 150 of the IAG, "[the] IM/IRA shall, to the greatest extent
practicable, attain ARARSs and be consistent with and contribute to the efficient performance of
final response actions consistent with Section 121 of CERCLA." The IAG Statement of Work,
Section 1.B. 10, requires that, "[A]s a chapter of the draft Proposed IM/IRA Decision Document,
DOE shall provide to EPA and the State a draft ARAR Analysis." This section is intended to
fulfill the above-mentioned obligations, and identifies and analyzes the ARARs that must be met
for the OU4 IM/IRA.

ARARs are substantive environmental requirements, cleanup standards, and standards of
control that must be addressed as part of a GRA. ARARs must be identified on a site-specific
basis. An ARAR may either be "applicable” or "relevant and appropriate", but not both.
Applicable requirements are those cleanup standards, standards of control, and other substantive
environmental protection requirements, criteria, or limitations promulgated under federal or state
law that specifically address a hazardous substance, pollutant, contaminant, remedial action,
location, or other circumstance at a CERCLA site. Relevant and appropriate requirements are
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those cleanup standards, standards of control, and other substantive environmental protection
requirements, criteria, or limitations promulgated under federal or state law that, while not
"applicable" to a hazardous substance, pollutant, contaminant, remedial action, location, or other
circumstance at a CERCLA site, address problems or situations sufficiently similar to those
encountered at the CERCLA site.

The three ARAR categories listed below were established by the EPA to identify and
classify ARARs. The categories are used as guidance, because some ARARs may not neatly
fall into this classification system.

Chemical-specific requirements are usually health- or risk-based numerical values or
methodologies which, when applied to site-specific conditions, result in the establishment
of numerical values. These values establish the acceptable amount or concentration of
a chemical that may be found in or discharged to the ambient environment.

Location-specific requirements are restrictions placed on the concentration of hazardous
substances solely because they occur in special locations.

Action-specific requirements are usually technology- or activity-based requirements or
limitations on actions taken with respect to hazardous waste.

In addition to ARARs, To-Be-Considered standards (TBCs) are to be factored into the
GRA when appropriate. TBCs are nonpromulgated advisories or guidance issued by federal or
state government that are not legally binding and do not have the status as potential ARARSs.
However, TBCs are used in determining the necessary level of cleanup for the protection of
human health and the 