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EXECUTIVE SUMMARY

This report documents the Corrective Measures Study/Feasibility Study (CMS/FS) performed
for the 881 Hullside Area, Operable Unmit 1 (OU-1), of the Rocky Flats Environmental
Technology Site (RFETS) The study was conducted in accordance with the requirements of the
Rocky Flats Interagency Agreement (IAG) of January 1991 This agreement was signed between
the U.S Department of Energy (DOE), the U S Environmental Protection Agency (EPA), and
the Colorado Department of Public Health and the Environment (CDPHE) The agreement
specifies that the CMS/FS shall be conducted following appropmate Comprehensive
Environmental Response, Compensation, and Liability Act (CERCLA), and Resource
Conservation and Recovery Act (RCRA) guidance

The primary source of guidance used 1n the preparation of this report was EPA’s Giadance for
Conducting Remedial Investigations and Feasibility Studies Under CERCLA, which outlines and
describes the requirements of the National O1l and Hazardous Substances Pollution Contingency
Plan (NCP) Also used was EPA’s RCRA Corrective Action Plan guidance, published in May
1994 In preparing this report, data on OU-1 were obtamned from both the Phase III RCRA
Facility Investigation/Remedial Investigation (RFI/RI) Report, and the Rocky Flats Environmental
Database System (RFEDS) directly Where appropriate, recent soil gas survey data were used
to enhance the conceptual model applhied n the development of remedial action alternatives

Following standard RCRA/CERCLA guidelines, results of the Phase III RFI/RI report were first
examined to determine primary site contaminants and exposure pathways. Once these risk
dnivers were 1dentified, remedial action objectives (RAOs) and preliminary remediation goals
(PRGs) were formulated to address risks to iluman health and the environment In the case of
OU-1, the Environmental Bvaluation (EE) portion of the Baseline Risk Assessment (BRA) did
not identify any current or future nisks to environmental receptors. Therefore, this report
focuses on mimimizing the risk to human receptors from contaminants identified in the RFI/RI
report The RAOs 1dentified for OU-1 are listed below.
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1) Prevent the mhalation of, ingestion of, and/or dermal contact with VOCs and
morganic contammants 1n OU-1 groundwater that would result in a total excess
cancer risk greater than 10 to 10 for carcinogens, and/or a hazard index greater
than or equal to 1 for non-carcinogens

2) Prevent migration of contaminants from subsurface soils to groundwater that
would result 1n groundwater contamination m excess of potential groundwater
applicable or relevant and appropriate (ARARSs) for OU-1 contaminants

3) Prevent mugration of contaminants im OU-1 groundwater from adversely
impacting surface water quahity in Woman Creek

These RAOs were selected to address the primary nisk exposure pathways 1dentified for OU-1,
the pathways associated with groundwater and indirectly, subsurface soils Surface soius were
also identified as a medium of concern 1 the OU-1 RFI/RI, however this medium 1s being
addressed under OU-2 Therefore, PRGs for RAOs dealing with groundwater and subsurface
soils were identified by examining both risk- and applicable or relevant and appropriate
requirement (ARAR)-based values The exposure route of groundwater ingestion resulted in the
highest potential risk to a future on-site resident As a result, the Colorado Basic Standards for
Groundwater, found 1n 5 Colorado Code of Regulations (CCR) 1002-8, 3 11 5and 3 11 6), were
selected as appropriate PRGs for OU-1

After selecting appropriate PRGs for OU-1, remedial action alternatives were assembled that
would provide various conceptual approaches for cleanup of the site. The alternatives selected
for detailed analysis are the following

. Alternative 0 No Action

; Alternative 1. Institutional Controls with the French Drain

. Alternative 2. Groundwater Pumping and Soil Vapor Extraction

. Alternative 3- Groundwater Pumping and Soil Vapor Extraction with
Thermal Enhancement
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o Alternative 4 Hot Air Injection with Mechanical Mixing

o Alternative 5 Soil Excavation with Groundwater Pumping

These alternatives were subjected to detailed analysis as required by RCRA and CERCLA
guidelines, and the NCP (40 Code of Federal Regulations 300 430) The standards and criteria
used to analyze the alternatives are the following (with the exception of state and community

acceptance which are analyzed later in the CMS/FS process)

o Overall protection of human health and the environment
(including assessment of source control measures)

. Compliance with ARARs

o Long-term effectiveness and permanence
. Reduction of toxicity, mobility, or volume
o Short-term effectiveness

. Implementability

. Cost
. State acceptance
o Commumty acceptance

The two threshold criteria, overall protection of human health and the environment, and
comphance with ARARs, are statutory requirements that must be satisfied by any alternative in
order for it to be eligible for selection as the preferred remedial action alternative The five
prnimary balancing criteria of long-term effectiveness and permanence, reduction in toxicity,
mobility and volume, short-term effectiveness, implementability, and cost are used to evaluate
major performance objectives for each alternative The performance of each alternative n
addressing each primary balancing criterion 1s evaluated and then compared across alternatives
to assist in the selection of a preferred alternative
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The two modifying criteria, state acceptance, and community acceptance, evaluate the potential
acceptance of the preferred alternative by regulatory agencies and the commumty These last
two criteria are not evaluated until after formal pubhic comment on the CMS/FS and Corrective
and Remedial Action Proposed Plan (PP), and are addressed in the final Corrective Action
Decision/Record of Decision (CAD/ROD)

The results of the detailed analysis of alternatives are presented 1n this report To support the
analyses conducted herein, groundwater modeling and residual risk assessment calculations are
mcluded 1n Appendices B and C, respectively Cost estimates are hikewise included in Appendix
A A complete ARARs assessment 1s included in Appendix D In general these analyses show
that most of the alternatives mcluded n this analysis will meet groundwater PRGs at Woman
Creek The No Action alternative may not meet these goals at the French Drain, however. In
terms of protecting human health and the environment, all of the alternatives presented result
1n residual risks of less than one in a million at Woman Creek Only the No Action scenario
presents a nisk near one in ten thousand at the French Drain  Costs associated with the
alternatives ranged from $1 8 million for the No Action alternative, to over $13 million for
Alternative 5 Soil Excavation with Groundwater Pumping Costs for the other alternatives

were comparable, and ranged from $6 million to $7 5 million

Based on these results, Alternanive 0 No Acunom would be the alternative of choice 1if
performance and comphance are only monitored at Woman Creek. If, however, performance
and comphance are momtored at the French Drain, then Alternative 1 Institutional Controls
with the French Drain would most likely be the preferred alternative. Alternative 1 would also
be a viable option if performance is monitored at Woman Creek, as a cqntingency measure until
more recent data are available concerning groundwater migration in OU-1 and how observed
data compare to predicted data Further discussion regarding the preferred alternative for QU-1
appears 1n the OU-1 PP
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1.0 INTRODUCTION

This Corrective Measures Study/Feasibility Study (CMS/FS) report evaluates information
necessary to support selection of the preferred remedial alternative(s) for Operable Umt 1 (OU-
1) at the Rocky Flats Environmental Technology Site (RFETS) This report 1s part of a
comprehensive program developed pursuant to the Rocky Flats Interagency Agreement (IAG)
(January 1991) between the U S Department of Energy (DOE), the U S Environmental
Protection Agency (EPA), and the Colorado Department of Public Health and the Environment
(CDPHE) In accordance with the IAG, this report addresses CMS provisions of the Resource
Conservation and Recovery Act (RCRA) and FS provisions of the Comprehensive Environmental
Response, Compensation, and Liability Act (CERCLA)

1 1 Purpose and Orgamzation of Report

The CERCLA Remedial Investigation (RI)/FS process provides the overall framework for this
report, as specified in the JIAG, IX D 1 Relevant RCRA-specific CMS criteria are incorporated
within this framework, where appropriate In general, the CERCLA/RCRA process 1s intended
to gather information sufficient to support an informed risk management decision regarding the

most appropriate remedy for a given site The process includes

Characterization of the site’s physical conditions

Characterization of nature and extent of contamination
Characterization of fate and transport of contamination

Assessment of risk to human health and the environment

Treatability testing, i1f appropriate

Development, screening, and detailed analysis of remedial alternatives
Selection and implementation of remedial action(s)

This CMS/FS report documents the development, screening and detailed analysis of remedial
alternatives Following CDPHE and EPA acceptance, the results of this report, along with
information provided by previous reports, will be summarized in a Corrective and Remedial
Action Proposed Plan (PP). The PP 1s published for public review and comment; public
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comments will be responded to prior to selecting and implementing a remedy for QU-1

This CMS/FS follows EPA guidance established for general CMS and FS reports, as outlined
in Gudance for Conducting Remedial Investiganons and Feasibility Studies Under CERCLA
(EPA 1988a) and 1n the RCRA Corrective Action Plan guidance (EPA 1994) The guidances
involve three phases shown graphically in Figure 1-1 The three phases are

o Development of remediation goals and identification of process options
o Development and screeming of alternatives
¢ Detailed analysis of alternatives

The development of remediation goals and 1dentification of process options 1s included 1n this
report as Section 2.0 The Identification and Selection of Technologies and Representative
Process Options Representative remedial technologies capable of meeting remediation goals

were selected for inclusion in remedial alternatives

The Development of Alternatives phase 1s presented in Section 3.0 of this report This phase
identifies and combines potentially feasible remedial technologies to develop a range of remedial
alternatives for OU-1 Specific components of this phase include

¢ Development of media-specific remedial action objectives (RAOs)
. . Development of media-specific general response actions (GRAs)
o Identification of volumes and/or areas of the media which require GRAs
¢ Identification and screening of technologies and process options for each GRA
o Evaluation Of process options within each technology type to select a representative

process option for the development of remedial action alternatives

The screening of alternatives is an optional phase that 1s conducted if the number of alternatives
developed is too large to be reasonably carried forward to the detailed analysis This screening
1s conducted on the basis of effectiveness, implementability, and cost. This screening was not
conducted for OU-1.
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Section 4 O presents the Detailed Analysis of Alternatives for those alternative that were carried
forward from the screeming phase described above In this phase, the alternatives are further
refined and analyzed in detail with respect to CERCLA cnitenia and RCRA standards that are
provided 1n the National Oil and Hazardous Substances Pollution Contingency Plan (NCP) and
the RCRA Corrective Action Plan gmidance (EPA 1994) The CERCLA critena include

Overall protection of human health and the environment

Comphiance with Applicable or Relevant and Appropnate Requirements (ARARS)
Long-term effectiveness and permanence

Reduction of toxicity, mobility, or volume

Short-term effectiveness

Implementability

Cost

State acceptance

Community acceptance

In the detailed analysis, the first seven of these criteria are evaluated 1n two ways Farst, each
alternative 1s evaluated individually on 1ts ability to satisfy each of the seven criteria  Second,
the alternatives are subjected to a comparative analysis with the other alternatives The State
acceptance and community acceptance criteria are addressed 1n the Corrective Action Decision
(CAD)/Record of Decision (ROD) Prior to the 1ssuance of the CAD/ROD, the PP 1s submutted
for public and State comment Table 1-1 provides a comparison of CERCLA evaluation criteria
and RCRA standards.

Because these CMS/FS phases - Development of Remediation Goals and Identification of Process
Options, Development and Screening of Alternatives, and Detailed Analysis of Alternatives - are
based on the results of previously conducted steps of the RCRA Facility Investigation (RFI)/RI,
the following subsections briefly summarize the results of the RFI/RI. Section 1.2 discusses the
Site Background, Section 1.3 discusses the Physical Charactenistics of the site, Section 1 4
discusses the Nature and Extent

OU-1 CMS/FS Report
881 Hullside Area
February 1995 1-4




Table 1-1.
Comparison of CERCLA Evaluation Criteria and RCRA Standards

National Contingency Plan,
CERCLA Evaluation Criteria
40 CFR 300.430(e)(9)(Gii)

RCRA Corrective Action Plan Standards
OSWER Directive 9902.3-2A (May 1994)

Overall protection of human health and the
environment

Protect human health and the environment

Control the sources of releases'

Comphance with ARARs

Comply with any applicable standards for
management of wastes

Attain media cleanup standards set by the
implementing agency

Long-term effectiveness and permanence

Long-term rehiability and effectiveness

Reduction of toxicity, mobility, or volume through
treatment

Reduction 1n the toxicity, mobility, or volume of
wastes

Short-term effectiveness

Short-term effectiveness

Implementability

Implementability

L

Cost

Cost

This cnitenion 18 addressed under the National Contingency Plan threshold criteria for Overall Protecion of Human Health and the
Environment This criterion 18 also directly related to the Long-Term Effectiveness and Permanence criteria
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of Contamination; Section 1.5 discusses the Fate and Transport of Contaminants; and Section
1.6 summanzes the Baseline Risk Assessment Section 1.7 discusses interim measures and

mterim remedial actions

12 Site Background

OU-1, also referred to as the "881 Hillside Area", 1s located at the RFETS, a DOE owned
facility located approximately 16 miles northwest of downtown Denver, Colorado (see Figure
1-2) RFETS occupies approximately 6,550 acres of federally-owned land in northern Jefferson
County, Colorado The majority of the RFETS buildings are located within a 400-acre area
referred to as the RFETS security area The 6,150 acres surrounding the security area are used

as a buffer zone

Prior to 1994, the site was referred to as Rocky Flats Plant (RFP) Until 1992, RFP fabricated
nuclear weapon components from plutonum, uranium, beryllium, and stainless steel Parts
made at the plant were shipped elsewhere for assembly Support activities included chemical
recovery and purification of recyclable transuramc radionuchdes and research and development
1n metallurgy, machining, nondestructive testing, coatings, remote engineering, chemistry, and
physics These activities generated radioactive, hazardous, and mixed waste On-site storage
and disposal of these wastes has contributed to hazardous and radioactive contamination 1n soils,
surface water, and groundwater In July 1994 the plant was renamed to the RFETS to reflect
a new mission of environmental restoration and the advancement of new and innovative

technologies for waste management, characterization, and remediation

dU-l is located 1n the southern portion of the security area, on the hillside south of Building 881
and north of Woman Creek Historically, Building 881 was used for enriched uranium operations
and stainless steel manufacturing The laboratories in Building 881 also performed analyses of
the materials generated in production. The highest point in the immediate vicinity of OU-1 is
Building 881, which is approximately 6,000 feet above mean sea level The lowest point 1s at
Woman Creek, about 5,830 feet above mean sea level. Two surface drainages occur m the
vicinity of OU-1- Woman Creek flows along the base of 881 Hillside south of OU-1, and the
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South Interceptor Ditch (SID) crosses OU-1 between the security area and Woman Creek. A
French Drain was constructed m 1992 across a significant portion of OU-1 above the SID to
collect alluvial groundwater as an Internm Measure/Interim Remedial Action (IM/IRA)

OU-1 includes 11 sub-areas that historical information suggested could exhibit potential
contamination of soil, surface water, and/or groundwater These sub-areas are referred to as
Individual Hazardous Substance Sites (IHSSs) Figure 1-3 shows the locations of these IHSSs,
Table 1-2 presents their descriptions The RFI/RI was specifically designed to mnvestigate the
potential contamination at the IHSSs, as well as in the intervening areas of OU-1 The resulting
data were used to characterize the physical and chemical conditions at OU-1

1 3 Physical Charactens

Information on the Physical Charactenistics of OU-1 was obtained primarily from the Phase III
RCRA Facihity Investngation/Remedial Investngation (RFI/RI) Report (DOE 1994a) Where
appropriate, more recent data from the Rocky Flats Environmental Database System (RFEDS)
were used update interpretations and to develop figures and contour maps presented herem Two
soil gas surveys conducted after publication of the Phase III R=I/RI report also supplemented
current mterpretations (DOE 1994b, DOE 1994c)

The physical characteristics of OU-1 which are relevant to the CMS/FS phases can be described
considering geomorphologic and hydrogeologic features

1.3 1 Geomorphology

The geomorphology at OU-1 reflects the interaction of several erosional and depositional
processes which have produced gently rolling to moderately steep slopes on the Building 881
hillssde The terrain has been recontoured in several areas at various tumes: during the
construction of Building 881, the placement of fill and waste materials in several areas including
the contractor yard and several IHSSs, the grading of roads at the site, the construction of the
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Table 1-2.

Individual Hazardous Substance Site Descriptions

THSS
Number | IHSS Name

Description Jl

102 01l Sludge
Pit Site

Approximately 40 x 70 f* area located approximately 180 feet south of Buillding 881 where
30 to 50 drums of non-radioactive oily sludge were emptied 1n the late 1950s The sludge
was from the cleaning of two No 6 fuel o1l tanks, designated as IHSSs 105 1 and 105 2, and
was backfilled when disposal operations ceased

103 Chemucal

Approximately SO feet 1n diameter (2,000 ft %), the pit 1s circular 1s shape, and 1s located

Bunal Site approximately 150 feet southeast of Building 881 on 1963 aeral photographs Area was
reportedly used to bury unknown chemucals
104 Liqud Reportedly a former (pre-1969) iquid waste disposal pond 1n area east of Building 881 - no

Dumping exact location or dimensions of pit - location 1s uncertain due to poor quality of 1965 aenal
Site photograph  Approximate dimensions are 50 x 50 ft?

105 1, | Out-of- Located immediately south of Building 881, these were storage tanks for No 6 fuel oil

1052 | Service Fuel | Suspected leaks 1n 1972 Tanks closed in place through filling with asbestos-containing
O1l Tank material and cement IHSS 107, the Hillside Oil Leak Site, may have been caused by leakage
Sites from these tanks

106 Outfall Site

Overflow line from the samtary sewer sump 1n Building 887 The outfall was used for
discharge of untreated samtary wastes 1n the 1950s and 1960s Due to concern about
discharges from the outfall entering Woman Creek, several small retention ponds and an
mterceptor ditch were built in 1955 and 1979, respectively, to divert the outfall water to
Pond C-2

107 Hillside Onl
Leak Site

Site of 1972 fuel oul spill from Building 881 foundation dramn outfall A concrete skimming
pond was built below the foundation drain outfall to contain the o1l flowing from the
foundation drain, and an interceptor ditch was constructed to prevent oil-contaminated water
from reaching Woman Creek

119 1, | Multple
1192 | Solvent Spill
Sites

Former drum storage areas east of Building 881 along the southern penimeter road IHSS

119 1 1s the larger western drum and scrap metal storage area, and appears to have contained
mostly drums in the southern part of the IHSS and mostly scrap metal in the northern part,
although matenal was moved around frequently as documented by aenal photographs IHSS
119 2 18 the smaller eastern drum and scrap metal storage area and appears to have contuned
mostly scrap metal The drums contained unknown quantities and types of solvents and
wastes The scrap metal may have been coated with residual oils and/or hydraulic coolants

130 Radioactive

Area cast of Bullding 881 Used between 1969 and 1972 to dispose of soil and asphalt

Site - 800 contamnated with low levels of plutomum and uramum THSS 130 18 referred to as the

Area #1 Contamnated Soil Disposal Area East of Building 881 1n the HRR to better match the history
of waste disposal, the site 18 included in the discussion of the 900 area at RFETS 1n that
report IHSS 130 contains approximately 320 tons or 250 cubic yards which came from three
sources 1) plutomum-contamunated soil and asphalt, placed in September of 1969, 2) road
asphalt and soi rad contamunated by leaking drum 1n transit and 3) 60 cu yds of plutomum-
contamunated soil removed from around the Building 774 process waste tanks in 1972

145 Samtary Six-inch cast-iron samtary sewer line that oniginates at the Building 887 lift station and that
Waste Line | leaked on the hillside south of Building 881 The line had conveyed samtary wastes and low-
Leak level radicactive laundry effluent to the samtary treatment plant from about 1969 to 1973
| ==
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SID, and most recently, the construction of the French Drain The steepness of the hillside,
combined with various construction and excavation activities at OU-1, has resulted in mechanical
failure mamfested in widespread slumping of matenial (DOE 1994a) A number of wells on the
hillside have been damaged by this slumping These morphologic features influence surface and

groundwater flow at the site

Surface water at OU-1 occurs only during precipitation and snow melt events, except 1n the
mterceptor ditch and the French Drain  Surface runoff generally flows toward Woman Creek,
but likely infiltrates, evaporates, transpirates, or encounters the interceptor ditch or French Drain
before reaching Woman Creek Surface water in the interceptor ditch 1s directed toward
collection ponds for sampling prior to discharge Surface water 1n the French Drain 1s directed
to the water treatment system portion of the IM/IRA which removes organics and mnorganics.

132 Hydrogeology

Groundwater hydrogeology has been a central component of the OU-1 RFI/RI The most recent
mterpretations in the Phase III RFI/RI report represent a comprehensive evaluation of the OU
hydrogeology, based on eight years of mnvestigation and monitoring Groundwater at OU-1 1s
present in various geologic materials including the unconsohdated surficial material and the
bedrock. A sigmficant permeability contrast occurs at the base of a weathered zone which
typically exists within the upper 5 to 25 ft of the bedrock The weathered zone and overlying
unconsolidated materials are generally 100 to 10,000 times more permeable than the underlying
unweathered bedrock. This permeability contrast significantly limits the flux of groundwater
nto and through the unweathered bedrock (relative to the overlying matenials), and consequc?ntly
serves as the basis for defining two hydrostratigraphic umits The upper hydrostratigraphic unit
(UHSU) consists of saturated portions of the Rocky Flats Alluvium, colluvial material, valley
fill alluvium, and weathered bedrock; groundwater 1n these materals is typically unconfined
The lower hydrostratigraphic unit (LHSU) consists of saturated unweathered bedrock
Groundwater in the unweathered bedrock can be confined or unconfined.
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Over most of the site, groundwater flow in the UHSU occurs in disconnected northwest-
southeast trending channels that have been scoured into the bedrock surface Groundwater n
both the UHSU and LHSU flows from north to south, toward the Woman Creek paleovalley
Bedrock highs and hithologic variability, notably the presence of clay lenses, act to retard the
rate of groundwater flow Flow has also been observed in glide planes bounding the slump
blocks Parts of OU-1, particularly in the eastern portion, contain groundwater only in the
spring months when water table elevations are typically highest Groundwater levels across

OU-1 are higher 1n spring than 1n the remainder of the year

Recharge to the UHSU 1s mimimal, and occurs primanly through infiltration of precipitation

Infiltration rates range from 2 inches per hour for 1mtial infiltration, to 0.5 inches per hour for
final (saturated) infiltration Localized sources of recharge include seepage from the Rocky Flats
Alluvium to colluvial materials, and former recharge from the Building 881 footing drain, which
has since been rerouted to the French Drain collection system Flow from this drain averages
35 gallons per minute (gpm) Discharge occurs largely through evapotranspiration and
discharge at boundaries such as seeps, Woman Creek, the SID, and the French Drain (DOE
1994a)

From aquifer test data, the average linear flow velocity was estimated at 70 feet per year in the
vicimty of IHSS 119.1, 8 feet per year m the vicimity of Building 881, and 180 feet per year
within the Valley Fill Alluvium The volume of UHSU groundwater at OU-1 was estimated at
5 8 acre-feet 1n January 1992, and 5 acre-feet m April 1992 The decrease from January to
April is largely due to the rerouting of the foundation drain which was a source of recharge in
the western part of QU-1 (DOE 1994a). Water levels screened in the UHSU nise annually in
response to spring recharge and dechine during tl;e remainder of the year (DOE 1994a)

The overall range of hydraulic conductivity values estimated for UHSU matenals was 3 x 10?
to 2 x 10° cm/sec The hydrologic data show a high degree of heterogenerity in the UHSU
materials. The overall hydraulic conductivity for the LHSU ranges from 1.2 x 10%t0 2 5 x 10°.
Horizontal hydraulic conductivity values in bedrock appear to be 10 to 1,000 times greater than
hydraulic conductivity values 1n the vertical direction
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Groundwater level data 1n the vicimnity of the French Drain suggest that the system is effective
in capturing UHSU groundwater originating from OU-1. For example, data from most of the
UHSU monitoring wells downgradient (south) of the French Drain were dry in April 1993, a
month typified by lugh water table elevations (DOE 1994a)

1 4 Nature and Extent of Contamination

This section summarizes the results of the nature and extent of contamination at OU-1 as
presented 1n the Phase Il RFI/RI report Table 1-3 summarizes the contaminants 1dentified 1n
the Phase III RFI/RI report nature and extent assessment for the media of groundwater, surface
soils, subsurface soils, surface water, and sediments The investigative programs for these
media were designed to characterize the nature and extent of contamination 1n the vicinity of the
eleven IHSSs, as well as the interveming areas of the 881 Hillside Area  The resulting data
mdicate that many of the IHSSs are not sources of contamination. Furthermore, some sources
occur outside of IHSS, or even OU-1 boundaries One of these situations involves surface soil
contamination by amernicium and plutonium, which was shown 1n the Phase Il RFI report to
ongmate from within Operable Umit 2 (OU-2) Considering this scenario, all subsequent
charactenization and remedial activities related to surface soil contamination 1n QU-1 will be
addressed under the OU-2 RFI/RI and CMS/FS programs

1 4.1 Volatile Organic Compounds

Volatile organic compounds (VOCs) are present in subsurface, soils and groundwater at OU-1
Chlonnated solvents occur sporadically in subsurface soils at the IHSSs Sources for VOCs in
groundvs;ater appear to correlate with elevated concentrations 1n subsurface soils. Toluene occurs
throughout OU-1 1n subsurface soils at relatively low concentrations. The nature and extent of
the detections suggest the source of the toluene may be laboratory or field-introduced
contamination—however, these hypotheses have not been confirmed.

OU-1 CMS/FS Report
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Table 1-3.

Contaminants Identified in the RFI/RI by Media

Ground Surface Subsurface Surface
Contaminant Water Soil* Soil® Water” Sediment”
Volatile Organic Compounds )

I=Carbon Tetrachloride X R X N
Chloroform X X kIO . ’ T "
1,1-Dichloroethane X o 477 X >
1,2-Dichloroethane X X e x%\;;\ Wy i‘i% iff*ﬁx ”*35
1,1-Dichloroethene X
1,2-Daichloroethene X
c1s-1,2-Dichloroethene X
Tetrachlorocthene X
Toluene X
Total Xylenes X
1,1,1-Trichloroethane X
1,1,2-Trichloroethane X = ; Ry

Metals
Selenmum Il X Lfif

'demm II X L

“ Radionuclides

" Amencium X

|| Uramum X
Plutonium | X

Polychlorinated Biphenyls (PCBs)
AROCLOR-1248 X .
AROCLOR-1254 X
OU-1 CMS/FS Report
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Table 1-3.
(Continued)
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Water
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Soil*

Surface

. b
Water” Sediment
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2 Contammants 1n surface soils are bemng addressed under OU-2

b Contammants n shaded media did not result 1n a cancer nsk greater than 10, nor a hazarc mdex greater than one
X- Contammant 1s a COC which has been detected n the medium
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Groundwater chemistry data indicate VOCs occur in three general areas (DOE 1994a)

¢ South of Building 881
e THSS 1191 area
¢ Southeast of IHSS 119 2

Within these three areas (see Figure 1-4), concentration gradients and vanations in analytes
suggest that multiple release points are likely Random 1solated detections of relatively lower
concentrations (0 11 to 6 ug/1 total VOCs) occur 1n the intervening areas Each of these areas

1s discussed 1n the following subsections

th of Building 881

Groundwater 1 the area south of Building 881 exhibits relatively low concentrations of
chlorinated solvents (ranging up to 130 ug/f) The spatial distribution of these detections 1s
quite random, suggesting potential multiple point sources Hiastorical information corroborate
this interpretation—the use or disposal of chlorinated compounds n discreet areas (including
proximal THSSs 145, 107, and 106) 1s not documented The maximum VOC detection, 130 ng/f
of 1,1,1-trichloroethane (1,1,1-1CA), occurred at well 0187. Although this well 1s immediately
down-gradient of IHSS 145, a subsequent soil gas survey presented in the previous Phase I
RFI/RI Report revealed no 1,1,1-TCA in the soil gas sample collected closest to well 0187

Soil gas survey results reveal a lmgh concentration of tetrachloroethene (PCE) mn soil gas
approximately 30 feet southwest of well 5287 (DOE 1994b). This detection is the second
highest out of several hundred spil gas samples collected at OU-1, and suggests a potential
source for PCE in subsurface soils The detected concentration suggests the possible existence
of residual or pooled dense non-aqueous phase liquid (DNAPL). However, PCE was not
detected in groundwater samples collected from wells located immediately down-gradient of the
soil gas detection (wells 5487/5387) suggesting that either the solvent release did not reach the
water table (as a free phase wetting front) or that groundwater is not present at the location of

OU-1 CMS/FS Report
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the release These scenanos illustrate the sporadic nature and relatively low concentrations of
VOCs 1n this area and suggest that multiple pomnt sources exist south of Building 881

IHSS 119 1 Area

Documented waste storage practices at thus IHSS included the release of chlornated solvents
Investigative activities confirm that these releases pose a continuing source for VOCs 1n
groundwater VOC concentrations are highest 1n the southwest portion of this IHSS, an area
exhibiting dummed waste 1n historical aenal photographs The Phase I soil gas survey
1dentified several locations 1n this area which may represent discreet release points

A comparison of the chemical suite detected in groundwater at several locations within the drum
storage area revealed at least two distinct chemical mixtures One 1s dominated by
trichloroethene (TCE) and 1,1,1-TCA (well 0974) while the other 1s dominated by carbon
tetrachloride (CCl,) (well 1074)

Phase III RFI/RI results suggest VOCs occur in the form of DNAPLs 1n a zone directly beneath
IHSS 119.1 An aqueous plume of TCE, TCA, and several other VOCs emanates from this
DNAPL zone along the preferential groundwater flow pathway Ths pathway 1s currently being
mtercepted by the French Drain.

The historical maximum concentration of VOCs 1n groundwater at OU-1 occurred at well 4787,
although detections at this well have been characteristically sporadic and have involved relatively
low concentrations This probably reflects the effectiveness of the French Drain which was
mstalled upgradient of well 4787. As discussed previously, most monitoring wells downgradient
of the French Drain are dry.

Area Southeast of IHSS 119.2

Concentrations of chlorinated solvents detected in two closely-spaced monitoring wells
downgradient of IHSS 119.2 (wells 6286 and 6386) are attributed to potential VOC release areas

February 1995 1-18




at both IHSS 119 2 and upgradient of the operable umit The occurrences of these VOCs in
groundwater within the IHSS include one-time detections of 9.3 ug/f in UHSU well 34791, and
01 ug/t LHSU well 4587 Chloroform detections occurred three times 1n well 4587, with a

maximum detection of 18 ug/?{

Wells 6286 and 6386 exhibited VOC concentrations and are located 1n a dramnage hydraulically
downgradient from IHSS 119 2 Therefore a VOC release point 1s suspected i IHSS 119 2
and 1s shown on Figure 1-4 based on the location of suspected waste disposal features depicted
on aenal photographs The size of this suspected VOC release poimnt 1s uncertain It 1s
speculated that contamination from the 903 Pad 1s also contributing to the VOCs detected 1n
monitoring wells on the Hillside The 903 Pad 1s upgradient of the impacted wells and 1s known
to be a source for CCl, and other dissolved chlorinated solvents in groundwater.

The occurrence of chlorinated solvents 1n subsurface soils 1n this area is hmated to a detection
of 140 ug/kg 1n borehole BH5887 The occurrence of VOCs in soil gas 1s limited to low levels
of PCE and 1,1,1-TCA at one location within the IHSS However, the magnitude of the soil
gas detections 1s several orders of magmtude less than those noted near Building 881 and IHSS
119 1 and are more representative of the local background around IHSS 119.2 Nevertheless,
as was the case at IHSS 119 1, the presence of a VOC release pomnt withun IHSS 119.2
boundaries 1s suspected based on the downgradient groundwater chemastry

In summary, VOC contamination occurs 1n subsurface soils, soil gas, and groundwater at OU-1
The nature and extent of VOCs in these media indicate that three general source areas exist* (1)
the area south of Building 881, (2) IHSS 119.1, and (3) IHSS 119 2. Other IHSSs in OU-1, and
the intervening areas, occasionally exhibit random, low level concentrations which may reflect

13

sources upgradient of OU-1

1.4.2 Metals

Metal contammnants detected at OU-1 include vanadium and selenium These metals were
significantly elevated in groundwater, but not 1n subsurface soils. Historical information does
not indicate that these metals associated with wastes stored or disposed of at OU-1, but elevated
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concentrations in areas where VOC wastes were stored It 1s unlikely that these metals were
leached from the soil by organic wastes disposed of at OU-1 since hydraulic o1l and chlorinated
solvents have poor chelation properties, and are not strongly acidic or basic Four areas have
been 1dentified at OU-1 with elevated selemum and/or vanadium as discussed below

IH 191

Multiple detections of selenium and vanadium were noted in momitoring wells located n the
southwestern portion of IHSS 119.1 (Figure 1-5) Typacally, the elevated metals were seen 1n
association with VOCs In particular, the highest metal concentration (2200 ug/f of Se) was
detected 1n a well with one of the highest VOC concentrations anywhere at QU-1 (Well 1074)

The maximum downgradient extent of selenium 1n groundwater at IHSS 119.1 appears to be 1n
the vicimity of well 0487. The occurrence of vanadium 1s similar to selenium except that
vanadium only occurs above background 1n UHSU wells.

of Buil 1

One detection of vanadium was noted at well 5387 at approximately six times the background
level of 30 mg/¢ Ths well exhibits concentrations of various chlorinated compounds 1n the 1
to 25 ug/t range Several potential VOC source areas have been identified 1n the area south of
Building 881, however well 5387 is not particularly close to the suspected source areas.
Nevertheless, it 1s conceivable that the vanadium present in groundwater at 5387 represents a
plume originating from one of the VOC source areas previously discussed. The extent of
vanadium concentrations above background near Building 881 appears to be himited to the
immeduate vicnity of well 5387.
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st of THSS 102

One detection of vanadium and three detections of selentum were noted above the background
level in well 6986 No detections of VOCs have been noted at thas well It 1s unclear whether
these detections represent contamination or naturally occurring levels as the maximum vanadium
and selenium concentrations represent 126 percent and 194 percent of background, respectively

Based on these relatively low levels, a contaminant source 1s not suspected 1n this area

outheast Comer of IHSS 130

Vanadium 1s the only contaminant detected at this location over background levels A maximum
of 403 ug/f was detected at well 37191 which represents approximately five times the
background level Only exceedingly low levels of VOC contamination (<0 5 pg/f) were found
1 association with the vanadium The extent of vanadium and selentum contamination 1n the
southeast corner of IHSS 130 appears to be mited to the immediate vicimty around well 37191

In summary, metals detected at OU-1 were selemum and vanadium These metals are found
above background levels primanly 1n groundwater Detections occurred 1n four areas IHSS
199 1, THSS 119 2, south of building 881, and east of IHSS 102

143 Semuvolatile Organic Compounds

The only semivolatile organic compounds (SVOCs) identified at OU-1 are PAHs and PCBs

PAHSs occur over most of OU-1, but are limited to surface soils; concentrations tend to decrease
with depth In the Phase III RFI/RI, PAHSs are generally not considered to be of OU-1 oriém.
However, asphalt and residues from a fire reportedly disposed in IHSS 130 (DOE 1994a) may
be a source for PAHs. PAHs have also been detected in sediments. Several areas of OU-1 have
been identified where PAHs appear more concentrated relative to the surrounding area. These
areas, however, do not coincide with IHSS locations Given this distribution, the sources for
the PAHs at OU-1 are presumed to be general urban fallout including asphalt dust and larger
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particles, vehicle exhaust, furnace exhaust, and fires on plant site. Similar distributions of PAHs
occur at other OUs at RFETS, corroborating this presumption.

PCBs occur primarily in IHSSs 106, 119.1 and 119 2 surface and subsurface soils; generally
lower concentrations were randomly detected in surrounding areas The contaminant release
mechamsm for PCBs 1s unknown One PCB detection has also been noted in sediments,
however, the observation was at the western OU-1 boundary, upgradient of the OU-1 source

areas For this reason, PCB occurrence 1s not considered to be of OU-1 onigin

1 4 4 Radionuchdes

Americium, plutonium, and uranium have been 1dentified as OU-1 contaminants and are elevated
1n surface and subsurface soils In addition, plutonium and americium are elevated 1n surface
water and sediment The widespread plutomum and americlum contamination in surface soil
appears to be a result of deposition of wind-disseminated plutonium/americium-contaminated dust
ongmating from the 903 Pad Area Consistent with this hypothesis, there 1s a general decrease
n activities from east to west (ranging from a maximum of 22 7 pCv/g to 0.0076 pCv/g of
plutomum and 4 15 pCr/g to 0 0129 pCi/g of amernicium). As mentioned earlier, since the
source of uranium contamination is surface soils 1s located in QU-2, this contamination will be
addressed by the OU-2 RFI/RI and CMS/FS programs

In contrast to the wide-spread plutomum/americlum contamination, localized "hotspots” of
plutonium/americium or uranium are present at OU-1. These "hotspots" are postulated to reflect
releases of radionuclide-contaminated liquids stored 1n drums at OU-1, and have been addressed
through an early removal action discussed 1 section 1.7. Areas within IHSS 130 contam low
activities of americium and plutonium above the upper tolerance limit (UTL) in the shallow
subsurface soils indicating a near surface, widespread source. Localized areas within the THSS
do contain low activities of plutonium and americium above the UTL at depth

Unlike plutonium and americium, uramum contamination is not wide-spread. Instead, uranium
occurs at discrete locations in surface and subsurface soils at OU-1. In some areas, uranium-
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233,-234/uranlum-238 ratios of approximately 1 to 2 suggest detections represent naturally
occurring uranium In other areas, uranium-233,-234/uramum-238 ratios are higher, suggesting
contammnation by enriched uranium As 1s the case for other radionuchides, surface soil
contamination by uranium will be addressed by the OU-2 RFI/RI and CMS/FS programs

Aside from areas within IHSS 130, the distribution of radionuchdes at OU-1 appear random,
rather than correlating with the IHSSs

145 Summary of N d n Con tion

In summary, contaminant groups represented n OU-1 media include VOCs, SVOCs, PCBs,
metals and radionuchides One or more contaminants from these groups has impacted surface
souls, subsurface soils, surface water, sediments, or groundwater The distribution of these
contaminants in these media is largely random, only IHSSs 119 1, and 119.2, and the area south
of Building 881, exhibit clear evidence for consideration as sources IHSSs 102, 130, and 106
also exhibit contamination, but the nature and distribution of detections in these areas is
indicative of potential background contamination or off-site sources

15 Fate and Transport of Contaminants

This section discusses potential mechanisms by which contaminants 1dentified in the Phase III
RFI/RI can migrate. Although several mechanisms are i1dentified in the following sections, the
groundwater medium is the most significant pathway. Figure 1-6 depicts potential groundwater
mugration pathways Note that this figure does not represent the volume and velocity of
groundwa%er flow 1n these pathways Many areas of OU-1 are currently dry and remain dry
throughout the year. The migration pathways presented in the figure present potential pathways
assuming adequate groundwater is present.
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1.5.1 Volatile Organic Compounds

The release mechanisms for VOCs at QU-1 are varied and include product leakage from stored
drums, possible leakage of dilute aqueous solutions of VOCs from pipelines, and seepage of
aqueous VOC solutions or product from impoundments and disposal pits In the area south of
Building 881, a release mechanmism may include leaking samitary sewer lines (IHSS 145) In the
western portion of OU-1 (THSS 119.1), the release mechanism 1s most likely leakage from drums
stored on the land surface

Once the contaminant has entered the subsurface the pathways for VOC mgration include
gravity driven wetting fronts of aqueous solutions and/or small volumes of product through the
vadose zone to the water table In the case of product, otherwise known as non-aqueous phase
hquid (NAPL), the density and relative immuscibility of chlorinated solvent can result 1n vertical
migration of non-aqueous phase contamination through the saturated zone Ths vertical non-
aqueous phase migration can be arrested if the geologic material retains the NAPL as residual
or if impermeable material 1s encountered In erther case, dissolution to groundwater from
residual or pooled NAPL can form an aqueous phase plume Precipitation and infiltration would
also contribute to VOC mgration as chlornated solvents are dissolved and transported
downward by infiltrating snowmelt and rainwater

Dissolved phase contaminants migrate 1n the direction of groundwater flow The rate of
mugration 1S dependent on the groundwater velocity and the affinity (or attraction) to the geologic
materials In the case of OU-1, the migration rates of organic contaminants identified in the
Phase III RFI/RI report are retarded, relative to the groundwater velocity, due primanly to
relatively elevated attraction to the clayey materials. Retardation 1s particularly sigmficant for
OU-1 contaminants with high octanol-water partition coefficient (K,) values like CCl, (DOE
1994a).

At OU-1, UHSU groundwater flow patterns are controlled to a large degree by the topography
of the bedrock surface. Active channels in the bedrock are covered by unconsolidated material
of varying thickness that is variably saturated Typically, groundwater will flow towards the
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axis of the bedrock channel and continue downgradient along the axis of the channel toward the
south The existing French Drain acts as a hydraulic barrier which ntercepts contaminated
groundwater 1n the western and central portions of QU-1 prior to reaching Woman Creek In
the eastern portion of OU-1, where the French Drain does not extend, the potential for
contaminant migration to Woman Creek exusts, but has not been confirmed

VOC-contaminated groundwater may also discharge to surface water through seeps which have
historically been observed at OU-1 (DOE 1994a) While VOCs 1n surface water have been
previously detected 1n the SID, the more recently constructed French Drain has intercepted this
pathway

Other migration pathways for VOCs include volatilization of product into soil gas and subsequent
mgration of so1l gas laterally and vertically away from the source area VOCs can also partition
out of contaminated groundwater 1nto soil gas move from so1l gas into groundwater, or desorb
from geologic matenal into so1l gas. Considering the volatile nature of VOCs, they should not
migrate 1n significant quantities through surface water or via wind transport of VOC

contaminated surface soil

152 Metals

~

The mechanism for the release of metal contaminants into the environment 1s less clear than for
VOCs Selemum and vanadium are undocumented RFETS contaminants that are presumed to
be associated with the VOC wastes stored and disposed of at OU-1 It 1s unlikely that selentum
and vanadium were leached from the soil by organic wastes disposed of at OU-1 since hydraulic
o1l and chlornated solvents have poor chelation properties, and are not strc;ngly acidic or basic
Nevertheless, the potential for leaching of these metals exists. Alternatively, these constituents
may be naturally occurring; however, there is insufficient data to support either conclusion In
either case, the primary migration pathway 1s as a dissolved phase contaminant plume in
groundwater This migration 1s the same pathway discussed 1n Section 1 5.1 for VOCs
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1.5 3 Semivolatile Organic Compounds

It 15 presumed that PAHs were deposited at OU-1 from fallout of combustion products or wind
blown asphalt dust Asphalt dust and larger particles may also have been transported and
deposited by vehicles traversing OU-1 or by disposal of asphalt waste at OU-1

Once 1n place, the dispersion mechanmisms for PAHS include vertical migration by infiltrating
surface water carryimng dissolved PAHs or small particles with sorbed PAHs The low solubility
and high orgamic carbon partition coefficient (k) values of PAHs limit mobilization of
significant quantities in the dissolved form, and a direction of particulate matter through the
porous media at OU-1 1s unlikely to transport significant non-aqueous PAH mass Therefore,
PAH transport via groundwater at OU-1 1s not significant Other transport mechamsms include
surface water and wind transport of particulate, but soil and sediment data indicate these
migration pathways are also imnsigmficant for PAH transport

Transport mechantsms for PCBs are similar to those for PAHs PCBs are expected to be very
mmmobile given the high k. values and the high carbon and clay content 1n surface soils at
OU-1 Adsorption of PCBs at OU-1 1s expected to be substantial on soils and clay particles
(DOE 1994a)

1.5 4 Radionuchides

Transport mechanisms relevant to radionuchdes are similar to PAHs In particular, plutonium
has a strong affinity for the solid phase and will not be readily mobilized by precipitation and
infiltration Plutonum is strongly‘ adsorbed to clay particles and is expected to undergo strong
cation-exchange reactions due to its strong positive charge (DOE 1994a) The primary transport

mechamism for plutonium 18 wind dispersion
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155 Summary of Fate and Transport of Contaminants

The primary mode of contaminant transport at OU-1 1s through groundwater The distribution
of contamnants in groundwater illustrates the flow directions and pathways which trend south
towards Woman Creek These pathways are intercepted by the French Drain system prior to
reaching Woman Creek, except possibly 1n the far eastern portion of OU-1 Chemical data
mndicate that the pathways transport contaminants from three primary source areas IHSS 119 1,
119 2, and south of building 881 Groundwater contammation outside of these pathways 1s

random and generally involves relatively low concentrations

1 6 Baseline Risk Assessment

The OU-1 Baseline Risk Assessment (BRA) consists of both a public health evaluation and an
environmental evaluation The primary purpose of each evaluation 1s to examine the current and
future risks associated with contaminants 1dentified during the analysis of the nature and extent
of contamination The following subsections summarize each evaluation and provide an overall
summary of the risks associated with OU-1

161 Public Health Evaluation

During the course of the Public Health Evaluation (PHE), site, population, and land use data
were analyzed 1n order to devise several representative exposure scenarios (potentially exposed
receptors) for assessing the risk to current and future human health from identified contaminants
at the 881 Hillside Area For each of these scenarios, pathways were analyzed which
represented exposure routes from the source to potential receptors

Pathway elements were examined relative to the results of the Phase III field investigation which
indicated that contamination exists in the following media. groundwater, surface soils,
subsurface soils, sediments, and surface waters The contaminants identified in these areas
included VOCs, PAHs, PCBs, inorganic contaminants, and radionuchides. The contaminant
release mechanmisms evaluated for OU-1 included leaching, volatilization, and resuspension of
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particulates by wind Potential transport media identified were surface water, groundwater, arr,
soll, and biota The exposure route (the route of entry into the human body) for these media
included mngestion, inhalation, and dermal contact In accordance with the Risk Assessment
Guudance for Superfund, Volume I - Human Health Evaluation Manual (Part A) (EPA 1989a),
if any of the above-mentioned pathway elements 1s mussing, the projected receptor will not

receive a chemical or radionuchide dosage and no excess risk will exist from that contaminant

The OU-1 physical environment, including the French Drain and treatment system, was
considered with information about the potentially exposed population, land use scenarios, and
exposure pathways to form the conceptual site model This was evaluated to identify complete
pathways for credible and plausible exposure scenarios The following hist describes specific

exposure scenarios, and associated pathways, that were selected for quantitative assessment

e Current Off-Site Resident

- Inhalation of airborne particulates

— Soil ingestion (following deposition of particulates on residential so1l)

— Dermal contact with soil (following airborne deposition of particulates)

— Ingestion of homegrown vegetables/fruit (following surface disposition and uptake of
particulates)

e Current On-Site Worker

— Inhalation of airbome particulates
— Soil ingestion

— Dermal contact with soil

— Sediment ingestion

— Dermal contact with sediment

— Surface water ingestion

— Dermal contact with surface water

¢ Future On-Site Worker

— Inhalation of VOCs in indoor air (office worker only) and outdoor air (construction
worker only)

— Inhalation of airborne particulates

— Soil ingestion

— Dermal contact with soil

— Sediment ingestion (office worker only)
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— Dermal contact with sediment (office worker only)
— Surface water ingestion (office worker only)
— Dermal contact with surface water (office worker only)

¢ Future On-Site Ecological Researcher

— Inhalation of airborne particulates
— Soil ingestion

— Dermal contact with so1l

— Sediment 1ngestion

— Dermal contact with sediment

— Surface water ingestion

— Dermal contact with surface water

¢ Future On-Site Resident

~ Inhalation of indoor VOCs from basement vapor

— Inhalation of particulates

— Soil ingestion

~— Dermal contact with soil

— Sediment 1ngestion

~— Dermal contact with sediment

— Surface water mgestion

— Dermal contact with surface water

— Ingestion of homegrown vegetables/fruit (following surface deposition of particulates
and uptake).

The results of the BRA 1ndicate that only the media of groundwater and surface soils present a
nisk greater than the acceptable risk range of 10* to 10%. The risk to a human receptor from
exposure to groundwater contamnants of concern (COCs) 1s driven primarily by the exposure
routes of ingestion, and inhalation of volatiles. For a future on-site resident, this risk 1s on the
order of 102 to 10?2, but applies only to exposures occurring directly at IHSS 119.1

The nisk to a human receptor from exposure to surface soil COCs 1s driven primarily by the
exposure routes of ingestion of vegetables, and inhalation of particulates. For a standard future
on-site resident, this risk is on the order of 10°. It should be noted, however, that this risk 1s
based on OU-1 sitewide average radionuchde concentrations These average radionuchide
concentrations include a few areas of high contaminant concentrations (i.e., "hotspots") that are
Iimited in extent and only exist within the boundaries of IHSSs 119.1 and 119.2 These hotspots
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were remediated under an early removal action for OU-1 to measured (local) background
concentrations The risk to a future on-site resident, excluding the hotspots, 1s much lower than
calculations indicate when including the hotspots Rusk results are summarized in Tables 1-4 and
1-5

1 6 2 Environmental Evaluation

As part of the overall BRA, an environmental evaluation (EE) conducted to ascertain whether
contamination resulting from RFETS activities in OU-1 may have impacted or could adversely
mmpact ecological receptors in the vicinity Ecological receptors are operationally defined as
plants and animals other than humans and domesticated species

COCs were selected for the EE based on a comparison of maxamum concentrations of OU-1
contaminants to benchmark values. COCs identified in the EE include VOCs, PAHSs, PCB,
radionuchdes, and selemum The EE evaluated the impact that these COCs had on the following

endpoints

Vegetative Community
Small Mammal Community
Mule Deer Population

. Toxic Exposure to Top Predators

The results of the EE indicate that the concentrations of VOCs in groundwater, and PAHs and
PCBs 1 soils are potentially toxic to ecological receptors, however, the restricted distribution
of these contaminants limits the duration and frequency of contact with receptors and therefore
limits exposures ‘

163 Risk Summary

As ndicated by the PHE portion of the BRA, nisks to human receptors at OU-1 are primanly
associated with exposure to groundwater COCs Although this medium is not available for
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Table 1-4.
Summary of OU-1 Point Estimates of Carcinogenic Risk

Total Excess
Scenario Cancer Risk Dominant COC* Dominant Pathway J
Current
On-Site Worker (Secunity 1x 10 Plutomum-239, -240 Inhalation of dust
Specialist)
Off-Site Resident (Adult) 2 x 10 Plutomium-239, -240 Inhalation of dust
Standard Future
Future On-Site Worker 2 x 10? Plutonium-239, -240 Inhalation of dust
(Office)
Future On-Site Worker 4 x 107 1,1-Dichloroethene Inhalation of volatiles
(Construction)
On-Site Ecological 2x10° Plutonium-239, -240 Inhalation of dust
Researcher
On-Site Resident (Adult) 3x10° Plutonium-239, -240 Inhalation of dust
Other Future
On-Site Resident (Adult) 6 x 107 1,1-Dichloroethene Ingestion of groundwater
(Sitewide With Groundwater)
On-Site Resident (Adult) 7 x 10? 1,1-Dichloroethene Ingestion of groundwater
(Assuming Adequate
Groundwater At Source)
On-Site Resident (Adulf) 4 x 102 Plutonium-239, -240 Inhalation of dust
(Groundwater At Source
With Public Water)
On-Site Resident (Adult) 5x10° Dibenzo(a,h)anthracene Ingestion of vegetables
(Without Source/Without
b ' I

*  Plutonium concentrations are biased high by the presence of several hotspots which have been removed under an early removal action
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Table 1-5.
Summary of OU-1 Point Estimates of Noncarcinogenic Risk

Total Hazard Index
Scenario Child Adult Dominant COC Dominant Pathway
e ———
Current
On-Site Worker (Security N/A 8 x 10° | Pyrene Dermal contact with soil
Specialist)
Off-Site Resident 1x 107 6 x 10® | Fluorene Ingestion of vegetables
Standard Future
Future On-Site Worker N/A 3 x 10? 1,1,1-Trichloroethane | Inhalation of volatiles
(Office) through foundation
Future On-Site Worker N/A 1 x10* | 1,1,1-Trichloroethane | Inhalation of volatiles
(Construction) during excavation
On-Site Ecological N/A 2x 10° | Pyrene Dermal contact with soil
Researcher
On-Site Resident 2x10? 5x 10° | 1,1,1-Trichloroethane | Inhalation of volatiles
through foundation

Other Future
On-Site Resident (Sitewide 2x 10! 9 x 10° | Carbon Tetrachloride | Ingestion of groundwater
With Groundwater)
On-Site Resident 3x10*2 | 1x10*? | Carbon Tetrachlornde | Ingestion of groundwater
(Assuming Adequate
Groundwater At Source) .
On-Site Resident 3x10* | 1x10*" | Carbon Tetrachloride | Ingestion of groundwater
(Groundwater At Source
With Public Water)
On-Site Resident (Without 7 x 10°? 3 x10° | Fluorene Ingestion of vegetables
Source/Without
Groundwater)
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current residential use, this scenario presents the highest, and only, unacceptable nisk per the
NCP guideline of 10* to 10° Environmental risks currently have not been 1dentified by the

Phase IIT RFI/RI and therefore do not warrant further examination

OU-1 nisks are a result of widespread contamination found 1n low concentrations and 1n various
media throughout the site  The Phase IIT RFI/RI results indicate that for the most part individual
IHSSs cannot be associated directly with any one contaminant group or area Table 1-6 hists the
primary contaminants present at each IHSS IHSS 119 1, 119 2, and the area south of Building
881, represent the primary sources for contaminant migration

1 7 Intenm Measures/Interim Remedial Actions

The IM/IRA that was completed for OU-1 consists of a French Drain designed to collect
contaminated alluvial groundwater from the operable unit and to prevent further downgradient
migration of contammnants The IM/IRA included a geotechnical investigation that was
performed 1n order to evaluate the site characteristics along the proposed French Drain alignment
(EG&G 1990) Construction of the French Drain began in November 1991 and was completed
m April 1992 The water treatment plant located i Building 891 1s part of the IM/IRA and will
be converted to sitewide uses Heremafter this plant 1s referred to as the Building 891 water
treatment plant )

The French Drain was constructed by excavating a trench approximately 1,435 feet in length
(DOE 1994a). The trench was keyed into bedrock material that exhibited a hydraulic
conductivity on the order of 1 x 10° cm/sec A permeable membrane was placed on the
upgradient side of the drain and an impermea;ble polyvinyl chloride membrane was placed on
the downgradient side of the drain. A perforated pipe was placed along the drain to collect
groundwater, and the drain was backfilled with gravel and then soil. Currently, groundwater
collected from the drain is fed into an ultraviolet and hydrogen peroxide (UV/H,0,) treatment
unit for treatment of organic compounds. Inorganic contaminants are removed via a series of

ion exchange columns.
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Table 1-6.

Summary of Primary IHSS Contaminants

B

solvents, potential low level rad
contamination

IHSS Primary
Number Contaminants* Disposition
102 Groundwater contaminated with PCE and Considered 1n Building 881 Area
TCE
103 Possible groundwater and subsurface soils Considered in Building 881 Area
contaminated with low levels of PCE and
TCE
104 Potential toluene in subsurface and Not identified as a source - no
groundwater, wide array of PAHs action required
1051 & Low levels of VOCs 1n groundwater, PCE Considered in Building 881 Area,
105 2 detected below detection Iimit, potential although not identified as a source
solvent contamination 1n soils at north end
106 Groundwater contaminated with chlormated | Considered in Building 881 Area,
solvents, potential solvent contamination 1n although not 1dentified as a source
souls at north end
107 Groundwater contaminated with chlorinated | Considered in Building 881 Area,
solvents although not 1dentified as a source
1191 & Groundwater contaminated with chlorinated | Considered under THSS 119 1 and
1192 solvents and selenium, possible DNAPL Area East of 119 2
sources in subsurface, radionuclide hotspots
130 Radionuclide-contaminated soil and asphalt, | No risk pathway for rads and
PAHs n subsurface soils PAHSs 1n subsurface soils - no
action required, Not i1dentified as
a source of VOCs
145 Groundwater contaminated with chlorinated | Considered in Building 881 Area,
although not 1dentified as a source

*  Radionuchide and PAH contammation 1n near surface soils 18 being addressed under OU-2,
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2.0 IDENTIFICATION AND SELECTION OF TECHNOLOGIES AND
REPRESENTATIVE PROCESS OPTIONS

This section summanzes the results of the identification, and selection of technologies and
representative process options used in the development of remedial action alternatives for OU-1

Technologies and representative process options were 1dentified, screened, evaluated, and then
selected for further evaluation mn the CMS/FS This sequential task 1s outlined and discussed
in both CERCLA RI/FS and RCRA CAP guidance Briefly summanzed, EPA guidance

identifies the following elements for selecting representative process options

¢ Identify hst of contaminants of concern

e Develop media-specific RAOs

¢ Identify Prehminary Remediation Goals (PRGs)

¢ Develop media-specific GRAs

¢ Identify volumes and/or areas of the media for GRAs

e Identify and screen technologies and process options applicable to each GRA

e Evaluate process options within each technology type to select a representative option
for developing remedial action alternatives

2 1 Contamnants of Concemn

The list of contaminants i1dentified in the Phase IIl RFI/RI nature and extent assessment 1s
summarized 1n Section 1.0 of this report Potential contaminants 1dentified early in the RFI/RI
process were subjected to a multi-level screemng process that resulted in public health and
ecological COCs for inclusion in the PHE and EE. The screening process shortened the list of
potential contaminants that are also risk contributors. Contaminants that survived the risk-based
screening process are designated as COCs in the BRA

The COCs screened mn the PHE and EE were:
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The screening of COCs for significant risk to ecological receptors found that none of these
contaminants contribute a significant risk to ecological receptors In addition, adverse impacts
to the environmental receptors have not been identified in the EE Therefore COCs for
ecological receptors are not further evaluated 1n this report

The screening of the contaminants for human health risk found some contaminants do contribute
a significant sk The nisks associated with some of the contaminants 1n groundwater exceed
10* for future residential receptors within the OU-1 boundaries
COCs are 1dentified at THSS 119 1

Thesé COCs only represent a portion of the contaminants identified at OU-1 The complete list,
presented 1 Section 1 0, will be examined relative to remedial action alternatives

carbon tetrachloride
1,1-dichloroethene
tetrachloroethene
1,1,1-trichloroethane
trichloroethene
toluene

selenium

PAHs

PCBs

americium
plutomum

uranium

carbon tetrachlonde
1,1-dichloroethene
tetrachloroethene
1,1,1-tnchloroethane
selemum.

2 2 Remedial Action Objectives

RAOs were formulated using appropriate regulatory guidelines (1.e., EPA RUFS and CAP
guidances and the NCP) and by examining the relevant COCs and their associated exposure
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pathways. In general, RAOs are contaminant- and medium-specific goals for protecting human
health and the environment In developing appropriate RAOs, guidance states that “...objectives
should be as specific as possible but not so specific that the range of alternatives that can be
developed 1s unduly limited " In order to quantify RAOs, PRGs were developed that provide
an wdentification of what an acceptable contaminant level or range of levels would be for each
exposure route of concern Note that a nisk range 1s presented for those RAOs that specify a
protectiveness level The range 1s necessary since PRGs are typically estumated based on a nisk
level of 1 x 10 for each contammant Depending on the number of contaminants present, the
summed residual nisk may therefore be shightly hugher than 1 x 10, hence the defined acceptable

range.

Review of the groundwater COCs and the associated exposure pathways resulted 1n the following
RAOs

1) Prevent the mnhalation of, ingestion of, and/or dermal contact with VOCs and morganic
contaminants 1n QU-1 groundwater that would result in a total excess cancer nsk
greater than 10 to 10 for carcinogens, and/or a hazard index greater than or equal
to 1 for non-carcinogens

2) Prevent migration of contaminants from subsurface soils to groundwater that would
result 1n groundwater contamination 1 excess of potential groundwater ARARs for
OU-1 contaminants

3) Prevent migration of contaminants n OU-1 groundwater from adversely 1mpactmé
surface water quality in Woman Creek

These RAOs have been used to determine the area or areas within OU-1 requiring remedial
action evaluation The RAOs have been further quantified through the development of PRGs

2.3 Preliminary Remediation Goals

This section presents the sources of information used for identifying appropriate PRGs for OU-1
PRGs are generally 1dentified through use of "readily available information, such as chemical-
specific ARARs or other reliable information" (EPA 1990a). Where ARARs or "to-be-
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considered" (TBC) criteria are not available, PRGs are developed on the basis of a 10° point-of-
departure nisk for each chemical within a given medium. This also applies when ARARSs are
not considered sufficiently protective because of the presence of multiple contaminants or

multiple pathways of exposure

Note that PRGs developed at this stage are considered mmtial goals which may be modified
through the course of the CMS/FS Final remediation goals are not selected until the remedy
selection phase of the CMS/FS, according to the NCP requirements The ARARs presented 1n
Section 2 3, as well as the risk-based PRGs, can be considered imtial cleanup goals, however,
exact criteria for final remediation will be selected as the CERCLA process proceeds Either
set of criteria could be used, a combination could be used, or revised PRGs could be used, if
necessary The decision as to whether or not revised PRGs are required is based on the critena
described 1n the preamble to the NCP (55 Federal Register [FR] 8717, March 8, 1990) which
states that,

Prelhiminary remediation goals may be revised based on the consideration of
approprate factors including, but not imited to exposure factors, uncertainty factors, and
technical factors

Referring to the detailed analysis of alternatives, the preamble also states that,

The final selection of the approprate risk level 1s made when the remedy 1s selected based
on the balancing criteria

Generally, chemical-specific ARARS take precedence over risk-based PRGs, however, as noted
above, final cleanup goals will depend on a vanety of factors and will be agreed upon by the
participating agencies (1 ¢ , DOE, EPA and CDPHE)
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231 finition of Applicable or Relevant and i irement.

CERCLA Section 121(d)(2), provides a statutory basis for determining ARARS 1n a remedial
action context Concerning hazardous substances, pollutants, or contaminants that will remain

on site,

If any standard, requirement, criteria or imitation under any federal environmental law

or any [more stringent] promulgated standard, requirement, criteria or limitation under a
state environmental or facility siting law 1s legally applicable to the hazardous
substance concerned or 1s relevant and approprnate under the circumstances of the release
or threatened release of such hazardous substance, pollutant or contaminant, the remedial
action shall require, at the completion of the remedial action, a level or standard of control
for such hazardous substance, pollutant or contaminant which at least attains such legally
apphicable or relevant and appropnate standard, requirement, criteria or hmitation [42
United States Code (USC) ----- § 9621(d)(2) ]

where "applicable requirements" are those

cleanup standards, standards of control, or other substantive environmental
protection requirements, criteria or lmitations promulgated under federal
environmental or state environmental or facility siting laws that specifically address a
hazardous substance, pollutant, contaminant, remedial action, location, or other
circumstance found at a CERCLA site Only those state standards that are identified by
a state 1n 3 timely manner and that are more stringent than federal requirements may
be apphicable

According to the NCP and the CERCLA Compliance with Other Laws Manual (EPA 1988b)

Relevant and appropriate requirements are those cleanup standards, standards of
control, and other substantive requirements, criteria, or hmitations promulgated under
federal environmental, or state environmental or facility siting laws 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 so that therr use is well suited to the
particular site  Only those state standards that are identified 1n a timely manner and
are more stringent than federal requirements may be relevant and appropriate.
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Potential chemical-specific ARARs have been identified 1n accordance with CERCLA guidance
and the requirements of the NCP [see Title 40 Code of Federal Regulations (CFR) Part 300,
Subsection 430(e)(2)(1)] Chemical-specific requirements under a variety of Federal and state
laws were reviewed to identify potential groundwater chemical-specific ARARS

The NCP also requires an evaluation of current or potential uses of the groundwater, as part of
the determination of ARARs (40 CFR 300 430(e)(2)(1))(A)(3) The groundwater classification
at RFETS 1s discussed 1n the context of current and potential future uses of groundwater beneath
OuU-1

2 3 2 Current Groundwater Classification

The Colorado Water Quality Control Commussion (CWQCC) designated the Quaternary and
Rocky Flats Aquifers beneath the RFETS as domestic use quality, agricultural use quality and
surface water protection according to 3 12 7 of 5 Colorado Code of Regulations (CCR) 1002-8
The intent of these classifications "1s to protect specified groundwater from uncontrolled
degradation and thereby protect existing and future uses of groundwater "(5 CCR 1002-8,
Subsection 3 11 9)

2 3 3 Selection of Groundwater PRGs

Various laws and regulations have been reviewed for general applicability in the search for
potential groundwater cleanup standards at the OU-1 site The laws and regulations reviewed

are

e Safe Drinking Water Act and the implementing Federal and State programs (40 CFR
140, 141 and Colorado Revised Statutes (CRS) 25-1-107-109, 25-1-114, and 24-4-104
through 105, including the State drinking water regulations

e  Resource Conservation and Recovery Act and the State’s implementing regulations (6
CCR 1007-3), and

e  State Water Quality Control Act and the groundwater quality implementing regulations

QOU-1 CMS/FS Report
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(5 CCR 1002-8, 3 11 O and 3 12 0)

Table 2-1 1dentifies the numencal standards associated with each of the regulations related to
quality of groundwater Further review of each set of related groundwater regulations and the
guidance established specific to the NCP regulations (40 CFR 300 430 (d)(2)(1)), refined this list
of potential numerical standards The most stringent numeric standards that have been
promulgated and which meet the definition of general applicability in 40 CFR 300.400(g)(4) are
the State Groundwater Standards in 5 CCR 1002-8, 3 11 5 The maximum contaminant levels
(MCLs) established 1n the State and Federal drinking water program are less stringent than the
State Basic Standards for Groundwater The Resource Conservation and Recovery Act
groundwater protection standards do not include MCLs for most of the contaminants of concern
at OU-1 Therefore, the State Basic Standards for Groundwater were selected as the potential
chemical-specific ARARs The numeric site-specific standards in 5 CCR 1002-8, 3 12 0 are to
be considered 1n the evaluation of remediation alternatives for OU-1

The statewide standards for groundwater are identified as the imtial PRGs for OU-1 and are
presented 1n Table 2-2

24 neral Response Actions

GRAs are general response strategies that are designed to satisfy remedial action objectives

Examples of GRAs include treatment, containment, excavation, and extraction GRAs are
medum-specific and therefore, a list of GRAs are developed for each medium of concern

GRAs were 1dentified for the groundwater medium at OU-1 because contaminants of concern
and PRGs are focused on this medium Since subsurface soils are a potential continual source
of groundwater contamination, subsurface soil GRAs were also developed which seek to protect
groundwater from possible residual contamination
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Table 2-2.
Comparison of Existing Concentrations and Groundwater PRGs
(State Basic Standards for Groundwater)

(ng/0)
Existing IHSS 119.1 Preliminary
Chemical Concentration Concentration Remediation
(grand mean)’ (grand mean)! Goal
Valatile Organic Compovnds
Carbon Tetrachioride 8120 360 6 1*
Chloroform (total trihalomethanes) 4 68 16 6
1,1-Dichloroethane 210 494 1,010°
1,2-Dichloroethane 610 317 1*
1,1-Dichloroethene 283 23 1,270 7
1,2-Dichloroethene N/A N/A 328°
cis-1,2-Dichloroethene 052 262 70
Tetrachloroethene 103 48 459 5 5
Toluene 4 68 16 48 1,000
Total Xylenes 323 6 09 10,000
I 1,1,1-Trichloroethane 363 29 1,630 1 200
1,1,2-Trichloroethane 269 767 3
Trichloroethene 371 65 1,667 5
SR | Sexi-Voalle gl Catmppondy <

! Final Phase II RFI/RI BRA, June 1994

2 CDPHE/WQCC, Basic Standards for Groundwater, 3 11 0

* PQLs from CDPHE/WQCC, Basic Standards for Groundwater, 3 11 0

b Programmatic Risk-Based Preliminary Remediation Goals - SGS-545-94, October, 1994 (construction worker scenar1o)
® RCRA Groundwater Protection Standard, 6 CCR 1007-3, 264 94
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2 41 Subsurface Soil General Response Actions

The GRAs 1dentified for the OU-1 subsurface soill medium are no action, institutional controls,
containment, removal, disposal, in-situ treatment, and ex-situ treatment These GRAs target the
subsurface soil RAO 1dentified earher 1in Section 2.2 The RAO 1s focused on prevention of
groundwater degradation from residual subsurface soil sources. A bnef description of each GRA

1s provided below

® No Action - Required by CERCLA as a benchmark for companison against other
remedial action alternatives This implies that no direct action will be taken to alter
the existing situation, other than short- and long-term momtoring of site conditions

e  Insatunonal Controls - Refers to legal controls or management policies which mmmmize
exposure to potential contaminants, such as restricting land use

e  Comainment - For subsurface soils, containment would consist of actions which
minmize the spread of contamination and/or mmimize the infiltration of groundwater
which could be contaminated by subsurface soil contaminants

®  Removal - For OU-1, removal implies excavation of contaminated soils for treatment
or disposal May be combined with extraction of contaminated groundwater 1n areas
of subsurface soil excavation May also include dust control measures during
excavation to minimize contamimant migration

e  Dusposal - Disposal involves permanent deposition of excavated soils erther in an on-
site or permitted off-site disposal facility It include$ disposal without treatment, if
possible, or disposal subsequent to treatment measures

e  In-Situ Treatment - In general, 1n-situ treatment technologies seek to treat contaminants
1n place without extraction or removal of large volumes of soil. Treatment would seek
to remove, destroy, and/or immobilize contaminants through biological, chemical, or
physical means This category includes bioremediation, chemical oxidation/reduction,
so1l washing, thermal recovery enhancement, and vapor extraction techniques

e  Ex-Situ Treatment - This GRA is similar to in-situ treatment except that contaminated
soils would be removed before treatment above ground Treated soils would be
disposed of on-site or 1n a licensed disposal facility.
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242 Groundwater General Response Actions

The GRAs 1dentified for the OU-1 groundwater medium are no action, mstitutional controls,
containment, removal, in-situ treatment, and ex-situ treatment These GRAs target the RAOs
for groundwater The RAOs are focused on prevention of migration of contaminants in
groundwater and on prevention of ingestion or inhalation of organic compounds 1n groundwater
A brief description of each GRA 1s provided below

® No Action - Required by CERCLA as a benchmark for comparison against other
remedial action alternatives This imphes that no direct action will be taken to alter
the existing situation, other than short- and long-term monitoring of site conditions

e Insutunonal Controls - Refers to legal controls or management policies which minimize
the public’s exposure to potential contaminants Examples include controlling well
placement and restricing land use

e Containment - For groundwater, contamnment would consist of actions which minimize
the flux of vapor-phase VOCs to the surface and/or mimmize the migration of
groundwater contaminants

® Removal - For OU-1, removal imphes extraction of contaminated groundwater for
treatment 1n the existing Building 891 water treatment system or other facilities
Extraction of contaminated groundwater 1n areas of DNAPL may be possible through
soil extraction

®  In-Situ Treatrnent - In general, 1n-situ treatment technologies seek to treat contaminants
m place without extraction or removal of large volumes of groundwater or soil
Treatment would seek to remove, destroy, and/or immobilize contaminants through
biological, chemical, or physical means.

®  Ex-Sutu Treatment - This GRA 1s sumilar to in-situ treatment except that contaminants
would be extracted/removed. before treatment above ground. Treated groundwater
would be discharged through existing channels (1.e , the existing Building 891 water
treatment system)
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243 Volume and Area Estimates

A volume calculation was conducted for subsurface soils at IHSS 119 1 to estimate a volume for
the potential residual DNAPL sources assumed to be present in IHSS 119 1 The amount of soil
requiring remediation was estimated by visually inspecting the potential source areas described
in the Phase IIT RFI/RI report, and by assuming that subsurface soil remediation activities would
attempt to remediate saturated zone souls to a depth of five feet into bedrock Figure 2-1 depicts
the potential soil excavation area 1dentified for IHSS 119 1 The exact amount of contaminated
subsurface soils cannot be calculated due to the himited data available for this medium
Limitations on data 1s typical of sites contaminated with resitdual DNAPLs The excavation area,
however, 1s estimated to contain approximately 17,500 cubic yards of soil

Based on the results of the OU-1 Phase III RFI/RI report and the BRA 1n particular,
contaminated groundwater in OU-1 was found to contribute a significantly higher risk to those
receptors exposed to THSS 119 1 groundwater than to receptors exposed to groundwater from
other locations 1n OU-1 THSS 119 1 was designated a "source" location in the PHE for this
reason. Other areas of the operable unit contain groundwater contaminant concentrations above

detection limits, however, the concentrations are greatest at this IHSS (see Figure 2-2)

The quantity of groundwater requiring remedial action 1n the IHSS 119 1 source area cannot be
calculated precisely because of seasonal varations in the water table. Instead, a lower bound
was estumated using computer codes that compared the bedrock topography beneath the IHSS
to the water level data from wells located in this area The wells used to identify and delineate
this area were 0487, 0974, 1074, 4387, 32591, and 37991. This lower bound groundwater
volume assumes groundwater beneath the IHSS is confined to the identified bedrock
paleochannel. This assumption is valid only during low water table conditions. An upper bound
cannot be calculated directly, since during spring runoff the water table elevation rises above the
bedrock paleochannel and no lateral extent of groundwater contamination specific to IHSS 119.1
can be measured distinctly from other groundwater at OU-1
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The Phase III RFI/RI report contains several saturated thickness maps for OU-1 during a typical
dry period These maps were used to estimate the volume of contaminated groundwater 1n the
source location when groundwater levels were at their lowest Using an average porosity of
0 10 (DOE 1994a), the volume of groundwater estimated to be present in the southwest corner
of IHSS 119 1 duning the dry season 1s 80,000 gallons This volume represents a single pore
volume, although more than one pore volume would likely have to be removed to achieve
RAOs Durning wetter peniods, groundwater 1n this area may rise above the paleochannel and

thus result 1n much larger volumes requiring treatment

In addition, the Phase III RFI/RI report estimated that the volume of available groundwater 1n
OU-1 1s between 50 and 5 8 acre-feet (1 6 and 1 9 million gallons) The volume of
groundwater estimated to be beneath IHSS 119 1 and the volume of groundwater beneath OU-1
are used to estimate remediation requirements, however, because groundwater elevations 1n
OU-1 are highly dependent on seasonal varnations in precipitation, these values are engineering
estimates only

5 Identification Screening of Technol

This section summarizes the technologies and process options that were identified for
remedation of OU-1" The section also describes the options that were maintained for further
evaluation based on an mmtial screeming of technologies The initial screening considered
technical implementabihity, applicability, and feasibility for site-specific contaminants and
conditions This initial screening eliminated remedial technologies and process options that did
not warrant further consideration at OU-1 A summary of the initial screening of technologies

for both groundwater atnd subsurface soils are presented 1n the following sections

The remedial technologies and process options initially identified for subsurface soils at OU-1
by GRA are listed in the following bulleted list:
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Institutional Controls

e  Access restrictions
—  Legal restrictions on land use

Containment

e Horizontal subsurface flow control
—  Subsurface drains
— Grout curtains
—  Slurry walls
—  Sheet pilings
—  Cryogenic barner

e  Vertical subsurface flow control
—  Grout mjection
— Block displacement

Removal

e  Excavation
— Loader/excavator/dozer

e  Dust control
- Dust suppressants
- Temporary structures

Disposal
e  On-Site disposal
- Engmneered on-site disposal facility
- Permutted off-site disposal facility

In-situ Treatment

e Biological
—  Bioremediation

e Chemucal
— Chemical oxadation/reduction

e  Physical
- Soil flushing
- Vitnfication
— Radio frequency/ohmic heating

OU-1 CMS/FS Report
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—  Vapor extraction
— Hot air/steam stripping with mechamcal mixing

Ex-Situ Treatment

® Biological
—  Broremediation
— Land apphcation

¢ Chemical
— Ultraviolet photolysis with chemical oxidation
— Solvent extraction

®  Physical
- Soil washing
- Stabihzation/Sohdification

¢ Thermal

- Incineration
- Thermal desorption
- Vitrification

The preceding technologies and process options were systematically screened to reduce the
number to a more representative group of remedial technologies and options. The screeming was
performed by examining the techmcal implementabihity of each technology and/or process option
for subsurface soils at OU-1 Figure 2-3 depicts the subsurface soil remedial technology and

process options screening activities

Subsurface soil remedial technologies and process options that were mamntamed for further
evaluation are as follows
Institutional Controls

®  Access restrictions
— Legal restrictions on land use

Containment

e  Horizontal subsurface flow control
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—  Subsurface drains
— Grout curtains

—  Slurry walls

—  Sheet pilings

— Cryogenic barrier

e  Vertical subsurface flow control
— Grout mjection
— Block displacement

Removal

e  Excavation
— Loader/excavator/dozer

e  Dust control
- Dust suppressants

Dasposal
e  On-Site disposal
- Engneered on-site disposal facility
- Permutted off-site disposal facihity

In-situ Treatment

¢ Biological
— Bioremediation
e  Physical
- Soil flushing
— Radio frequency/ohmic heating

— Vapor extraction
— Hot air/steam stripping with mechanical mixing

Ex-Situ Treatment

e Biological
— Bioremediation
e Chemical

— Ultraviolet photolysis with chemical oxidation
— Solvent extraction
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e  Physical
- Soil washing

e  Thermal

- Incineration
- Thermal desorption

2 5 2 Identification and Screeming of Technol S SS ns for Gro

The following remedial technologies and process options were identified for groundwater at OU-
1

No Action

¢  Monitoring
— Groundwater monitoring

Institutional Controls

e  Access restrictions
— Legal restrictions on well placement
— Legal restrictions on land use

Containment

e  Honizontal subsurface flow control
—  Subsurface drains
— Grout curtains
—  Slurry walls
—  Sheet pilings
— Cryogenic barrier

e  Vertical subsurface flow control
— Grout mjection
— Block displacement

Removal

e  Passive removal
—  Subsurface drains

OU-1 CMS/FS Report
881 Hillside Area
February 1995 2-22



1l

Active removal
— Horzontal and/or vertical extraction wells or sumps

In-situ Treatment

Biological
— Bioremediation

Chemical
— Polymernization
— Chemical oxidation

Physical

—  Aur sparging

— Vapor extraction

— Permeable treatment beds

— In-situ adsorption with wells (proprietary process)

Ex-situ Treatment

Biological
— Bioremediation

Chemaical
—  Solvent extraction
—  Ultraviolet photolysis with chemical oxidation

Physical

— Gamma irradiation

— * Activated carbon or carbonaceous adsorbents
—  Aur stripping

— Membrane processes

—  Evaporation

—  Freeze crystallization

Thermal :

— Incineration

— Plasma arc discharge
— Catalytic oxidation

These technologies and process options were systematically screened to reduce the number of

options to a smaller and more representative number appropriate for the development of remedial

alternatives The screening was performed by examining the technical implementability of each
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technology and/or process option for OU-1 groundwater. The screening process is depicted in
Figure 2-4 Technologies and/or process options that were maintained for further evaluation are
as follows

No Action

® Momtoring
—  Groundwater monitoring

Institutional Controls
®  Access restrictions
— Legal restrictions on well placement
— Legal restrictions on land use

Containment

®  Horizontal subsurface flow control
—  Subsurface drains

Removal

e  Passive removal
—  Subsurface drains

®  Active removal
— Honzontal and/or vertical extraction wells or sumps

In-Situ Treatment

*  Biological

— Bioremediation
e  Physical

— Vapor extraction

Ex-Situ Treatment

*  Biological

— Bioremediation
¢  Chemcal

— Ultraviolet photolysis with chemical oxidation
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*  Physical
— Activated carbon or carbonaceous adsorbents

—  Aurr stripping
¢  Thermal
— Plasma arc discharge
— Catalytic oxidation
2 6 Evaluation and Selection of resentative s Options

Remedial technologies and process options determined to be implementable at OU-1 were
subjected to a more detailed evaluation to determine which process options should be used to
develop alternatives This more detailed evaluation was performed by comparing the ability of
each process option to satisfy three criteria; effectiveness, implementability, and cost.

Site specific conditions were considered 1n the evaluation of remedial technologies and process

options The following site charactenistics were prominent factors in the evaluation

¢ In general, levels of contamination 1n groundwater are relatively low
e  Contanunant distribution 1s largely sporadic or ubiquitous
e  Aqueous concentrations at IHSS 119.1 indicate the potential for DNAPLs

¢ Underlymng low-permeability unweathered bedrock surface serves to channel
groundwater flow

¢  Overall low permeability and high degree of heterogeneity of saturated unconsolidated
surficial materials contributes to preferential flow potential.

The evaluation of process options for subsurface soils is presented mn Figure 2-5, whule the
evaluation of process options for groundwater is presented in Figure 2-6.

Rather than evaluating each potential process option, representative process options were
designated to represent a class of remedial technologies that could be applied at QU-1. This
improves the efficiency of the evaluation and allows for flexibility in the final selection of
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process options within the chosen class of remedial technologies Preference was given to
technologies and process options which address both groundwater and subsurface soil
contamination at OU-1

Considering these factors, the following representative process options were selected for

alternative development

Groundwater monitoring

Legal restrictions on well placement

Legal restrictions on land use

Subsurface drains

Horizontal and/or vertical extraction wells or sumps
Loader/excavator/dozer

Hot air/steam stripping with mechanical mixing
Vapor extraction

radio frequency (RF)/ohmic heating

The evaluation of process options to treat extracted groundwater favored the selection of the
existing Building 891 water treatment system Since the system has been proven to effectively
treat the contaminants present in OU-1 groundwater (except CCl, - planned modifications to the
system will effectively address this deficiency), and since the capital costs have already been
wncurred for desigming and constructing this system, this process option 1s the most favorable for
abovegroun& treatment of groundwater Thus, other process options for ex-situ treatment of
groundwater, including plasma arc discharge, catalytic oxidation, and air stripping, were not
considered 1n the development of remedial action alternatives Plasma arc discharge and
catalytic oxidation have prohibitive operating costs for low contaminant concentrations such as
those at OU-1 Aur stripping does not destroy or immobilize contaminants, and would require
treatment of large quantities of off gases

The hmited ability to uniformly and appreciably remove contaminated groundwater from the low
permeability heterogeneous unconsohidated matenials, combined with the complex nature of the
bedrock system beneath QU-1 favored treatment that would remove residual sources (e.g.,
DNAPL zones) to the greatest extent possible Removal of these sources should be conducted
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in a manner that mmimizes the potential for mobilizing contaminants to move further nto the
bedrock system, as well as introducing new potential contaminants to the subsurface

Consequently, process options such as surfactant flushing are not appropniate  This 1s the case
because the subsurface geology may seriously limit umform distribution of surfactants in the
subsurface, meaming treatment effectiveness throughout the entire contaminated zone may not
be significantly increased Further, the decreased surface tension induced by surfactants can
enhance the mobility of contaminants through otherwise relatively impermeable materials QU-1
bedrock has been characterized as fractured meaming a decreased surface tension between
DNAPLs and groundwater could cause significantly greater contaminant migration mnto bedrock

Finally, surfactants will adversely affect operation of the Building 891 water treatment facility,
meaning an additional surfactant recycle unit operation would be necessary prior to water
treatment The increased capital costs of a recycle system along with the high operating costs
for separation processes, such as surfactant recycle, negate the marginal effectiveness increase
1n treatment associated with surfactant flooding

Other process options that require injection of additional fluids into the subsurface (e g,
bioremediation and so1l flushing), are also not favorable at OU-1 The complex nature of OU-1
subsurface geology and the hmited availability of groundwater make systems which rely on
homogenous distribution of flushing agents or nutrients difficult to implement Preferential
groundwater flow pathways and tightly consohdated soil matrices make mjection difficult to
control Moreover, since DNAPL zones are likely to exist in 1solated areas, injection
technologies are unlikely to be effective in remediating these areas

In addition to the problems related to preferential flow through the heterogeneous low
permeability matenals, bioremediation was not included 1n the development of remedial action
alternatives for the following additional reasons.

e The effectiveness of bioremediation at OU-1 is limited by the nature of the
contaminants identified Although laboratory studies have shown up to 90 percent
reduction of TCA and TCE concentrations under ideal conditions, researchers are
skeptical as to the full-scale applicability of bioremediation under field conditions,
stating that "implementation of biodegradation of chlormnated hydrocarbons in field
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situations may be limited by the toxicity of hugh concentrations of these compounds to
microorgamisms and by the slow rate of degradation possible” (Baker et al 1994)

* PCE, a major OU-1 contaminant, 1s a highly refractory compound (resistant to decay)
for which there 1s no established field method for degradation at rates which make
treatment practical

e Bioremediation 1s not effective in treating morganics such as selemum  An
aboveground treatment system could be used to remove selemum from extracted
groundwater, however, this would most hkely limit the effectiveness of remnjection
systems that recycle nutrients or non-indigenous bacteria

e Site conditions at OU-1, particularly flmd circulation, limit the technical
implementability of bioremediation at OU-1 The Phase Il RFI/RI demonstrates the
lack of a consistent, defined water source beneath IHSS 119.1 Well and borehole data
1n the area have indicated varying water table levels and depths of saturated zones
Implementation of bioremediation at OU-1 would require njection of large volumes
of water to provide nutrients and/or non-indigenous bactena to treatment zones This
might mobilize and spread contamination and accelerate slumpmg at OU-1
Expenience with installation of the french drain system has indicated that slumping 1s
a serious concern for unsaturated conditions, and would be more serious for the highly
saturated conditions that would be required to implement bioremediation

For the medium of subsurface soils, thermal desorption was chosen as the representative process
option for ex-situ treatment of contaminated subsurface soils Thermal desorption offers the
most cost effecuve method of contaminant removal for the sporadic contaminant distribution
found at OU-1 Chemical and physical treatments, such as ultraviolet photolysis, chemical
oxidation, solvent extraction, and soil washing require the addition of liquids to effect a mass
transfer from sohd to liquid media The resulting hiquid could not be treated 1n the Building 891
water treatment facility without pre-treatment due to the presence of strong oxidizers, solvents,
and/or dissolution agents Thus a separate hquid treatment process to treat the secondary liquid
waste would be required The capital costs associated with such a treatment process, as well‘
as the expense of solvents, washing agents, and oxidation reagents, exceed the energy costs
associated with thermal processes Thermal desorption was selected over incineration due to the
low levels of contamination at OU-1 and the relatively low heating value of chlorinated organics

The lgher temperatures required for incineration would require excessive secondary fuel
sources. Since thermal desorption operates at significantly lower temperatures, energy costs
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would be substantially lowered relative to incineration

Due to the limitations of soil flushing and bioremediation discussed previously, standard and
thermally-enhanced vapor extraction process options were selected as in-situ subsurface soil
treatments for alternative development and will be used 1n conjunction with limited groundwater
pumping to remove contaminated groundwater and potential residual DNAPLs from OU-1

subsurface soils

Other options retained for alternative development mnclude excavation, which was retamned to
provide conceptual variety to the alternatives presented for remediation at OU-1 Excavation
could be used to remove subsurface soils or to locate pools of contaminated groundwater,
ensuring that any residual DNAPL zones are removed In addition, process options were
retained that would result in the assembly of limited or mmmimal action alternatives, including
groundwater monitoring, use of the existing French Drain system, and institutional controls
These options are also discussed in Section 3 0

2 7 Existing IM/IRA Treatment System

The existing Building 891 water treatment system (UV/H,0, and ion exchange) will be essential
for proposed remedial action alternatives for OU-1 and other operable umits that require
aboveground groundwater treatment. The system constitutes a comprehensive process treatment
train for treating water contaminated with organic and inorganic (including radionuclhide)
contaminants (see Figure 2-7) The system consists of a collection and pumping system to
supply the treatment facility, an influent storage and transfer system, separate treatment systems
for organic and norganics contaminants, and an efﬂuént storage and discharge system The
system 1s designed for a 30 gpm flow rate capacity and has equalization tanks to normalize
treatment rates

The french drain collection and pumping system includes the recovery well pump located in
IHSS 119.1, and two french drain sump pumps These pumps are normally controlled by level
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switches 1n the well or sump that determine whether the pumps operate. The collection system
connects to the influent transfer system, which includes two influent equalization tanks and two
influent transfer pumps The influent transfer pumps supply water from the influent equalization
tanks to a UV/H,0, treatment unit at a constant rate The UV/H,0, unit 1s designed to destroy
organic contaminants 1n the influent stream

Treatment efficiency depends on flow rate (residence tume), H,O, concentration, and UV
wavelength intensity The system has a design throughput of 30 gpm or 14,400 gallons per day
(gpd) with an 8-hour operating shift It uses 50 mg/{ of H,0,, with sixteen 15-kW UV lamps
providing an equivalent power of 240 kW for breaking down organics.

When the water leaves the UV/H,O, system, it enters the ion exchange system, which consists
of the ion exchange surge tank, four columns containing beds of ion exchange resmns, and a

degassing tower The 10n exchange system processes the water 1n the following sequence

1  The water enters the 10n exchange surge tank and 1s pumped at a constant rate into the
first 10n exchange column This column contains 28 cubic feet of Ionac A-440, a
strong base anion resin for removing uranium.

2 The water then flows directly to the second column, which contains 32 cubic feet of
Ionac Cg, a weak acid cation resin, for removing heavy metals

3. The water then enters the degassing tower to allow carbon dioxide and other gases
produced duning the UV/H,0, process to escape Excessive gas content i the ion
exchange columns could cause short circuiting of the resins thereby reducing the
efficiency of the system

4  The water 1s then pumped to the third 10n exchange column, which contains 56 cubic
feet of Ionac C-240H, a strong acid resin for removing hardness and metals.

5. The water then enters the fourth and final column, which contains 56 cubic feet of
Ionac AFP-329, a weak base amon resin, for removing anions

6 The water, which is now treated, is stored in one of three effluent storage tanks and
discharged by gravity feed
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3.0 DEVELOPMENT OF REMEDIAL ACTION ALTERNATIVES

This section presents the alternatives that were assembled for remediating the groundwater
medium at OU-1 These alternatives were assembled using the technologies 1dentified in Section

2 0, which summarizes the evaluation and selection of technologies and process options

Utiizing the existing Building 891 water treatment system 1s an mtegral component of all the
alternatives presented wn this section with the exception of the No Action alternative The
Building 891 treatment system 1s currently used for treating water from OU-1 and may also be
used for treating contaminated water from other areas of the RFETS Planned modifications to
the system will allow 1t to treat higher concentrations of contaminants prior to mitiation of any
remedial activities at OU-1 The details of the planned modifications are discussed in Section
20

3 1 Introduction

Remedial action alternatives were developed by combining process options selected as
“representative” based on results of the evaluation of process options and technologies Process
options were combined to develop alternatives ranging from treatment alternatives that eliminate
or mimmize the need for long-term management to limited or no action alternatives This range
of alternatives includes containment options that involve little or no treatment but achieve RAOs
by preventing exposures or by reducing the mobility of contaminants. The No Action alternative
was developed to provide a baseline alternative against which other alternatives could be
compared In all cases, the alternatives were developed with the goal of achieving the RAOs
of preventing inhalation, ingestion, and dermal contact with VOCs, preventing migration of
contaminants from subsurface soils to groundwater, and protecting Woman Creek surface water
from contamination as presented in Section 2 0 by combining appropriate GRAs to form site-
specific remediation strategies.

The alternatives that were developed for remediation of OU-1 are the following:
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] Alternative 0 No Action
] Alternative 1 Institutional Controls with the French Drain
. Alternative 2 Groundwater Pumping and Soil Vapor Extraction

. Alternative 3 Groundwater Pumping and Soil Vapor Extraction with Thermal
Enhancement

. Alternative 4 Hot Air Injection with Mechanical Mixing

o Alternative 5 Soil Excavation with Groundwater Pumping

Figure 3-1 depicts a summary of the development of remedial action alternatives The figure
presents the GRAs and process options that were combmned to form the various alternatives
After developing alternatives for remediation of QU-1, the alternatives were evaluated 1n detail,
and the results of this analysis are presented 1n the Detailed Analysis of Alternatives 1n Section
40

3 2 Remedial Action Alternatives

Groundwater remedial action alternatives were developed that could potentially achieve the
RAOs described n Section 2 0 The primary risk pathways that determined which GRAs would
be used to develop alternatives were based on the OU-1 BRA, which indicated that ingestion of
groundwater and inhalation of vapors rising up through unsaturated soils were of most concern
The following alternatives were designed to achieve RAOs by removing and destroying the
contaminants 1n groundwater, removing subsurface sources of residual contamination, restricting
access to wells positioned within the boundanies of OU-1, and/or hmiting access to the entire
site. These alternatives assume that surface soil hotspots would be removed pror to
commencing remedial activities, and would be put into temporary storage for treatment with
similar wastes from OU-2 or shipped off site for immediate treatment and/or disposal
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321 Alternative 0. No Action

The No Action alternative was developed to meet the requirements of the NCP which specifies
that a No Action alternative should be developed regardless of site-specific conditions (EPA
1990a) The No Action alternative provides a baseline against which other alternatives can be
compared during the detailed analysis of alternatives The No Action alternative uses the results
of the BRA to define exposure levels to receptors at the site under existing conditions and does
not include any remedial activities

The existing French Drain collection system would be discontinued under this alternative
Collection of groundwater from the existing collection well and French Drain would be
discontinued Groundwater would be allowed to flow down the hillside and around the French

Drain toward Woman Creek

The only activity associated with the No Action alternative 1s groundwater momtoring to detect
changes 1n contamimnant concentrations or migration patterns Monitoring would begin
immmediately and would continue until 1t 1s determined that monitoring 1s no longer required

Existing wells no longer deemed necessary would be abandoned as appropriate

There 1s no remedial time frame for thus alternative, since the alternative relies solely on natural
degradation and attenuation processes to meet RAOs For the purposes of detailed analysis, a
30-year momtoring time frame 1s assumed 1n accordance with EPA guidance

322 Alternative 1 Institutional Controls with the French Drain

Alternative 1 seeks to achieve RAOs by restricting access to wells impacted by OU-1
contaminants through nstitutional controls while continuing to treat groundwater collected by
the existing French Drain at the Building 891 water treatment system. Institutional controls
would also be employed to prevent unauthorized construction and groundwater usage 1n all areas
of OU-1. Degradation of groundwater would be mimumized by continued containment and

OU-1 CMS/FS Report
881 Hillside Area
February 1995 34

N i, -



treatment of groundwater. Subsurface residual sources would eventually be depleted by
dissolution to groundwater The capture of groundwater with the French Drain and use of
mnstitutional controls to reduce exposure are both established remedial options Thus alternative
targets groundwater 1n the areas of IHSS 119.1, south of Building 881, and a portion of IHSS
119 2 for remediation Institutional controls would be employed throughout QU-1

The existing French Drain and Building 891 treatment system would continue to operate until
1t 1s deemed no longer necessary The modifications discussed 1n Section 2 0 are assumed to
have been completed for the purposes of detailed analysis Groundwater monitoring would begin
mmmediately and continue for as long as required to venfy that contaminant concentrations 1n
groundwater have been permanently reduced below appropriate imits Wells no longer deemed
necessary for monitoring would be abandoned as appropriate

The Building 891 treatment system has a design flow rate of 30 gpm, but the system currently
operates intermittently as volumes of collected groundwater dictate Current average flow from
OU-1 sources 1s estimated at 10% of the design capacity, or 3 gpm (DOE 1994d) The rate of
treatment 1s dependent on the amount of groundwater available at the French Drain

Wastes generated as a result of this alternative will be managed 1n compliance with applicable
regulations The wastes include spent GAC from the off gas treatment system and Building 891
water treatment system, regenerant solution from ion-exchange resin regeneration from the
Building 891 water treatment system, and wastes associated with monitoring well nstaliation
such as drill cuttings and decontamination water The decontamination water could be sent to
Building 891. The regenerant solution from the spent 1on-exchange resins will be pH neutralized
and sent to Building 374 for evaporation 1n accordance with current operational practices. The
spent GAC will be sent off site for regeneration. Alternative 1, however, does not present any
administrative or legal difficulties since 1t represents a continuance of current operations at OU-
1

There is no remediation time frame defined for Alternative 1 since the French Drain system is
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currently operational and would continue to operate until acceptable contaminant concentrations
are achieved. Based on current operations of the existing French Drain system, 1t 1s reasonable
to assume that due to the slow groundwater collection rate, operation of the French Drain system
would be required for an extensive period of time Experience with similar remedial actions at
DNAPL contaminated sites suggests extremely long time frames for complete residual depletion

For the purposes of detailed analysis cost estimates, a 30-year time frame for remedial activities
1s assumed based on EPA guidance

323 Alternative 2 Groundwater Pumping and Soil Vapor Extraction

This alternative seeks to achieve RAOs by dewatering the IHSS 119 1 source area using
conventional pumping techmques, and the implementation of a localized SVE system Rusk from
contaminated groundwater will be elminated by extraction and treatment, while further
degradation of groundwater will be mmmimized by removal of residual DNAPL sources through
SVE The combined technologies proposed under this alternative are considered “emerging
technologies” which may be more effective combined than when applied individually In
general, this alternative targets only the identified source area withuin IHSS 119 1, although
additional vapor extraction wells could be nstalled in other areas to treat suspected DNAPL
sources based on the results of a detailed so1l gas survey to be conducted prior to remediation
SVE would assist the vaporization and subsequent recovery of contaminants present in the
saturated soils, unsaturated soils, and groundwater at OU-1  The technology targets
contaminants that have partitioned to the aqueous phase in the subsurface, adsorbed onto
subsurface souls, exist as pools of DNAPL, or occupy soil pore spaces as vapor. Groundwater
residing 1n shallow pools throughout IHSS 119 1 would bé extracted via the existing French
Drain, and one to three additional recovery wells. Collected groundwater would be treated by
the existing Building 891 water treatment system or another appropriate facility with the
modifications discussed 1n Section 2. These same areas, once desaturated, would be subjected
to SVE to enhance the removal of any residual contaminants
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In general, soil vapor extraction is an in situ physical treatment technology that has been used
primarily to remediate soil and groundwater contaminated with VOCs A typical SVE system
consists of either a single, or if necessary, a network of vapor extraction wells screened at
depths consistent with the contaminated soils If multiple vapor extraction wells are used, they
are usually joned together by a common header pipe Makeup or clean air, replacing the
contaminated soil gas removed through SVE, enters the soil either passively via the ground
surface and/or nlet wells, or actively via air injection wells Channeling, or short-circuiting,
of the makeup air may be mmmimized, and the air redirected through the desired treatment zones,
by the placement of a geotextile liner on the ground surface surrounding the SVE wells

The basic principle behuind SVE involves inducing vapor flow through the unsaturated zone
towards an extraction well by applying a vacuum to that well Contaminants volatilized from
the so1l matrix, and those that are already 1n the vapor phase, are swept by the carrier gas flow
(arr) to the extraction well(s) The carrier gas also tends to increase the volatihization of any
aqueous phase or free phase DNAPL contaminants 1n the vicimty There are three main factors
that control the performance of an SVE operation (a) the vapor flow rate through the
unsaturated zone, (b) the flow path of carrier vapors relative to the location of the contaminants,
and (c) the chemical composition of the contaminants (Johnson et al 1989)

To successfully design and operate an SVE system, site geology and contaminant properties must
be considered  Site geology can have a significant influence on a vapor extraction well’s radius
of influence Geological factors include depth to groundwater, subsurface soil/rock type, and
subsurface permeability, which must be great enough to allow carner vapors to strip VOCs from
the subsurface matrix and carry them to an extraction well Soil vapor extraction performance
is also dependent on tl;e characteristics of the contaminants targeted for extraction. A compound
is a likely candidate for SVE if it has a vapor pressure of 1.0 mm or more of mercury at 20°C
and a dimensionless Henry’s Law constant greater than 0.01 (Danko 1989) Table 3-1 presents
these values for the primary VOCs under consideration at OU-1 as well as other general physical
and chemical data These five VOCs were chosen for evaluation of SVE due to their high
concentrations relative to other VOCs detected and their wide range of Henry’s Law constants.
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Table 3-1.
Physical and Chemical Properties of the Primary VOCs in Groundwater

Boiling | Aqueous Vapor Henry’s Law
Molecular | Specific | Pomnt | Solubility | Pressure Constant
Chemical Formula® | Weght* | Grawty® | (°C)* | (mg/9)* | (mm Hg)* | (Dimensionless)™*

Carbon Tetrachlonde CCl, 153 82 159 765 757 90 1002
1,1-Dichloroethene C,H,Cl, 96 94 122 370 2,250 182 1414
Tetrachloroethene C,Cl, 165 83 162 121 150 178 1076
1,1,1-

Tnchloroethane C,H,Cl, 133 39 134 751 1,500 100 0 599
Trichloroethene C,HCl, 131 38 145 87 1,100 579 0378

L

2 from Basics of Pump-and-Treat Ground-Water Remediation Technology, EPA/600/8-90/003, Office of Research
and Development, March 1990

®  from Selecting Process Equipment, vol 1, Woods, McMaster University, Canada, 1990

© at20°C
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The use of these five compounds for analysis of the SVE alternatives should yield a good
approximation of the actual performance of SVE for the site The data shown in Table 3-1
indicate that all of the VOCs under consideration are amenable to recovery by SVE A
conceptual view of the proposed configuration of an SVE system 1s presented 1 Figure 3-2

For thas alternative 1t 1s assumed that approximately 36 vapor extraction wells would be installed
i IHSS 119 1 and 1n other areas if deemed appropriate A detailed soil gas survey would be
conducted prior to installing these wells in order to determine exact well locations and any
additional areas warranting remediation Wells would be installed to a depth of approximately
20 feet and would be 4 to 6 inches in diameter These wells would be operated cyclically to
enhance recovery and would be used 1n combination with a granular activated carbon (GAC) unit
to treat extracted vapors Cyclical operation would allow contaminant concentrations 1n so1l gas
to return to near equilibrium levels during non-operation, thus increasing the mass of
contamination removed per volume of air extracted Higher concentrations 1n the extracted air
stream would decrease operating costs, while the cycled operation of various wells would allow

the use of less expensive equipment due to decreased capacity needs

The exasting French Drain and Building 891 treatment system would continue operation during
remedial activities to collect any contaminated groundwater existing downgradient of the
treatment area and not removed through dewatering activittes After source removal and
groundwater plume remediation, the French Dramn could be decommissioned Without regular
pumping of the sump pumps located 1n the French Drain, water would begin to flow around the
French Drain and continue toward Woman Creek Groundwater monitoring would be employed
for the entire duration of this alternative to\ ensure water flowing around the drain meets PRGs

Wastes generated as a result of this alternative will be managed 1n comphance with applicable
regulations. The wastes include spent GAC from the off gas treatment system and Building 891
water treatment system, regenerant solution from ion-exchange resin regeneration from the
Building 891 water treatment system, and wastes assoctated with well installation such as drill
cuttings and decontamination water The decontamination water could be sent to Building 891.
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The regenerant solution from the spent 1on-exchange resins will be pH neutralized and sent to
Building 374 for evaporation 1n accordance with current operational practices. The spent GAC

will be sent off site for regeneration

The total remediation time frame associated with this alternative 1s approximately seventeen
years Estimated time frames associated with various component remedial activities are three
months for the detailed so1l gas survey, three months for mobilization/demobihization, and four
years for treatment Once the SVE system was decommuissioned, the French Dramn would
continue operating for 10 years to remediate the groundwater plume currently flowing down the
hillside Monitoring would continue for an additional three years after decommissioning the
French Drain to ensure that contaminant levels remain below PRGs The GAC air treatment
unt for SVE umt would most likely require a National Emission Standards for Hazardous Air
Pollutants (NESHAPs) permit to operate, however this would not present any unusual

admimistrative constraints

324 Alternative 3  Groundwater Pumping and Soil Vapor Extraction With Thermal

Enhancement

Ths alternative seeks to achieve RAOs through combining SVE as described 1 Alternative 2
with thermal recovery enhancement techmques Groundwater extraction 1s employed to treat
contaminated groundwater, while SVE with thermal enhancement 1s used to remove residual
contamination sources The alternative considers two mnovative treatment technologies that can
effect an increase 1n subsurface soil temperatures — radio frequency heating and electrical
resistance (ohmic) heating Both technologies are discussed below, although for the purposes
of detailed analysis, radio frequency heating 1s analyzed further, whereas ohmic heating 1s
merely assumed to be potentially applicable at OU-1 and is not included in the detailed analysis
of alternatives A plan view of the alternative, including the treatment area with approximate

well locations, 1s mncluded as Figure 3-3
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F ncy H

RF heating was selected as one of the two representative process options to effect an elevation
in temperature of the subsurface materals at OU-1 that are contaminated with those contamnants
that are VOCs RF heating 1s an mnovative wn-situ technology for volatihzing organic
constituents 1n soil and water as well as vaporizing pore space moisture The technology 1s
desirable smce additional chemicals are not introduced into the subsurface and no special

arrangement (e g , grids) are necessary as in conventional ohmic heating

The 1n-situ RF heating process requires mimimal intrusion, using 3- to 6-inch diameter boreholes
contaimng strategically placed antennae in the desired treatment area Through a combined
mechanism of ohmic and dielectric heating, the temperature in the media 1s raised and the
volatile and semivolatile organic constituents are volatihized (Kasevich 1992)  Volatilized
organics are then collected with the vapor extraction system and subjected to further treatment
RF heating 15 expected to supplement vapor extraction in a manner that allows for quicker
recovery of VOCs from certain areas of the subsurface Specifically, heating VOC source areas
can expedite VOC recovery 1n the vapor form (1 e , hotspots are likely to contain aqueous,
DNAPL, and adsorbed phase VOCs which would be driven to vapor under elevated temperature
conditions) Figure 3-4 illustrates a simple apphication of RF heating combined with vapor

~

extraction for this alternative

The dielectric loss of a material (1 e , the amount of energy a material dissipates as heat when
placed 1 a varying electric field) contributes to the heating of the contaminated media An
indicator of a matenal’s ability to successfully absorb electromagnetic energy is its dielectric
constant Most soils have suitable dielectric constants that aliow f:or effective treatment Water
and/or soil mossture is vaporized by RF energy; however, steam is transparent to RF energy and
does not continue to absorb radiation energy. While the steam may become superheated, this
occurs only by energy conduction from the sohd media and not from direct electromagnetic
energy absorption. The steam 1n turn serves to heat surrounding matenals, enhancing additional
vaporization Thus, water and/or soil moisture does not present a hindrance to the treatment
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process Fractures and voids within the contaminated matrix also do not present treatment
problems since thermal conduction 1s not the primary heat transfer mechamism Densely packed
soils are well suited to this treatment as are other consolidated geologic matenials A variety of
heating profiles can be generated by mamipulating the subsurface placement of RF antennae, therr
operating frequencies, and the phase output of the different antennae Virtually uniform heating
within a specified volume can be achieved with mimimal heating of surrounding material using
a properly designed configuration Thus, localized treatment can be attained with proper design

RF heating has been shown to be capable of increasing soil temperature to approximately S00°F

This temperature would be great enough to volatihze both sorbed and potentially dissolved phase
contaminants (¢ g , aqueous phase) in the subsurface matenals as well as drive off any moisture
1n nearby pore spaces The temperature of the subsurface medium would be raised gradually,
therefore, vapor extraction wells would be able to extract vapor as 1t 1s generated The heating
and resulting steam/vapor generation rate could be controlled so that the capacity of the vapor
recovery system would not be exceeded Such control would prevent the spread of
contamination by steam plume expansion Also, RF heating would only be implemented 1n the
vicinity of a vapor extraction well Placement of an RF heating antennae 1n this manner would
provide assurance that RF heating would not lead to a spread of contammnation A vapor
recovery system supplemented with RF heating would likely require additional air drying
capacity since 1t 1s expected that the RF heating system would lead to the extraction of a greater

amount of soil moisture than conventional vapor extraction

The primary piece of equipment of this alternative is the applicator antenna, which is placed 1n
a borehole This antenna is generally a flexible component of varying length that radiates
electromagnetic energy 1n the form of radio frequency waves The energy onginates from a
generator at the surface and is transmitted to the antenna via a metal coaxial cable. Standard
dniling equipment can be used to complete a borehole The borehole is generally cased with
fiberglass or a similar material that is transparent to electromagnetic radiation The antenna can
be placed 1n vertical or horizontal boreholes Also, several antennae may be used concurrently

in vanious areas with elevated contaminant concentrations.
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Locations of RF antennae and vapor extraction wells for cleanup of the volatile subsurface
contaminants at OU-1 are contingent on detailed design through which the optimum system
design would be defined; however, 1t 1s assumed under this alternative that RF heating antennae
would be 1nstalled 1n vapor extraction wells near the vapor extraction wells being operated The
number of vapor extraction wells required would range from 20 to 40 depending on saturation
levels The spacing between boreholes can range depending on the RF heating frequency, depth
interval of heated volume, and properties of the matenals heated An array of multiple
boreholes can provide umform heating of a given subsurface volume Control devices monitor
performance of the RF generator and adjust the outputs to optimize system performance Soil
gas momtoring wells must be 1n place in the vicimty of the RF heating antennac These wells
are necessary to momtor for potential increased migration of contaminant outside of the radius

of influence of the vapor extraction well(s)

Ohmic Heating

Ohmic heating was also selected as one of the two representative process options to effect an
elevation n temperature of the subsurface materials at OU-1 that are contaminated with volatile
contaminants This technology 1s considered an "emerging" technology which 1s currently being
examined under the OU-2 treatability study program Like RF heating, ohmic resistance heating
1S an 1nnovative n-situ technology for enhancing the performance of soil vapor extraction by
volatihzing orgamic constituents m soils and groundwater, and by vaporizing pore space
moisture Unlike RF heating, however, ohmic resistance heating results from the transmission
of an electrical current through the media targeted for cleanup As such, a prerequisite for
ohmic heating 1s that the media must be able to conduct an electrical current Ohmic heating
requires the placement of a grid of electrodes and sometimes the addition of water in thc\a area
targeted for remediation. The process requires only mimmal intrusion and has most often been
implemented using six electrodes installed 1n a hexagonal pattern to the depth of the
contaminants, with a vapor extraction well placed 1n the center of the pattern as shown in Figure
3-5 (Aunes et al)
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Six- or three-phase power can be used to supply current to the installed electrodes There 1s
some benefit with six-phase power n that a more uniform heating pattern can be realized in the
area bemng treated (Buettner et al) However, the increased umformity comes at the expense
of needing additional equipment to split normal three-phase power mto six-phase Electrodes
are usually constructed of stainless steel tubing, which can also serve as passive air mlets

The principle of ohmic heating 1s simple Basically, electrical currents are made to flow
between electrodes placed 1n a contaminated region causing resistance heating (much the same
way that passing an electrical current through an oven heating element generates resistance
heating) Current flow through subsurface materals tends to be greatest in fine-grained soils
such as silts and clays These types of soils are generally less permeable than sands and gravel,
thus, heating the clays and silts can drive off contaminants contained therein that are not easily
accessible with conventional soil vapor extraction Once the volatile contaminants are driven
out of the less permeable clays and silts into the more permeable sands and gravel, they are
more susceptible to recovery by vapor extraction As with RF heating, soil moisture can be
heated with ohmic heating to generate steam Steam can provide additional stripping of adsorbed
contammnants Also, the removal of soil moisture can increase the air flow permeability of the
soil being treated, thus enhancing the capability of vapor extraction to remove contaminants (but
lessening the ability to continue heating the subsurface with electrical current)

The primary pieces of equipment needed to support ohmic heating include stainless steel piping
(for electrodes), a 60 Hz power supply, an optional six-phase transformer, thermocouples for
monitoring subsurface temperature, and a vapor recovery/treatment system Electrode grids may
be placed at various locations targeted for treatment Extracted vapors from multiple locations
may be‘dlrected to a central treatment location or to individual treatment units

The location of the electrode grid(s) and vapor extraction well(s) for cleanup of the volatile
subsurface contaminants at OU-1 are contingent on treatability test results in which the optimum
system design would be defined, however, for this alternative 1t was assumed that one gnid
would be installed at ITHSS 119.1. This gnd would have six electrodes inserted to approximately
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20 feet below the surface 1n a hexagonal arrangement making up a circle with a diameter of
approximately 20 feet Additional grids would be required to remediate the entire site  As
previously discussed the conceptual approach presented for RF heating 1s carrnied forward for
detailed analysis The information presented here on ohmic heating may be beneficial if 1t 1s
selected as the preferred technology prior to implementation of any remedial actions at OU-1

A soil gas survey, consisting of approximately 100 probes, will be conducted to determine exact
locations of wells and to identify any additional areas warranting remediation There 1s a
possibility that DNAPL pools will be encountered during the remediation and may present a fire
hazard or health and safety concern Procedures will be 1n place during the remediation to

mimmize any hazards or concems

Based on historical photographs of the drum storage area at IHSS 119 1 and an assumed lateral
DNAPL dispersion through the subsurface soil, the dimensions of the primary contaminant
source were estimated at 100 feet by 100 feet by 20 feet Because SVE extraction rates are
optimal in dry soil, the treatment zone will be dewatered by groundwater extraction wells
Imtial dewatering 1s required with intermittent operations to keep the treatment zone dewatered
throughout the entire remedial action

Extracted groundwater will be pumped to the French Dramn where 1t will be transferred to the
Building 891 water treatment system described in Section 2 The French Dran will continue
to capture groundwater for 10 years following source removal activities 1n order to capture the
contaminated groundwater plume Three additional years of monitoring will be used to verify
that the groundwater concentrations remain below PRGs

The SVE system will operate as described in Alternative 2, with the exception that radio
frequency antennae will be placed in wells as necessary to maintain elevated subsurface
temperatures Approximately 36 vapor extraction wells fitted for radio-frequency antennae will
be dnlled with a 30% radws of influence (ROI) overlap 1n the treatment area. Based on the
OU-2 SVE treatability study, 1t is estimated that 4-inch diameter wells will produce a well head
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pressure of 120 inches of water and a ROI of 10 feet under normal operating conditions With
an estimated soil permeability of 0 05 darcy, 1t 1s anticipated that vapor extraction rates will
approach 10 standard cubic feet per minute (scfm) The treatability study at OU-2 indicated that
extraction rates are optimal during dry conditions so the treatment area will be dewatered during
the remediation Extraction rates, documented during the SVE treatability study, at OU-2

decreased from 40 scfm to 5 scfm during wet conditions

Intermittent operation will be utilized to increase the removal efficiency of the SVE system
Preferential vapor channeling, or short-circuiting, will be mmmmized by a geotextile hner
Increased vaporization caused by the elevated temperatures will reduce remediation time as well

as increasing removal efficiencies of the contaminants

Extracted vapors will be transferred to an off-gas treatment system such as GAC umt A GAC
system would require two skid-mounted GAC vessels placed in series and each containing 1,500
pounds of activated carbon each The GAC will need to be replaced approximately every three
months, 1 e, 1,500 pounds every 6 weeks, depending on the COC concentrations, loading
efficiencies, competitive adsorption rates, and type of carbon The spent GAC will be
regenerated at an off site facility

Vapor sampling from portals near the wells and GAC, umts will be used to determme the
effectiveness of the enhanced SVE system, replacement rates for the GAC vessels, temperature,
and humidity. In addition, pressure will be momtored at the wells and probes to determine

extraction rates, radi1 of influence, and if short-circuiting is occurring.

Wastes generated as a result of this alternative will be managed in oomi;liance with applicable
regulations The wastes include spent GAC from the off gas treatment system and Building 891
water treatment system, regenerant solution from ion-exchange resin regeneration from the
Building 891 water treatment system, and wastes associated with well installation such as drill
cuttings and decontamination water The decontamination water can be sent to Building 891

The regenerant solution from the spent ion-exchange resins will be pH neutralized and sent to
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Building 374 for evaporation 1n accordance with current operational practices The spent GAC

will be sent off site for regeneration

This alternative would require a remediation time frame of approximately 15 5 years This
includes three months for a detailed soil gas survey, three months for mobilization and
demobilization, two years for treatment, ten additional years of French Drain operation, and
three years of groundwater monitoring to ensure that groundwater concentrations remain below
PRGs This would be required to verify that all residual sources of DNAPLSs 1n the subsurface
have been remediated NESHAPs permits would be required for any other gas treatment

systems

3.2 5 Alternative 4. Hot Air Injection with Mechamcal Mixing

This alternative seeks to achieve RAOs through an innovative n-situ technology that combines
hot air stripping with vigorous mixing of subsurface media Contaminated groundwater 1s
remediated through extraction and treatment 1n the Building 891 facility, while the subsurface
residuals are addressed by source removal with hot’air imjection and mechamcal mixing

This alternative targets the identified source area 1n IHSS 119 1, but additional areas could be
mncluded based on the results of a detailed soil gas survey preceding treatment The IHSS 119 1
source area 1s estimated at 100 feet by 100 feet, with a depth to bedrock of approximately 20
feet

This innovative technology operates under the same basic principles of SVE and thermal
enhancement discussed 1n the previous alternatives, but combines these with vigorous mechanical
mixing to increase treatment effe‘ctlveness by ensuring carmer gas contact with all contamination
The mixing of the soils by an auger allows homogenous treatment, avoiding the possibilities of
preferential subsurface flow channels that could result 1n non-uniform treatment. This system
represents an innovative combination of technologies to mncrease treatment effectiveness and
decrease treatment time.
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The primary treatment system 1n this alternative consists of a caterpillar mounted drill rig with
specialized drilling equipment The drill equipment 1s capable of delivering treatment reagents,
such as hot air or steam, via piping 1n a hollow drill bt shaft The dnll bit has a cutting/mixing
blade, which can vary in diameter from 4 to 12 feet Groundwater extraction wells would be
placed 1n previously treated soil columns Dewatering of a small area prior to treating the imitial
soil column would be accomplished via an extraction well dnlled with conventional drilling
equipment Extracted groundwater would be treated through the existing Building 891 treatment
system The drill rnig can produce up to 350,000 ft Ibs of torque, sufficient to provide excellent
muxang of subsurface soils as the dnill bit descends through the soil column The dnll bat also
has multiple injection ports for hot air delivery. The multiple ports provide uniform dehvery
of hot air throughout the treatment zone The caterpillar mounted drill rig 1s moved from one
treatment zone to another sequentially until the entire site 1s remediated. The treatment columns,
or drill shafts, are overlapped by 30% to ensure adequate treatment throughout the entire site

4 to 6 columns can be treated per day, depending on site conditions. A conceptual view of the
hot air injection and mechamical mixing technology 1s included as Figure 3-6

For volatile compounds such as those at OU-1, a negative pressure shroud 1s placed over the
entire treatment zone to capture off-gases for delivery to an onboard off-gas treatment system
Mats are placed under and around the rig to ensure that contaminants do not reach the
atmosphere by surfacing outside the shroud The shroud vacuum 1s connected to an off-gas
treatment system A vapor-liquid separator removes entramed liquids for delivery to the
Building 891 water treatment system. Vapors continue through the off-gas treatment system
For the contaminants and concentrations at OU-1, vapor phase carbon adsorption is the preferred
treatment option. Once treated, the air is recycled to a compressor and heater and reinjected to
the subsurface

Wastes generated as a result of this alternative will be managed in compliance with applicable
regulations The wastes include spent GAC from the off gas treatment system and Building 891
water treatment system, regenerant solution from ion-exchange resin regeneration from the
Building 891 water treatment system, and wastes associated with monitoring well installation
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such as drill cuttings and decontamination water The decontamination water can be sent to
Building 891 The regenerant solution from the spent 10n-exchange resins will be pH neutralized
and sent to Building 374 for evaporation 1n accordance with current operational practices The
spent GAC will be sent off site for regeneration

Approximately 141 soil columns will be necessary to remediate the identified source area 1n
IHSS 119 1, which could be accomplished 1n three months The total remedial time frame for
this alternative 1s 13 75 years, with three months for the detailed soil gas survey, three months
for mobilization and demobilization, three months for treatment, ten additional years of French
Drain operation to remediate the contaminated groundwater plume, and three additional years
of momtoring to ensure groundwater concentrations remain below PRGs A plan view for this

alternative 1s included as Figure 3-7

326 Alternative 5. Soil Excavation with Groundwater Pumping

Ths alternative 1s imtended to achieve RAOs through excavation of contaminated groundwater
and soil beneath a discreet portion of the IHSS This alternative differs from the n situ
treatment alternatives 1n that a portion of unsaturated and potentially saturated soils at the IHSS
would be excavated down to the water table to allow for the removal of localized groundwater
contamimation The excavated soils woyld be treated iby thermal desorption to minimize any
further degradation of groundwater beneath the IHSS from residual DNAPLS present 1n the soils.
This is a worst-case scenario which would enable contaminated water to be located and
subsequently removed Such efforts may be required based on the current understanding of the
hydrogeologic conditions at OU-1, which suggest complex geology in the area Excavation and
groundwater pumping are established remedial technolc;gies which can be combined with no
significant difficulties

Thus alternative would require excavation of approximately 17,500 cubic yards of unsaturated
and potentially saturated soils in the southwest corner of IHSS 119 1 based on the results of the
Phase III RFI/RI (see Figure 2-1). Excavation of the required volume would result 1n an
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excavated area of 0 7 acres, based on excavating a 100 ft. by 100 ft area down to bedrock (20
ft ) with sloping around the area of 2 to 1

Excavation would be terminated shghtly below the underlying bedrock to ensure that all
contaminated groundwater pools are reached The groundwater would be collected using sump
pumps mstalled within the excavation Standard submersible pumps would be used to direct
collected groundwater to the existing French Drain sump pumps The groundwater would then
be transferred to the Building 891 water treatment system at QU-1 for final treatment and
discharge A conceptual view of the excavation and treatment process is shown in Figure 3-8
A piping system from the excavation to the OU-1 treatment facility would be required and would
most hikely be constructed of PVC and buried to a sufficient depth to prevent freezing

Surface soils located within the excavation area will be scraped and stockpiled on site to be
treated with surface soil from OU-2 at a later tme The subsurface soil will be excavated and
transported to a staging area for treatment It 1s anticipated that the staging area can be
constructed within 300 feet of the excavation Management of the surface and subsurface soil
will comply with 40 CFR 264 and may include creating a roof or other cover over the staging
area to mmimize precipitation onto the soil and prevent fugitive dust losses, landscaping the area
to create adequate drainage, placing a pad or hiner under the storage areas to prevent infiltration,
and Iimiting access to the storage sites The actual excavation would be accomplished using
conventional construction equipment although breathing apparatus may be included as part of the
machinery or may be handled separately on an individual basis

The excavated soil in the staging area will be dewatered and treated by a skid-mounted thermal
desorption unit to below detection limits for PCE, TCE, 1,1-DCE, CC],, and 1,1,1-TCA The
treated soil should meet the RCRA Land Disposal Restrictions, including restrictions for
radionuclides and metal compounds, prior to disposal in a permitted treatment, storage, and
disposal (TSD) facility. It is assumed that an appropriate facility is located within 100 miles of
the site. The treated soils could be disposed of on site, however due to the administrative
difficulties of delisting hazardous wastes, it has been assumed the treated soils will be shipped
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off site for disposal.

Groundwater extracted from the excavation will be pumped to the French Drain where 1t will
be transferred to the Building 891 water treatment system The French Drain will continue
operating for 10 years after remediation to collect contaminated groundwater Groundwater
monitoring will continue for an additional 3 years following French Drain discontinuation of
French Drain operation to verify that the concentrations remain below the PRGs at the French

Drain

Radiological momtoring would be conducted for the duration of the excavation due to the
potential presence of plutonium 1n the soils Although Alternative 5 involves removal of the
source of contamination to groundwater at IHSS 119.1, groundwater monitoring of groundwater
would still be required once the remedial action is complete to verify that all sources of residual
DNAPL contamination have been remediated Short-term monitoring of vapor concentrations
1 air would also be required duning the excavation and prior to 1ts closure.

A buried gas transmission hine 1s located 1n the vicimty of IHSS 119 1 and the French Drain
Site utihity maps will be consulted dvring the excavation and prior to laying the PVC pipe to
ensure that the transmission line 1s not damaged Standard health and safety practices will also
be used to ensure that-the transmission line remains mtact

All wastes generated as a result of this alternative will be managed in compliance with applicable
regulations They include spent GAC from the off gas treatment system and Building 891 water
treatment system, regenerant solution from ion-exchange resins in Building 891, treated soil, and
wastes associated with installation of mc;mtonng wells such as drill cuttings and decontamination
water The regenerant solution from the ion-exchange resins will be pH neutralized and sent to
Building 374 for evaporation. Treated soil will be managed before final disposal in essentially
the same manner as untreated soil and the spent GAC will be sent off site for regeneration

The total remedial time frame for this alternative is 14 years. This includes three months for
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a detailed so1l gas survey, three months for mobilization and demobilization, mne months for
excavation, ten additional years of French Drain operation for plume remediation, and three
subsequent years of continued momitoring to ensure groundwater concentrations remain below

PRGs A plan view of Alternative 7 1s illustrated in Figure 3-9
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4.0 DETAILED ANALYSIS OF ALTERNATIVES

4 1 Description of Evaluation Criteria

This section analyzes the proposed remedial action alternatives using the criteria specified at 40
CFR 300 430 of the NCP and the RCRA Corrective Action Plan (CAP) (EPA 1994) Details
of the alternatives presented 1n Section 3 0 are used as the basis for these analyses which address
both the CERCLA criteria and RCRA standards There are mine critenia designated in the NCP
regulations and nine standards under the RCRA CAP guidance The NCP and CERCLA
guidance divides the criteria into threshold, balancing, and modifying criteria  Threshold criteria
are statutory requirements that must be satisfied for an alternative to be eligible for selection

The two threshold criteria for this detailed analysis are overall protection of human health and
the environment and compliance with ARARs

The five primary balancing criteria of (1) long-term effectiveness and permanence, (2) reduction
1n toxicity, mobulity, and volume, (3) short-term effectiveness, (4)unplementability, and (5) cost
are used to evaluate each alternative’s major performance objectives The relative performance
of each alternative 1s evaluated and then compared to others to identify if any one alternative

meets all the critena

The two modifying criteria, state acceptance and commumty acceptance, evaluate the feasibility
of implementing an alternative 1n terms of 1ts acceptance by regulatory agencies and the public
These criteria are not evaluated until after the formal public comment period on the CMS/FS
report and proposed plan The criteria are addressed in the CAD/ROD

Under CERCLA criterion and RCRA standards, each alternative is evaluated for the overall
protectiveness of the proposed action. Proposed alternatives describe how human health and
environmental risks are eliminated, reduced, or controlled through treatment, engineering
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controls, or institutional controls The overall protection of human health and environment
critena 1s a threshold cniteria which an alternative must meet to be the selected acion In
particular, each altemnattve 1s required to be evaluated 1n meeting RAOs established for the site

The assessment also involves analyzing whether PRGs are satisfied through implementability,
long-term effectiveness and permanence, and short-term effectiveness The evaluation of overall
protectiveness examines whether an alternative results 1 any unacceptable risks or cross-media
mmpacts to a site  The other threshold criteria 1s comphiance with ARARs Each alternative 1s
required to be evaluated on the basis of how 1t complies with ARARs

412 Compliance with Applhicable or Relevant and Appropriate Requirements

The selection of ARARSs for an alternative 1s governed by the regulations of the NCP and EPA’s
Office of Solid Waste and Emergency Response (OSWER) Directives  Such directives include
the Compliance with Other Laws Manual (EPA 1988b) and the RCRA CAP gwidance A
discussion of the selection of chemical-specific ARARs for OU-1 has been presented 1n Section
2 Briefly summarized, ARARs are

* Applicable, a requirement that applies, under circumstances other than CERCLA,
to the contaminant, action, situation, or location, or

o Relevant and appropnate, a requirement not normally applicable-to the site but
because the requirement addresses an activity, location, or situation similar to the
site and the requirement is well-suited to the remedial action proposed at the site,
1t 1s judged relevant and appropnate. It is possible for a requirement to be
relevant but not appropriate for a site

As remedial action alternatives are developed and screened through the CMS/FS process, '
environmental standards are further analyzed and screened for the site. Action-specific and
location-specific ARARs previously identified in the OU-1 CMS/FS process have been further
screened to check the jurisdictional and circumstantial ARAR prerequisites. Each identified
standard has been noted as applicable, or relevant and appropriate, or not applicable or relevant
and appropriate for each alternative at OU-1. Any proposed standard or guidance which could

be relevant to the circumstances at OU-1, was considered in the screening process. Proposed
OU-1 CMS/FS Report
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standards and current guidance are described as TBCs in the detailed analyses. The criteria used

to evaluate applicable requirements are

Is the substance or contaminant addressed under the regulation
Is the time period in the regulation applicable

Does the regulation require, limit, or prohibit the activities
Who 1s subject to the regulation

Who 1s exempt from the regulation

The crnitenia used to evaluate relevant and appropmnate requirements are
o The substance or contaminant addressed under the regulation 1s similar to the
situation at OU-1
. The media affected by the requirement 1s simular to the circumstances at OU-1
o Activities affected by the regulation are sumilar to activities proposed at OU-1

. The area addressed by the regulation 1s similar to the area affected by the
proposed alterative at OU-1

° Structures, facilities, or technologies addressed by the regulation are similar to
those proposed at OU-1

. Exemptions or variances of a requirement are appropriate to the circumstances at
OU-1. -

Each specific alternative 1s assessed to determine if the proposed action can comply with each
1dentified ARAR or TBC Section 121(d) of CERCLA requires remedial actions to comply with
or exceed the ARARs designated at a site. It 1s a threshold critena designated in the NCP
regulations for proposing an alternative at a site. Cz)mpliance with apphicable standards for
waste management is also one of the criteria under the RCRA CAP guidance.

Comphance with an ARAR can be waived under specific circumstances as designated in
CERCLA, as amended [Section 121(d)(4)] and in the NCP regulations. Any proposed waivers
from the ARARs are presented in the Proposed Plan and Record of Decision along with the
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reasons for such an action Reasons for a waiver include

. A State standard has not been consistently applied 1n similar circumstances
. The proposed action 1s an 1nterim action

. Comphiance with the ARAR will result 1n greater risk to human health and the
environment than other alternative options

° Compliance 1s not technically feasible

. The selected action will attain a standard equivalent to an applicable standard
using another approach

The RCRA CAP guidance does not include a specific method for obtaining waivers from ARAR
comphance during a CMS The Guideline does allow for some latitude 1n the establishment of
media cleanup standards, however

Media cleanup standards may be proposed by the permittee/respondent in the CMS Report based
on promulgated federal and state standards, risk denived standards, site specific information,
and/or apphicable guidance documents Alternatively, standards may be set by the implementing
agency pror to the CMS stage If media cleanup standards are set by the implementing agency,
the permittee/respondent may propose to modify them during the CMS Final media cleanup

" standards will be determmed by the implementing agency when the remedy 1s selected

In addition to attaining the established media cleanup standards, potential remedies considered
during the CMS process are required to comply with all apphcable state or federal regulations

State of Colorado Regulations allow for petiioning for the modification or waiving of RCRA
regulations General requirements for the petitioning process are found in 6 CCR 1007-3,
Subpart C - Rulemaking Petitions. This section provides that any person may petition to modify
or revoke any provision in Parts 260 through 265 of the Colorado Hazardous Waste Regulations.
For example, wastes at a facility may be excluded from the list of hazardous wastes if the

petitioner can demonstrate to the satisfaction of the CDPHE that the waste produced at the
OU-1 CMS/FS Report
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facility does not meet any of the criteria under which the waste was listed as a hazardous waste
The results of the ARAR analysis conducted at OU-1 for each alternative 1s presented in a
tabular form 1n Appendix D Key ARARs selected from Appendix D for discussion 1n the
detailed analysis of alternatives are those which are judged to be most critical to an alternative’s
implementation Key ARARS include

° Colorado Basic Standards for Groundwater - 5 CCR 1002-8, 311 5and 311 6

o Colorado RCRA Regulations - 6 CCR 1007-3 Parts 264 and 268 and proposed
changes to Part 261

. Colorado Air Pollution Control Regulations - 5 CCR 1001-5, Regulation 7

° Colorado Nongame, Endangered or Threatened Species Conservation Act - CRS
33-2-101

Keyv Applicable or Relevant and Appropnate Reguirements

Since the State of Colorado 1s authorized by EPA to implement the RCRA program, the RCRA
ARARSs under the State program are designated as key ARARs Releases and spills at OU-1
occurred prior to the effective date of the RCRA regulations so many of the RCRA regulations
are designated relevant and appropriate rather than applicable to OU-1 The exception to this
1s the Colorado regulations regarding sohd waste management umts (SWMU) m 6 CCR 1007-3,
264 90(a)(1) which are applicable to the circumstances at OU-1 They state that the owner or
operator of constituents in SWMUs must comply with 264 101  Releases of hazardous
constituents from SWMUSs according to 264 101, Subpart F, require corrective action for
protection of human health and the environment '

Subpart F of the Colorado RCRA regulations also concern groundwater protection Many of
the subsections of this subpart are directed to regulated units but OQU-1 is not a regulated unit.
However, OU-1 hsts SWMUs in a RCRA Part B permit application inventory. Therefore,
sections of Subpart F that are relevant and appropriate to OU-1 include:
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6 CCR 1007-3, 264 92 Groundwater protection standards

6 CCR 1007-3, 264 93 Hazardous constituents

6 CCR 1007-3, 264 94 Concentration limits

6 CCR 1007-3, 264 95 Point of complhiance

6 CCR 1007-3, 264 96 Complhiance period

6 CCR 1007-3, 264 97 General groundwater monitoring requirements
6 CCR 1007-3, 264 98 Detection monitoring program

These subsections are focused on the specifics of conducting a groundwater monitoring program

and detecting exceedances of the groundwater protection standards

The other requirements of the Colorado RCRA program that are applicable to OU-1 are
contained m 6 CCR 1007-3, 264 101 This section requires that corrective actions be located
between the SWMU and the downgradient facihity boundary or beyond the facility boundary
where necessary to protect human health and the environment, unless specifically prohibited due

to a lack of property ownership Onsite measures are determined on a case-by-case basis

Implementation of groundwater protection measures are also part of the Colorado Water Quality
Control Commussion’s Basic Standards for Groundwater (5 CCR 1002-8, 3 11 0) Since the
Colorado State Basic Standards for Groundwater are potential chemical-specific ARARs, the
implementation approach within the standards would be relevant and appropriate but not
applhicable CDPHE has implementation responsibility as detajled in 5 CCR *1002-8, 311.6(B)
The regulations of 5 CCR 1002-8, 3 11 6(C) and (D) provide some discretion 1n the selection
of the point of comphance. Bnefly summanzed, the point of comphance could be established

at any one of the following locations

. The site boundary

° The hydrologically downgradient limit of the area in which contamination exists
at the time 1dentified

. At some distance hydrologically downgradient from the activity causing the
contamination and closest to the activity as determined by site-specific factors,
such as the established wellhead protection areas, the potential of the site as an
aquifer recharge area, and the recommendations of the owner or operator.
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Another part of the Colorado RCRA regulations that are relevant and appropnate to OU-1 1s the
closure and post-closure requirements for regulated umits The closure requirements of 6 CCR
1007-3, 264 112 require preparation of a closure plan that 1s consistent with the requirements
of the groundwater protection standards of Subpart F Elements of the State post-closure care
requirements mn 6 CCR 1007-3, 264 117 that are relevant and appropnate to OU-1 are the post-
closure care period and the requirements for maintenance and monitoring of waste containment
systems 1n accordance with Subpart F The post-closure period 1s 30 years after completion of
remediation unless changed by CDPHE Reasons for a reduced period include a demonstration
that the groundwater protection standard has not been exceeded for a period of three consecutive
years In addition, 1t must be verified that the reduced time 1s protective of human health and

the environment

Air emission standards under the Colorado RCRA regulations (6 CCR 1007-3, 264 1033,
264 1052, 264 1054, and 264 1057) and Regulation 7 of Colorado’s Air Pollution Control
Regulations are potentially applicable to the remediation alternatives that mvolve VOC
emissions Regulation 7 requires the use of reasonably available control technology (RACT) to

control VOC emuissions of over two tons/year or two Ibs/hour

Colorado’s RCRA regulations require that VOC emissions from air stripping RCRA treatment
units to be momtored and operated 1 accordance with the RCRA closed vent and control device
system standards The standards require condensers or adsorbers to achieve 95 percent weight
efficiency and to institute exhaust vent stream monitoring [6 CCR 1007-3, 264.1033(f), (g), or
(h)] Valves and equipment leaks are required to be monitored and maintained 1n a condition
to achieve the no detectable emissions level

The Colorado Nongame, Endangered, or Threatened Species Conservation Act (CRS 33-2-101
et seq ) requires that indigenous species found to be endangered or threatened in Colorado be
protected in order to maintain and enhance their numbers It is a relevant and appropriate
requirement for the OU-1 earth-disturbing remediation alternatives The Colorado Division of
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Wildlife (CDOW) has the responsibility of determining management needs that will allow for
the continued sustamnabihity of populations of nongame species.

The Colorado Nongame, Endangered, or Threatened Species Conservation Act is particularly
significant to RFETS because 1t has the largest known population of Preble’s meadow jumping
mouse (Zapus hudsonius ssp prebler) in Colorado The Preble’s meadow jumping mouse 1s a
species of special concern 1n Colorado A special concern species 1s not legally protected but
CDOW favors maintaiming the species and enhancing its habitat where possible Federal
authorities currently consider the Preble’s meadow jumping mouse a Category 2 species which
1s a candidate for histing as a Federal threatened or endangered species Studies to gather
information concerming the species and 1ts need for Federal and State protection are ongoing.
Should the mouse be listed on the Federal Endangered Species Act List, the requirements of
Section 7 of the Act would be a key ARAR Section 7 requires consultation with the U S Fish
and Wildlife Service and 1n particular, preparation of a biological assessment concerning the
species and 1its habitat

Habitat requirements for the Preble’s meadow jumping mouse include intact riparian corridors
such as those found along Woman Creek There has been positive identification of Preble’s
meadow jumping mouse 1n riparian areas adjacent to the OU-1 boundary As a Federal facility,
1t 15 the obligation of the operator of RFETS to mmmize the impact of remediation to riparian
areas RFETS staff will coordinate activities with CDOW to ensure that the population of
Preble’s meadow jumpmng mouse at RFETS 1s protected to the extent possible during
implementation of the selected alternative at QU-1.

4.1.3 Long-Term Effectiveness and Permanence

One of the balancing criteria listed in the NCP is long-term effectiveness and permanence; in
the CAP guidance it is listed as long-term reliability and effectiveness. Each alternative is also
required to be evaluated against this criteria. The NCP emphasizes the preference for treatment
to achieve long-term protection and permanence for a site. RCRA CAP guidance also
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emphasizes long-term reliability and effectiveness as a factor 1n selecting a proposed alternative

Cnitenia for evaluating long-term effectiveness and permanence include the following
. Persistence, toxicity, and mobility of hazardous substances and their constituents
and their tendency to bioaccumulate
. Long-term uncertainties associated with containment
. Long-term potential for adverse health effects
o Long-term cost of monitoring and maintenance

o Ease of undertaking future remedial action

Considerations are focused on the residual nisk remaining after implementation of the alternative
In particular, the evaluation of the alternative 1s to consider whether RAOs will be met RAOs
often are focused on long term effectiveness and permanence The evaluation of a proposed
alternative must include an analysis of the potential threat to human health and the environment
from untreated waste or treatment residuals remamnng at the site after remediation  Thus

analytical process includes the following elements

o Volume and concentration of contaminants 1n untreated media

° Volume and concentration of contaminants in treated residuals ‘
. Requirements for 5-year site reviews and long-term monitoring

o Difficulties associated with long-term operations and maintenance
o Adequacy and reliability of controls

° Potential need to replace technical components

o Potential exposure pathways and risks posed should the remedial action need
replacement
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4.1 4 Reduction of Toxicity, Mobility, or Volume Through Treatment

Another one of the balancing criteria 1n the NCP and RCRA CAP guidance 1s reduction of
toxicity, mobility, or volume of wastes through treatment The CERCLA criterion evaluates the
abihty of an alternative to reduce the risks at a site through the destruction of toxic
contaminants, reduction of the mass of toxic contaminants, reduction in contaminant mobility,
and reduction of the volume of contaminated media The NCP states a preference for remedial
alternatives that include treatment which achieves this criterion as a principal element of the
remedy RCRA CAP guidance also specifies reduction in the toxicity, mobility, or volume of
waste as a standard for the selection of a preferred alternative Specific considerations for
reduction of toxicity, mobility, or volume (TMYV) include the following

Adequacy of the treatment process to address PRGs

Specific requirements and limitations of the treatment process

Volume of the contaminated media treated

Extent of TMV reduction

Irreversibility of treatment

Quantities and toxic characteristics of treatment residuals or byproducts

4 15 Short-Term Effectiveness

~

Short-term effectiveness 1s another of the NCP balancing cniteria and a standard of the RCRA
CAP guidance In evaluating alternatives, the CERCLA criterion and RCRA standards relevant
to short-term effectiveness consider the period of time required for construction and
implementation of each aitemative The cniterion evaluates community and worker protection
during the remediation activity as well as potential adverse environmental impacts that may result
from the alternative. The consideration of environmental impacts during remediation includes
elements as an evaluation of the impact of the alternatives on the quality of habitat at the site

4 1.6 Implementability

Implementability is a criteria under both the NCP regulations and RCRA CAP guidance. This
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criterion addresses the technical and admnistrative feasibility of implementing an alternative
including the availabihity of matenals and services. Implementability 1s particularly important
for evaluating the rehability of technologies that are innovative or proprietary  Specific

considerations relevant to implementability include the following

Ability to construct and operate the alternative within a 10- to 30-year time frame
Availability of equipment and specialists

Availabihity and rehabihity of the components of the alternative

Ability to monitor the effectiveness of the alternative

Demonstrated performance level of the treatment components and equipment
Dafficulty in implementing future remedial actions once the alternative 1s 1n place

The RCRA mmplementability standard also requires addressing these same considerations for each
alternative  The implementability evaluation 1s required to identify the administrative and
coordmated local, State, and federal requirements The CAP guidance requires identification
of necessary permits

417 Cost

Cost 15 a cnterion under the NCP regulations and RCRA CAP guidance It 1s one of the
balancing criteria under the NCP  Cost is to be evaluated via the capital costs, long-term

* operation and maintenance (O&M) costs, and post-closure costs Present worth costs are used

to compare expenses of each alternative that occur over different time periods. By discounting
all costs to a common base year, the cost of each alternative can be reduced to a single figure
for comparative analysis This report assumes a discount interest rate of 5 percent (as specified
in the CMS/FS gwidance) to calculate the present worth of each alternative In addition, a
maximum implementation period of 30 years has been used for alternative analysis.

Cost can be a significantly different from one alternative to another and may be the major
difference in providing equivalent long-term effectiveness and permanence An alternative with
an excessive cost when compared to overall effectiveness may not be feasible as a preferred
alternative. Also, an alternative with a low initial capital cost may have a larger total cost when
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O&M is considered Hiagher costs may be offset by improved performance or greater long-term
risk reduction in the comparative analysis of alternatives. However, the alternative that satisfies
the CERCLA requirements 1in the most cost-effective manner 1s selected as the preferred

alternative

418 State Acceptance

State (and community) acceptance of the proposed preferred alternative are modifying criteria
according to the NCP regulations and the RCRA CAP guidance on public involvement Changes
to the proposed corrective measures may be made after consideration of public comments and
a determination by CDPHE that changes are necessary to the preferred altermative State
acceptance refers to CDPHE’s or other state agencies’ comments on the appropriateness of the
proposed preferred alternative CDPHE'’s concerns about the preferred alternative and other
alternatives are to be assessed as early 1n the regulatory process as practicable, usually in the
remedial action plan/proposed plan The State’s comments on ARARs or proposed use of
wavers are to be addressed by the lead agency

419 Community Acceptance

The community acceptance cniteria/public mnvolvement policy of the NCP regulations and RCRA
CAP guidance 1s the last cniteria to be evaluated prior to final selection of a remedy. The DOE,
EPA, and the State will evaluate the 1ssues and concerns raised by the public 1n their comments
on the proposed remedial action plan/proposed plan Interested people or groups in the
community may support, have reservations about, or oppose some components of the preferred
alternative; their concerns may influence the final selection of an alternative in the CAD/ROD

42  Background Analyses

Background analyses have been conducted to obtain data to assist in the detailed analysis of
alternatives including establishing groundwater monitoring requirements, groundwater modeling,

OU-1 CMS/FS Report
881 Hillside Area
February 1995 4-12



and residual nisk assessment. Each of these analyses are described 1n the following subsections

421 Groundwater Monitoring

Groundwater monitoring 1s included as part of each alternative presented in this report For the
purposes of the detailed analysis of alternatives, 1t 1s assumed that a performance monitoring
system would be used to comply with the RCRA regulations New wells would be installed
including one deep cluster and one shallow well cluster downgradient of IHSS 119 1 and
possibly two additional wells upgradient of Woman Creek It 1s suggested that installation of
the well clusters be preceded by geological and geophysical support such as photographic
hneament analysis or three-dimensional seismic surveys This would enable paleochannels and
faulted zones to be clearly 1dentified prior to the well installations

Samples would also be collected semiannually from the French Drain  Samples would be
analyzed for orgamic and inorgamc contammants including mndividual species of norganic
contaminants to identify individual metal species with a potential to bioaccumulate This
additional analysis should not be a routine component of the sampling program

4.2 2 Groundwater Modeling

Groundwater modeling has been performed to support the detailed analysis of the alternatives

Groundwater modeling was completed to predict downgradient contaminant concentrations
resulting from suspected DNAPL sources at IHSS 119.1. Three conceptual models were
identified and used to predict future contaminant concentrations at the downgradient side of the
French Drain and 1n the alluvium of Woman Creek (Alternative 0) The No :Action model was
used to examine contaminant migration patterns with no source removal and decommissioning
the French Drain The Institutional Controls model (Alternative 1) was used to examine
contaminant migration patterns with the French Drain and extraction well in operation The
remediation model (Alternatives 3, 4, and 5) was used to examine the effect of remediating the
suspected sources within THSS 119.1 to the PRGs, and to predict downgradient concentrations
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once this goal was achieved. Based on the modeling results, the historic use of the site, and the
sporadic nature of the observed contamination, it is assumed that the contamination occurred
because of small episodic spills and that large pools of DNAPL do not exist

The model 1s
because

considered to be conservative (1 e, overpredicts contaminant concentrations)

It 1s two-dimensional and does not simulate dispersion transverse to the plane of
the model Therefore, the concentrations are consistently overestimated by the
model

The model assumes a constant groundwater flow when the site frequently has
periods of either low flow or no flow

The model converged well with actual conditions at the site as indicated by

Convergence with observed hydraulic conductivities and groundwater flow rate
and direction It indicates that the advective transport rates of the model are
simular to actual conditions

Simulation of the ohserved sporadic nature of the contaminant concentrations
The sporadic nature indicates that the source 1s intermattent, as the groundwater
table rises, 1t contacts the residual DNAPL 1n the subsurface soil which results
in some partitioning to the groundwater

Accurate prediction of the effects of the French Drain and the extraction well on
the hydrologic system at the site

In general, the results of the model indicated that.

1

Contaminant concentrations are always overpredicted by the model. The
implications of this are* (1) estimated exposure concentrations are conservative
because they bound observed concentrations, (2) alternate source locations and
conditions (such as a source located somewhere outside the plane of the model,
or a source with a different release mechanism such as diffusion from fractures
in bedrock) are indirectly accounted for by the model, a different source is
unlikely to result in lgher predicted concentrations, (3) spreading of a source
caused by degradation and subsequent generation of a contaminant along a
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flowpath 1s also accounted for by the model because the estimated concentrations
are much higher than actually observed, (4) predictive simulations overestimate
contaminant concentrations because they are based on the same concepts as the
calibrated model, and (5) if the model was more realistic, the simulated
concentrations would be smaller and more consistent with observed data, which
would translate into smaller concentrations under the predictive simulations

- The model simulates relatively well the oscillatory behavior observed 1n actual
concentrations This supports the concept that the source penodically releases
solutes and that the timing 1s related to seasonal variations 1n chimatic conditions.

- The model accurately predicts the effects of the French Drain and the extraction
well The nise in simulated 1,1-DCE and 1,1,1-TCA concentrations in Figures
B-27 and B-25, respectively, that occur around 1992 is caused by simulating the
operation of the French Drain which started construction in November 1991 and
fimshed in Apnil 1992 The mnise 1n concentrations 1s caused by the increased
hydraulic gradient resulting from the installation and operation of the French
Drain which pulls groundwater more rapidly towards Well 0487 The simulated
concentrations begin decreasing around 1993 when the extraction well started
operating The gradients are reduced when the extraction well 1s simulated
because it pulls groundwater away from Well 0487 The observed concentrations
vary in the same manner The similarity between the model and observed
varniations 1n concentrations leads to the conclusion that the observed vanations
are caused by the nstallation and operation of the French Drain and extraction
well That the model simulates this behavior underscores the conclusion that the
model 1s an accurate and adequate representation of site conditions The spiking
effect caused by the French Drain 1s observed 1 all contaminants.

Sensitivity analyses were completed for porosity, decay rate, adsorption, and hydraulic
conductivity. The sensitivity shown for adsorption decreased with time as the effect of the decay
rate increased on the contaminant concentrations. The analysis for porosity also indicated an
overriding effect of decay as time progressed Hydraulic conductivity was consistently the most
sensitive parameter chosen for the analyses and should affect transport rates and dispersion.
Therefore the hierarchy of sensitivity for the parameters chosen for the analyses 1s

Hydraulic Conductivity > > > > Decay > > Porosity and Adsorption

Because the model converged well with observed hydraulic conductivities, it was assumed that
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the model was calibrated well with the actual hydrologic system

The computer simulation code TARGET _2DU (Dames & Moore 1985) was used to sumulate
contaminant transport in the subsurface at OU-1 TARGET_2DU 1s a vertically-oniented, finite
difference model that can simulate vanably saturated conditions This model was selected due
to the variability of the saturated zone at OU-1, and because 1t has been successfully applied at
other Superfund sites to support final CADs/RODs Detailed assumptions and uncertainties
associated with the model are included in Appendix B The model will be available for public
use m 1995

In examining the results of the modeling effort, PCE, TCE, 1,1-DCE, 1,1,1-TCA, and CC],
were selected as contaminants at the site A list of the peak concentrations, predicted for the

contaminants at the French Drain and Woman Creek for each alternative 1s found 1n Table 4-1

For the No Action Alternative, concentrations rise and then remain constant for the remainder
of the modeling period For the Institutional Controls with the French Drain Alternative, the
peak concentrations occur at the beginning of the model They continue to decrease with time
For the remediation alternatives, Alternatives 2 through 5, concentrations rise for a short time

then decrease for the remainder of the modeled period

The three conceptual models were also used to estimate residual risk levels associated with the
remedial action alternatives proposed 1n this section

4 2 3 Residual Risk Assessment

The residual risk assessment, presented in Appendix C, documents the approach and calculations
used to estimate risks associated with the proposed alternatives. To select the most appropriate
pathways and contaminants, the results of the OU-1 PHE were reviewed.

Groundwater modeling was performed to estimate the contaminant concentrations in
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groundwater, using the three conceptual models for OU-1. The results were then compared to
contammant-spectfic PRGs for OU-1  Using these results from groundwater modeling,
noncarcinogenic hazard indices and carcinogemc risks were calculated The results indicate that
none of the calculated noncarcinogemic hazard indices approach 1 and that the maximum
calculated carcinogemic nisk, 1 2E-05, 1s for the No Action scenario The acceptable
carcinogenic risk range 1s 10 to 10° Noncarcinogenic hazards greater than 1 can indicate a
potential for adverse effects to human health The carcinogemc risks and noncarcinogenic
hazards for each alternative are listed in Table 4-1

4 3 Detailed Analysis of Alternatives

The detailed analysis of alternatives evaluates the two threshold and five balancing criternia for
each alternative The analysis 1s conducted at a level of detail that builds on the information
presented 1n Section 3 and 1s sufficient to provide an understanding of each alternative Any
uncertainties associated with the evaluation are also identified in the detailed analysis Key
trade-offs, with respect to the critena, are 1dentified for the altermatives According to the
CMS/FS guidance, the results of the detailed analysis are designed to provide the basis for
1dentifying a preferred alternative for the remedial action

Assumptions used 1n performing the detailed analysis of alternatives mclude the following

. DNAPLs are potentially present in the subsurface soil at IHSS 119.1 based on the
results of the Phase IIl RFI/RI report. If present, it 1s assumed that they are
prnimarily 1n residual form and in small quantities

° Groundwater monitoring proposed under each ‘alternative will include sampling
and analysis at the French Drain sump and potentially a new performance
monitoring system at OU-1. The locations would be sampled semiannually and
analyzed for both organic and inorganic contaminants.

o A soil gas survey will be conducted prior to initiating any of the proposed
treatment actions to more accurately define areas at OU-1 that require treatment.
For purposes of the detailed analysis a 100 ft x 100 ft x 20 ft area located at the
drum storage at IHSS 119.1 is used for the treatment area.
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Table 4-1.
Predicted Peak Contaminant Concentrations and Human Health Risks

Performance Monitoring Location

Downgradient of Upgradient of
Alternative French Drain Woman Creek*
Alternative 0 No Action
Predicted Peak Concentrations, pug/f®°
PCE 10 5 7E-02
TCE 1,050 44
1,1-DCE 022 3 1E-06
1,1,1-TCA 38 1 0E01
CCl, 18 7 TE-04
Carcinogenic Risk?
Resident 1 2E-05 3 3E-08
Worker 9 2E-12 3 1E-15
Noncarcinogenic Hazard Index’
Resident o4 2 4E-04
Worker I 1 1608 2 SE-11
Alternative 1 Institutional Controls with the French Dram
Predicted Peak Concentrations, ug/f"°
PCE 20 3 1E-02
T(;E - 420 23
1,1-DCE 1 8E-03 1 4E-07
1,1,1-TCA 52 4 8E-02
ccl, 012 2 3E-04
Carcinogenic Risk®
Resident If 3 3807 3 SE-09
Worker ‘ I 6 1E-14 2 4E-16
Noncarcimogenic Hazard Index® )
Resident 2 9E-03 2 3E-05
Worker [3 OE-10 1 8E-12

OU-1 CMS/FS Report
881 Hiliside Area
February 1995

4-18




Table 4-1.
(Continued)

ll II Performance Monitoring Location

— Alternatn: _“ wdimt of UEdient of
Predicted Peak Concentrations, ug/f>°
PCE 65 3 2E-02
TCE 820 31
1,1-DCE 022 3 1E-06
1,1,1-TCA 23 4 SE-02
ccl, 18 7 TE-06
Carcinogenic Risk®
Resident | 6 7E-07 1 2E-08
Worker [ o 8E-14 1 OE-15
Noncarcinogenic Hazard Index*
Resident I 5 6E-03 8 2E-05
Worker I 5 0E-10 6 SE-12

Alternative 3: Groundwater Pumping and Soil Vapor Extraction with Thermal Enhancement

Predicted Peak Concentrations, ug/£"°

PCE 65 3 2E-02
TCE 820 31
1,1-DCE 022 3 1E-06
1,1,1-TCA 23 4 8E-02
ccl, 18 7 TE-06
Carcinogenic Risk?
Resident [ 6 7607 1 2E-08
Worker I o 8E-14 10E-15
Noncarciogemc Hazard Index’
Resident 5 6E-03 8 2E-05 1
| worker 5 OE-10 6 SE-12 |
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Table 4-1.

(Continued)
" Performance Monitoring Location
Alternative Downgradient of Upgradient of

Alternative 4: Hot Air Injection with Mechanical Mixing

Predicted Peak Concentrations, ug/€°°

PCE 65 3 2E02
TCE 820 31
1,1-DCE 022 3 1E-06
1,1,1-TCA 23 4 8E-02
ccl, 18 7 7E-06
Carcinogenic Rusk*
Resident [ 6 7607 1 2E-08
Worker [ 9 8E-14 1 OE-15
Noncarcinogenic Hazard Index® 7
Resident " 5 6E-03 8 2E-05
Worker || 5 0E-10 6 SE-12
Alternative 5. Soil Excavation with Groundwater Pumping
Predicted Peak Concentrations, ug/£>°
PCE 65 3 2E-02
TCE 820 31
1,1-DCE 022 3 1E-06 .
1,1,1-TCA 23 4 8E-02
ccl, 18 7 TE06
Carcinogenic Risk?
Resident 1 2E-08
i Worker 10E-15
u Noncarcinogenic Hazard Index® ‘
Resident 8.2E-05
Worker |65B12 H

—

* Actual peak concentrations should be less than modeled concentrations since operation of the French Dramn was not
mcluded m the groundwater model under remediation scenarios
b predicted by groundwater model TARGET 2DU (Dames & Moore 1985)

® PRGs are PCE 5 ug/t, TCE 5 ug/t, 1,1-DCE 7 ug/t, 1,1,1-TCA 200 ug/t, and CCl, 1 ug/t

4 Acceptable nsk range 1s 10 to 10°¢ per the NCP

° Hazard index greater than 1 indicates a potential for adverse human health effects
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In the comparative analysis, a qualitative sensitivity analysis 1s performed to assess the major
assumptions whach, if incorrect, could sigmficantly impact the results of the detailed analysis of
the alternatives

This section documents the detailed analysis of the proposed alternatives in the following

subsections

o Alternative 0 No Action
° Alternative 1  Institutional Controls with the French Drain
e  Alternative 2 Groundwater Pumping and Soil Vapor Extraction

e  Altemative 3 Groundwater Pumping and Soil Vapor Extraction with Thermal
Enhancement

. Alternative 4 Hot Air Injection with Mechamical Mixing

. Alternative 5  Soil Excavation with Groundwater Pumping

431 Alternative 0. No Action

The evaluation of the two threshold and five balancing critena for Alternative 0 No Action 15
summarized 1n the followﬁlg subsections

4311 erall tion of Hum d vi nt

The degree of protection for human health and the environment 1s not increased from the current
conditions under the No Action Alternative. Similarly, the exposure potential 1s not decreased
by the alternative. It relies on natural degradation processes such as dispersion, volatilization,
and biodegradation to gradually reduce contaminant concentrations so the time for the site to
undergo full remediation by natural degradation 1s difficult to predict.

Chemical specific ARARs are currently not in compliance with the State groundwater standards,
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according to groundwater monitoring results Under the No Action Alternative, the site would
remain noncomphant with the State’s Basic Groundwater Standards (5 CCR 1002-8, 3 11.5),
according to modelled conditions In addition, the RCRA CAP crtenia for controiling
contamination 1s not satisfied by the alternative This alternative may provide long-term
effectiveness primarily because the natural degradation processes are essentially irreversible
There are conditions that can exist, however, that allow the byproduct or endproduct of a
degradation process to be more hazardous to the environment and human health than the onginal
contammant In addition, conditions at the site may allow some of the degradation process to

reverse or remain 1n flux

Groundwater modeling indicates that the carcinogenic risk at the downgradient side of the French
Drain 1s below the acceptable risk range of 10* to 10° The carcinogenic risk at the alluvium
of Woman Creek 1s within the acceptable risk range The noncarcinogemic hazard indices for
the French Drain and Woman Creek do not indicate a potential for adverse effects to human
health Because the current site conditions do not change, there are no increases in potential
nisks to the public, workers, or the environment under the No Action Alternative It 1s assumed

that current health and safety practices will continue to protect workers and visitors to the site

4312 m With Applicable or Relev A

Three types of ARARs, chemical-specific, action-specific, and location-specific, are evaluated
for each alternative. The following sections evaluate the key ARARs specific to this alternative.

Chemical-Specific ARARs

The results of groundwater monitoring from 1989-1994 indicate that the State Basic Standards
for Groundwater (5 CCR 1002-8,3.11.5) are currently exceeded bemeath OU-1. Specific
chemical concentrations which exceed standards are CCl,, 1,2-DCA, 1,1-DCE, 1,2,-DCE(cis),
DCE, 1,1,1-TCA, and TCE
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Review of the groundwater modeling results of the chemicals present beneath QU-1 from 1969
to 2029, and the hydrogeological conditions, indicate that the peak concentrations of
contaminants probably would not comply with the State Basic Standards for Groundwater at the
French Drain  Peak concentrations of contaminants at Woman Creek, except for TCE,
probably would comply with the State Basic Standards for Groundwater Results of the
modeling also indicate that the concentrations of TCE at the French Drain may exceed the State
Groundwater Standards beyond the year 2029, the limit of the groundwater model The results
of the model reflect the high solubility of TCE 1n water and a steady-state modelled flow of
groundwater conditions Assumptions of the model include a continuous source of groundwater
contamination without the French Drain operating nor implementation of any other remediation
technology Explanation of the model and further discussions of the results of modeling are 1n
Appendix B

Action-Specific ARARs

Since contaminants would be left in place at the THSSs at OU-1, a plan to monitor contaminants
would be required at the tume of closure A RCRA performance monitoring system would be
mmplemented with this alternative for 30 years or more Momnitoring of the organic and morganic
constituents would be conducted 1n accordance with Subpart F of the State RCRA regulations
(6 CCR 1007-3, 264 93-264 98) Momtoring would be conducted until 1t 1s determined that the
contaminants are in comphiance with the State Basic Standards for Groundwater (5 CCR 1002-8,
3.11.5) The state groundwater standards for the contaminants are selected for monitoring since
the RCRA regulations do not have protection standards for the contaminants, except for

selemmum

Corrective action would only be monitoring for as long as necessary to achieve the state
groundwater standards at the selected pomnt of comphance. Maintenance and monitoring of
constituents would be required to be conducted for more than 30 years, based on modeling
results The performance monitoring system would operate until there is no exceedances of
groundwater standards for three consecutive years. The post-closure period would be
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determined by the time 1t takes for natural degradation and dispersion of contaminants
Implementation of this alternative would require a determination by CDPHE that the corrective
action 1s protective of human health and the environment. Such a determination 1s not likely,
since this alternative would not meet RAOs In addition, a pomnt of compliance for the
performance monitoring systems would need to be selected to demonstrate comphance with the

RCRA corrective action requirements and the ground water protection standard (Subpart F)

There would not be any air emissions associated with this alternative therefore the RCRA and

air pollution control program regulations are not ARARs
tion- ific

Alternative 0 would comply with the laws and regulations specific to wetlands and threatened
and endangered or species of special concern When the French Drain 1s decommissioned, the
wetland and ripanan habitat may temporanly decrease 1n size The anticipated long-term effect
1S a net gain m wetland acreage The CDOW will be consulted for advice on mitigation

measures to lessen the effects of the French Drain decommissioning

4 313 Long-Term Effectiveness and Permanence

The No Action Alternative involves groundwater monitoring for 30 years This alternative
should not provide additional protection for human health, the environment, and ecological
receptors because operation of the French Drain, which currently appears to be effective in
capturing contaminated groundwater, would be discontinued unde{ this alternative.

Groundwater modeling indicates that the No Action Alternative’s carcinogenic risks at the
French Drain and Woman Creek are within or below the acceptable risk range of 10* to 10°.
The noncarcinogenic hazard indices for the French Drain and Woman Creek do not indicate a
potential for adverse effects to human health
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The alternative does not address treatment of the source nor does it control the source The
French Drain would not be operational and there 1s a possibility that contaminated groundwater
may migrate from OU-1 Five-year reviews would be required to determine the effectiveness
of this alternative until the contammant concentrations are consistently below the PRGs and the

agencies agree that the site 1s not a cause for concern
4 3 14 Reduction of Toxicity, Mobihty, or Volume Through Treatment

The No Action Alternative will not satisfy the NCP preference for treatment as a principal
element of an alternative It does not treat groundwater and subsurface so1l nor does 1t control
the pnmary contaminant source Simularly, no wastes are created as a result of this alternative
except for wastes created during well installation such as decontamination water and drll

cuttings

The No Action Alternative reduces the toxicity, mobility, or volume of contaminants only
through natural degradative processes such as volatihization The remediation time for natural
degradation may be long even with low 1nitial contaminant concentrations, however 1t 1s assumed

for this alternative that groundwater momtoring will be required for at least 30 years

4315 Short-Term Ei;fectlvgnesg

The No Action Alternative does not offer any additional protection for human health and the
environment. Because no remedial actions are implemented, there are no additional short-term
nisks to the local community, workers, ecological receptors, or the environment. Existing health
and safety procedures a€ the site are assumed to offer effective protection for workers and
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visitors. Adherence to appropriate health and safety measures will be required for as long as
monitoring activities are continued at OU-1

4 3 1 6 Implementability

The No Action Alternative 1s easily implemented because its only component 1s long-term
groundwater monitoring and the nstallation of a performance monitoring system It should not
be mited by the availability of services and matenials nor are there any sigmficant techmcal or

admmstrative difficulties associated with this alternative

Normally, natural degradative processes are irreversible and result 1n compounds that are less
hazardous than the onginal compounds There are conditions that can exist, however, that allow
the byproduct or endproduct of a degradative process to be more hazardous to the environment
and human health than the original contarninant In addition, conditions at the site may allow

some of the degradative process to reverse or remain in flux

4317 Cost

Capntal costs associated with the No Action Alternative include the completion of four
groundwater momtoring wells, and post-closure costs consist of groundwater momtoring for 30
years There are no O&M costs anticipated for this alternative Total capital cost of this
alternative 1s $63,800, and the post-closure expenditures total $1,740,400 The total cost for
this alternative 1s $1,804,200 A detailed cost estimate 1s included 1n Appendix A

The evaluation of the two threshold and five balancing criteria for Alternative 1- Institutional
Controls with the French Drain is summarized in the following subsections

OU-1 CMS/FS Report
881 Hillside Area
February 1995 4-26




Alternative 1 will be protecive of human health and the environment assuming that the
mstitutional controls are properly implemented, the French Drain and Building 891 water
treatment system continue operation, and the site 1s not abandoned during the institutional control
period The potential for exposure 1s reduced by removing contaminated groundwater at the
French Drain  Other nstitutional controls may include restrictions on well construction, well

installation, zoming, and property transfers

The French Drain would capture contaminated groundwater for treatment thereby preventing
potential downgradient migration of contaminants The alternative does not involve significant
disturbance of the site so short-term risks will be mimmized for workers and the environment
It 1s assumed that standard health and safety procedures will be sufficient to protect on-site
workers and visitors Compliance with action-specific ARARs can be achieved with this

alternative as the area of disturbance 15 mmimal for decommissioning the French Drain

Chemical-specific ARARs can be met using the French Drain and institutional controls
Modeling indicates that State groundwater standards (the PRGs) would be met, with the possible
exception of TCE, at Woman Creek and the French Drain Natural degradation 1s expected to
be a factor mn long-term effectiveness and comphiance with the ARARs because of the low
contamimnant concentrations at IHSS 119.1 The institutional controls are also a factor in

determmning the long-term effectiveness of this alternative

Alternative 1 meets the RCRA CAP crnitenia for attaiming groundwater cleanup standards for all
of the contaminants, with the possible exception of TCE TCE concentrations at th; French
Drain do not meet the groundwater PRGs during the modeling time frame and may not meet
them until the source of contamination 1s depleted.

Carcmogenic nisks at the French Drain and Woman Creek are below the acceptable range of 10*
to 10, The noncarcinogenic hazard indices for the French Drain and Woman Creek do not
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indicate a potential for adverse effects to human health

In Alternative 1, DNAPL contamination 1s controlled by passive contamnment and collection of
groundwater rather than active remediation This type of action 1s usually well-suited to sites,
such as OU-1, that have low aquifer transmssivity, low projected groundwater use, and low

mtial contaminant concentrations

Reduction 1n contaminant concentrations at the primary contaminant source and in groundwater
should occur over time The actual remediation time 1s dependent on the locations and volumes
of the DNAPL contamnation which are not certain at this tme Therefore, groundwater
monttoring will be used to deternine when the primary contaminant source 1s no longer

considered an issue

4 3 2 2 Comphance With Applicable or Relevant and Appropriate Requirements

Three types of ARARs, chemical-specific, action-specific, and location-specific, were evaluated
for this alternative The following sections discuss the key ARARs specific to this alternative

Chemucal-Specific ARARs

The results of groundwater momtoring from 1989-1994 indicate that the State Basic Standards
for Groundwater (5 CCR 1002-8,3 11 5) are currently exceeded at OU-1 contaminants which
exceed the standards are PCE, TCE, 1,1-DCE, 1,2-DCA, 1,2-DCE(cis), CCl,, and 1,1,1-TCA

Concentrations at the French Drain and Wo;nan Creek were modeled to determine if Alternative
1 would comply with the ARARs. Review of the groundwater modeling results from 1969-2029
indicates that in all probability the concentrations of contaminants will be reduced to below the
Basic Standards for Groundwater (5 CCR 1002-8, 3.11.5). According to the modeling results
TCE, CCl, DCE, 1,1-DCE, and 1,1,1-TCA would comply with the state groundwater standards
by the year 2010 at the Woman Creek location. In addition, the organic contaminant
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concentrations would likely comply with the State Basic Standards for Groundwater at the
French Drain  Although the peak concentrations of TCE remain above the TCE groundwater
standard, according to the modehing results, the model conservatively assumes an infinite source
Peak concentrations of TCE would 1n all probability be collected by the French Dramn and
treatment system and be reduced with time to below the groundwater standard Assumptions
of the model and discussion of results are 1n Appendix B

Action-Specific ARARs

The French Dramn will collect contaminated groundwater for treatment for as long as 1s necessary
to consistently achieve the State groundwater standards However, some contamination may be
left due to the uncertainty of the location and volume of the contaminants, the sporadic nature

of groundwater movement, and the climatic conditions at QU-1

Comphiance with 6 CCR 1007-3, 264 90 and 264 101 of the State RCRA program 1s required
at OU-1 Since some contaminants would be left 1n place, a plan to monitor contaminants would
be required at the time of closure @A RCRA performance momtoring system would be
mplemented with this alternative for as long as 1s necessary to demonstrate comphance with the
state groundwater standards at the selected point of compliance Momtoring of the organic and
iﬂorgamc constituents would be conducted 1n accordance with Subpart F of the State RCRA
regulations (6 CCR 1007-3, 264 93-264 98) A post-closure period of 30 years would be
mtiated with CDPHE The State Basic Standards for Groundwater (5 CCR 1002-8, 3 11 5) are
identified as the momtoring levels since the RCRA regulations do not have the organic
cm}taminants listed 1n the groundwater protection standards of 40 CFR 264.94.

Corrective action would be conducted as long as necessary to achieve the state groundwater
standards at the selected pomnt of compliance. Maintenance and monitoring of constituents is
required until the performance monitoring system indicates no exceedances of the groundwater
standards for three consecutive years. The period to achieve compliance depends on the
effectiveness of the water treatment system as well as natural degradation. Implementation of
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this alternative would require a determination by CDPHE that the corrective action 1s protective
of human health and the environment In addition, a point of comphance for the performance
monitoring system would need to be selected to demonstrate comphance with the RCRA
corrective action requirements and the groundwater protection standard (Subpart F)

Other action-specific ARARS, such as the Colorado Water Quality Control Act effluent
Iimitations for the water treatment system, would be comphed with durning operation of the

system

The State air pollution regulations and RCRA hazardous air pollutant standards would not be an
ARAR for this alternative since there are not technologies or facihities which could be a source

of emissions

Location-Specific ARARS

Alternative 1 would undergo a significant disruption when the French Drain 1s scheduled for
decommissiomng Decommissioning the French Drain will temporarily disturb wetlands and
niparian areas around the drain  The short-term effect of the decommission may be a loss of
wetland acreage but the long-term effect 1s expected to be a net gain in wetland acreage
Mitigation measures will be used to minimize the impacts and to comply with regulations,on
wetland protection and threatened and endangered or species of special concern.

4 323 Long-Term Effectiveness and Permanence

Under this alternative, the French Drain removes contaminated groundwater migrating from
IHSS 119.1, the area south of Building 881, and the western portion of IHSS 119.2 It 1s
expected that natural degradation will be a significant factor in ensuning long-term effectiveness
for this alternative because of the low contaminant concentrations. Groundwater monitoring will
be conducted at the site until the contaminant concentrations are consistently below the PRGs
and the agencies agree that the site is no longer a cause for concern. For the purposes of this
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detailed analysis, the period for groundwater momtoring is 30 years. Every 5 years a review
will be conducted at the site to determine the alternative’s effectiveness and degree of

permanence

Human health risks may be reduced at the site by restricting access to wells at the site and
prohibiting construction 1n the area The alternative can provide some long-term protection for
human health and the environment provided the institutional controls remamn in place

Carcinogenic risks at the French Drain and Woman Creek are below the acceptable risk range
of 10* to 10° The noncarcinogemc hazard indices for the French Drain and Woman Creek do

not indicate a potential for adverse effects to human health

The French Drain passively collects groundwater rather than actively remediating the site  The
theory behind the alternative 1s that groundwater containment should adequately protect human
health and the environment The theory 1s corroborated for the contaminants by the groundwater
model, with the possible exception of TCE, and the human health risk calculations The model
mdicates that groundwater should meet the PRGs for the contaminants at Woman Creck with the
possible exception of TCE Because of the uncertainty regarding the location and volume of the
pnmary contaminant source, groundwater collection and treatment should continue until the
groundwater consistently meets the PRGs to increase the degree of permanence achieved by the

alternative

Wastes generated as a result of this alternative will be managed according to applicable
regulations Waste types include spent GAC and regenerant solutions from ion-exchange resins
Regenerant solution will be treated in the Building 891 water treatment system by pH
neutralization and evaporation in Building 374 The spent GAC will be sent offsite for
regeneration There are no significant risks associated with handling the ion-exchange resins or
shipping the spent GAC
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4324 n_of Toxi Mobilr r Volum T nt

Alternative 1 does not actively remediate the pnimary source of contammnation However,
operation of the French Dramn will reduce the mobility and volume of contaminants
groundwater at OU-1 contaminant toxicity will be reduced when the groundwater 1s treated by
UV/Peroxide 1n the Building 891 water treatment system

The Building 891 treatment system currently operates with high removal efficiencies for all of
the contaminants except for CCl, It 1s expected that the GAC umt from OU-2 will be added
to the Building 891 water treatment system and this modification will make 1t possible for the
system to effectively treat CCl, Wastes generated from this alternative include regenerant
solution from 10n-exchange resins and spent GAC which 1s sent offsite for regeneration The
regenerant solution 1s transferred to the Building 891 water treatment system for pH
neutralization and sent to Building 374 for evaporation

contammant removal through groundwater extraction 1s irreversible, however contamination 1n
soul at IHSS 119 1 may continue to contaminate groundwater through infiltration Degradation
and/or removal of the ccntaminants should eventually be achieved but may require an extended
perniod of time

~

4 325 Short-Term Effectiveness

Protection of human health and the environment should not increase under this alternative
because 1t does not change the processes already in place at the site. The components of
Alternative 1, mstxtutlonz;l controls and operation of the French Drain, should not incur
additional risks to the public, on-site workers, ecological receptors, or the environment.
Existing safety measures used for permanent workers and visitors should offer effective and
reliable protection at OU-1 Adherence to appropriate health and safety measures will be
required for as long as monitoring activities are continued at OU-1.
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The 1mpact at Woman Creek is mimmal and does not represent a departure from the current
impacts under the IM/IRA The groundwater model indicates that surface water standards for
Woman Creek should be met for all of the contaminants with the possible exception of TCE
However, nisk-based calculations indicate that the carcinogemc nisk and noncarcinogenic hazard

are below the acceptable limits

4 3 2 6 Implementability

Alternative 1 should not hmit the options for future remediation 1f 1t 1s deemed necessary It
1s easily implemented because the only addition to current site conditions 1s the implementation
of institutional controls The benefits of the current operations should not be significantly

increased

The rehiability of the French Drain and Building 891 water treatment system 1s well documented
in the IM/IRA reports The planned addition of a GAC umit to the Building 891 water treatment
system to remove CCl, does not present any significant difficulties since the GAC unit exusts
onsite and 1s readily available Groundwater momitoring will continue until the groundwater
consistently remains below the PRGs and the agencies agree that the site 1s no longer a cause
for concern For the purposes of the detailed analysis, a 30-year period of monitoring 1s

assumed for the site

Implementability of this alternative 1s not mited by the availabihity of services and materals
associated with this alternative Institutional controls proposed under this alternative, such as
deed or well restrictions, could be implemented with no sigmficant admimstrative problems

4327 Cost

Capital costs associated with Alternative 1 include the installation of four groundwater
monitoring wells, the O&M costs include operation of the Building 891 water treatment system
for 30 years, and the post-closure costs consist groundwater momtoring for 30 years. Total
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capital cost for this alternative 1s $63,800, the total O&M cost 1s $5,761,200, and the total post-
closure cost is $1,740,400 The total cost of this alternative is $7,565,400 A detailed cost
estimate for this alternative is included in Appendix A

433 Alternative 2 Groundwater Pumping and Soil Vapor Extraction

The evaluation of the two threshold and five balancing critenia for Alternative 2 Groundwater
Pumping and So1l Vapor Extraction 1s summarized in the following subsections

4 3 31 Overall Protection of Human Health and the Environment

Alternative 2 should be protective of human health and the environment because it extracts and
remediates contaminated groundwater and soil vapor The exposure potential at the site 1s
reduced by remediating the primary contaminant source and reducing contaminant concentrations
to the PRGs SVE and groundwater extraction will decrease contaminant mobility and volume

The French Drain will capture contaminated groundwater and prevent downgradient migration

of contaminants for 10 years after remediation 1s completed

The RCRA CAP cnteria for controlling contamination sources should be satisfied by the
components of this alternative It should also meet the RCRA CAP criteria for attaining }:leanup
standards for all of the contaminants except possibly TCE Groundwater modehng indicates that
the contaminant concentrations, except perhaps TCE, should be below the PRGs at the
downgradient side of the French Drain and the alluvium of Woman Creek

Woman Creek is an intermittent stream which requires protection for ecological receptors‘under
various regulatory programs. Chemical-specific ARARs for OU-1 should be met by
groundwater extraction and SVE, based on results of groundwater monitoring Woman Creek
surface water standards should be met for human and ecological receptors

Alternative 2 is easily implemented because of the availability and mobility of SVE systems.
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The degree of permanence depends on the degree to which the primary contaminant source 1s
remediated by the SVE system Fractured bedrock and low aquifer transmissivity may not be
amenable to rapid and complete remediation of DNAPL sources In addition, the locations of
DNAPL sources are not well-known For SVE and groundwater extraction to completely
remediate DNAPL, the well should be located within or near the DNAPL source Otherwise,
the extraction rate depends on the passive partitioning capability of the compound to
groundwater

Thas alternative would remediate the primary contaminant source at IHSS 119 1 Carcinogenic
nisks at the French Drain and Woman Creek are currently below the acceptable risk range of 10
to 10, therefore implementation of this alternative should lower the risk range well below 1 n
1,000,000 Noncarcinogenic hazard indices for the French Drain and Woman Creek do not
indicate a potential for adverse effects to human health

The implementation phase of Alternative 2 should be completed 1n 4 years depending on the soil
properties, contaminant concentrations, carbon type, and volumes of contaminated subsurface
soil and groundwater During implementation, there should be no additional short-term risks
to the public Potential nisks to on-site workers include exposure to contaminants in
contaminated groundwater and soil vapor and safety hazards associated with drilhing and
construction activities Rusks will be mimmized through standard health and safety practices

Three types of ARARSs, chemical-specific, action-specific, and location-specific, are evaluated
for each alternative. The following sections evaluate the key ARARSs specific to this alternative.

Chemical-Specific ARARs

The results of groundwater monitoring from 1989-1994 indicate that the State Basic Standards
for Groundwater (5 CCR 1002-8,3.11.5) are currently exceeded beneath OU-1. Specific
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chemical concentrations which exceed standards are PCE, 1,2-DCA, 1,1-DCE, 1,2,-DCE(c1s),
CCl,, 1,1,1-TCA, and TCE

Organic chemical concentrations have been modeled to reflect remediation activities at OU-1
using groundwater monitoring results and the knowledge of hydrogeological conditions The
results of groundwater modeling of the chemicals indicate that Alternative 2 would comply with
Basic Standards for Groundwater 10 years after implementation of remediation, assuming the
French Drain 1s mn place The French Drain location would achieve the State Basic Standards
after the 10th year, with the exception of TCE, according to the modeling results However the
steady-state model assumes the source of contamination remains during the period of
remediation  contaminants at the location of Woman Creek would comply with the State
Groundwater Standards sooner than 10 years after remediation Assumptions of the model and
results of the model are discussed 1n Appendix B

Action-Specific ARARs

Some contaminants would be left in place at the IHSSs (other than 119.1) within OU-1 The
sources at IHSS 119 would be remediated to reduce contaminant concentrations Collection of
the mobile contaminants in groundwater at the French Dramn and subsequent treatment of
contaminants 1 the water treatment system would continue for as long as 1s necessary to achieve
the State groundwater standards There 1s a potential for some contaminants to be left in place
at some of the IHSSs since groundwater movement 1s sporadic and subject to climatic conditions

Comph;mce with 6 CCR 1007-3, 264 90 and 264 101 of the State RCRA program is required
at OU-1 Comphance with either the RCRA definition of point of compliance or the State
groundwater regulatory definition, will depend upon the selection of a point of compliance
location by EPA, CDPHE, and DOE.

A plan to monitor contaminants would be required for the post-closure period A RCRA

OU-1 CMS/FS Report
881 Hillside Area
February 1995 4-36



performance monitoring system would be implemented with this alternative and would probably
be needed for 10 years after remediation according to a review of modeling results Monitoring
of the orgamic and norganic constituents would be conducted 1n accordance with Subpart F of
the State RCRA regulations (6 CCR 1007-3, 264 93-264.98) Montoring would be conducted
untl 1t 1s determned that the contaminants are 1n comphiance with the State Basic Standards for
Groundwater (5 CCR 1002-8, 3 115) The state groundwater standards are selected for
momtoring since the RCRA regulations do not have protection standards for the contaminants,

except for selentum

Corrective action would be conducted as long as necessary to achieve the state groundwater
standards at the selected point of comphance Maintenance and monitoring of constituents 1s
required to be conducted for 30 years unless the performance monitoring system indicates no
exceedances of groundwater standards for three consecutive years and a shortened period of time
1s approved by CDPHE According to the results of the modeling, the time period for requiring
momnutoring could be 10 years after source remediation, however an imtial post-closure pertod
of 30 years would be imtiated with CDPHE Implementation of this alternative would require
a determmation by CDPHE that the corrective action 1s protective of human health and the
environment The pomt of compliance for the performance momitoring system would need to
be selected to demonstrate comphiance with the RCRA corrective action requirements and the
groundwater protection standard (Subpart F)

Other action-specific ARARS, such as the Colorado Water Quality Control Act effluent
limitations for the water treatment system, would be complied with during operation of the
system

The SVE system may be considered to be a temporary RCRA unit because the it treats
hazardous waste constituents. Therefore the requirements of Subpart S (6 CCR 1007-3,
Subsection 264 553) are applicable. In addition, any pre-filters, HEPA filters, and GAC used
to remove VOCs 1n the off-gas treatment system should comply with the following provisions:
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. Identification of hazardous waste (Part 261)
o Air emussion standards for process vents (Subsection 264 1033)

o Arr emussion standards for equipment leaks (Subsections 264 1052, 264.1054 and
264 1057)

] Land disposal restrictions (Part 268)

It 1s anticipated that the operation and mobilization/demobilization of the SVE treatment unit and
treatment residuals should comply with the applicable requirements of RCRA, and CHWA

The Colorado Sohid Waste Regulations (6 CCR 1007-2) are an ARAR for disposal of any
residual matenals that are not hazardous waste If solhid waste disposal 1s necessary, 1t should
be 1n accordance with the regulations

Installation of additional extraction and momtoring wells should be 1 accordance with the
Colorado Water Well and Pump Installation Regulations (2 CCR 402-2)

Location-Specific ARARS

Alternative 2 should comply with laws and regulations regarding weilands and threatened and
endangered or special concern species There may be a short-term impact to wetlands from
decommuissioning the French Drain but the anticipated long-term effect 1s an increase 1 wetland
areas Mitigation measures will be used to mimimize effects of the alternative on wetland habatat
m and near OU-1 The CDOW will be consulted, prior to disturbing wetland habutat, to

implement adequate mitigation measures for protection of Preble’s meadow jumping mouse

4 3.3 3 Long-Term Effectiveness and Permanence

The primary contaminant source at IHSS 119.1 should be remediated under Alternative 2 The
French Drain will continue to capture any contaminated groundwater still migrating from IHSS
119.1, after the SVE umt 1s removed. Groundwater modeling indicates that the groundwater
OU-1 CMS/FS Report
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should achieve the State groundwater standards after 10 years. However, the French Dramn
would operate until the groundwater meets PRGs Natural degradation, in addition to the SVE
unit, will be a factor 1n ensuring long-term effectiveness A 5-year review of the site 1s required
to determine if the most effective remedy 1s still being used at OU-1

In general, SVE and groundwater extraction are proven technologies for remediating
contaminated sites However, the degree of permanence after remediation will depend on the
extent of DNAPL contamination outside of IHSS 119 1 The geology of OU-1 may not be
amenable to rapid and complete remediation of DNAPL contamimnation The soil has a low
permeability and may develop preferential vapor channeling or short-circuiting A cap, such as
a geotextile fabric, will be placed around each SVE well to mimmmize the tendency for short-
circuiting The location of DNAPL at the site 1s still uncertain and, to ensure complete
remediation, the SVE and groundwater wells should be located within or near the source
Otherwise, the extraction rate will strictly depend on the contaminant’s partition coefficient

Alternative 2 should provide long-term protection for potential human receptors by minimizing
the human health nisk associated with contaminated groundwater The calculated carcinogenic
risks for the French Drain aand Woman Creek are below the acceptable risk range of 10* to 10
Noncarcinogenic hazard indices for the French Drain and Woman Creek do not indicate a
potential for adverse effects to human health

4 3 3 4 Reduction of Toxicity, Mobulity, or Volume Through Treatment

Alternative 2 satisfies the NCl? preference for treatment as a principal element of an alternative.
Groundwater extraction and SVE should reduce the volume and mobility of contaminants in
groundwater and the unsaturated zone, respectively. Groundwater extraction and SVE will
reduce the volume by physically removing the contaminants. Removing the contaminants will
also reduce their mobility by preventing potential migration.

Extracted groundwater will be treated in the Building 891 water treatment system using UV/
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H,0, and 1on-exchange processes. UV/H,0, is a destructive treatment process and will decrease
the contaminant toxicity. During ion-exchange resin regeneration, the toxicity will be decreased
because the regenerant will be treated to destroy the contaminants. contaminant toxicity will also
be reduced as the GAC from the SVE process 1s regenerated offsite

Wastes generated as a result of this alternative will be managed according to applicable
regulations Types of wastes include spent GAC from the off-gas treatment system and Building
891 water treatment system, hquid from the SVE vapor/hquid separator, regenerant solution
from 10n-exchange resins 1n the Building 891 water treatment system, and wastes associated with
well nstallation such as drll cuttings and decontamination water The spent GAC will be
shipped offsite for regeneration and regenerant solution will be sent to Buillding 374 for
evaporation The decontamination water and liquid from the SVE liqud/vapor separator will
be sent through the Building 891 water treatment system There are no significant human health
or environmental risks associated with handling the 1on-exchange resins and shipping the spent
GAC

4.3 3 5 Short-Term Effectiveness

Short-term effectiveness will be achieved through the SVE and groundwater extraction system
operations  Potential short-term impacts on the environment mclude minor disturbances to
subsurface soil and displacement or loss of vegetation during well installation activites The
decommussion of the French Drain may temporarily decrease wetland acreage but it 1s expected
that the long-term effect will be an increase in the number of wetland acres.

Short-term risks to the public are mimmal for Alternative 2 Risks to workers during
remediation include potential exposures to contaminants in extracted groundwater or soil vapor
and safety hazards associated with drilling and other construction activities. Rusks to workers
will be minimized through standard construction health and safety procedures
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43 3.6 Implementability

Alternative 2 1s easily implemented because SVE and groundwater extraction are commonly used
technologies that do not require umque or unusual equipment The implementability of this
alternative should not be limited by the availability of services and matenals nor should there
be significant administrative difficulties The combination of low contaminant concentrations
and soil permeability may make it more difficult to implement the altenative An SVE
treatability study at OU-2 has been discontinued with a recommendation to not use SVE at the
site

The ability to perform future remedial actions, if any, should not be limited by using SVE and
groundwater extraction A performance monitoring program will monitor the concentration of
contaminants for 13 years or more after completion of SVE Vapor and radiological monitoring

programs will be implemented during construction and remediation

Vapor extraction wells can be installed using standard drilling techmques and construction
materials Operation of the SVE system should not require highly specialized personnel or
tramng A vapor monitoring program will be conducted at portals near the wells and the GAC
umnts to determine the SVE system’s efficiency and approximate replacement rates for the GAC

-~

4337 Cost

Costs for Alternative 2 include costs of the following items.

Soil gas survey (approximately 100 probes)

Three groundwater extraction wells (6-inch diameter, 20-foot depth)

36 vapor extraction wells (4-inch diameter, 20-foot depth)

Three vapor extraction systems with blowers and filters

Activated carbon adsorption system (2 vessels containing 1,500 pounds each)
Associated piping, pumps, and instrumentation

Four groundwater momitoring wells (6-inch diameter, 20-foot depth)
Operation of the building 891 water treatment system

Groundwater monitoring
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The total capital cost for Alternative 2 1s $925,600 The total O&M cost is $5,287,700
assuming operation of the Building 891 treatment system durning the four-year SVE treatment
period, and 10 years following completion of SVE The total post-closure cost of this alternative
18 $833,300 1ncluding groundwater momtoring for 13 years following completion of remediation
The total cost of this alternative 1s $7,046,600 A detailed cost estimate 1s included 1n Appendix
A

4 3 4 Alternative 3 Groundwater Pumpin d Vapor Extraction with Therm
Enhancement

The evaluation of the two threshold and five balancing criteria for Alternative 3 Groundwater
Pumping and Soil Vapor Extraction with Thermal Enhancement 1s summanzed 1n the following

sections
43.4.1 Ove n of Human H d Environment

Alternative 3 protects human health and the environment by removing DNAPLs from
groundwater and remediating the subsurface soil in-situ  The potential for exposure 1s reduced
by remediating the primary contaminant source and reducing contaminant concentrations in
groundwater to the PRGs SVE and groundwater extraction will reduce contaminant mobility

and volume

The RCRA CAP criteria for controlling contamination sources will be satisfied by the
components of this alternative It will also meet the RCRA CAP cnitera for attaining cleanup
standards for all of the contaminants, except possibly TCE Groundwater modeling indicates
that the peak contaminant concentrations, except perhaps TCE, would achieve PRGs at Woman
Creek Peak PCE, TCE, and CCl, concentrations are above the PRGs at the French Drain but
the groundwater model does not account for the operation of the French Drain after the
alternative is implemented. The French Drain should still be collecting groundwater at the time
of the peak concentrations
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Chemical-specific ARARs should be met by using SVE and groundwater extraction 10 years
after implementation of these technologies Woman Creek is an intermittent stream which 1s a
concern to the ecological receptors Surface water standards established for ecological receptors
should be met at Woman Creek

Protection of human health and the environment will be achieved by removal of the source to
the extent practicable The removal after remediation will depend on the location of the source
of contammnation For SVE and groundwater extraction to completely remediate DNAPL
sources, the wells must be located near or in the DNAPL source Otherwise, the extraction rate
depends on the passive partitioning capability of the compound The geology of OU-1 may also
not be amenable to rapid and complete remediation of DNAPL contamination Factors that can
be controlled such as groundwater and vapor extraction rates will be optimized to increase the
degree of remediation possible at the site

Groundwater should be protected downgradient of and within the OU-1 boundanies The French
Drain will capture groundwater for at least 10 years following completion of remediation before
being decommissioned Because models are based on assumptions about a site, groundwater
monitor:ng will be performed for an additional 3 years to ensure that contaminant concentrations
remain consistently below the PRGs.

RF heating may have an adverse effect on the subsurface soil due to the high temperatures
required by the in situ process While the elevated temperatures will increase the removal
efficiency of the contaminants, some subsurface and surface biota may not be able to withstand
the sustained high temperatures It 1s expected that the majority of biota will be able to
repopulaté itself within a reasonable amount of time

Alternative 3 can perhaps be implemented with few administrative difficulties because SVE and
groundwater extraction are well-known processes with documented performances. However,
an SVE treatability study at OU-2 has been discontinued because of low contaminant
concentrations at the site. RF heating is an mnnovative technology which could cause some
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dislocation of fauna and destruction of flora The areas currently targeted for this technology
are a distance from the ripanian habitat of Preble’s meadow-jumping mouse

Because Alternative 3 should remediate the primary contaminant source at IHSS 119.1, modeling
shows that the carcinogenic risks at the French Drain and Woman Creek should be below the
acceptable nisk range of 10¢ to 10° The noncarcinogenic hazards associated with this
alternative at the French Drain and Woman Creek do not indicate a potential for adverse effects
to human health

The implementation of SVE with thermal enhancement should be completed within 3 years
During implementation there are no unacceptable short-term nisks to the public, although there
may be some risks to flora and fauna at the site There may also be potential risks to on-site
workers from exposure to contaminated water or soill vapor in addition to safety hazards
associated with drilhing, construction activities, and operating the RF heating elements Rusks
will be mmmmized through standard health and safety practices

4 3 42 Comphance With Applicable or Relevant and Appropriate Requirements

Three types of ARARs, chemical-specific, action-specific, and location-specific, are evaluated
for each alternative The following sections evaluate the key ARARs specific to this alternative

hemical- 1fi

The results of groundwater monitoring from 1989-1994 indicate that the State Basic Standards
for Groundwater (5 CCR 1002-8,3 11.5) are currently exceeded beneath OU-1  Specific
chemical concentrations which exceed standards are PCE, 1,2-DCA, 1,1-DCE, 1,2,-DCE(cis),
CCl,, 1,1,1-TCA, and TCE.

Organic chemical concentrations have been modeled to reflect remediation activities at OU-1
using groundwater monitoring results and the knowledge of hydrogeological conditions The
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results of groundwater modeling of the chemicals indicate that Alternative 3 would comply with
Basic Standards for Groundwater 10 years after implementation of remediation, assuming the
French Drain 1s n place The French Drain location would achieve the State Basic Standards
after the 10th year, with the exception of TCE, according to the modeling results. However the
steady-state model assumes the source of contamination remans during the perniod of
remediation contaminants at the location of Woman Creek would comply with the State
Groundwater Standards sooner than 10 years after remediation Assumptions of the model and
results of the model are discussed in Appendix B

Action-Specific ARARS

The action-specific ARARs associated with Alternative 3 are the same as presented i Alternative
2 Comphlance with RCRA requirements for identification, storage, and disposal of hazardous
waste and organic air emassions and leaks should be achueved Complhiance with other action-
specific ARARSs 1s anticipated to be similar to the comphance discussed under Alternative 2.

Some contammants would be left 1n place at the IHSSs (other than 119 1) within OU-1 The
sources at IHSS 119 would be remediated to reduce contaminant concentrations Collection of
the mobile contaminants in groundwater at the French Drain and subsequent treatment of
contaminants 1n the water treatment system would continue for as long as 1§ necessary to achieve
the State groundwater standards There 1s a potential for some contaminants to be left in place
at some of the IHSSs since groundwater movement 1s sporadic and subject to climatic conditions

Comphiance with 6 CCR 1007-3, 264.90 and 264 101 of the State RCR;\ program is required
at OU-1 Compliance with either the RCRA definition of point of compliance or the State
groundwater regulatory definition, will depend upon the selection of a point of comphance
location by EPA, CDPHE, and DOE

A plan to monitor contaminants would be required for the post-closure period. A RCRA
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performance monitoring system would be implemented with this alternative and would probably
be needed for 10 years after remediation based on modeling results Momitoring of the organic
constituents would be conducted 1n accordance with Subpart F of the State RCRA regulations
(6 CCR 1007-3, 264 93-264 98) Momitoring would be conducted until 1t 1s determined that the
contaminants are in compliance with the State Basic Standards for Groundwater (5 CCR 1002-8,
3 115) The state groundwater standards are selected for monitoring since the RCRA
regulations do not have protection standards for the contaminants except for selentum

Corrective action would be conducted as long as necessary to achieve the state groundwater
standards at the selected pomnt of comphance Maintenance and momtorning of constituents 1s
required to be conducted for 30 years unless the performance monitoring system indicates no
exceedances of groundwater standards for three consecutive years and a shortened period of time
1s approved by CDPHE. According to the results of the modeling, the time period for requiring
monitoring could be 10 years after source remediation, however an initial post-closure period
of 30 years would be imtiated with CDPHE Implementation of this alternative would require
a determination by CDPHE that the corrective action 1s protective of human health and the
environment The point of comphance for the performance momtoring system would need to
be selected to demonstrate comphiance with the RCRA corrective action requirements and the
groundwater protection standard (Subpart F)

Other action-specific ARARS, such as the Colorado Water Quality Control Act effluent
limitations for the water treatment system, would be complied with during operation of the

system.

Location-Specific ARARs

Assuming additional extraction wells are placed away from the French Drain and Pond C-1,
destruction of riparian vegetation and fauna during thermal enhancement should be minimal
Compliance with DOE wetland protection regulations and the State’s law concerning non-game
species should be achieved 1f this alternative is implemented. Should it be necessary, riparian
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habitat will be replaced if it is destroyed by RF heating.

Impacts from decommissioning the French Drain may result in a short-term loss of wetlands
However, 1t 1s anticipated that the net effect of the decommissioning should be a long-term gain

1 wetland acreage

4 343 Long-Term Effectiveness and Permanence

Alternative 3 should remediate the pnimary contaminant source at IHSS 119 1 The French
Drain and extraction wells will extract contaminated groundwater for 10 years after
implementation of the SVE and RF heating Because models are based on assumptions about
a site, an additional 3 years of groundwater momtoring will be used to ensure long-term
effectiveness It 1s assumed that the low initial contaminant concentrations will be a factor in
ensuring long-term effectiveness A S-year review of the site will be conducted to determine

the effectiveness of the alternative

Alternative 3 may provide a igh degree of permanence because thermal-enhanced SVE should
remove more residual contaminants trapped within the subsurface soil at OU-1 than normal SVE
operation However, the degree of permanence after remediation will depend on the exact
location of the source of contaminants The locations of DNAPL are not well-defined and, for
SVE and groundwater extraction to completely remediate a site, the wells must be located near
or in the DNAPL Otherwise, the process depends on the passive partitioning capability of the
contaminant. In addition, the geology of OU-1 may not be amenable to rapid and complete
remediation of DNAPL contamination The soil has a low permeability and may develop
preferential vapor channeling or short-circuiting To minimize the tendency for short-circuiting,
a cap such as a geotextile fabric will be placed around each SVE well.

Long-term protection for human and ecological receptors should begin shortly after the
alternative is implemented The calculated carcinogenic risks at the French Drain and Woman
Creek, after implementation of this alternative, are below the acceptable risk range of 10* to 10-

OU-1 CMS/FS Report
881 Hillside Area
February 1995 4-47



1o

S. The noncarcinogenic hazards associated with this alternative at the French Drain and Woman
Creek do not ndicate a potential for adverse effects to human health A 5-year review will be
conducted to determine the continued effectiveness of this alternative

Wastes generated as a result of this alternative will be managed in compliance with applicable
regulations The wastes include hiquid from the SVE hquid/vapor separator, spent GAC from
the off-gas treatment system and Building 891 water treatment system, regenerants solution from
10n-exchange resins 1n the Building 891 water treatment system, and wastes associated with well
mnstallations such as drill cuttings and decontamination water. The SVE liquid/vapor separator
waste and the decontamination water can be sent to Bullding 891 The regenerant solution from
the 1on-exchange resins will be pH neutralized and sent to Bmlding 374 for evaporation The
spent GAC will be sent offsite for regeneration There are no significant risks associated with
handling the resins or shipping the spent GAC

4 3 4 4 Reduction of Toxicity, Mobility, or Volume Through Treatment

Alternative 3 satisfies the NCP preference for treatment as a principal element of the alternative
The volume and mobility of the DNAPLs are reduced through groundwater extraction and
thermally-enhanced SVE Physically removing the contaminants will reduce therr mobility by
preventing additional migration

Extracted groundwater and waste from the SVE hquid/vapor separator will be treated at Building
891 by UV/Peroxide and ion-exchange processes UV/H,0, is a destructive water treatment
process and results in decreased toxicity Spent GAC from the SVE off-gas treatment system
will be regenerated offsite resulting 1n an additional reduction m toxicity

Contaminated materials generated as a result of this alternative include GAC from the off-gas
treatment system and Building 891 water treatment system, liquid from the SVE liquid/vapor
separator, regenerants solution from ion-exchange resins in the Building 891 water treatment
system, and wastes associated with well installation such as drill cuttings and decontamination
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water The regenerants solution from ion-exchange resins will be pH neutralized and sent to
Building 374 for evaporation. The hiquid from the SVE separator and decontamination water
will be sent to Building 891 for treatment The spent GAC will be shipped offsite for treatment
There are no significant risks associated with handling the regenerant solution or shipping the
spent GAC

4 3 45 Short-Term Effectiveness

Protection of human health and the environment should begin shortly after implementing
Alternative 3  Potential short-term impacts on the environment include disturbance to the
subsurface soil and displacement or loss of vegetation during construction activities The RF
heating may adversely affect some subsurface biota due to high soil temperatures but 1t 1s
anticipated that the biota will repopulate within a reasonable amount of time Decommuissioning
the French Drain may result 1n a short-term loss of wetlands but 1t 1s anticipated that the net

effect of the decommussion should be a gain 1n wetland acreage

Potential short-term 1mpacts to the public are mimmal under Alternative 3  Potential risks to
workers during remediation activities include exposure to contaminants 1n extracted groundwater
or soil vapor There may be safety hazards associated with drilling and other construction
activities as well as with the operation - of the RF heat;ng devices Risks to workers will be
mimmized through standard health and safety practices

4 3 4.6 Implementabili

Alternative 3 can be readily implemented SVE and gr;undwater extraction are proven and
commonly-used technologies that do not require unique or unusual equipment Although RF
heating 1s a less common variation of the SVE process, it is available through specialized
vendors The implementability of Alternative 3 should not be limited by the availability of
services and materials nor should there be significant administrative difficulties Because of the
low soil permeability and contaminant concentrations, there may be technical difficulties in
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mmplementing a SVE system A treatability study at OU-2 indicated that SVE was not a good
option for that site

The ability to conduct future remedial actions, if necessary, should not be hmited by
mmplementation of thermally-enhanced SVE and groundwater extraction  Groundwater
momitoring will track potential movement of contaminants for at least 13 years Vapor and

radiological monitoring will be conducted during the construction and remediation

Vapor extraction wells will be installed using standard dnlling technmiques and construction
materials Operation of the basic SVE system should not require highly specialized personnel
or traming, however operation of the RF heating antennae may require special training or
assistance from the vendor The RF antennae can be installed in one or more of the vapor
extraction wells and moved from one well to another as required by the treatment process RF
heating does not produce treatment residual waste

A vapor momtoring program, conducted at the wells and GAC umts, will monitor the SVE
system’s efficiency and determine replacement rates for the GAC umts Spent GAC from the
off-gas treatment system and the Building 891 water treatment system will be sent offsite for
regeneration Ion-exchange resins from the Building 891 water treatment system will be
regenerated onsite and the regenerants solution pH neutralized and sent to Building 374 for
evaporation Liquid from the SVE hquid/vapor separator and decontamination water will be sent
to the Building 891 water treatment system

4 3.4.7 Cost

Costs for Alternative 3 include the following items

Soil gas survey (approximately 100 probes)

Three groundwater extraction wells (6-mnch diameter, 20-foot depth)

36 vapor extraction wells (4-inch diameter, 20-foot depth)

Four groundwater monitoring wells (6-inch diameter, 20-foot depth)

Three vapor extraction systems with blowers, filters, and other appurtenances
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GAC system (two skid-mounted units containing 1,500 pounds of GAC each)
RF heating umt

Associated piping, pumps, and mstrumentation

Operation of the building 891 water treatment system

Groundwater monitoring

The total capital cost of Alternative 3 1s $1,843,600 The total O&M cost 1s $4,798,200
assuming operation of the building 891 treatment system during the two-year SVE treatment
period, and for 10 years following SVE The total post-closure cost for this alternative is
$918,700 including groundwater monitoring for 13 years following completion of remediation
The total cost of this alternative 1s $7,560,500 A detailed cost estimate 1s included in Appendix
A

435 Alternative 4 Hot Air Injection with Mechanical Mixing

The evaluation of the two threshold and five balancing critenia for Alternative 4 Hot Aur
Injection with Mechanical Mixing 1s summarized n the following subsections

4.3.5.1 OQverall Protection of Human Health and the Environment

Alternative 4 protects human health and the environment by removing DNAPL contaminants
from subsurface soil and, if possible, groundwater at IHSS 119 1 The exposure potential 15
reduced by decreasing the volume of contaminants through groundwater extraction and
remediation of the primary contaminant source. The French Dramn and extraction wells will
decrease contamimnant mobility by capturing contaminated groundwater and preventing
downgradient migration of contaminants

The RCRA CAP cnteria for controlling contamination sources will be satisfied by the
components of this alternative It will also meet the RCRA CAP criteria for attamming cleanup
standards for all of the contaminants except possibly TCE. Groundwater modeling indicates that
the peak contaminant concentrations at Woman Creek, except perhaps TCE, will be below the
PRGs According to the model, TCE, PCE, and CCl, may not meet the PRGs at the French
OU-1 CMS/FS Report
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Drain, however the model does not include the French Drain which should be operating to
reduce peak concentrations

Alternative 4 should meet key ARARSs at the French Drain and Woman Creek The intermittent
stream status of Woman Creek, 1s a concern to ecological receptors Surface water standards
established for ecological receptors should be met at Woman Creek

Hot air mnjection may have an adverse effect on the soll at OU-1 due to the high soil
temperatures that are reached during operation While the elevated temperatures may increase
the effectiveness of the alternative, they may be harmful to some subsurface biota in the short
term It 1s expected that the biota will repopulate 1tself 1n a reasonable amount of time

Alternative 4 should provide permanence by remediating the primary contaminant area at IHSS
119 1 and reducing long-term risks to human health and the environment The degree of
permanence achieved at the site depends on the extent that the primary contaminant area 1s
remediated Uncertainties regarding the nature and extent of the DNAPL sources may limit the
degree of permanence achieved by Alternative 4

Because this alternative should remediate the source at IHSS 119 1, groundwater modeling
mdicates that carcinogemic risk levels at the French Drain and Woman Creek are below the
acceptable risk range of 10* to 10° Noncarciogenic hazard indices for the French Drain and
Woman Creek do not indicate a potential for adverse effects to human health

Thus alternative should be completed 1n approximately 1 year depending on the: actual volumes
of contaminated soil and groundwater, contaminant concentrations, and mobilization time. There
should be no additional short-term risks to the public during implementation. Potential health
nisks to on-site workers occur from exposure to contaminants in groundwater and soil vapor and
safety hazards associated with construction activities, hot air injection, and operation of the
mechanical mixer tool Risks will be minimized through standard health and safety practices
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Three types of ARARs, chemical-specific, action-specific, and location-specific, are evaluated
for each alternative. The following sections evaluate the key ARARSs specific to this alternative

The designation of ARARs for this alternative 1s the same as presented in Alternative 3
Alternative 4 should comply with chemical-specific, action-specific, and location-specific
ARARs

hemical-Specifi

The results of groundwater monitoring from 1989-1994 indicate that the State Basic Standards
for Groundwater (5 CCR 1002-8,3 11 5) are currently exceeded beneath OU-1 Specific
chemical concentrations which exceed standards are PCE, 1,2-DCA, 1,1-DCE, 1,2,-DCE(c1s),
CCl,, 1,1,1-TCA, and TCE

Organic chemical concentrations have been modeled to reflect remediation activities at OU-1
using groundwater monitoring resu'ts and the knowledge of hydrogeological conditions The
results of groundwater modeling of the chemicals 1ndicate that Alternative 4 would comply with
Basic Standards for-Groundwater 10 years after implementation of remediation, assuming the
French Drain 1s 1n place. The French Drain location would achieve the State Basic Standards
after the 10th year, with the exception of TCE, according to the modeling results However the
steady-state model assumes the source of contamination remains during the period of
remediation contaminants at the location of Woman Creck would comply with the State
Groundwater Standards sooner than lb years after remediation Assumptions of the model and
results of the model are discussed in Appendix B.

Action-Specific ARARs
Alternative 4, similar to Alternative 3, may enhance the volume of contaminants that can be
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extracted from the soil. Vapor momtoring will be used to determine the effectiveness of the
system and to ensure that breakthrough does not occur in the GAC systems

Some contaminants would be left in place at the IHSSs (other than 119 1) within OU-1 The
sources at IHSS 119 would be remediated to reduce contaminant concentrations Collection of
the mobile contammnants in groundwater at the French Drain and subsequent treatment of
contaminants in the water treatment system would continue for as long as 1s necessary to achieve
the State groundwater standards There 1s a potential for some contaminants to be left 1n place
at some of the IHSSs since groundwater movement 1s sporadic and subject to climatic conditions

Comphance with 6 CCR 1007-3, 264 90 and 264 101 of the State RCRA program 1s required
at OU-1 Comphiance with erther the RCRA defimition of point of comphance or the State
groundwater regulatory defimtion, will depend upon the selection of a pont of comphance
location by EPA, CDPHE, and DOE

A plan to monitor contaminants would be required for the post-closure penod A RCRA
performance monstoring system would be implemented with this alternative and would probably
be needed for 13 years or more after remediation according to the modeling results Momtoring
of the organic constituents would be conducted 1n accordance with Subpart F of the State RCRA
regulations (6 CCR 1007-3, 264 93-264 98) Monitoring would be conducted until 1t 1s
determined that the contaminants are in compliance with the State Basic Standards for
Groundwater (5 CCR 1002-8, 3 11.5). The state groundwater standards are selected for
monitoring since the RCRA regulations do not have protectron standards for the contaminants,

except for selemum.

Corrective action would be conducted as long as necessary to achieve the state groundwater
standards at the selected point of comphance Maintenance and monitoring of constituents 1s
required to be conducted for 30 years unless the performance momitoring system indicates no
exceedances of groundwater standards for three consecutive years and a shortened period of time
is approved by CDPHE. According to the results of the modeling, the time period for requiring

OU-1 CMS/FS Report
881 Hullside Area
February 1995 4-54



monitoring could be as short as 13 years after source remediation, however an imtial post-
closure period of 30 years would be initiated with CDPHE. Implementation of this alternative
would require a determination by CDPHE that the corrective action 1s protective of human health
and the environment. The pomnt of comphance for the performance momtoring system would
need to be selected to demonstrate compliance with the RCRA corrective action requirements
and the groundwater protection standard (Subpart F)

Other action-specific ARARS, such as the Colorado Water Quahty Control Act effluent
limitations for the water treatment system, would be comphed with during operation of the
system  Other action-specific ARARs should be comphed with in a manner sumilar to

Alternative 3

Location-Specific ARARS

It 1s assumed that mechamcal mixing, hot air injection, and extraction well installation will not
be completed 1n the riparian habitat near the French Drain and Pond C-1 Riparian habitat will
be replaced if 1t 1s madvertently destroyed by the hot air from the mechanmical mixer It 1s
anticipated that comphance with DOE and Colorado regulations conceming wetlands and
nongame species should be achieved with the implementation of this alternative

4 3 5.3 Long-Term Effectiveness and Permanence

Alternative 4 should protect human health and the environment by removing contaminated
groundwater and remediating contaminated soil at IHSS 119 1. The French Drain will extract
and treat contaminated groundwater at IHSS 119.1 until the groundwater 1s reduced below the
PRGs. Groundwater modeling indicates that the groundwater should be free from DNAPL
contamination within 10 years. Because groundwater models are based on assumptions about
a site, however, three additional years of momtoring and operation of the French Drain will be
conducted to ensure that the groundwater remains below the PRGs The additional monitoring
and collection should provide long-term effectiveness and minimize the risk to human health and
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the environment The low contaminant concentrations and natural degradation should also be
a factor m providing long-term effectiveness

The carcinogenic risks from IHSS 119 1 at the French Drain and Woman Creek are below the
acceptable nisk range of 10* to 10 primarily because the DNAPL contamination 1s remediated
at IHSS 119 1 Noncarcinogenic hazard indices at the French Drain and Woman Creek do not
indicate a potential for adverse effects to human health

The mechanical mixer-hot air injection process should provide a large degree of permanence if
the primary contaminant source 1s fully remediated The process maximizes the chance for full
remediation by providing a homogenous mixture, high airflow through the soil, and an increased
soll permeability for ease of removing contaminants Uncertainties regarding the nature and
extent of the DNAPL contamination may limit the permanence of this alternative A S-year
review of the alternative will be used to determmne the degree of remediation achieved by the

mechanical mixer-hot air injection process

Wastes generated as a result of this alternative will be managed in comphance with apphicable
regulations The wastes mclude hiquid from a SVE hiquid/vapor separator, spent GAC from the
off-gas treatment system and Building 891 water treatment system, regenerant solution from 1on-
exchange resins 1n the Building 891 water treatment systém, and wastes associated with well
mnstallation such as dnll cuttings and decontamination water The liquid/vapor separator waste
and the decontamination water can be sent to Building 891. The regenerant solution from the
1on-exchange resins will be pH neutralized and sent to Building 374 for evaporation The spent
GAC will be sent offsite for regeneration. There are no significant risks associated with
handling the regenerant solution and shipping the spent GAC

4354 n_of Toxi il Vol T

Alternative 4 should satisfy the NCP preference for treatment as a principal element of an
alternative. Removing DNAPLs from the subsurface soil and groundwater will effectively
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reduce the mobility and volume of contaminants at IHSS 119.1 The mechanical mixer-hot air
injection process should increase the so1l permeability and volatilization rate thereby increasing
the volume of contaminants that can be removed from the subsurface soil Groundwater
extraction will reduce the contaminant volume in groundwater and the French Drain will prevent
potential migration of the contaminants outside of OU-1 Remediating the subsurface soil and
groundwater will reduce contaminant mobility by preventing potential downgradient migration

Extracted groundwater and waste from the hiquid/vapor separator will be treated by UV/H,0,,
1on-exchange, and GAC processes in the Building 891 water treatment system UV/H,0, 1s a
destructive treatment process and will result 1n decreased contaminant toxicity GAC from the
off-gas treatment system will be regenerated offsite resulting 1n reduced contaminant toxicity

Wastes generated as a result of this alternative will be managed 1n complhiance with applicable
regulations The wastes include hqud from a hquid/vapor separator, spent GAC from the off-
gas treatment system and Building 891 water treatment system, regenerant solution from 1on-
exchange resins mn the Building 891 water treatment system, and wastes associated with well
mstallation such as drill cuttings and decontamination water

4355 Short-Term Effectiveness

Protection of human health and the environment should begin shortly after implementing
Alternative 4 Short-term 1mpacts on the environment include soil disturbance and displacement
or loss of vegetation during remedial activiies The hot air injection and mechanical mixing
may affect some sqbsurface biota due to the high temperatures that are reached during operation,
but it 15 expected that the biota will repopulate itself within a reasonable amount of time

Groundwater modeling for Alternative 4 indicates that the peak concentrations at Woman Creek
are below the surface water standards. The actual peak concentrations should be less than the
modeled concentrations because the model assumed that the Freach Drain would be
decommissioned when the alternative was implemented Ecological receptors may be more
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affected by Woman Creek’s mtermittent stream status than by the contaminant concentrations

Potential short-term impacts to the public are mimimal under this alternative Potential risks to
workers during remediation include exposure to contaminants 1n extracted groundwater and soil
vapor Workers may also be exposed to health and safety hazards associated with the operation
of the mechamcal mixer Mixing the soil may increase the risks associated with operating heavy
equipment because of the increased possibility of unstable soll The risks will be mimmized
through standard heailth and safety practices

4 3 5 6 Implementability

Although the technology is not as common as other applicable technologies, equipment for hot
air myection and mechanical mixing 1s available from specialized vendors Alternative 4 should
not have any significant admimstrative difficulties, unless the hot air injection and mechanical

muxang are conducted 1n the riparian habitat areas along Woman Creek

The technology may be difficult to implement due to the instability of the claystone soil found
at OU-1 Safety hazards may occur during remediation because the mixing may increase the
possibility for slope failures by decreasing the soil’s cohesive properties Also, the treatment
zone may become completely mixed, saturated, and soft as the remediation progresses
Installing the necessary dewatering and momtoring wells into the treatment zone may be difficult
if a dnll ng cannot be driven onto the soil

43.5.7 Cost

Costs for Alternative 4 include the following items:

So1l gas survey (approximately 100 probes)

Four groundwater monmtoring wells

Mechanical mixing unit (including off-gas treatment)
Associated piping, pumps, and instrumentation
Operation of the building 891 water treatment system
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. Groundwater monitoring

The total capital cost for Alternative 4 1s $1,781,400 The total O&M cost 1s $3,113,000
including operation of the Building 891 treatment system for 10 years following the completion
of remediation The total post-closure cost 1s $1,120,700 including groundwater monitoring for
13 years following completion of remediation The total cost of this alternative 15 $6,015,100
A detailed cost estimate 1s included in Appendix A

4 3 6 Altermative So1l Excavation with Groundw.

The evaluation of the two threshold and five balancing criteria for Alternative 5  Soil

Excavation with Groundwater Pumping 1s summarized 1n the following subsections
4361 Overall Protection of Human H

Alternative 5 will be protective of human health and the environment by using a combination
of so1l excavation, groundwater extraction, and treatment of contaminated soil and groundwater

The exposure potential 1s reduced at the site by decreasing the contaminant concentrations
through groundwater extraction and removal of the primary contaminant source. The French
Drain will capture contaminated groundwater and prevent downgradient mugration of

contaminants

The RCRA CAP standard for controlling contamination sources will be satisfied by the
components of Alternative 5. Alternative 5 will also meet the RCRA CAP standard for attaimng
cleanup standards for all of the contaminants with the possible exception of TCE ‘ Groundwater
modeling indicates that the peak contaminant concentrations, except perhaps TCE, will be below
the PRGs at Woman Creek PCE, TCE, and CCl, may not meet the PRGs at the French Drain
but the groundwater model assumed that the French Drain operation would be discontinued when
Alternative S is implemented
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The soil excavation and groundwater extraction of Alternative 5 should allow OU-1 to meet
chemical-specific ARARs at the French Drain and Woman Creek. Woman Creek, as an
intermittent stream, 1s a concemn for ecological receptors. Surface water standards should also
be met at Woman Creek for both human and ecological receptors  Alternative 5 will provide
long-term effectiveness because it removes the source of contamination, offers a high degree of
permanence, and should be an effective method for removing DNAPLs from the site The
degree of permanence 1s dependent on the extent to which the sources in THSS 119 1 are
remediated Uncertainties regarding the actual nature and extent of the DNAPL sources may
Iimit the degree of permanence achieved by Alternative 5

Alternative 5 may have a sigmificant impact on the environment due to the large excavation, soil
storage, and transportation requirements Excavating the source area will adversely impact the
flora, fauna, and subsurface biota of the area It is anticipated that proper mitigation and
reclamation measures will mimmize long-term effects from this alternative However, 1if the
Preble’s meadow jumping mouse becomes a Federally protected Endangered/ Threatened species,
the consultation process with U S Fish and Wildlife may require additional unanticipated

measures

The carcinogenic nisk levels associated with DNAPLs at the French Drain and Woman Creek
under this alternative are lower than the acceptable risk range of 10 to 10 because the primary
source of contamination 1s removed through excavation and the contaminant groundwater plume
1s captured by the French Drain The noncarcinogenic hazards associated with the alternative
at the French Drain and Woman Creek do not indicate a potential for adverse effects to human
health

It is anticipated that treatment of contaminated soils should be completed within 1 to 2 years of
implementation depending on the contaminant concentrations, subsurface soil volume, and the
capacity of the thermal desorption umit. During implementation, there is a potential for risk to
the public due to contaminated fugitive dust generated during the excavation, transportation, and
storage of large volumes of subsurface soil. Rusks to the public should be minimized by using
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dust suppressants, 1 e , water, to suppress the fugitive dust during transport and the construction
of a roof or other cover for the storage areas. Potential risks to workers may occur from
exposure to contaminants in groundwater, soil, and fugitive dust Workers may encounter safety
hazards associated with operating excavation/backfill equipment and the thermal desorption unit
Rusks to workers will be minimized through standard health and safety practices

4.3 6.2 Comphiance With Applicable or Relevant and Appropniate Requirements

Three types of ARARSs, chemical-specific, action-spectfic, and location-specific, are evaluated
for each alternative The following sections evaluate the key ARARs specific to this alternative

The ARARs associated with this alternative are very similar to those presented and discussed for
Alternatives 3 and 4. Alternative 5 should comply with chemical-specific, location-specific, and
action-specific ARARS

Chemical- 1fic

The results of groundwater monitoring from 1989-1994 indicate that the State Basic Standards
for Groundwater (5 CCR 1002-8,3 11 5) are currently exceeded beneath OU-1  Specific

“chemical concentrations which exceed standards are PCE, 1,2-DCA, 1,1-DCE, 1,2-DCE(c1s),

CCl,, 1,1,1-TCA, and TCE

Organic chemical concentrations have been modeled to reflect remediation activities at OU-1
using groundwater momtoring results and the knowledge of hydrogeological conditions The
l:esults of groundwater modeling of the chemicals indicate that Alternative 5 would comply with
Basic Standards for Groundwater 10 years after implementation of remediation, assuming the
French Drain is 1n place The French Drain location would achieve the State Basic Standards
after the 10th year, with the exception of TCE, according to the modeling results. However the
steady-state model assumes the source of contamination remains during the period of
remediation contaminants at the location of Woman Creek would comply with the State
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Groundwater Standards sooner than 10 years after remediation Assumptions of the model and
results of the model are discussed in Appendix B

Action-Specific ARARs

Some contammants would be left in place at the IHSSs (other than 119 1) within OU-1 The
sources at THSS 119 would be remediated to reduce contaminant concentrations Collection of
the mobile contaminants in groundwater at the French Drain and subsequent treatment of
contaminants 1n the water treatment system would continue for as long as 1s necessary to achieve
the State groundwater standards There 1s a potential for some contaminants to be left in place

at some of the IHSSs since groundwater movement 1s sporadic and subject to climatic conditions

Compliance with 6 CCR 1007-3, 264 90 and 264 101 of the State RCRA program 1s required
at OU-1 Comphiance with either the RCRA defimtion of pomnt of comphance or: the State
groundwater regulatory defimition, will depend upon the selection of a pomnt of comphance
location by EPA, CDPHE, and DOE

A groundwater momtoring plan would be required for the post-closure period A RCRA
performance monitoring system would be implemented with this alternative and would probably
be needed for 13 years or more Monitoring of the organic and morganic constituents * would
be conducted 1in accordance with Subpart F of the State RCRA regulations (6 CCR 1007-3,
264 93-264 98) Momitoring would be conducted until it 1s determined that the contaminants are
in comphance with the State Basic Standards for Groundwater (5 CCR 1002-8, 3 11.5) The
state groundwater standards are selected for monitoring since the RCRA regulations do not have
protection standards for the contaminants, except for selenium

Corrective action would be conducted as long as necessary to achicve the state groundwater
standards at the selected point of comphiance Maintenance and monitoring of constituents 1s
required to be conducted for 30 years unless the performance monitoring system indicates no
exceedances of groundwater standards for three consecutive years and a shortened period of iume
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1s approved by CDPHE According to the results of the modeling, the required monitoring
peniod is 10 years after source remediation, however an 1nitial post-closure period of 30 years
would be mtiated with CDPHE Implementation of this alternative would requure a
determination by CDPHE that the corrective action is protective of human health and the
environment The pomnt of comphance for the performance momitoring system would need to
be selected to demonstrate complhiance with the RCRA corrective action requirements and the
groundwater protection standard (Subpart F)

Subsurface soils at OU-1 contain hsted hazardous wastes, and are potentially regulated under
Subtitle C of RCRA  Delisting of the treated soils at OU-1 1s a potential option as the treated
soil should meet the RCRA delhisting requirements in A Giade to Delisting of RCRA Wastes for
Superfund Remedial Responses (OSWER # 9347 3-09FS) Delisting of the treated soils would
allow disposal of the soils on-site The delisting process can require two years of agency review
and approval

Site-specific treatability study data may become available from other OUs in the future Data
provided by the supphier of the thermal desorption umit shows that treatment of similar wastes
has resulted 1n constituent levels below the dehisting criteria, the Maximum Allowable
Concentrations (MACs) The constituents found 1n the subsurface soil that are listed wastes are

carbon tetrachloride

tetrachloroethene

1,1,1-tnchloroethane

trichloroethene

toluene

Xylenes .

The treated so1l should pose no significant threat to groundwater and would be fully protective

of human health and the environment

Verification testing in all likelihood would need to be performed after treatment to confirm
delisting levels The verification testing would include analysis for total and TCLP leachate
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concentrations  Venfication tesing would be performed using the appropnate QA/QC
procedures

It 1s possible that EPA’s proposed definition and treatment standards for hazardous soil could
be promulgated prior to the final CAD/ROD It 1s anticipated that this alternative should meet
any changes to the definition and treatment standards for hazardous so1l Other action-specific
ARARS, such as the Colorado Water Quality Control Act effluent limitations and stormwater
regulations should be comphied with during the remedial activities The State’s air pollution
regulations should not be an ARAR since there are no technologies or facilities at OU-1 which

could be a source of emissions
n- 1f1

Dewatering will involve placing a PVC pipe from the excavation to the French Drain  Although
the construction area mnvolved in the activity would be small, there may be a short-term impact
to riparian and wetland areas around the French Drain  Mitigation measures will be used to
mummize the disruption, however any destroyed niparian areas will be replaced or created
according to DOE wetland regulations

Alternative 5 may result n adverse effects to threatened and endangered species or species of
special concern at the site Mitigation measures will be discussed with the CDOW to minimize
habitat disruption and to comply with regulations for species such as the Preble’s meadow-
jumping mouse Should the mouse become a Federally protected species, consultation with the
U S Fish and Wildlife Service will be nitiated to comply with Section 7 of the Endangered
Species Act. l

4.3 6 3 Long-Term Effectiveness and Permanence

The excavation to bedrock and dewatering components of Alternative 5 will sigmificantly reduce
potential risks to human health and the environment by removing contaminated groundwater and
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subsurface soil The French Dramn and Building 891 water treatment system will continue to
extract and treat contaminated groundwater until concentrations at the IHSS are reduced below
the PRGs Groundwater modeling indicates that the contaminated groundwater should be
removed after 10 years Because groundwater models are based on assumptions rather than
known quantities at a site, an additional 3 years of momtoring will be conducted to achieve the

groundwater PRGs

The carcmogenic nisks for the French Drain and Woman Creek are below the acceptable risk
range of 10* to 10° because the contaminated soil and groundwater are removed from the
treatment area The noncarcinogenic hazard indices associated with the French Dran and
Woman Creek do not indicate a potential for adverse effects to human health

Following treatment of the primary contaminant source, contaminated groundwater within QU-1
may continue to nugrate away from IHSS 119 1 Modehng indicates that, because of the French
Drain and the source removal, groundwater should meet PRGs for the contaminants at Woman
Creek thereby providing long-term effectiveness and minimizing human health risks
Alternative 5 should provide a high degree of permanence if the sources at IHSS 119 1 are fully
remediated Uncertainties regarding the nature and extent of the DNAPL sources may limit the
degree of permanence achieved by the alternative A 5-year review should be conducted to
determine the effectiveness of this alternative

To further provide long-term protection and minimize human health nisk, excavated soil will be
managed according to applicable regulations and treated to below LDR standards or levels of
concern Disposal will be at a permitted TSD facility with the possibility of on-site disposal,
if approved by CDPHE through the petition process There should be no significant risks
associated with handling nonradioactive treated soil.

Alternative 5 satisfies the NCP preference for treatment as a principal element of an alternative.
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It should effectively and 1rreversibly reduce the mobility and volume of contaminants in OU-1
by removing the prumary source of contammnants from the subsurface and groundwater
Excavating an estimated 17,500 cubic yards of soil within the treatment zone will reduce the
volume of contammants in subsurface soil in both the saturated and unsaturated zones
Removing the source of the contaminants will also reduce contaminant mobility by preventing
potential migration Dewatering the treatment area of an estimated 80,000 gallons of

groundwater will reduce the contaminant volume and mobility

Treating the contaminated soil will reduce the contaminant volume and toxicity in the soil prior
to disposal at a properly permitted TSD facility or potentially onsite In addition, extracted
groundwater will be treated using the UV/H,0,, 1on-exchange, and GAC processes 1n the
Building 891 water treatment system UV/H,0, 1s a destructive and irreversible process and will
decrease contammnant toxicity

Wastes generated as a result of this alternative include regenerant solution from 1on-exchange
resins and GAC from the Building 891 water treatment system, treated soil, and wastes from
well mnstallation such as dnll cuttings and decontamination water The secondary wastes
produced during treatment and the processes used to treat these wastes include.

. Regeneration of the 1on-exchange resins resulting in a SOlllthIl that will be treated
at the Building 374 BEvaporator

o Spent GAC that will be sent offsite for regeneration

° Decontamination water that will be sent to Building 891 for treatment by the
UV/H,0, and ion-exchange processes

. The treated soil and wastes such as drill cuttings will be managed according to
applicable regulations before being transported to a permitted TSD facility.

There should be no sigmificant nisks associated with handling the wastes or shipping
nonradioactive treated soil
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43 6 5 Short-Term Effectiveness

Protection of human health and the environment should begin shortly after the excavation 1s
completed for Alternative 5 However, the alternative may have sigmficant short-term impacts
on human health and the environment such as potential worker and public health exposure to
fugitive dust created during the excavation, transportation, and storage of excavated soil
Additional short-term effects include the displacement or destruction of vegetation

Alternative 5 will have a significant short-term impact on the immediate environment due to the
large excavation and materal transportation requirements. Excavating the contaminant source
area will adversely impact the site flora, fauna, and subsurface biota Mitigation measures will

be used to mmimize the impact.

During implementation of Alternative 5, there may be a risk to the public due to potentially-
contaminated dust generated during the excavation, transportation, and storage of large quantities
of surficial and subsurface soil Management of the soil will comply with 40 CFR Part 122.26,
Part 264, and DOE orders Stormwater controls would be employed to reduce runoff at the site

Methods such as creating a three-sided building with a roof or other cover for storage areas to
mummize fugitive dust will assist in mimmizing exposure risks. There may be potential risks
to workers from exposure to contaminants in groundwater, soil, or fugitive dust. Workers may
also encounter safety hazards associated with operating excavation/backfill equipment and the
thermal desorption umit Rusks to workers will be mimmized through standard health and safety

practices

Although surface soils are being admmlstra;tively addressed under OU-2, radionuclides are a
short-term effectiveness concern under this alternative due to the potential for exposure to both
on-site and off-site receptors from fugitive dust Excavation activities would increase the
resuspension of radionuclides in surface soils, thereby increasing off-site exposure point source
terms as well as the flux of contaminants to Woman Creek.
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Groundwater modeling for Alternative 5 indicates that the peak concentrations at Woman Creek
are below the PRGs at OU-1 for all of the contaminants except TCE The actual peak
concentrations should be less than the modeled concentrations because the model assumed that
the French Drain will be decommissioned when the alternative 1s implemented Therefore,
ecological receptors at Woman Creek should not be affected by OU-1 groundwater contaminants
under this alternative Woman Creek 1s an mntermittent stream which may have a greater effect
on ecological receptors because of a lack of water than the peak contaminant concentrations

4 3 6 6 Implementability

Alternative 5 will not limit the use of future remedial actions at the site if they are deemed
necessary In addition, thermal desorption is a proven soil remediation technology that should
not mvolve admmstrative difficulties. Alternative 5 should not be limited by the availability of
services and materials There may be sigmficant technical or admimstrative difficulties if
Preble’s meadow-jumping mouse is designated a Federally protected Threatened/Endangered
species  Such a designation would require consultation under Section 7 of the Endangered
Species Act  Protection of human health and the environment should begin shortly after the

excavation 1s complete

It 15 anticipated that 3 months will be required to mobilize and demobilize the thermal desorption
unit Standard equipment will be used for excavating the contaminated soil at IHSS 1191 A
large storage area may be required for stockpiling and treating the excavated soil but it is
expected that sufficient space will be available adjacent to the excavation area The Treated so1l
may be delisted as a hazardous waste to allow onsite disposition However, the process of
deli;ting could require two years. In addition, for offsite disposal, the number of TSD facilities
that will accept the subsurface soil may be limited if it contains radioactive material.

Air monitoring will be required during the operation of the thermal desorption umit and
radiological momitoring will be conducted throughout the remediation Groundwater monitoring
will be conducted for 13 years after remediation is complete to achieve the groundwater PRGs
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4367 Cost

Costs for Alternative 5 include the following items

Construction of a staging area

Use of conventional soil excavation and backfill equipment

Four new groundwater monitoring wells

Operation and mobilization/demobilization of a thermal desorption umt
Disposal of nonradioactive treated soil at a permitted TSD facility
Operation of the building 891 treatment system

Groundwater monitoring

The total capital cost for Alternative 5 1s $9,034,500 The total O&M cost is $3,113,000
including operation of the Building 891 treatment system for 10 years following the completion
of excavation The total post-closure cost 1s $1,122,100 including groundwater momtoring for
13 years following completion of remediation The total cost of this alternative 1s $13,269,600

A detailed cost estimate 1s included in Appendix A

4 4 Comparative Analysis of Alternatives

This section presents the comparative analysis of alternatives in relation to the specific
RCRA/CERCLA evaluation criteria  The results of the detailed analysis of alternatives is
summarized in Table 4-2 This information 1s used to compare alternatives in the following
subsections

The overall protection of human health and the environment is highest with Alternative 1
because of 1ts low overall risk to human health and the environment while providing irreversible
groundwater extraction and treatment. Alternative 1 should result in no significant change 1n
protection of human health and the environment. Alternatives 2, 3, and 4 currently offer the
same verifiable protection as Alternative 1 because the locations of DNAPL sources are
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unknown Alternative 5 provides wrreversible treatment and the largest reduction in exposure
potential within the shortest tme However, 1t also has the greatest adverse effects to the

environment and workers

Alternatives 2, 3, 4, and 5 reduce the exposure potential by remediating the source of
contammation  Alternative 1 reduces the exposure potential by contammng the source of
contamination and limiting access to the site  Attaining groundwater cleanup standards, a RCRA
CAP cniteria, 1s also met by Alternatives 1 through 5 Alternative O neither meets this criteria
nor reduces the exposure potential at the site

Alternative 1 provides the least overall environmental effects of the alternatives because it
maintains the current operations at the site and provides containment of the source Alternatives
2 and 3 do not substantially affect the environment but the permanence of SVE depends on
knowing the locations of the DNAPL sources which are not well-defined at OU-1 Alternatives
3 and 4 affect the environment more than Alternative 2 because of the RF heating umits and the
mechanical mixer, respectively Alternative 5 provides the greatest short-term disruption of the
environment and the most permanent solution Alternative O offers the least permanent solution

and greatest long-term concern to the environment

The calculated noncarcinogenic hazards do not indicate a potential for adverse human health
effects The carcinogenic risks were below the acceptable risk range of 10* to 10° for the
alternatives except for Alternative 0 Alternative 0 had a carcinogenic risk of 1 2E-05 for an
onsite resident. Other risks to the public are mimimal with the exception of potential fugitive
dust created under Alternative 5 by the excavation, transportation, and storage of potentially-
contaminated soil

The overall risks to workers at the site include potential exposure to contaminants through
groundwater extraction for Alternatives 1, 2, 3, 4, and S5 Workers may be exposed to
contaminant vapors for Alternatives 2, 3, 4, and 5. However, calculated carcinogenic and
noncarcinogenic effects for workers were below the acceptable risk range for all of these
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alternatives  Alternatives 3, 4, and 5 may expose workers to safety hazards from operating
equipment associated with the alternatives In addition, Alternative 4 may present safety hazards
from potential destabihization of the soil and Alternative 5 may present hazards associated with
fugitive dust

Alternative 1 1s currently meeting the RAOs for the site Remediation should take less than 2
years for Alternatives 4 and § Alternative 3 should remediate the site within 3 years while
Alternative 2 1s estimated to be 5 years The remediation time for Alternative 0 1s difficult to
predict but 1t 1s assumed that groundwater monitoring will continue for 30 years

442 Com with Applicable or Relevant A ments

Alternatives 1-5 would comply with the majority of chemical-specific, action-specific, and
location specific ARARs The possible exception 1s the peak concentration of one contaminant,
TCE, which could possibly be above the chemical-specific ARAR, the Colorado Basic Standards
for Groundwater  The duration and concentration of the peak 1s dependent on the alternative
and location of the downgradient measured point These observations are based on a review
of modeling results It 1s also possible that the predicted peak concentrations are over estimated
and that Alternatives 1-5 or some of these alternatives would not exceed the state groundwater
standards  Alternative O 1s predicted, and in all likehhood, would not meet-the state
groundwater standards

Groundwater modeling results have been used to assist in determining ARAR compliance. The
two locations used 1n the simulations of contaminant concentrations are the downgradient side
of the french drain and the alluvium at Woman Creek Assumptions of the model include
availability of a contamination source, even for remediation alternatives, through the period
1969-2029 In addition, the solubility of TCE 1n water 1s relatively high in comparison to the
other chemicals used in the model Other modeled steady-state flow factors are discussed 1n
Appendix B
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The differences 1n predicted peak concentrations among the alternatives are summarized as
follows Alterative O peak concentrations of organics do not comply with the state
groundwater standards at the french drain and peak concentrations of the organics, except for
TCE, might comply with the state groundwater standards at the Woman Creek location after a
peniod of thirty or more years Alternative 1  peak concentrations of organics would probably
comply with the state groundwater standards, except for TCE, sometime after 2010 at the
French Drain location and peak concentrations of organics (including TCE) would probably
comply with the state groundwater standards at approximately year 2010 at the Woman Creek
location Alternatives 2-5 peak concentrations of orgamcs would comply with the state
groundwater standards, with the possible exception of TCE, ten years after remediation 1s
completed at the French Drain Peak concentrations of orgamics would comply with the state
groundwater standards within ten years, and probably sooner, of completed remediation at the

Woman Creek location

Compliance with the action-specific ARARs are shghtly different among the alternatives
Although all the alternatives would be required to comply with the RCRA corrective action and
groundwater protection standard, the period of time required to complete corrective action
would vary among the alternatives In addition, CDPHE 1s required to determine that the
selected comphance poimnt and alternative would be protective of human health and the
environment This determination could vary,from Alternative 1 to Alternatives 2-5

The proposed groundwater performance momtoring system would be initiated for thirty years
1n accordance with the RCRA post-closure requirements. However, once the monitoring system
mdicates no exceedances of groundwater standards for 3 consecutive years, the period of
comphiance monitoring may be reduced with the approval of ‘CDPHE Although the period of
monitoring 1S dependent on the selected point to demonstrate compliance, it can be stated that
the complhiance period would be long for Alternative Q as compared to Alternative 1 and that the
comphance period for Alternative 1 would be relatively long compared to Alternatives 2-5 The
monitoring differences would correlate to the differences mn time to achieve the State
groundwater standards, i.e. Alternative 0 may require 30 or more years of monitoring,
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Alternative 1 may require 16 years of momtoring , and Altematives 2-5 may require 10 years

or less of monitoring

The other major difference among the alternatives in complying with the action-specific ARARs,
1s the air pollution controls required on the vapor extraction systems Alternatives 2-4 would
require compliance with the hazardous organic emission controls under RCRA regulations as
well as the State’s air pollution control Regulation 7 Alternatives O and 1 would not require

such complhance as these alternatives do not involve organic compound air emissions

Comphliance with location-specific ARARs 1s one of the major differences among the treatment
technology alternatives The alternative that would require the most mitigation measures 1n
order to comply with the State law on non-game species and DOE’s regulation on wetlands
protection 1s Alternative 5 Thus alternative would require placement of a pipeline from IHSS
119 1 to the French Drain Alternatives 2, 3, and 4 are not anticipated to disrupt wetland areas
with the treatment technologies proposed, however if some areas are disturbed in the
implementation of the technology, then compliance with the law and regulations to protect
wetland and non-game species would be required  All alternatives, including No Action, could
disturb a small area of wetlands for a very short tume (two to three days) during
decommissioning of the French Drain. Mitigation measures would be implemented to mimimize
the disturbance and‘comply with the wetland and species protection requirements

If the Preble’s meadow-jumping mouse becomes Federally protected as a Threatened/Endangered
species, then the comphance requirement for Alternative 5 could be much more elaborate
Consultation with U S Fish and Wildlife Service would be required and a biological assessment
might need to be pmi;md

4 43 Long-term Effectiveness and Permanence

Alternative 5 offers the most permanent protection of human health and the environment because
the primary contaminant source is physically removed and treated Alternatives 2, 3, and 4 offer
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some protection because the source 1s remediated to the extent possible by the technologies The
degree of permanence depends on the extent that the wells are located next to a DNAPL source
If the wells miss the DNAPL sources, the extraction rate 1s dependent on the passive partittoning
capability of the contammnants Alternatives 3 and 4 may be more protective than Alternative
2 because they increase volatihzation and provide more reduction n the contaminant
concentrations Alternative 1 offers the same protection of human health and the environment
as the current conditions because 1t does not sigmificantly change the current procedures at the
site  Alternative 0 offers less protection than 1s currently available at the site because 1t
decommussions the French Drain which 1s removing contaminated groundwater In addition, 1t

does not contain, remediate, or remove the primary source of contamination

Five-year reviews will be conducted for all of the alternatives until contaminant concentrations
are consistently below the PRGs and the agencies agree that the site is not a cause for concern
In addition, all of the alternatives require groundwater monitoring to evaluate the site conditions

Carcimnogenic risks and noncarcinogenic hazards are below the acceptable limits for all of the
alternatives with the exception of Alternative 0 It indicates a carcinogemic nsk for an on-site
resident of 1 2x107 at the French Drain which 1s within the acceptable range of 10 to 10° The

carcinogenic risk 1s 3 3x10® at Woman Creek under this alternative

Alternative 5 provides the best long-term effectiveness and permanence of the alternatives
because 1t removes and treats the contamination Alternatives 4, 3, and 2 provide similar
permanence and effectiveness; they differ by increasing volatilization capabilities However, the
effectiveness of SVE 1s dependent on locating the wells near the DNAPL sources and the source
locations are currently 1ll-defined Alternative 1 provides some permanence and effectiveness
for the site because it removes and treats groundwater. Alternative 0 provides no permanence
nor long-term effectiveness except through natural degradation.
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Alternatives 2, 3, 4, and 5 actively remediate the pnimary source of contamination thereby
satisfying the NCP preference for treatment as a principal element of the alternative
Alternatives 2, 3, and 4 use SVE or a variation of it while Alternative 5 uses excavation and
thermal desorption  Alternative 1 does not actively remediate the primary source of
contamination, however 1t controls it by containing and extracting the contaminated groundwater
Extracted groundwater is then treated in the Building 891 water treatment system Alternative
0 does not remediate nor control the primary source of contamination It rehies on natural
degradation to restore the site

Alternative 5 provides a greater reduction of TMV than Alternatives 2, 3, or 4 because 1t
removes as well as remediates the primary source of contamination Alternative 5 provides ex-
situ treatment and disposal of the subsurface soil whereas Alternatives 2, 3, and 4 provide n-situ
treatment of the subsurface soll  Groundwater 1s removed, treated, and disposed of for
Alternatives 1, 2, 3, 4, and §

Alternatives 2, 3, and 4 vary according to the enhancement used with SVE Alternative 2 uses
normal SVE, Alternative 3 uses thermally-enhanced SVE, and Alternative 4 provides thermally-
enhanced SVE with a mixing action to provide greater soil permeabslity Because Alternative
4 1ncreases the soil permeability through homogenous mixing, it creates a more hospitable
environment for contaminant volatilization than Alternatives 2 or 3. Similarly, Alternative 3 wall
provide more reduction in volume and mobility than Alternative 2 because 1t provides a better
environment for contaminant volatilization.

An 1rreversible reduction in contaminant toxicity 1s provided by Alternatives 2, 3, and 4 through
the use of an off-gas treatment system, such as a GAC umit, for treatment of contaminated soil
vapors Thermal desorption provides a similar reduction in contaminant soil toxicity for
Altermative 5. Alternatives 1 through 5 will equally and irreversibly reduce contaminant
groundwater toxicity by using the UV/H,0, and ion-exchange processes in Building 891.
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Alternative 0 reduces contaminant toxicity through natural degradation

Wastes generated for Alternatives 2, 3, 4, and 5 are similar They include spent GAC and
regenerant solution from ion-exchange resins in the Building 891 water treatment system, drill
cuttings and decontamination water from well installation, and hiquid from the SVE hquid/vapor
separator Alternatives 2, 3, and 4 will have additional quantities of spent GAC because of the
off-gas treatment system for the extracted soil vapors Treated soil 1s an additional waste that
will have to be managed and disposed of for Alternative 5 Alterative 1 produces wastes
associated with the UV/H,0, and 10n-exchange processes in building 891 and installation of
wells Alternative O produces wastes associated only with well installation

Alternative 5 1s ranked first for reduction 1n toxicity, mobility, and volume of the contaminants

Alternatives 4, 3, and 2 are ranked second, third, and fourth, respectively, because of their
capabilities for extracting contaminated vapors from the soil matnx at ITHSS 119 1  Alternative
1 1s ranked fifth because it controls the primary source of contamination but does not reduce
contaminant so1l toxicity, mobility, and volume It also has a higher possibility than Alternatives
2, 3, and 4 of reverting to the current condition once the remediation 1s considered complete

Alternative O is ranked last because 1t neither remediates nor controls contamination at OU-1

4 4 5 Short-term Effectiveness

An increase 1n the protection of human health and the environment is achieved shortly after
implementing Alternatives 2, 3, 4, and 5. Alternative 1 provides the same protection of human
health and the environment that 1s currently available at the site  Alternative 0 decreases the
current protection of human health and tixe environment because 1t will decommssion the
French Drain and allow potentially-contaminated groundwater to migrate from the site.

All of the alternatives will affect the environment when the French Drain is decommussioned
The short-term effect may be a loss of wetland acreage but the expected long-term effect 1s a
net gain in wetland acreage. Adverse short-term effects to the environment are greatest with
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Alternative 5 because of the soil excavation and transportation. It may adversely affect flora,
fauna, and biota at the excavation and along the transportation route depending on the mitigation
measures used to mmimize fugitive dust Alternative 4 may adversely affect the environment
because of the soill mixing However, 1t should not affect the environment beyond the immediate
treatment area unless 1t mnterrupts a major hydrogeological channel or major soil destabilization
occurs Alternative 3 may adversely affect the environment because of the high temperatures
that are reached by the RF heating Depending on the mitigation measures used, the flora and
fauna of the area could be affected by a change m soil horizon or biota Alternative 2 may
affect the 1mmediate environment with minor disturbances to the subsurface soill and some
vegetative loss duning the installation of the SVE system and momtoring wells. Depending on
the types of institutional controls that are selected, Altemative 1 may have the same minimal
effects to the environment as Alternative 0 Alternative O 1s expected to affect the environment
through the French Drain decommission and momtoring well installation Ecological receptors
at Woman Creek should not be sigmficantly affected by the alternatives, except for Alternative
5

Groundwater modeling indicates that the contaminant concentrations at points directly upgradient
of Woman Creek meet the surface water standards with the possible exception of TCE The
actual concentrations for Alternatives 1 through 5 should be less than the modeled concentrations
because the model assumed that the French Dramn would be immediately decommissioned rather
than 10 years after remediation as suggested within the alternatives

Alternative 5 will affect human health by creating fugitive dust from the excavation,
transportation, and storage of subsurface soil. Mitigation measures will be used to mimmize the
dus;. Short-term effects on human health are minimal for Alternatives 1, 2, 3, and 4 There
should be no additional short-term effects on human health for Alternative 0.

Alternatives 2, 3, 4, and 5 may affect workers through exposure to contaminants in
groundwater, soil vapor, and operation of the remediation and well installation equipment
Alternative 5 will also affect workers by creating fugitive dust during excavation, transportation,
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and storage of contaminated soil Alternative 4 may create an additional hazard for workers by
decreasing the stability of the soil matrix Alternative 1 has the potential to affect workers only
through exposure to contaminants in groundwater Because there 1s no source control or
remediation for Alternative 0, there should be no additional risks to workers

The short-term nisks are expected to be greatest for Alternatives 5, 4, and 3  Alternative 2
should have mimimal risks and Alternative 0 and 1 should have no additional risks

4 4 6 Implementability

None of the alternatives should mit future remediation if it is deemed necessary by the
regulatory agencies In addition, Alternatives 0-4 are not expected to have admimstrative
difficulties before the alternatives can be implemented at the site. Alternative 5 may require
additional lead time for agency approvals in either a RCRA delisting process or Endangered
Species Act consultation process

Groundwater momtoring 1s required for all of the alternatives as long as the contaminant
concentrations are above the PRGs and the agencies believe there 1s a cause for concern at the
site Vapor monmitoring will be conducted for Alternatives 2, 3, and 4 to optimize the SVE
system and determine replacement rates for the GAC umits Vapor and radiological monitoring
will be conducted for Alternative 5 to indicate health risks to workers

There may be technical problems with Alternatives 2, 3, and 4. For SVE and groundwater
extraction to be effective, the wells should be located near or in the DNAPL source Otherwise,
the technology is dependent on the passive partitioning capability and rate of the compound In
addition, the mechanical mixer in Alternative 4 homogenizes the soil which can decrease the
cohesiveness of the soill. The decreased cohesion may result in instability, slumping, and
decreased traction for getting to the site and installing groundwater monitoring and extraction
wells  Alternative 4 may also require special tramming to operate the mixing equipment because
of the proprietary technology. Alternative 3 may require special training from the vendor on
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operation of the RF antennae before it can be implemented

Alternatives 0 and 1 can be implemented immediately while the remaimng alternatives may
require 6 months before they can begin treatment of the primary contaminant source. Alternative
3 1s available through specialized vendors and Alternative 4 1s a proprietary treatment, the lead
time necessary before treatment can begin for these alternatives may be longer than the original
estimation

Because of the lack of lead time necessary for implementation, Alternatives 0 and 1 are expected
to be the easiest to implement of the alternatives Alternative 0 can be implemented immediately
once 1t 1s approved, however, it 1s not expected to be easily approved because of the nature of
the site Alternatives 2 and 5 should be easily implemented but may require a six-month lead
time Alternatives 3 and 4 may require specialized traimng and additional lead time to procure
the equipment from vendors Alternative S could require substantial time to implement because
of two facts 1) If the Preble’s meadow-jumping mouse becomes Federally protected, the
consultation process under the Endangered Species Act will be required. The process could
require a biological assessment in addition to mitigation measures 2) Soils which are treated
could be delisted under RCRA for onsite disposal The delisting process could require two years

for agency review and approval
447 Cost

The total costs for the alternatives are listed in Figure 4-1. Alternative 5 has the largest cost
primarily because of the large volume of soil that would require excavation, treatment, and
disposal The costs for Alternatives 1 and 3 are comparable Alternative 2’s cost was less than
Alternatives 5, 1, and 3. Alternative 4 has higher capital costs but due to the higher O&M cost
of SVE, Alternative 2 has a higher total cost than Alternative 4. Alternative 0 was the least
expensive because 1t involved only the installation of monitoring wells and the associated

monitoring activities

OU-1 CMS/FS Report
881 Hullside Area
February 1995 4-82




G\

N Post Closure

B O&M

& Capital
Cost Element Alt 0 Alt 1 Alt 2 Alt 3 Alt 4 Alt 5
Capital $63,800 $63,800 |  $925,600 | $1,843,600 | $1,781,400 | $9,034,500
0&M $0 | $5,761,200 | $5,287,700 | $4,798,200 | $3,113,000 | $3,113,000
Post Closure | $1,740,400 | $1,740,400 |  $833,300 |  $918,700 | $1,120,700 | $1,122,100
Total Cost $1,804,200 | $7,565,400 | $7,046,600 | $7,560,500 | $6,015,100 | $13,269,600

Note Costs represent 1995 dollars st 5% discount rate

Figure 4-1. Summary of Remedial Action Alternative Costs
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ACRONYMS

CCl, carbon tetrachlornide

CMS/FS Corrective Measures Study/Feasibility Study
COC contaminant of concern

DCE dichloroethene

DNAPL dense non-aqueous phase hquid

DOE U S Department of Energy

IHSS Individual Hazardous Substance Site

0u-1 Operable Umit 1

PCE perchloroethene (or tetrachloroethene)
RFI/RI RCRA Facility Investigation/Remedial Investigation
TCA trichloroethane

TCE trichloroethene

VOC volatile organmic compound
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B.1.0 INTRODUCTION

Appendix B presents the results of a subsurface solute transport model of the OU-1 site The
purpose of the model 1s to provide a basis for residual risk calculations and design calculations
for the feasibiity study In this appendix, the following topics are discussed the
hydrogeological conceptual model of the site, the framework of the corresponding numerical
model, the results and predictions of the model, and a qualitative discussion of model
uncertainty Tables and figures are included 1n the back of this appendix after the references
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B.2.0  HYDROGEOLOGICAL CONCEPTUAL MODEL

The OU-1 conceptual model describes the primary processes that control the movement of
solutes 1n the subsurface Such processes include groundwater flow rates and directions, solute
release rates and timing, recharge and discharge rates, dispersion, degradation rates, and
adsorption

The groundwater flow system beneath the hillside at QU-1 is described 1n detail 1n the Phase III
RFI/RI (DOE 1994) The following description 1s hmited to features at IHSS 119 1 that are
mcorporated into the flow and transport model of the site THSS 119 1 1s where most of the

observed contamination at the site 1s located

Groundwater flow beneath the hillside occurs 1n shallow colluvial, alluvial, and bedrock units
with most of the flow concentrated in the colluvium and alluvium (DOE 1994) Groundwater
flow tends to be focussed 1n areas of thick colluvium which generally correspond to topographic
features The thick colluvium 1s probably produced by deep bedrock weathering in the area

The weathering 1s assumed to be caused by oxygenated water infiltrating the bedrock located
beneath streambeds

Site data from Volume IV, Appendix A of the Phase III RFI/RI (DOE 1994) supports the theory
that thick colluvium 1s found beneath streambeds The vertical section of the French Drain from
Station 16+00 to 16+50 shows a thick band of colluvium beneath the drainage and the shear
plane as conforming with the bedrock channel This shear plane may correspond to the depth
of bedrock weathering Therefore, there may be a relationship between the depth of weathering
and soil volume affected by slope mnstability

One hydrologic drainage that extends upslope into IHSS 119 1, illustrated 1n Figures 3-23 and
3-24 of the Phase III RFI/RI (DOE 1994), is where most of the groundwater in the vicinity of
IHSS 119.1 flows Site data indicate that it has a thick band of colluvium Therefore, 1t 1s
assumed that groundwater is generally channelized along hydrologic dramnages.
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Recharge and discharge vary in the short-term at the site primarily because of the low
groundwater volume and 1ts large dependence on rainfall events and infiltrahon However, an
average rate of recharge or discharge can be calculated from infiltration equations and long-term
precipitation averages from site data or records from the National Oceanic and Atmospheric

Adminstration No site-specific calculations or field measurements of recharge or discharge are
available

Recharge to groundwater 1s assumed to occur from nterflow and bedrock flow from the Rocky
Flats alluvium and 1s sigmificantly affected by the low permeability of the colluvium and
alluvium at the site  Recharge 1s decreased during and conditions and high rainfall events
because of the lowered infiltration capacity and permeability of the soll  Similarly, 1t 1s
increased during spring and fall when the soil has a greater infiltration capacity

Groundwater discharge 1s assumed to occur due to the low permeability and moisture content
of the soil and the low-flow conditions caused by the arid chimate at the site It occurs as
evapotranspiration and flow mnto Woman Creek (Fedors et al 1993a and 1993b) Flow nto
Woman Creek 1s indicated by calculated hydraulic gradients of the site and the theory that the
groundwater follows topographic features

The primary source of contamination 1s assumed to be Jocated 1n the 'subsurface soil at THSS
119 1 Duning the 1960s and 1970s, drums containing volatile orgamic compounds (VOCs) were
stored at THSS 119 1 (DOE 1994) Probable releases from the drums may have resulted 1n a
residual DNAPL 1n the subsurface soil The residual DNAPL phase has not been directly
observed but 1s indicated by high concentrations of VOCs in the areas near Well 0487, Well
4387, Well 4787, and Well 5587. The drums are assumed to have starte& leaking their contents
into the soil in 1970 although 1t is not specifically known at this time. The primary groundwater
release mechanism 1s assumed to be dissolution of residual DNAPL assisted by infiltration

The transport of contaminants in groundwater is controlled by groundwater direction and
flowrate. Other processes that affect contaminant fate and transport are hydrodynamic
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dispersion, degradation, and adsorption = Hydrodynamic dispersion is simulated using
dispersivity, groundwater velocity, and molecular diffusion Degradation rates and sorption
properties for VOCs are discussed and reported the Phase III RFI/RI (DOE 1994)
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B.3.0 MODEL FRAMEWORK

The computer simulation code TARGET 2DU (Dames & Moore 1985) was used to simulate
contaminant transport in the subsurface = TARGET 2DU 1s a vertically onented, two-
dimensional, finite difference model that can simulate vanably saturated conditions For the
purposes of this CMS/FS, TARGET 2DU was modified to simulate a source with a constant

concentration

Because the model 1s two dimensional, 1t cannot simulate dispersion (spreading) transverse
(perpendicular) to the model section Therefore, the modeled dispersion in the plane of the
model will be greater than the actual dispersion Consequently, the model 1s conservative and
will overestimate dispersion because 1t does not account for spreading of contaminants in

transverse to the model plane

The model gnd as shown 1n Figure B-1 1s 296 horizontal cells by 170 vertical cells It has
approximately 25,000 active cells The grid was designed to capture details of the
bedrock/colluvium nterface and topography, to accurately simulate the vadose zone, and to
mimmize errors caused by numernical dispersion The location of the section of the model 1s
shown 1 Figures B-2 and B-3, and corresponds to the trough of thicker colluvium at IHSS
119 1

Two cnitenia are used to ensure minmimal numerical dispersion the Peclet number and the
Courant number The grid Peclet number is the ratio of grid spacing (length of a cell side) to
dispersivity  To mimmize numerical dispersion, the Peclet number generally should be less than
or equal to one For this model, dispersivity 1s much larger than cell lengths, so the Peclet
number is much smaller than one. The gnd Courant number is the ratio of time step interval
to groundwater travel tume across a cell. Smmilar to the Peclet number, the Courant number
generally should be less than or equal to one. Because of low gradients and hydraulic
conductivities and moderate sorption, the Courant number for this model is much smaller than

one.
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The distribution of boundary conditions and soil types are shown in Figures B-4 and B-5 Soil
properties, degradation rates, and adsorption distribution coefficients for the COCs are listed in
Tables B-1a and B-1b The degradation rates used in the model were the maximum values histed
1n the Phase III RFI/RI (DOE 1994) and they reflect the slowest anticipated degradation rates

at the site

Figures B-7 through B-12 show the relationship between relative saturation, relative hydraulic
conductivity, and pressure head as specified in the model Calculated relative hydraulic
conductivity refers to values calculated by Fedors et al (1993b) using Van Genuchten’s equations
relating pressure head, relative saturation and relative hydraulic conductivity (Van Genuchten
1980) The curve for colluvium 1s based on site data (Fedors et al 1993b), as indicated 1n the
figure The curves for bedrock and alluvium m the Woman Creek drainage are based on
material #1 and material #2, respectively, m Table 3-1 of Fedors et al 1993a

Each soil type 1s assumed to be homogeneous within the type and heterogenous between types

Therefore, heterogeneity in the model 1s imited to the colluvium, alluvium, and bedrock layers

These lithologies have been identified and defined during the site characterization activities

Fractures 1n the colluvium resulting from slope instability are assumed to be healed, so that
fractures do not provide preferential flowpaths It 1s assumed that most instabilities do not occur
unless imtiated by human activities and that, if active, slumping probably occurs at an
imperceptibly slow rate If these observations are correct, then discontinuities (fractures) caused
by mass movements would heal quickly 1n the easily deformed colluvium Thus 15 supported by
the lack of distinct features typically associated with slumping, 1 e, discontinuities such as
tension cracks at the upslope end of a slump The lack of such features 1s assumed to be due
to the slow rate of movement and to the characteristic deformability of colluvium ‘

For the French Drain, a constant head cell of 5876 2 ft (1791.1 m) was set at the bottom of the
drain to simulate flow to the drain, as shown in Figure B-5. The extraction well was simulated
in the same manner, but with an elevation of 5910.2 ft (1801 4 m). These elevations were set
slightly above the nterface between bedrock and colluvium material based on the assumption
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that the French Drain and extraction well could not draw groundwater down to the interface
If this happened, the saturated thickness would approach zero and the flow would decrease to
zero Simulations using the French Drain and extraction well are discussed 1n detail n following

sections

The bottom of the model was selected to be somewhat lower than the elevation of Woman Creek
which 1s considered to be the ultimate discharge point for groundwater at the site  The French
Drain 1s currently the assumed groundwater discharge point but was not included 1n the model
to decrease the complexity of the site Because flow rates in the bedrock are much lower than

those 1n the colluvium, the model 1s not very sensitive to the location of the colluvium-bedrock

boundary

The pnmary contammant source was simulated using a constant concentration boundary
condition based on the assumption that a slow dissolution of resitdual DNAPL 1s the source of
groundwater contammnation The source cell shown 1n Figure B-5 15 located at the interface
between bedrock and colluvium matenial in the model where elevated concentrations of
contaminants in groundwater have been observed Because the soil are fine-grained and have
low permeability, the hikelthood 1s small that there 1s a large, continuous, and mobile DNAPL
present. In support of this conclusion, the following hypothetical cases are considered

~

* Hypothetical Case 1 Large spill of DNAPL caused observed contamination Spill
would spread over a large area because of the low-permeability soil DNAPL would
penetrate only shallow soil due to spreading and reduced DNAPL source hydraulic
head Large dissolved concentrations would be observed over a wide area relative to
the spill location.

v

. Hypothetical Case 2. Small episodic spills of DNAPL caused the observed
contamination. DNAPL would penetrate further into low-permeability soil than Case
1 However, penetration would be lmited due to the source’s low hydraulic head
DNAPL would rapidly achieve residual saturation as source head is dissipated Large
dissolved concentrations would be observed over a small area relative to the spill
location

The descriptions in the hypothetical cases above are based on information presented by Cherry
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et al 1990 Case 2 1s consistent with the large VOC concentrations observed 1n a limited area
at THSS 1191 It 1s also consistent with how the site was used histonically, i e , as a drum
storage area rather than for activities i which solvents were actively used and spilled at the site
Based on consideration of these two cases and on the measured concentrations at the hillside,
the most reasonable situation 1s that the source i the subsurface 1s an immobile, residual
DNAPL

Because soil mstabilities have been documented at the OU-1 area (DOE 1994), the colluvium
and bedrock 1nvolved 1n the movements 1s potentially fractured To flow 1nto a fracture or pore,
DNAPL must overcome the displacement pressure required to displace water (Cherry et al 1990)
which 1s the wetting phase at the site Therefore, DNAPLs would be less susceptible to flow
in fractures where water 1s present In addition as the fracture aperture decreases, more DNAPL
head 1s required for flow to occur into the fracture The same principles apply to fine-grained
soil as well DNAPL, if present at the site, would be found 1n larger fractures and more coarse-
gramned soil (Cherry et al 1990)

For significant DNAPL movement mnto fractures, the fractures must be mterconnected or in
direct connection with a large volume of DNAPL Fractures i claystone and siltstone are
typically of small extent, few 1n number, and poorly connected Therefore, 1t 15 not likely that
significant DNAPL movement 1nto fractured bedrock has occurred at THSS 119 1

Figure 5-10 of the Phase IIl RFI/RI (DOE 1994) shows the probable situation at OU-1 with
regard to DNAPL, with the exception of (1) a pool of DNAPL in the colluvium and (2)
movement mnto bedrock fractures The first exception, based on Case 2, 1s that the spill must
have been small and episodic which would not have resulted in a large, mobile, saturated pool.
The second exception, based on the previous discussion regarding DNAPL flow into fractures
and pores, is that the DNAPL volume would have to be large to cause such a movement,
otherwise the driving DNAPL head would not have overcome the displacement pressure In
addition, the fractures would have to have been well-interconnected
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Based, in part, on the oscillatory behavior of observed concentrations in wells at the site, the
source 1s assumed to release solutes on a periodic basis, i.e., release occurs at the solubihity imit
for a DNAPL for six months of a year and does not occur the remaining six months Therefore,
the source switches between an active and an inactive state Thus concept 1s also consistent with
the probable configuration of the residual DNAPL Much of the DNAPL may be above the
saturated zone during dry conditions, so that dissolution will not occur and there 1s no migration
to groundwater As wetter conditions prevail however, dissolution of the residual DNAPL

would occur as 1t contacts groundwater
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B.4.0 CALIBRATION

The model was cahibrated using steady-state flow for the tme prior to the installation of the
French Drain and transient flow from the time of the French Drain installation to the present
The flow calibration 1s assumed to be conservative because the model always assumes flow
occurs, whereas there are many areas and times of either no flow or low flow due to the and
chmate (DOE 1994)

The calibration procedure was qualitative due to a limited number of wells for comparison This
1s a commonly accepted method of calibration, particularly when observation data 1s scarce,
statistzcal measures and automated techmques require a moderate to extenstve data set to produce
meaningful and useful results For this study, several calibration targets were used to enhance
model relhability such as water levels, calculated gradients, and COC concentrations Parameter

values used 1n the model lie within measured or probable ranges

The primary goal in calibrating the flow portion of the model was to match the observed and
calculated hydraulic gradients between Wells 4387 to 0487, 0487 to 4787, and 4787 to 5587 to
determine if the model accurately simulates advective transport rates Tables B-2a through B-2¢,
which can be used for comparative purposes, lists observed and simulated gradients for these
well pairs.  As indicated 1n the tables, between Well 4387 and Well 0487 and between Well
0487 and Well 4787, the stmulated hydraulic gradient 1s between the mimmum and maximum
calculated gradients based on site data Therefore, downgradient of the French Drain and
between the source and Well 4787, the model accurately simulates average advective transport
times Between Well 4787 and Well 5587, the simulated hydraulic gradient is smaller than the
mummum calculated gradient based on site data ‘

Between Well 4787 and Well 5587, the model simulates lower advective transport rates than the
calculated rates that were based on site data. However, since the model overestimates the water
level in Well 5587, the simulated gradient between Well 5587 and Woman Creek is likely higher
than actual Thus, modeled COCs may be transported more rapidly than actual COCs between
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Well 5587 and Woman Creek This would tend to offset the slower transport rate simulated
between Well 4787 and Well 5587

One parameter that was the focus of the calibration 1s the areal discharge rate To achieve
calibration, a net areal discharge of 2 96 in/yr from the water table was used A net recharge
to groundwater yielded a simulated potentiometric surface aboveground which 1s not observed
at the site  The other focus of the flow cahbration was determiming the hydrauhc conductivity
of the various so1l specified in the model The selected values lie within measured or probable

ranges

A secondary goal of the flow calibration was to match simulated and observed water levels
Figures B-13 through B-16 show simulated and observed hydrographs for Wells 0487, 4387,
4787, and 5587, respectively Although the model generally overestimates water levels, the
overall hydraulic gradients, and therefore Darcian transport velocities, are comparable to those

observed at the site

The flow mass balance provides a measure of how well the model 1s calibrated Discrepancies
m the mass balance generally should be smaller than 5%, especially for groundwater flow,
otherwise errors 1n the flow domain may adversely affect subsequent transport simulations As
illustrated in Figure B-17, the percent discrepancy between simulated inflows and outflows
ranges from about -17% to -4% Large changes 1n mass error are related to changes in
hydraulic conditions, such as the simulation of extraction wells. During these changes 1n
hydraulic conditions, different or new stresses will cause temporary and sometimes large changes
m ground-water flow Ths typically causes the mass error to change As the flow doman

begins to adjust to the new change: the mass error will decrease

Mass error is related to model size and complexity. In general, as models become larger or
more complex, the mass error becomes larger. Larger models involve more calculations so that
the net error, being a sort of sum over the active model cells, will tend to have a larger error

For example, in a model having 10 constant head cells, the flows in and out of these cells
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7

depends on the head simulated adjacent to them Thus, the flow to or from each constant head
cell can vary and result in some intrinsic mass error in flow caused by the numerical
approximation and implementation of the simulation code Given the same number of closure
critenia, simlar models with twice as many constant head cells have generally the same or higher
error than for a model with fewer constant head cells Ths is due to the summation over the
constant head cells However, the larger model may converge just as well as the smaller one

even though the error 1s larger

A similar effect 1s commonly observed for models with greater complexity A model with more
vanation 1n hydraulic conductivity, for example, will typically have greater error given sumilar
closure criteria This 1s caused by the greater complexity in the interrelationships between
model cells than between boundary conditions Even with a larger error, more complex models

may be as well-converged as sumple models due to the complex nterrelationships between cells

Another commonly observed phenomenon 1s that subdomains within the model may be very
well-converged, while other areas are moderately to poorly converged As long as the
moderately to poorly converged parts are not in areas of specific interest, then the model
generally can be considered converged adequately for practical purposes This 1s possible
despite the appearance of poor convergence or mass balance

The mimmum acceptable error depends on the model’s size and complexity with a larger error
being acceptable for larger or more complex models The OU-1 groundwater flow and transport
model is large and somewhat complex. Therefore, the mass errors depicted in Figures B-17 are

considered acceptable

Convergence of the model with regard to flow rate and direction was good, exhibiting monotonic
behavior as indicated in Figure B-18. The figure shows the normalized sum of the absolute value
of mass error over all active model cells for all time steps. To normalize the sum, each value
was divided by the maximum absolute value of the sum so that all values range between zero
and one. For transient flow calculations, the sum decreases from an initially large value for
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each ime step, showing the monotonic convergence of the model at each time step. Ths results
in the sawtooth pattern in Figure B-18 The mmtial flat part of the curve in Figure B-18
corresponds to the first part of the transient transport calculation when steady-state flow 1s
specified Transient flow calculations start at about the 400th iteration where there is a spike

in the sum

After calibrating the steady-state flow, transient transport simulations were done for each
contammnant The same trial-and-error technique was used 1n calibrating the transport model

The primary parameter changed duning the transport calibration was the time that the source
become active and mnactive Simulation of a continuous, constant-concentration source resulted
1 excessively and unrealistically large concentrations at all observation points Priority 1n
calibrating to Well 0487 was selected because 1t 1s closer than Well 4387 to pomnts of
demonstration which are located immediately downgradient of the French Drain and prior to
discharge mnto Woman Creek  Also, simulated concentrations that exceeded observed

concentrations were preferred in the model to make it more conservative

Transport simulations started with the steady-state flow field, continued for 20 years, then
incorporated the French Drain and extraction well, as shown in Figure B-6 Each transport
simulation was calibrated 1n a manner similar to that used for the flow calibration Figures B-21
through B-30 show breakthrough curves for each of the COCs, with observed concentrations for °
comparison Three key components of the transport calibration are shown 1n these graphs.

o COC concentrations are always overpredicted by the model The imphcations of this
are (1) estimated exposure concentrations are conservative because they bound
observed concentrations, (2) alternate source locations and conditions (such as a
source located somewhere outside the plane of the model, or a source with a different
release mechamsm such as diffusion from fractures mn bedrock) are ndirectly
accounted for by the model; a different source is unlikely to result in higher predicted
concentrations, (3) spreading of a source caused by degradation and subsequent
generation of a COC along a flowpath 1s also accounted for by the model because the
estimated concentrations are much higher than actually observed, (4) predictive
simulations overestimate COC concentrations because they are based on the same
concepts as the calibrated model, and (5) if the model was more realistic, the
simulated concentrations would be smaller and more consistent with observed data,
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which would translate into smaller concentrations under the predictive simulations

o The model simulates relatively well the oscillatory behavior observed mn actual
concentrations Thas supports the concept that the source periodically releases solutes
and that the tming is related to seasonal vanations i climatic conditions

. The model accurately predicts the effects of the French Drain and the extraction well
The nise 1n simulated 1,1-DCE and 1,1,1-TCA concentrations in Figures B-27 and B-
25, respectively, that occur around 1992 is caused by simulating the operation of the
French Drain which started construction 1n November 1991 and fimshed in April
1992 The nise 1 concentrations 1s caused by the increased hydraulic gradient
resulting from the installation and operation of the French Drain which pulls
groundwater more rapidly towards Well 0487 The simulated concentrations begin
decreasing around 1993 when the extraction well started operating The gradients are
reduced when the extraction well 1s simulated because 1t pulls groundwater away from
Well 0487 The observed concentrations vary in the same manner The sumilanty
between the model and observed varations 1n concentrations leads to the conclusion
that the observed vanations are caused by the installation and operation of the French
Dramn and extraction well That the model simulates this behavior underscores the
conclusion that the model 1s an accurate and adequate representation of site conditions
The spiking effect caused by the French Drain 1s observed 1n all COCs

The last component of the modeling addresses the issue of a mobile DNAPL  Because the
model provides a simple and plausible explanation for observed spikes 1n VOC concentrations

and the exising site data do not suggest 1ts presence, 1t-1s assumed that one does not exist

As with flow, the COC mass balance provides a measure of how well the model 1s converged

Discrepancies 1 the mass balance should be smaller than 10%. The percent mass error for
TCE, depicted 1n Figure B-19, is calculated by using the ratio of the mass error to the total
solute mass in storage The change in relative error at about 1992 is caused by simulating the
French Drain and 1n 1993 by the extraction well Percent error ranges from nearly Oto 5 5%,
which 1s acceptable for the model

The transport convergence is moderately good, exhibiting monotonic behavior as indicated in
Figure B-20 The plotted sum value is calculated the same as the sum value for flow The
spikes at larger iterations correspond to changes in boundary conditions, i.e., the simulation of

OU-1 CMS/FS Report
881 Hillside Area
February 1995 B-14




the French Drain and extraction well This behavior mimics the observed behavior for mass

error, and 1s caused by the same effects Some oscillatory bebavior 1s observed, however,

because the transport calculations rapidly converge at each tume step This 1s typical for

transport calculations The oscillatory behavior 1s caused largely by the size and complex nature
| of the model
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B.5.0 RESULTS

Ths section presents a discussion of the results of the calibrated flow and transport model (often
referred to as the baseline cahibrated model). From the calibrated steady-state flow simulation
illustrated 1n Figure B-31, groundwater flow rates and directions can be obtained Figures B-32
through B-34 show the effects of the French Drain and extraction well on groundwater flow

The French Dramn and extraction well both draw down the water table resulting in drawdown
cones that extend upgradient into IHSS 1191  As expected, the drawdown cones are
asymmetrical due to the slope of the water table The effect of the French Drain and extraction
well on COC transport was discussed in Section B 4 0

A water budget accounts for the flow mnto and out of the model domain Steady-state flow into
the model domain 1s simulated to be about 2 09 ft!/day (0 059 m*/day) mostly from the Rocky
Flats Alluvium Discharge from the model occurs as evapotranspiration and flow to Woman
Creek Evapotranspiration 1s estimated to be 0 59 ft*/day (0.017 m*/day) and flow to Woman
Creek 1s estimated at 1 76 ft*/day per foot of creek bed (0 1635 m/day per m) Observed flow
in Woman Creek 1s highly vanable (DOE 1994), however the average for May 1990 and
September 1990 1s about 13 ft*/day (0 368 m*/day) with a range of 2 16 ft*/day (0 061 m*/day)
to 23 76 ft*/day (0 673 m’/day) Because the model represents average long-term conditions
and the observations are highly vanable, the modeled flow 1s considered to be comparable to the

observed conditions

Under transient conditions, simulated flow into the French Drain 1s about 0 0144 ft*/day (4 078
x 10* m®/day) per foot of drain and flow nto the extraction well 1s about 0 173 ft*/day (4 90
x 10° m*/day) Measured flow mnto the French Drain represents flow from most of the site,
making it difficult to compare the model and observed measurements, because of the large
amount of flow that originates from the Building 881 footer drman However, measured flow
into the drain is about 673 75 ft/day (19.08 m*/day). Assuming that the distance over which
the model represents groundwater flow as 1,435 ft (437 4 m), then the net simulated flow into
the drain 1s 206.86 ft*/day (5.86 m*/day) For the extraction well, measured flows average
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0 225 ft*/day (6 37 x 10°® m*/day) which are very similar to that simulated by the model

Results of transport simulations for PCE are discussed in detail in the following paragraphs
Results of other COC simulations will not be discussed because the compounds tend to behave
simlarly

The modeled PCE plume after 22 (pre-French Drain), 23, 26, and 28 years 1s shown 1n Figures
B-35 through B-38 The plume moves downgradient slowly, at a rate of about 0 061 ft/day
(0 0186 m/day) and appears to penetrate a small distance into the bedrock The majority of
movement 15 1n the colluvium due to higher groundwater flow rates Some migration i the

vadose zone 1s also simulated corresponding to dispersion in soil moisture

After 24 years, the French Drain and extraction well have a significant effect on the plume as
shown by Figures B-37 and B-38 and discussed in Section B 4 0 regarding calibration The
extraction well pulls the plume back toward IHSS 119 1, and the French Drain captures the
plume trapped between 1t and the extraction well
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B.6.0 SENSITIVITY

Sensitivity analyses are used to assess the response of a model to changes n specific parameters

Parameters that exhibit a large sensitivity or response are those for which small changes result
m widely vanable response Values for sensitive parameters 1n a cahibrated model are generally
considered to be more certain because there 1s only a small range n the parameter’s values over
which model calibration can be achieved

The method used 1n this study involved changing a parameter value mn the calibrated flow and
transport model, re-executing the model, and recording the response The varation in PCE
concentration at the French Drain demonstration pomnt was used to assess model response The
parameters 1n the sensitivity analysis were selected based on their probable sensitivity The
selected parameters were porosity, decay rates, adsorption, and hydraulic conductivity because
each has the potential to directly affect transport rates and simulated concentrations

Other parameters were not selected because they are less hkely to affect sumulated
concentrations For example, the density difference at the source for PCE 1s calculated to be
0 015%, which 1s far below the generally accepted criteria of 1% (Mackay et al 1985) used to
assess the importance of density-coupled flow and transport. The density difference s calculated
by assuming that 150 mg/L of a compound meant that the density ratio of the compound to water
was 150 1,000,000 Therefore, the density difference 1s 0 015%

Table B-3 lists the changes 1n parameters that were made to assess model sensitivity Figures
B-39 through B-46 illustrate the results of each simulation and the percent difference mn
concentration relative to the baseline calibrated model. Each parameter is discussed in the

following paragraphs.

The results of the sensitivity analysis for adsorption are shown in Figures B-39 and B-40 The
first figure shows the results of the two sensitivity cases and the baseline calibrated results for
comparison. The second figure shows the percent difference in PCE concentration relative to
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the baseline calibrated model As time progresses, the sensitivity with respect to adsorption
decreases In all cases, the shapes of the curves exhibit an exponential form, which 1s due to
the inclusion of decay in the analyses

Changes 1n adsorption cause a constant shift in a breakthrough curve Such a shift will result
1 a bell-shaped difference curve, and, when overprinted with decay, the bell-shaped curve 1s
also shifted in the vertical direction This explains the form of the curves for adsorption
Greater adsorption results in smaller simulated concentrations Smaller adsorption results 1n
larger simulated concentrations The sensitivity of adsorption decreases with time as decay
begins to have a sigmficant effect on COC concentrations In both cases, the concentrations
approach, but never equal, the baseline concentrations due to the overniding effect of the decay

rates

In the decay sensitivity analysis, decay was not simulated so the sensitivity increases with time
as shown in Figures B-41 and B-42 If decay had been set to a value smaller than that in the
baseline model, the opposite sensitivity would be observed The smallest differences occur for
times less than 10 half-hves This 1s because smaller amounts of decay are simulated at shorter
times

The porosity sensitivity, as shown in Figures B-43 and B-44, 1s similar in form to adsorption
Changes 1n porosity result in slower or more rapid transport time and, when compounded with
decay, the breakthrough curve 1s shifted laterally and vertically. Meaningful percent differences
do not start until about 1973, when noticeable breakthrough begins Concentrations at the onset
of the model represent extremely small values of concentration which may be due to numerical
dispersion. The actual concentration is zero, but the modeled results, and hence the difference
curve, are not zero at the onset This phenomenon affects most of the sensitivity results at the
onset of the model

Changes 1n hydraulic conductivity affect transport rate and dispersion (Figures B-45 and B-46)
Conceptually, two breakthrough curves for the same model, with only differing hydraulic
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conductivity, should result in similar breakthrough curves with varying vertical and horizontal
offsets For the case 1n which hydrauhc conductivity was decreased, the response was smaller
because the change in conductivity was smaller relative to the baseline calibrated value
Hydraulic conductivity 1s consistently the most sensitive parameter in the model

The order of greatest to least sensitivity of the parameters studied 1s
Kxx > > > Decay > Porosity and Adsorption

with hydraulic conductivity (Kxx) much more sensitive than the other parameters The results
of the sensitivity analysis verify the theoretical analysis of the goverming equations The analysis
indicates that small changes in parameters result in large diufferences 1n concentration The
model 1s considered robust because only a small range of values will gwve appropriate
calibration
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B.7.0 UNCERTAINTY

This section 1s a qualitative discussion of uncertainties associated with the model In general,
uncertainties can be divided into two types The first type results from an incomplete knowledge
of the system or processes. A real system can often be too complex or lack the necessary
information to be completely understood or modeled without making simplifying assumptions

Parts of the system or processes may also be omitted because they are thought to be less
mmportant than others The second type of uncertanty relates to the values assigned to mput
parameters used to describe the system or processes In reality, input parameters are not single

values but vary over a range of possible values

Table B-4 hsts specific model assumptions or uncertainty factors that could contribute to
vanations in model predictions The second column of the table gives the source of the
uncertainty “Not simulated" means a particular transport or transformation process was not
considered 1n the modeling "Measurement Error" indicates that there could be some unknown
or unmeasured vanability or heterogeneity 1n the corresponding property “Not Measured”
mdicates that the parameter has not been measured under site-specific conditions either 1n the
field or 1n the laboratory In the third column, "Incorrect Flows" indicates that a different flow
could result by a corresponding change in the parameter The fourth column lhsts the relative

-

degree of uncertainty

The combination of parameters used in the model is not considered to be umque Other
combinations of the parameters may yield a similar result However, the parameter values used
generally lie within observed and accepted ranges, and therefore, the model 1s considered

representative of site conditions
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B.8.0 PREDICTIONS

For predictions 1n which the source 1s not remediated, the source 1s assumed to be large enough
to provide an infimte supply of groundwater contammation In such simulations, the source
concentration 1s held constant throughout the simulations For predictive simulations 1n which
the source 1s remediated, the concentrations 1n a 200-foot area of colluvium around IHSS 119 1
are set to the appropriate water quality standard For alternatives in which the French Drain and
extraction well are removed, the steady-state flow conditions used for the first part of the
sumulations are re-imposed based on the assumption that steady-state flow 1s rapidly re-
established relative to the total ime of simulation For all other predictions, steady-state flow
1s assumed to exist at the beginnming of the predictive part of the simulation, 1 ¢ the French
Drain and extraction well are assumed to create an essentially steady-state condition by the time
the predictive simulation starts

Two points of demonstration are used to show the results of the predictive simulations The first
1s located on the downgradient side of the French Drain, about halfway between the water table
and the colluvium-bedrock interface (see Figure B-38) The second point 1s located immediately
upgradient of Woman Creek 1n the alluvium

- ,B81 No Action Scenario

In Alternative O, the French Drain and extraction well are removed but the source 1s not
remediated Transport simulations beginning from 1996 and continuing through 2028 were done
for each of the COCs Under this scenario, the plume continues to grow with time because the
source remam; 1 place providing a constant release Figures B-47 through B-56 show the
vanation of concentration with time at the French Drain and Woman Creek At the French
Dram, the 1nstallation of the drain and extraction well cause a dip in concentrations. After the
drain and well are removed, concentrations begin to recover and increase due to a continuing
source and desorption At Woman Creek, similar results are obtained, however due to the
longer travel distance and time, the features of the curves are more subdued, and the small dips
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1n concentration are caused by changes in the flow system, such as the installation of the French

Drain, upgradient (in groundwater) of Woman Creek

B 8 2 Institutional Controls With the French Drain Scenario

Under Alternative 1, the French Drain and extraction well remain 1n operation No remediation
of the source takes place under this scenario Transport simulations beginning from 1998 and
continuing through 2028 were done for each of the COCs Under this scenano, the plume 1s
drawn to and captured by the extraction well and French Drain Figures B-57 through B-66
show the vanation of concentration with time at the French Drain and Woman Creek At the
French Drain, the installation of the drain and extraction well cause a dip 1n concentrations
With the drain and well in place, concentrations peak for COCs with shorter half-lives
Desorption provides a decreasing but undecayed source At Woman Creek, similar results are
obtained, with differences caused by the longer travel distance

B 8 3 Remediation Scenarios

Under Alternatives 2, 3, 4, and 5, the French Drain and extraction well are removed, and the
source 1s remediated Transport simulations beginming from 1998 and continuing through 2028
were done for each of the COCs For these simulations, a 200-foot strip of colluvium assumed
to be remediated to the appropnate water quality standard Under this scenario, the plume that
remains 1n place after the source 1s removed continues to move downgradient with tme Figures
B-67 through B-76 show the variation of concentration with time at the French Drain and
Woman Creek At the French Drain, the nstallation of the drain and extraction well cause a
dip n concentrations The curves exhibit behavior that i1s a combination of the other sets of
alternatives, 1.e. concentrations that nise briefly after the drain and well are removed but rapidly
decrease due to source remediation At Woman Creek, similar results are obtained with
differences caused by the longer travel distance
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B.9.0 SUMMARY

A groundwater flow and contaminant transport model has been developed and calibrated for OU-
1 The model was used to simulate and predict contaminant movement from IHSS 119 1 to the
French Drain and Woman Creek The results of the model are used 1n characternizing the

residual risk associated with each of the remediation alternatives

The model 1s considered to be conservative for the following reasons

o The model 1s two dimensional, therefore dispersion (spreading) transverse to the plane
of the model 1s not simulated This causes an overesumation of the COC
concentrations

o The flow cahbration 1s conservative because the model always assumes groundwater

flow occurs whereas there are many areas and times of either no flow or low flow due
to the and chhmate (DOE 1994)

. Concentrations are generally always overestimated by the model The implications
are (1) estumated exposure concentrations are conservative because they bound
observed concentrations, (2) alternate source locations and conditions (such as a
source located somewhere outside the plane of the model, or a source with a different
release mechanism such as diffusion) are indirectly accounted for by the model, 1 ¢ ,
a different source 1s unlikely to result in lhigher predicted concentrations, (3) spreading
of a source caused by degradation and subsequent generation of a VOC along a
flowpath 1s also accounted for by the model because the estimated concentrations are
much higher than actually observed, (4) predictive simulations overestimate VOC
concentrations because they are based on the same concepts as the calibrated model,
and (5) if the model were more realistic, the simulated concentrations would be
smaller and more consistent with observed data which translates mto smaller
concentrations under the predictive simulations :

The model is calibrated to average site conditions for flow and transport with adequate
agreement between the model and observed conditions The model indicates a good mass
balance and exhibits monotonic convergence which 1s indicative of accurate calculations. The
model 1s considered adequate for predictive purposes and representative of site conditions for
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the following reasons

* The hydraulic gradients simulated in the model are generally within the range
calculated using site data Therefore, advective transport rates are indicative of site
conditions

o The model simulates relatively well the oscillatory behavior observed in actual

concentrations This supports the concept that the source periodically releases solutes
and that the release 1s likely related to seasonal vanations in climatic conditions

o The model approximates the effects of the French Drain and the extraction well with
moderate accuracy The rise 1n simulated DCE and TCA concentrations that occur
around 1992 1s caused by simulating the French Drain The rise 1n concentrations 1§
caused by the increased hydraulic gradient resulting from the installation and operation
of the French Drain The drain begins to pull groundwater towards Well 0487 The
simulated concentrations and hydraulic gradient begin decreasing around 1993 when
the model begins simulating the extraction well The extraction well pulls
groundwater away from Well 0487 The observed concentrations vary in the same
manner The sumilanty between the model and observed vanations 1n concentrations
leads to the conclusion that the observed vanations are caused by the imstallation and
operation of the French Drain and extraction well That the model simulates this
behavior underscores the conclusion that the model 1s an accurate and adequate
representation of site conditions The spiking effect caused by the French Drain 1s
observed 1 all COCs

The last component of the modeling mvestigated the 1ssue of a mobile DNAPL Because the
model provides a simple and plausible explanation for observed spikes in VOC concentrations
and exasting site data do not suggest the presence of a mobile DNAPL, 1t 1s assumed that one

does not exist

13

The order of greatest to least sensitivity of the parameters studied 1s
Kxx > > > Decay > Porosity and Adsorption,

with hydraulic conductivity (Kxx) being more sensitive than the other parameters The results
of the sensitivity analysis verify the expectations from a theoretical analysis of the governing
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equations The analysis indicates that small changes 1n parameters result in large differences in
concentration The model is considered robust because only a small range of values will give
appropriate calibration

Three modeling scenarios were simulated representing different alternatives Predicted results
for the No Action Alternative indicate that concentrations at the French Drain and Woman Creck
will increase to peak concentrations within 30 years Predicted results for the Institutional
Controls with the French Drain Alternative indicate that concentrations at the French Drain and

Woman Creek will decrease with time Peak concentrations occur at the time of the alternative’s
implementation Predicted results for the remediation alternatives indicate that concentrations
at the French Drain and Woman Creek will increase slightly then decrease with time Peak

concentrations occur within 30 years
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Table B-1a
Media-Specific Hydraulic Parameters Used in all Contaminant

Simulations
Hydraulic Parameter Alluvium I
Horizontal hydraulic conductivity ft/d (m/d) 0 06 (018) 045 (137) 6 (1 829)
Vertical hydraulic conductivity ft/d (m/d) 0 06 ( 018) 02 (061) 3(914)
Specific storativity 1/ft 1E4 1 5E4 3 5E4
(1/m) (3 3E49) (4 9E4) (1 1E-3)
Porosity - 035 036 045
Density of clean groundwater mg/L 1 0E+6 1 0E+6 1 0E+6
Bulk density ratio - 181 15 165
Molecular dispersion ft>/d 1E-4 1E4 1E4
(m?/d) (9 3E-6) (9 3E-6) (9 3E-6)

Longitudinal dispersivity ft (m) 20 (6 096) 30 (9 144) 40 (12 192)
Transverse dispersivity ft (m) 2 ( 6096) 10 (3 048) 10 (3 048)
Coefficient for Sr (psi) 1/ft (1/m) 024 (079 5 S8E-2 (0 18) 3098
Coefficient for Sr (ps1) - 109 122 25
Coefficient for Sr (ps1) - -0 826 018 06
Restdual moisture content - 025 059 01
Saturated moisture content - 035 0377 045
Coefficient for Kr (ps1) 1/ft (1/m) 083(@272)| 00148 (0486) 348 (11 42)
Coefficient for Kr (ps1) - 041 0 44 193
Coefficient for Kr (psi) - -3 -10 -3
Mimimum Kr (ps1) - 01 01 01

S— - _— J
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Table B-1b
Contaminant-Specific Modeling Parameters

Contaminant Distribution Coefficient Half Life Source Concentration
(L/mg) (days) (mg/L) _
Tetrachloroethene (PCE) 4 34E-7 7305 150
Trichloroethene (TCE) 3 80E-7 1643 6 1100
1,1,1-Trichloroethane (TCA) 3 99E-7 546 1500
1,1-Dichloroethene (DCE) 3 08E-7 154 5500
Carbon tetrachloride (CCL,) 4 50E-7 ) 365 25 757
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Parameters Analyzed in Sensitivity Analysis

Sensitivity Analysis I

Table B-3

Baseline
Parameter Units Colluvium Alluvium Colluvium Alluvium
Distribution coefficient (Kd) L/mg 477 477 434 434
Distribution coefficient (Kd) L/mg 3 906 3 906 434 434
Half life days 0 0 3705 3705
Porosity - 018 0225 036 045
Honzontal hydraulic conductivity ft/day 012 48 045 60
(Kxx)! (n/day) 0 037) (1 463) © 137) (1 829)
Honzontal hydraulic conductivity fv/day 12 72 045 60
(Kxx)! (nv/day) (0 366) (2 195) (0 137) (1 829)
— |

! The ratio of honizontal to vertical hydraulic conductivities was kept the same for the sensitivity analysis as it was for

the baseline model runs

OU-1 CMS/FS Report
881 Hillmde Area

Z ,S } February 1995
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Table B-4
Model Assumptions and Uncertainty Factors

‘I Model assumption Cause of uncertainty

or uncertainty factor or model error

Two-dimensional Three-dimensional

model transport not
simulated

Probable effect on
model results

Incorrect spatial

distribution of
concentrations and flows

Relative degree of
uncertainty

Low Model adequately
matches general trends in
the honizontal behavior of
the observed plume Model
18 conservative due to
underestimation of spreading
transverse to model plane

Porous media

Flow 1n fractures or
other secondary
porosity not simulated

Incorrect spatial
distribution of
concentrations and fluxes

Low Although ship
subsurface failure planes
have been mapped (DOE
1994), 1t 1s likely that such
potential pathways have
healed and are no longer
permeable

Steady-state flow

Transient flow 1s not

Incorrect spatial

Low Contaminant transport

5
Z{q February 199

simulated for distribution of and fluctuations 1n flow
calibration concentrations and flows | become less important over
long periods of time The
model 1s conservative 1
simulating continually
saturated conditions where
seasonal wetting and drying
1s known to occur
Maternial properties Heterogeneity within Incorrect spatial Low The primary
are homogeneous model layers distnbution of hydrogeologic layers that,
within a model layer contamunants and flows affect transport are well
characterized
Timing of release Not well known Incorrect spatial Low Model 1s generally
distribution of conservative Observed
contamnants concentrations have
generally reached a steady-
state condition, suggesting
that transport across the
i hillside has achieved steady
F state Therefore, knowledge
of the timing of release 1s
not required to predict
future conditions
Nature of release Processes other than Incorrect spatial Low Model is conservative
dissolution are not distnnibution of and bounds observed
modeled contaminants conceatrations
OU-1 CMS/FS Report
881 Hillside Area
B-34




5

Sorption Linear sorption Incorrect spatial Low Organic carbon
distribution of content of subsurface
contaminants materals 1s low

Natural recharge and | Not measured Incorrect spatial Moderate. Model 1s

discharge rates distnnbution of sensitive to this parameter
contaminants and flows

Decay and Multi-component Incorrect spatial Low Model 1s conservative

transformation transport not distribution of

sumulated due to lack contaminants
of site-specific data

Porosity Measurement error Incorrect spatial Low Measurement error
distribution of relatively small
contaminants

Diffusion coefficient Not measured Incorrect spatial Low Error 1s small and
distribution of model 15 msensitive to this
contamnants parameter

Daspersivity Not measured Incorrect spatial Moderate Parameter is
distribution of based on scale of site, this 1s
contaminants a standard assumption

Size of source Not measured Incorrect spatial Low Model has been
distribution of assumed to be insensitive to
contaminants source size (Fedors et al

1993)
OU-1 CMS/FS Report
881 Hillside Area
B-35

g February 1995
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C.1.0 INTRODUCTION

The Phase III Resource Conservation and Recovery Act (RCRA) Facility
Investigation/Comprehensive Environmental Response, Compensation, and Liability Act
(CERCLA) Remedial Investigation (RFI/RI) at Operable Umit No 1 (OU1) 881 Hillside Area
at the Rocky Flats Environmental Technology Site (RFETS) includes a Baseline Risk Assessment
(BRA) The BRA 1s comprised of an Ecological Evaluation (EE) and a Public Health Evaluation
(PHE) The results of the complete OU1 PHE are presented in Volume X, Appendix F of the
Final Phase III RFI/RI, dated June 1994 [Department of Energy (DOE) 1994a]

This nisk assessment performed for the OU1 Feasibility Study (FS) 1s intended to calculate and
document the human health risks associated with OU1 assuming that specified remedial actions
are incorporated at the site  This risk assessment considered the dominating carcinogenic risks,
noncarcinogenic hazards, associated contaminants, pathways, and receptors determined in the
PHE and calculated risk based on contaminant levels at the site due to incorporation of specified
remedial actions The three remedial action alternatives include no action, continued use of the
french drain and extraction well (institutional controls), and remediating the contamination at the

source (remediation)
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C.2.0 EXPOSURE PATHWAYS, AND RECEPTORS OF CONCERN
This section discusses the potential release and transport of chemicals from OUl This section
also discusses the potential receptors of concern and the exposure pathways by which these

receptors may be exposed to site contaminants

C 21 Exposure Pathways

An exposure pathway describes a specific environmental pathway that can expose an individual
to contaminants that are onsite or oniginate from a site Five elements that must be present for

an exposure pathway to be complete

Source of chemicals

Mechanism of chemical release
Environmental transport medium
Exposure point

Human intake route

An mcomplete pathway means that no human exposure can occur An exposure pathway 1s
considered to be potentially complete and relevant if there are potential chemical release and

transport mechanisms, and receptors 1dentified for that exposure pathway

An exposure route 1s the pathway through which a contaminant enters or impacts an organism

There are four basic human exposure routes

Dermal absorption through contact with soil, surface water, or groundwater
Inhalation of volatile orgamic compounds (VOCs) or airborne particulates
Ingestion of soil, surface water, groundwater or food

External 1irradiation if radionuchdes are present

As documented 1n the PHE, the pathways that dominated the human health risk are associated
with groundwater contamination Therefore, the pathways considered 1n this nisk assessment
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will only consider groundwater contamination associated with the potential remedial actions

C 2 2 Receptors of Concern

Receptors that were quantitatively evaluated in the PHE were

Current offsite residents

Future onsite residents

Current onsite workers

Future onsite workers

Future onsite ecological researcher

Of these potential receptors, only the future onsite residents and the future onsite workers could
be significantly exposed to contaminants in the groundwater These two receptors and potential
scenarios are conservative since neither receptor could exposed until the RFETS has been
released for unrestricted use The remamning receptors evaluated in the PHE do not have

significant exposure to groundwater and, therefore, were not evaluated 1n this risk assessment

Although onsite residences are not consistent with future land-use plans, a hypothetical future
onsite resident exposure scenario 1s evaluated 1n this risk assessment The future onsite resident
1s assumed to live within the QU1 study area boundary at the Woman Creek location - To use
the most conservative scenario for direct ingestion of groundwater, one of the future onsite

resident scenarios assume that an adequate well water supply exists

A future onsite worker, assumed to be an office worker, 1s also quantitatively evaluated 1n this
nisk assessment The setting for the office worker is hikely to have extensive paved arcas and
well-maintained landscaping It 1s assumed that municipal water would be supplied to the office
building, and, therefore the future office worker will not directly access OU1 groundwater

C 2 2 1 Future Onsite Resident

Contaminants that volatilize from site groundwater and are released to indoor air through the

OU-1 CMS/FS Report
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house foundation represent a potentially complete inhalation pathway to future onsite residents
Assuming that site groundwater 1s used within the household, mnhalation of VOCs from indoor
water use represents another potentially complete inhalation pathway Inhalation of outdoor
VOCs 1s considered insigmficant due to expected dispersal and diulution of the VOCs

Assuming that site groundwater will be used within the future onsite residential household, direct
mgestion of groundwater contamination represents a potentially complete pathway Future onsite
residents also could physically contact contammnated groundwater Therefore, dermal absorption
of contaminants from contact with contaminated groundwater represents a potentially complete

pathway

The location of the groundwater contamination for the future onsite resident 1s assumed to be

Woman Creek

C 2 2 2 Future Onsite Office Worker

Since the municipal water, not groundwater, will be used in an office building, no direct
exposure to groundwater 1s anticipated for the future onsite worker The only remaining
exposure pathway 1s volatilization of contaminants from site groundwater and release to indoor
arr through the office building foundation. The mhalation pathway 1s then potentially complete
for the future onsite office worker Similar to the future onsite resident scenario, the mhalation
of outdoor VOC:s 1s considered mncomplete due to expected dispersal and dilution of the VOCs

As with the future onsite resident the location of the contamination for the future onsite office

worker 1s assumed to be Woman Creek
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C.3.0 CONTAMINANTS OF CONCERN

This section 1dentifies the contaminants of concern and the contaminant concentrations used 1n

the risk calculations
C 31 Contaminants Identified

The OU1 PHE (DOE 1994a) 1dentified the future onsite adult resident receptor as having the
highest potential nisk values for the following contaminants

° 1,1-Dichloroethene (1,1-DCE)
e  (Carbon tetrachloride (CCl,)
. Tetrachloroethene, also known as perchloroethylene (PCE)

These nisks were calculated assuming adequate groundwater present and available for receptor
use The total risk values in the PHE for 1,1-DCE, CCL,, and PCE respectively are 3 8E-2,
2 5E-3, and 1 1E-3, with the dominating pathway bewng ingestion of groundwater for all three

contaminants

The contamiants with the highest calculated noncarcinogenic hazard mdices (HI) in the PHE
for the future onsite adult receptor assuming use of groundwater also include 1,1-DCE, CCL,,
and PCE In addition to these three contaminants, 1,1,1-trichloroethane (1,1,1-TCA), has an
elevated HI These four contaminants also yielded the highest HIs for the future onsite
residential child receptor and are of the same order of magnitude as the adult receptor

The three most dominating pathways for these contaminants are. ingestion of groundwater,
mhalation of volatiles, and dermal contact with groundwater These pathways are all driven by
groundwater contamination and, therefore, this risk assessment focuses on groundwater-
associated pathways only Groundwater modeling results are used to derive concentrations of

contamination 1n groundwater at Woman Creek By comparning mmtial modeling results with
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respective contaminant-specific preliminary remediation goals (PRGs) for RFETS (DOE 1994b),
these contammnants were deemed appropriate to use 1n this nisk calculatnon  Detailed
groundwater modehing results (refer to Appendix B) for these contaminants are used to calculate

carcinogenic nisk and noncarcinogenic Hls

C 3 2 Concentrations of Contaminants Identified

Groundwater modeling was used to calculate the expected contamination in groundwater at
varnious locations downgradient of IHSS 119 1 The concentrations were modeled to include the
specific remediation scenarios starting in 1969 and continuing 1n time steps The three scenarios
were modeled out to the year 2029  Concentration averages were calculated for each
contaminant at the French Drain and at Women Creek For the no action and 1nstitutional
controls scenario, 30-year averages were calculated For the remediation scenario, concentration

averages were taken beginming in 2008, after completion of remediation

The calculated groundwater concentrations were then used 1n the Johnson and Ettinger (1991)

soll gas model which considers chemical-specific parameters such as Henry’s law constant and

air diffusion coefficients to calculate a vapor concentration inside a building, refer to the PHE

for further detalls To calculate the concentration mn mndoor air from groundwater use, the

conservatively modeled groundwater concentrations were multiphed by the volatihzation fraction
of 0 065 mg/m® air per mg/l water This conservative approach 1s consistent with Andelman

(1990) and 1s discussed further in the PHE The concentrations of PCE and associated scenarios

are summarized in Table C 3-1
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C.4.0 EXPOSURE ASSESSMENT AND INTAKE EQUATIONS

Pathway-specific exposures or intakes are quantified through the use of intake equations,
exposure parameters, and exposure concentrations Intake equations are pathway-specific, while
exposure parameters and exposure concentrations are scenario-specific and pathway-specific
Exposure concentrations for this risk assessment have been modeled using groundwater modeling
techmques (Appendix B) The generalized intake equations associated with each pathway and

the non-chemical specific parameters that are used 1n the equations are presented 1n this section

C 41 Ingestion of Water

Equation 1 was used to calculate direct ingestion, or intake, of contaminated water The

mgestion rate was adjusted 1n accordance with the scenario

CW x IR x EF x ED
Intake (mg/kg/day) = 1)
(mg/kg/day) BW x AT (
where
CW = Chemical concentration in water (mg/liter)
IR = Ingestion rate (liter/day)
EF =  Exposure frequency (days/year)
ED = _ Exposure duration (years)
BW = Body weight (kg)
AT =  Averaging time (period over which exposure 1s averaged, in days)

The chemical concentration in water 1s a modeled value and the modeling techmques are
described 1n the PHE (DOE 1994a) Some parameters vary between adult and child receptors,
such as ingestion rates, exposure durations, and body weights The adult and child ingestion
rates are 2 liters and 1 hiter per day, respectively Exposure frequency for residential receptors
1s 350 days/year The exposure durations for adult and child receptors are 30 and 6 years,
respectively. The adult and child body weights are 70 and 15 kilograms, respectively The
averaging time for a carcinogen is 25,550 days, or 70 years
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C 4 2 Dermal Contact With Water

The future onsite resident 1s the only receptor that potentially can contact contaminated
groundwater Equation 2 was used to calculate the absorbed dose, or intake, of the contaminant
through the skin This equation calculates the actual absorbed dose, not the amount of chemical

that comes 1n contact with the skin

CW x SA x PC x ET x EF x ED x CF [v))

Absorbed Dose (mg/kg/day) = et
X

where
CW = Chemical concentration in water (mg/liter)
SA = Skin surface area available for contact (cm?)
PC = Chemical-specific dermal permeability constant (cm/hr)
ET =  Exposure time (hours/day)
EF =  Exposure frequency (days/year)
ED =  Exposure duration (years)
CF = Volumetric conversion factor for water (1 liter/1000 cm®)
BW = Body weight (kg)
AT = Averaging time (pertod over which exposure 1s averaged 1n days)

The chemical concentration in water 1s a modeled value as described in the PHE Some
parameters vary between adult and child receptors, such as skin surface areas, exposure
durations, and body weights The adult and child skin surface areas are 23,200 cm?, and 9,180
cm?, respectively The dermal permeability constants are chemical-specific and their origination
1s discussed 1n the PHE Adult and child exposure times for dermal contact with groundwater
are 0 2 hours/day Exposure frequency for a residential adult and child 1s 350 days/year Adult
and child exposure durations are 30 and 6 years, respectively The volumetric conversion factor
for water 1s 0 001 Iters/cm® Adult and child body weights are 70 and 15 kilograms,
respectively The averaging time for a carcinogen 1s 25,550 days, or 70 years
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C 4 3 Inhalation of Airborne Contaminants

Exposure scenarios mnvolving the residential adult, residential child, and office worker include
intake of airborne contaminants The contaminants are in the vapor phase and originate from
groundwater contaminants volatihizing and diffusing through exther a home foundation or office
building foundation, as applicable Assuming well water 1s used within the home, the residential
receptor can also inhale contaminants volatilized during in-home water use Dermal absorption
of vapor-phase contaminants 1s considered to be a negligible portion of inhalation intakes and,
therefore, 1s disregarded 1n accordance with Risk Assessment Guidance for Superfund (RAGS)
Supplemental Guidance [Environmental Protection Agency (EPA) 1991a] Equation 3 was used

to calculate inhalation intakes for residential and office worker receptors

Intake (mg/kg/day) = &4 X IR x EF x ED 3)
BW x AT
where
CA = Contaminant concentration 1n air (mg/m?)
IR = Inhalation rate (m*/day)
EF =  Exposure frequency (days/year)
ED =  Exposure duration (years)
BW = Body weight (kg)
AT = Averaging time (period over which exposure 1s averaged n days)

Both residential and office worker receptors have the potential to inhale volatilized contamination
that has diffused through the foundation of either a home or an office building, as applicable
It 1s assumed that groundwater would not service onsite office buildings, therefore, only a
residential receptor could inhale volatihized contamination due to indoor water use The
chemical concentrations 1n mndoor air (volatilized through a foundation and volatilized dﬁe to
indoor water use) are modeled values as described 1n the PHE. Some parameters vary between
the onsite office worker, adult and child receptors, such as inhalation rates, exposure
frequencies, exposure durations, body weights, and averaging times The nhalation rate 1s 15
m®/day for a residential adult (assuming mdoor activities), and 20 m*/day for both a residential
child and office worker. The exposure frequency is 350 days/year for a residential adult and
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child, and 250 days/year for an office worker The exposure duration 1s 30 years for a
residential adult, 6 years for a residential child, and 25 years for an office worker The body
weight 1s 70 kilograms for a residential adult and office worker, and 15 kilograms for a
residential child

C 4 4 Contaminant Intakes

The ntake equations discussed use the nonchemical-specific parameters, chemical-specific
parameters, chemical concentrations, and appropnate scenarios to calculate respective chemical
intakes Tables C 4-1 through C 4-6 summarnize the carcinogemc and noncarcinogenic intakes

by scenario, receptor, and pathway
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Table C.4-1

Carcinogenic Intakes, No Action Scenario

Inhalation of Volatiles Ingestion of Dermal Contact | Inhalaton of Volatiles from
Diffusing Through Groundwater |with Groundwater | Indoor use of Groundwater
Contaminant Foundation (mg/kg/d) (mg/kg/d) (mg/kg/d) (mg/kg/d)
French Dram
Future Onsite Resident With Water -~ Adult
CClL, 8 79E-11 2 02E-05 1 03E-06 9 86E-06
PCE 2 25E-10 1 11E-04 1 24E-05 5 43E-05
1,1-DCE 3 72E-11 2 59E-06 9 61E-08 1 26B-06
Future Onsite Office Worker
CCl, 6 98E-11 NAP NAP NAP
PCE 1 78E-10 NAP NAP NAP
1,1-DCE 2 96E-11 NAP NAP NAP
Woman Creek

Future Onsite Resident With Water - Adult
CCl, 3 10E-14 7 14E-09 3 64E-10 3 48E-09
PCE 1 08E-12 5 36B-07 5 97E-08 2 61E-07
1,1-DCE 4 65E-16 3 23E-11 1 20E-12 1 58E-11
Future Onsite Office Worker
CCl, 2 46E-14 NAP NAP NAP
PCE 8 58E-13 NAP NAP NAP
1,1-DCE 3 69E-16 NAP NAP NAP

NAP = Not Applicable Pathway

OU-1 CMS/FS Report

881 Hullside Area

February 1995 C-12




Table C.4-2

Carcinogenic Intakes, Institutional Controls Scenario

Inhalation of-‘.’olahlos

Ingestion of Dermal Contact Inhalation of Volatiles
Diffusing Through Groundwater | with Groundwater from Indoor use of
Contamimnant Foundation (mg/kg/d) (mg/kg/d) (mg/kg/d) Groundwater (mg/kg/d)
French Dram
Future Onsite resident With Water - Adult
CCl, 8 99E-13 2 07E-07 1 06E-08 1 01E-07
PCE 1 01E-11 5 01E-06 5 58E-07 2 44E-06
1,1-DCE 5 44E-14 3 78E-09 1 40E-10 1 84E-09
Future Onsite Office Worker
CCl, 7 14E-13 NAP NAP NAP
PCE 8 03E-12 NAP NAP NAP
1,1-DCE 4 32E-14 NAP NAP NAP
Woman Creek
Future Onsite resident With Water - Adult
CCl, 1 07E-15 2 47E-10 1 26E-11 1 20E-10
PCE 1 20E-13 5 93E-08 6 60E-09 2 89E-08
1,1-DCE 9 57E-19 6 66E-14 2 47E-15 3 24E-14
Future Onsite Office Worker
CCl, 8 51E-16 NAP NAP NAP
PCE 9 49E-14 NAP NAP NAP
1,1-DCE 7 60E-19 NAP NAP NAP
NAP = Not Applicable Pathway
OU-1 CMS/FS Report
881 Hillside Area
C-13

3 €/ February 1995




Table C.4-3

Carcinogenic Intakes, Remediation Scenario

Inhalation of Volatiles Ingestion of Dermal Contact with | Inhalation of Volatiles
Diffusing Through Groundwater Groundwater from Indoor use of
Contammant Foundation (mg/kg/d) (mg/kg/d) (mg/kg/d) Groundwater (mg/kg/d)
French Dramn
Future Onsite Resident With Water - Adult
CCl, 1 56E-12 3 60E-07 1 84E-08 1 75E-07
PCE 2 10E-11 1 04E-05 1 16E-06 5 06E-06
1,1-DCE 7 74E-16 5 39E-11 2 O0E-12 2 63E-11
Future Onsite Office Worker
CCl, 1 24E-12 NAP NAP NAP
PCE 1 66E-11 NAP NAP NAP
1,1-DCE 6 15E-16 NAP NAP NAP
Woman Creek

Future Onsite Resident With Water - Adult
CCl, 8 40E-15 1 93E-09 9 87E-11 9 43E-10
PCE 4 06E-13 2 01E-07 2 24E-08 9 80E-08
1,1-DCE 3 94E-18 2 74E-13 1 02E-14 1 34E-13
Future Onsite Office Worker
CCl, 6 67E-15 NAP NAP NAP
PCE 3 22E-13 NAP NAP NAP
1,1-DCE 3 13E-18 NAP NAP NAP

NAP = Not Applicable Pathway
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Table C.4-4
Noncarcinogenic Intakes, No Action Scenario

Dermal Contact
Inhalation of Volatiles Ingestion of with Inhalation of Volatiles
Diffusing Through Groundwater Groundwater from Indoor use of
Contamimant Foundation (mg/kg/d) (mg/kg/d) (mg/kg/d) Groundwater (mg/kg/d)

French Dramn

Future Onsite Resident With Water - Adult

CCl, NA 5 90E-05 3 01E-06 NA
PCE NA 3 25E-04 3 62E-05 NA
1,1-DCE NA 7 55E-06 2 80E-07 NA
1,1,1-TCA 4 40E-08 1 24E-03 4 88E-05 6 03E-04
Future Onsite Resident With Water - Child

CCl, NA 1 10E-04 4 45E-06 NA
PCE NA 6 O6E-04 5 34E-05 NA
1,1-DCE NA 1 41E-05 4 14E-07 NA
1,1,1-TCA 2 19E-07 2 31E-03 7 21E-05 3 00E-03
Future Onsite Office Worker

CCl, 1 95E-10 NAP NAP NAP
PCE 4 99E-10 NAP NAP NAP
1,1-DCE 8 28E-11 NAP NAP NAP
1,1,1-TCA 3 35E-08 NAP NAP NAP

Woman Creek

Future Onsite Resident With Water - Adult

CCl, NA 2 08E-08 1 06E-09 NA
PCE NA 1 56E-06 1 74E-07 NA
1,1-DCE NA 9 43E-11 3 50E-12 NA
1,1,1-TCA 9 89E-11 2 78E-06 1 10E-07 1 36E-06
Future Onsite Resident With Water - Child

CClL, ¢ NA 3 89E-08 1 57E-09 NA
PCE NA 2 92B-06 2 57E-07 NA
1,1-DCE NA 1 76E-10 5 17B-12 NA
1,1,1-TCA 4 92E-10 5 19E-06 1 62E-07 6 75E-06
Future Onsite Office Worker

CCl, 6 89B-14 NAP NAP NAP
PCE 2 40E-12 NAP NAP NAP
1,1-DCE 1 03E-15 NAP NAP NAP
1,1,1-TCA 7 54B-11 NAP_ NAP NAP

NA = Not Available
NAP = Not Applicable Pathway
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Table C.4-5

Noncarcinogenic Intakes, Institutional Controls Scenario

Dermal Contact
Inhalation of Volatiles Ingestion of with Inhalation of Volatiles
Diffusing Through Groundwater Groundwater from Indoor use of
Contaminant Foundation (mg/kg/d) (mg/kg/d) (mg/kg/d) Groundwater (mg/kg/d)
French Dram
Future Onsite Resident With Water - Adult
CCl, NA 6 04E-07 3 08E-08 NA
PCE NA 1 46E-05 1 63E-06 NA
1,1-DCE NA 1 10E-08 4 10E-10 NA
1,1,1-TCA 1 19E-09 3 35E-05 1 32E-06 1 63e-05
Future Onsite Resident With Water - Child
CCl, NA 1 13B-06 4 55E-08 NA
PCE NA 2 73E-05 2 41E-06 NA
1,1-DCE NA 2 06E-08 6 05E-10 NA
1,1,1-TCA 5 93E-09 6 25E-05 1 95E-06 8 13E-05
Future Onsite Office Worker
CCl, 2 00E-12 NAP NAP NAP
PCE 2 25E-11 NAP NAP NAP
1,1-DCE 1 21E-13 NAP NAP NAP
1,1,1-TCA 9 08E-10 NAP NAP NAP
Woman Creek

Future Onsite Resident With Water - Adult
CCl, NA 7 20E-10 3 67E-11 NA
PCE NA 1 73B-07 1 93E-08 NA
1,1-DCE NA 1 94E-13 7 21E-15 NA
1,1,1-TCA 7 28E-12 2 05E-07 8 07E-09 9 97E-08
Future Onsite Resident With Water - Chuld
CCl, NA 1 34E-09 5 43E-11 NA
PCE NA 3 23E-07 2 84E-08 NA
1,1-DCE NA 3 62B-13 1 06E-14 NA
1,1,1-TCA 3 62E-11 3 82E-07 1 19E-08 4 96E-07
Future Onsite Office Worker
CccCl, 2 38E-15 NAP NAP NAP
PCE 2 66E-13 NAP NAP NAP
1,1-DCE 2 13E-18 NAP NAP NAP
1,1,1-TCA 5 54B-12 NAP NAP NAP

NA = Not Available

NAP = Not Apphicable Pathway
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Table C.4-6

Noncarcinogenic Intakes, Remediation Scenario

Dermal Contact
Inhalation of Volatiles Ingestion of with Inhalation of Volatiles
Diffusing Through Groundwater | Groundwater from Indoor use of
Contammant Foundation (mg/kg/d) (mg/kg/d) (mg/kg/d) Groundwater (mg/kg/d)
French Dran
Future Onsite Resident With Water - Adult
CCl, NA 1 05E-06 5 36E-08 NA
PCE NA 3 03B-05 3 37E-06 NA
1,1-DCE NA 1 57E-10 5 83E-12 NA
1,1,1-TCA 1 96E-09 5 53E-05 2 18E-06 2 69E-05
Future Onsite Resident With Water - Child
CCl, NA 1 96E-06 7 91E-08 NA
PCE NA 5 66E-05 4 98E-06 NA
1,1-DCE NA 2 93E-10 8 61E-12 NA
1,1,1-TCA 9 78E-09 1 03E-04 3 22E-06 1 34e-04
Future Onsite Office Worker
CCl, 3 47BE-12 NAP NAP NAP
PCE 4 66E-11 NAP NAP NAP
1,1-DCE 1 72E-15 NAP NAP NAP
1,1,1-TCA 1 50E-09 NAP NAP NAP
Woman Creek

Future Onsite Resident With Water - Adult
CCl, NA 5 64E-09 2 88E-10 NA
PCE NA 5 86E-07 6 53E-08 NA
1,1-DCE NA 8 00E-13 2 97E-14 NA
1,1,1-TCA 2 57E-11 7 23E-07 2 85E-08 3 53e-07
Future Onsite Resident With Water - Child . ~
CCl, NA 1 05E-08 4 25E-10 ¢ NA
PCE NA 1 09E-06 9 64E-08 NA
1,1-DCE NA 1 49E-12 4 39E-14 NA
1,1,1-TCA 1 28E-10 1 35E-06 4 21E-08 1 76E-06
Future Onsite Office Worker
CCl, 1 87E-14 NAP NAP NAP
PCE 9 01B-13 NAP NAP NAP .
1,1-DCE 8 76E-18 NAP NAP NAP
1,1,1-TCA 1 96E-11 NAP NAP NAP

NA = Not Available

NAP = Not Applicable Pathway
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C.5.0 TOXICITY ASSESSMENT

This section provides the toxicity constants used for nisk characternization purposes and
summarizes toxicological information Specific derivation of toxicity constants and respective
sources 18 discussed 1n the PHE For this risk assessment, toxicity information 1s summarized
for two categories of potential effects noncarcinogenic and carcinogenic effects These two
categories were selected because of the shightly differing methodologies for estimating potential
health nisks associated with exposures to carcinogens and noncarcinogens Toxicity information

1s provided for the four contaminants of concern

e 1,1-DCE
e 1,1,1-TCA
e« cCCl
e PCE

Table C 5-1 also summarizes chemical-specific constants for each of these contaminants

C51 1,1-DCE

Volatilization and subsequent phote-oxidation 1n the atmosphere are the primary transport and
fate process for 1,1-DCE  The available information also indicates that sorption, bio-
accumulation, and degradation of 1,1-DCE are possible, albeit, at lower rates and are not of

environmental significance

Studies on the general toxicity and possible carcmogémcxty of 1,1-DCE are limited Oral LD50
of 1,1-DCE 1n rat 1s 1,500 mg/kg Exposure to high concentrations 1s often associated with
disturbances of the central nervous system Chronic exposure to low doses of 1,1-DCE has been
shown to produce hepatic and renal toxicity. However, 1,1-DCE does not produce embry-

toxicity and teratogemic effects 1 experimental animals
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The results of the studies on the carcinogenic effects of 1,1-DCE are mnconclusive However,

1,1-DCE has been shown to be mutagenic 1n several bacterial assays

For 1,1-DCE, the oral reference dose (RfD) 1s 9 00E-03 mg/kg-day and the oral and inhalation
slope factors (SFs) are 6 00E-01 and 1 75E-01 (mg/kg-day)”, respectively (Table C 5 1)

C52 L1,1-TCA

1,1,1-TCA 1s used as a solvent for cleaning precision instruments, for metal degreasing, as

aerosol propellants, as a pesticide, and 1n textile processing

1,1,1-TCA has a low toxicity profile (oral LDs, 1n rats 1s 11,000 mg/kg) Both in humans and
amimals, high concentrations of 1,1,1-TCA causes, disturbances of the central nervous system
characterized by such symptoms as depression, imbalance mn equiibrium and temporary
reversible loss of coordination  Other effects including cardiovascular effects such as
hypotension, premature ventricular contractions, and arrhythmia have been reported Effects
such as 1rritation of the skin, mucous membranes and eye as a result of exposure to 1,1,1-TCA
has been reported (EPA, 1985)

Torkelson et al (1958) exposed groups of rats, rabbits, guinea pigs and monkeys to 1,1,1-TCA
vapor at concentrations of 500, 1000, 2000, or 10,000 ppm From these studies, 1t was
determined that the female guinea pig was the most sensitive species of those tested At 500
ppm, groups of eight male and eight female guinea pigs showed no evidence of adverse effects
compared with unexposed and air-exposed controls after exposure for 7 hours/day, 5 days/week
for 6 months Groups of five female guinea pigs exposed to 1000 ppm 1,1,1-TCA vapor 3
hours/day, 5 days/week for 3 months had fatty changes 1n the liver and statistically sigmficant
increased liver weights Thus, this study defined a NOAEL of 500 ppm (2730 mg/m’) in guinea

pigs
In a similar study, (Adams et al., 1950) groups of gumnea pigs of 6-10 were exposed to
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1,1,1-TCA (650 ppm) vapor 7 hours/day, 5 days week for 2 to 3 months These ammals
exhibited a shght depression in weight gain compared with both air-exposed and unexposed
controls, thereby establishing a LOAEL of 650 ppm (3550 mg/m®) 1n guinea pigs

On the basis of the existing inadequate animal data and absence of human carcinogenicity data,
1,1,1-TCA 1s not classifiable as to human carcinogenicity (EPA weight-of-evidence classification
D) There are no reported human data and amimal studies (one lifetime gavage, and one
mtermediate-term 1nhalation) have not demonstrated carcinogenicity Techmical grade 1,1,1-
TCA has been shown to be weakly mutagenic, although the contaminant 1,4-dioxane, a known

amimal carcinogen may be responsible for this response
C53CCl,

CCL 1s used 1n the preparation of refridgerants, aerosols and propellants, the preparation of
chlorofluoromethanes, the production of semiconductors, dry cleaning operations, veterinary
medicine, and organmc synthesis It 1s also used as an agricultural fumigant, a solvent for fats,

oils, and rubber, and an industnal extractant

The effects of CCl, were studied by Lamson and Minot (1928) 1n patients recerving CCl, and
magneswum sulfate orally as a treatment for hookworms The authors reported the treatment of
thousands of patients with a single dose of 2 5-15 ml of CCl, without any adverse effects One
man was reported to have safely mngested 40 ml of CCl, However, an "extremely small"
population of adults died after recerving 1 5 ml of CCl, and doses of 0 18-0 92 ml were reported
to be fatal to children

The toxic effect of CCL, are potentiated by both the habitual and occasional ingestion of alcohol
(EPA, 1991b) Pretreatment of laboratory ammals with ethanol, methanol, or isopropanol
increases the susceptibility of the liver to CCl, Protective effects against CCl,-induced lipid
peroxidation are exhibited by vitamin E, selenmum and methionine  Very obese or
undernourished persons or those suffering from pulmonary diseases, gastric ulcers or a tendency
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to vomiting, liver or kidney diseases, diabetes or glandular disturbances, are especially sensitive
to the toxic effect of CCl, (Von Oettingen, 1964)

Stewart et al (1961) reported the toxic effects of experimental exposure of human volunteers
to CCl, vapor Healthy males 30-59 years of age, were exposed to concentrations of 63, 69
and 309 mg/m® of CCl, 1 an exposure chamber for 180 minutes at the two lower doses or 70
munutes at the highest dose One of six subjects exposed to the highest concentration
experienced had an increased level of urinary urobilinogen 7 days after exposure In addition,
two out of four subjects exposed to the highest concentration and momtored for serum iron

showed a decrease within 48 hours after exposure

Little data are available concerming the teratogenic effects of CCl, Schwetz et al (1974) found
CCl, to be shghtly embryotoxic and to a certain degree retarded fetal development, when
admimstered to rats at 300 or 1000 mg/{ for 7 hours/day on gestation days 6-15

Cases of chronic poisoning have been reported by Von Oettingen (1964) and others The
chnical picture of chromc CCl, poisoning is much less characteristic than that of acute
poisoning Patients suffering from this condition may complain of fatigue, lassitude, giddiness,
anxiety and headache The suffer from paresthesia and muscular twitchings, and show increased
reflex excitability , They may be moderately jaundiced, have a tendency to hypoglycemia and
biopsy specimens of the liver may show fatty infiltration Patients complain of lack of appetite,
nausea and occasionally of diarrhea In some instances, the blood pressure 1s lowered and 1s
accompamed by pain 1n the cardiac region and mild anemia Other patients have developed pain
1 the kidney region, dysuna and shght nocturia, and have had urine containing small amounts
of albumin and a few red blood tcells Burning of the eyes and, 1n a few instances, blurred
vision are frequent complaints of those exposed If these symptoms are not pronounced, or of
long standing, recovery usually takes place upon discontinuation of the exposure if the proper
treatment is received (Von Oettingen, 1964)

Reports on pathological changes in fataliies from CCl, poisoning are generally limited to
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findings 1n the hver and kidneys The brain and lungs may be edematous The intestines may
be hyperemic and covered with numerous petechial hemorrhages and the spleen may be enlarged
and hyperemic Occasionally the adrenal glands may show degenerative changes of the cortex
and the hearth may undergo toxic myocarditis (Von Oettingen, 1964)

There have been three case reports of liver tumors developing after CCl, exposure Several
studies of workers who may have used CCl, have suggested that these workers may have an
excess risk of cancer CCl, has been classified by the EPA as a probable human carcinogen
(EPA weight-of-evidence classification B2) based on carcinogemcity 1n rats, mice and hamsters,

producing hepatocellular carcinomas 1n all three of these species (EPA, 1991c)

C54 PCE

PCE has widespread use 1n the dry-cleaming and textile industries It 1s also used mn the cold
cleamng and vapor degreasing of metals, as a chemical intermediate in the synthesis of
fluorocarbons, as a component of aerosol laundry treatment products, as a solvent for silicones,
as the msulating fluid and cooling gas 1n electrical transformers, and 1n typewriter correction
flud PCE 1s not known to occur naturally, but contributes to water pollution through leaching
from vinyl liners in asbestos-cement water pipelines and as wastewater from metal fimshing,
laundnes, alummnum-forming, orgamc chemical/plastics manufacturing, and municipal treatment
plants Air contamination 1s the result of emissions and vaporization losses from dry cleaning
and industrial metal cleaning (ATSDR, 1992)

The effects discussed below are due to occupational exposure levels which are much higher than
the expected environmental levels. Primanly, exposure occurs through inhalation of
contaminated air or ingestion of contaminated water. PCE can cause lightheadedness, dizziness,
euphona, blindness, cardiac arrhythmuas, hypotension, cyanosis, respiratory depression,
pulmonary hemorrhages, and central nervous system (CNS) depression 1n acute dosages When
chronically dosed, trigenial nerve impairment, liver injury, and chapped skin can occur PCE
1s metabolized and excreted very slowly. Individuals with diseases of the heart, hiver, kidneys,
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and lungs are the most vulnerable to PCE poisoning It has also been known to cause jaundice
1 newborns from PCE excretion 1n the breast milk [Agency for Toxic Substances and Disease
Registry (ATSDR), 1992]

Historically, few acute or chromc industrnial toxicity problems have arisen from the use of this
solvent, although researchers have reported both hepatotoxity and CNS effects Ingested or
mhaled PCE 1s mostly excreted by the lungs The metabolism of PCE 1s very slow, a very low
percentage 1s excreted 1n the urine as metabolites Currently no inhalation RfD 1s available for
PCE Oral RfDs have been calculated based on research with rodents Primary effects
associated with PCE exposure include liver and kidney damage and CNS depression The oral
RfD for chronic exposures 1s 1E-2 mg/kg/day with an uncertainty factor of 1000 There 1s
medium confidence 1n this RfD because no one study combined the features required for deriving
a high confidence RfD Confidence 1n the principle study 1s low, because 1t lacked complete
histopathological examination at the no observed adverse effect level (NOAEL), and

corroborative studies on 1ts teratogemc and reproductive impacts are lacking (EPA, 1994)

PCE 1s listed as a probable group B2 carcinogen 1n IRIS, has an oral SF of 5 20E-2, and an
mhalation SF of 2 03E-3 Thus classification was based on studies performed on rodents, where
mhalation produced both leukemia and tumors of the liver PCE 1s for the most part

nonmutagenic and has not been shown to cause reproductive toxicity
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C.6.0 RISK CHARACTERIZATION

Rusk characterization mvolves estimating the magnitude of potential adverse effects, summarizing
the nature of the threats to public health, and considering the nature and weight of evidence
supporting these risk estimates and the degree of uncertainty surrounding the estimates

Specifically, nisk charactenization involves combining the results of the exposure and toxicity
assessments to provide numerical estimates of health nsk These estimates are comparisons of
exposure levels with appropriate RfDs or estimates of the lifetime cancer nisk with a given
intake

Generally, to quantify the health risks, the intakes are first calculated, as identified 1n Section
C 4 0, for each applicable scenario The intakes were calculated from the concentrations
discussed 1 Section C 3 2 and the methodology documented in RAGS (EPA, 1989) The
specific intakes, calculated i Section C 4, were then compared to the applicable chemical-
specific toxicological data presented in Section C 5, to determine the health risk

The health risks from the contaminants were calculated to determine potential carcinogenic and

noncarcinogenic effects as discussed 1n Sections C 6-1 and C 6-2, respectively

C 6 1 Ruisk and Hazard Quotient Calculation

Potential carcinogenic risks are expressed as an estimated probability of an individual developing
cancer from hifetime exposure to the carcinogen This probability 1s based on projected intakes
and chemical-specific dose-response data called cancer slope factors (SFs) Cancer SFs and the
estimated daily intake of a compound, averaged over a Iifetime of exposure, 1s used to estimate
the incremental risk that an individual exposed to that compound may develop cancer. Potential

carcinogenic risks are estimated from the following equation

Risk = Intake X SF C)

where
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Risk =  Potential Iifetime excess cancer risk (unitless)
SF =  Slope factor for chemicals (mg/kg/day)’
Intake =  Chemical intake (mg/kg/day)

Potential health effects of chromic exposure to noncarcinogenmic compounds 1s assessed by
calculating a hazard quotient (HQ) which 1s denived by dividing the estimated daily intake by

a chemical-specific RfD as shown 1n the following equation

HQ = Intake/RfD )
where
HQ = Noncancer hazard quotient (unitless)
Intake =  Chemical intake (mg/kg/day)
RfD =  Reference dose (mg/kg/day)

A HQ greater than 1 0 indicates that exposure to that contaminant, (at the concentrations and
for the duration and frequencies of exposure estimated 1n the exposure assessment), may cause
adverse health effects 1n exposed populations However, the level of concern associated with
exposure to noucarcinogenic compounds does not increase hinearly as HQ values exceed 1 0

In other words, HQ values do not represent a probability or a percentage For example, an HQ
of 10 does not indicate that adverse health effects are 10 times more likely to occur than an HQ
value of 1 0, but that potential adverse health effects are of greater concern

C 6 2 Carcinogenic Effects

Carcinogenic nsl;s from exposure to each contaminant were calculated and summed for a future
onsite resident using groundwater, using public water, and for a future onsite office worker
using public water The source of contamination considered (1) mamntaiming the current
groundwater contamination level and removing the french drain and extraction well, (2)
maintaimng the current groundwater contamination level and continuing the french drain and
extraction well operations, and (3) remediating the contamination source and removing the
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french drain and extraction well These receptors and scenarios considered contamination at the
French Drain and at Woman Creek Tables C 6-1 through C 6-3 summarize the results of the
nisk calculations by scenario, receptor, and pathway

For all three scenarios, the highest carcinogenic risks at the French Drain and at Woman Creek
are associated with the future onsite resident The nisks for the future office worker are

neghgible (1n the 10 '? to 10'® range)

The scenario that yielded the maximum calculated carcinogenic risks was the no action scenario

The total calculated risk for the future onsite resident with this exposure i1s 1 17E-05 with the
dominating pathway of ingestion of groundwater with a risk of 9 97E-06 (see Table C 6-1) The
nisk from the next dommnant pathway, nhalation of volatiles from indoor use of groundwater,
1s 8 44E-07

The scenario with the next highest calculated carcinogenic risk assumed remediation of the
contamination and discontinuing the operation of the french drain and extraction well The total
calculated risk for the future on-site restdent with this exposure 1s 6 69E-07 with the dominating
pathway of ingestion of groundwater with a nisk of 5 87E-07 (see Table C 6-3)

The institutional controls scenario has the lowest calculated carcinogenic nisks The total
calculated risk for the future on-site resident with this exposure 1s 3 31E-07 with the dominating
pathway of ingestion of groundwater with a nisk of 2 88E-07 (see Table C 6-2) In all three
scenarios, PCE 1s responsible for the highest risks

C 6 3 Noncarciogenic Effects

The receptors and pathways used to evaluate carcinogenic effects were also used to evaluate
noncarcinogenic effects The HIs for each contaminant are the summed HQs for each exposure
pathway If the HI exceeds umty there may be a concern for potential health effects and the
exposure should be evaluated more closely. Tables C.6-4 through C 6-6 summarize the results
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of the HQ and HIs calculations by scenario, receptor, and pathway

The calculation of HQs and respective HIs did not yield a significant noncarcinogenic hazard
(1 e , did not approach unity) The highest HI 1s 2 59E-01 for a future onsite child resident and
the no action scenario (see Table C 6 4) The dominating pathway for this receptor 1s ingestion
of groundwater with a HQ of 1 57E-01 from CCl, The remaining HIs ranged from 1 40E-01
to 1 85E-12
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C.7.0 UNCERTAINTY ANALYSIS

Uncertainty analysis 1s an important component of the risk assessment process According to
the EPA Gudance on Risk Charactenzanon for Risk Managers and Risk Assessors, point
estimates of risk "do not fully convey the range of information considered and used 1n
developing the assessment" (EPA, 1992) To provide information about the uncertanties
associated with the risk assessment, uncertainties were 1dentified during the PHE process (DOE,
1994a) and are presented 1n qualitative terms

C 71 Sources of Uncertainty

There are four stages of analysis applied during the risk assessment process that can introduce

uncertainties
e  Data Collection and Evaluation
e  Exposure Assessment
° Toxicity Assessment
° Risk Characterization

The uncertainty analysis characterizes the propagated uncertainty in public health nisk
assessments These uncertainties are driven by uncertainty in the chemical monitoring data, the
transport models used to estimate concentrations at receptor lc;catlons, receptor intake
parameters, and the toxicity values used to characterize nsk Additionally, uncertainties are
mtroduced 1n the nisk assessment when exposures to several substances across multiple pathways
are summed

One approach to address the uncertainties 1s to use health-protective assumptions Health-
protective assumptions are those that systematically overstate the magnitude of health risks such
that even with errors due to uncertainty in the methodology, actual health risks are expected to
be less than those calculated This process bounds the plausible upper himits of nisk and

facilitates an informed risk management decision
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C 711 Data Collection and Evaluation

Varnability 1n observed concentrations 1s due to sampling design and implementation, laboratory

analysis, seasonality, contaminant level vanation, and natural vanation

C 7 1 2 Exposure Assessment

The largest measure of uncertainty in the exposure assessment 1s associated with characterizing
transport, dispersion, and transformation of COCs 1 the environment, establishing exposure
settings, and deriving estumates of chronic intake The ultimate effect of this process 1s the

generation of a range or distribution of estumates for intake at a given exposure point

C 713 Toxicity Assessment

Toxicity assessment 1s the process of characterizing the relationship between the dose or intake
of a substance and the incidence of adverse effects i the exposed population Toxicity
assessments evaluate results from studies with laboratory ammals or from human epidemiological
studies These evaluations are used to extrapolate high levels of exposure, where adverse effects
are known to occur, to low levels of environmental exposures, where effects can only be
predicted based on statistical probabihities The results of these extrapolations are used to
establish quantitative indicators of toxicity

C 7 1 4 Risk Characterization

The last step 1n the risk assessment 1s risk cinaractenzahon Ths 1s the process of integrating
the results of the exposure and toxicity assessments (1.e., comparing the estimates of intake with
appropriate toxicological measures to determine the likelihood of adverse effects 1 potentially
exposed populations) Similarly, the propagated uncertainties defined throughout the uncertainty
analysis process are combimed and presented as part of the risk characterization to provide an

overall uncertainty 1n the estimate of nsk
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C 72 Uncertanty in Human Intake Parameters

Inherent in the evaluation of modeled contaminant intake 1s the uncertainty in the values used
to assign intakes Uncertainty parameters of intake (such as ingestion rate) as well as parameters
of demographics (residence time, length of work day, etc ) are evaluated quantitatively to the
extent possible so that the uncertainty about the mean for those important varnables 1s propagated
through the analysis along with modeled concentrations and toxicity constants

The selection of probability distributions as inputs to exposure and risk models 1s conducted
according to guidance set forth i the Exposure Factors Handbook (EFH) (EPA, 1990)

"In general, the selection of a probability distribution to represent an input factor in
the exposure models should be based upon any gathered information about that
factor, theoretical arguments, and/or expert opimions A probability distribution can
be ascertained for such information as the following general shape of the
distnbution, mimmum, maximum, mode, mean, median, midrange, and other
percentiles Available data on the probability distributions for each of the exposure
factors discussed 1n this handbook have been presented in previous sections When
distribution data are not avatilable, distributions can be assigned using professional
judgement "

Although the exact shape of many of the distributions 1s not known, the estimated distributions
approximate the current state of knowledge about these variables much better than a single point
estimate From the data presented in EFH, 1t may be seen that for each varnable, a range of
values exists In many cases, additional information such as central tendency values (e g ,
mean, median) and/or percentiles 1s provided Selection of a single pomnt estimate from such
data 1s a significant loss of information. In effect, a point estimate 1s a distribution m which a
single value has a 100 percent chance of occurring, and all other values have no chance of
occurring The data presented in EFH is capable of providing much more information than a
single point estimate, particularly for the purpose of nisk assessment

A further consideration 1s that exposure parameters may not be independent For example, there
1s typically a positive correlation between inhalation rate and body weight A range of values
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may be 1dentified 1n the hiterature for this correlation These correlations range from moderate

to moderately high

C 73 Qualitative Uncertainty Analysis

A qualtative uncertainty analysis can be used to estimate the impact of aspects of a misk

assessment

The 1mtial characterization that defines the risk assessment for a site involves many professional
judgments and assumptions Defimtion of the physical setting, population charactenstics, and
selection of the chemicals included 1n the risk assessment are examples of areas for which a
quantitative estimate of uncertainty cannot be achieved because of the inherent rehiance on

professional judgement

Assumptions and supporting rationale regarding these types of parameters, along with the
potential impact on the uncertainty (1 e , overestimation or underestimation of uncertainty), are
described qualitatively above as part of the qualitative exposure assessment uncertainty analysis
A qualitative uncertainty analysis 1s presented in Table 1
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Table C.7-1

Selected Qualitative Uncertainty Factors

I Uncertainty Factor

Effect of Uncertainty

Comment

Fate and Transport Estimation

Assumed house volume and
ventilation rate

May shghtly overestimate or
underestimate risk

The mndoor concentratton of soil gas penetrating
the foundation depends on indoor ventilation

Soil-gas source term
assumptions

May overestimate or
underestimate risk

The heterogeneous sources were assumed to be
homogeneous

Natural infiltration rate

May overestimate risk

A conservative value was used for this
parameter

Moisture content

May overestimate or
underestimate nsk

Thus vanes seasonally 1n the upper vadose zone
and may be subject to measurement error

Water table fluctuations

May shghtly overestimate or
underestmate nsk

The average value used 1s expected to be
representative of the depth over the 25-year

exposure period

Modehng of VOCs from soil
gas through the foundation

May over estimate or
underestimate nsk

There may be DNAPLSs 1n the vadose zone,
however, conservative assumptions were used 1n
the modeling from the saturated zone

Vanability 1n annual
meteorological data

May shghtly overestimate or
underestimate risk

Although a nigorous statistical analysis on annual
vanability was not conducted, the annual
variability 1s less than approximately 1% 1n each
category, resulting 1n less than approximately
5% from year to year

Exposure scenario assumptions

May overestimate nisk

The likelihood of future onsite residential
development 1s small If future residential use
of thus site does not occur, then the nisk
estimates calculated for future onsite residents
are likely to overestmate the true risk associated
with future use of this site

Exposure parameter assumptions

May overestimate risk

Assumptions regarding media intake, population
charactenistics, and exposure patterns may not
charactenize actual exposures

Exposure Estimation

Exposure duration

May overesumate or
underestimate risk

The assumption that an individual wall work or
reside at the site for 25 or 30 years 18
conservative Short-term exposures involve
companson to sub-chronic toxicity values, which
are generally less restrictive than chronic values
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Non chemical-specific constants
(not dependent on chemucal

properties)

May overestimate risk

Conservative or upper bound values were used
for all parameters incorporated 1nto intake
calculations

Toxicological data

Exclusion of some hypothetical
pathways from the exposure
SCenartos

May underestumate risk

Exposure pathways were nigorously evaluated
for each scenano and elimnated only if 1t was
determuned that they were either incomplete or
neghgible compared to other evaluated
pathways

Permeability coefficients

May shghtly overestimate or
underestimate nisk

EPA permeability coefficients were
algonithmically predicted and have an
uncertainty of approximately one order of
magmtude

Use of cancer slope factors

May overestimate risk

Potencies are upper 95th percentile confidence
hmits Considered unlikely to underestmate
true nisk

Critical toxicity values derived
primanly from ammal studies

May overestmate or
underestimate risk

Extrapolation from amimal to humans may
induce error due to differences 1n absorption,
pharmacokinetics, target organs, enzymes, and
population vanability

Cnitical toxicity values derived
primanly from high doses, most
exposures are at low doses

May overesumate or
underestimate nisk

Assumes Linear at low doses Tend to have
conservative exposure assumptions

Critical toxicity values and

May overestmate or

Not all values represent the same degree of

classification of carcinogens underestimate risk certainty All are subject to change as new
evidence becomes available
Lack of inhalation slope factors May underestimate nsk Carcinogenic COCs without wnhalation slope

factors, may or may not be carcinogemic through
the 1nhalation pathway

Use of oral slope factors to -
evaluate dermzl absorption

May overestimate or
underestmate nsk

Assumes that mtroduction to the blood stream
through the skin acts simlarly to absorption
through the gut

Addition of risks across weight-

May overestmate risk

Addition of nisks across weight-of-evidence

of-evidence classifications classifications 18 extremely health conservative
and potentally inappropnate
Lack of RfDs or RfCs May underestimate risk Inhalation RfDs or RfCs are not available from
IRIS for some chemicals
Effect of absorption May overestimate or The assumption that absorption 18 equivalent
underestimate risk across species 18 implicit 1n the denivation of the
cnitical toxicsty values Absorption may actually i
vary with chenmucal |
Lack dermal absorption or direct | May shghtly underesimate nsk | The unavailabihity of consensus absorption
action toxicity values values does not facilitate companson of absorbed
dose to toxicity constants based on admumstered
dose
—
OU-1 CMS/FS Report
881 Hullside Area
Cc-40

3% Ja February 1995




C.8.0 SUMMARY

These residual nisk calculations discussed 1n this risk assessment were intended to develop a
quantitative assessment of the risk associated with appropriate receptors and scenarios after
specific remedial action alternatives have been implemented Based on information from the
PHE, the most conservative contamination, scenarios, receptors, and pathways, were evaluated

Concentrations of contaminants were modeled using groundwater modeling techniques and then
receptor intakes were calculated The intakes were combined with toxicological data in risk and
HQ equations to calculate potential probabilities for carcinogenic nisk and noncarcinogenic HQs

The carcinogenic risks and HQs were then summed by scenario to yield total potential

carcinogenic and noncarcinogenic effects

The maximum calculated carcinogenic risk 1s for the no action scenario The total risk to the

future onsite resident with groundwater 1s 1 17E-05

The HIs calculated for the scenarios and receptors were not significant (1 € , did not approach
unity) The maximum HI 1s 2 59E-01 for a future onsite child resident and the no action

scenario
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8702-8706) Further, 1t 1s not obvious that the preferred alternative, recommended in the OU-1 draft
final CMS/FS report, would not achieve compliance with State Groundwater Standards Until a specific
point of compliance 1s agreed upon, the EPA’s assumption that a remedial action 1s necessary to achieve
compliance under the State Groundwater Standards (which are different from the chemuical-specific
ARARs presented 1n the CMS/FS) 1s invalid DOE has suggested demonstrating compliance with certain
performance monitoring points prior to selection of a remedy, while compliance at several locations 1s
evaluated by the agencies and the public

Resolution.

As discussed 1n the meeting held on December 14, 1994, between DOE, EPA and CDPHE, the results
of the revised CMS/FS report will be reviewed prior to selecting a preferred remedy for OU-1 The
results of the revised detailed analysis of alternatives will be presented to both agencies and mput will
be solicited at that time for selecting an appropriate remedial action for preparation of the proposed plan

for OU-1

Comment 3

The FS states that the preferred alternative for OU1 1s nstitutional control without the french drain but
with groundwater monitorings Under this strategy, chlorinated solvents 1n the subsurface will continue
to contaminate groundwater until sources diminish through natural processes However, due to some
uncertainty regarding the location and nature of the sources, it 1s difficult to determine with confidence
how long 1nstitutional controls and groundwater monitoring will be required Modeling results presented
in the FS indicate that concentrations at Woman Creek will continue to increase until the year 2369, or
for 375 years nto the future To ensure that Woman Creek 1s protected, 1t follows that groundwater
monitoring will be required as long as concentrations increase, but only 30 years of momtoring 18
accounted for 1n the cost estimate for the preferred alternative

Response

Due to the impact of present worth analysis on cost estimates of monitoring periods extending beyond
30 years, EPA guidance recommends that costs occurring beyond thirty years be neglected in feasibility
study cost analyses Specifically, the Remedial Action Costing Procedures Manual (EPA 1987) states on
page 3-21 “Remedial action alternatives requiring perpetual care should not be costed beyond thirty years,
for the purpose of feasibility analysis The present worth costs beyond this period become negligible and
have little impact on the total present worth of an alternative ” Also, the Guidance for Conducting
Remedial Investigations and Feasibility Studies Under CERCLA (EPA 1988) states on page 6-13 “In
general, the period of performance, for costing purposes should not exceed 30 years for the purpose of
detailed analysis ” In addition, 30-year monitoring periods are required under RCRA for closure actions
that may wmpact groundwater (6 CCR 1007-3, 264 117) The costing of monitoring periods for thirty
years does not limut the actual monmitoring period, which would be extended 1f continued momtoring 1s
required

Resolution:

As discussed in the meeting held on December 14, 1994, between DOE, EPA and CDPHE, the
monitoring period described in the CMS/FS report will remain at 30 years as prescribed by guidance,
except for remediation alternatives which may limit the amount of monitoring required
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Comment 4:

The source removal remedial alternatives offer the possibility of removing source areas and potentially
reducing the post-closure monitoring period and the potential for future corrective action Therefore, the
time required to reach remedial action objectives (RAOs) 1s one of the major difference among the three
general types of alternatives evaluated (monitoring, containment, and source removal followed by residual
contaminant containment and monitoring) The FS must evaluate the time element in more detail before
a remedial alternative 1s recommended The report must also provide more discussion about the
uncertainty of the source extent and how this uncertainty affects the effectiveness of the source removal
technologies These discussions must also consider the degree of confidence gained after the proposed
so1l gas study 1s conducted In addition, the FS must estimate the time 1t will take to reach a point when
monitoring 1s no longer required for each alternative and incorporate these results into the comparative
analysis The FS must also consider the uncertainty associated with the models when evaluating the
effectiveness of the various strategies Finally, the FS should incorporate a sensitivity analysis into the
model results to further evaluate the impact of subsurface contaminant uncertainty

Response.

Where possible, the elements of this comment will be included in the revised CMS/FS report In
particular, more text will be added to the document discussing the uncertainties involved with each
remedial action and with the source areas in general However, 1t is because of the large uncertainty
associated with the source areas at OU-1 that 1t was not deemed appropriate to specify the monitoring
periods required for each aiternative Until data are available concerning the actual performance of a
remedial action at QU-1, it 1s impossible to accurately predict the monitoring period required for any
alternative, other than through standard guidance (1 e , 30 years) In addition, it 1s believed that these
time periods will not affect the selection of a preferred remedy, and therefore are not critical to the
detailed analysis of alternatives

Uncertainties associated with the groundwater model will be discussed further 1n the revised CMS/FS

A sensitivity analysis was suggested by DOE previously but could not be accomplished in the schedule
provided Both EPA and CDPHE acknowledged this fact and agreed that it would not be presented in
the draft final CMS/FS A sensitivity analysis will be mmtiated for the OU-1 CMS/FS and will be
incorporated based on schedule constraints

Resolution:

As discussed 1n meetings held on December 8 and December 14, 1994, between DOE, EPA and CDPHE,
the resolution to this comment 1s as stated in the response above

Comment 5:

Given the proximity of OU1 to Woman Creek, one of the primary functions of any remediation that
occurs at OU1 should be to protect Woman Creek and the associated ecological receptors Therefore,
protecting ecological receptors associated with Woman Creek must be an RAO for OU1

Response:

This 1ssue will be discussed further through a special work group designated by DOE and the regulatory
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agencies to resolve specific comments However, this exposure route was not mcluded in the RFI/RI
report or the BRA and 1t 1s unclear why the EPA 1s raising the 1ssue at this time

Resolution:

As discussed 1n meetings held on December 8 and December 14, 1994, between DOE, EPA and CDPHE,
this comment will be resolved by including additional detail in the short-term effectiveness evaluation of
each alternative concerning impacts to Woman Creek and other environmental receptors In addition,
an RAO will be added to include protection of ecological receptors in Woman Creek

Comment 6:

It 1s uncertain whether Woman Creek and the associated ecological receptors will be protected under the
proposed remedial alternative Throughout the FS, the text states that maximum contaminant levels
(MCLs) need to be met only at Woman Creek to be protective It 1s not clear whether MCLs will protect
ecological receptors associated with Woman creek The FS must be revised to illustrate how Woman
Creek ecological receptors will be protected from OU1 contamination

Response.
See response to General Comment #5
Resolution:

See resolution to General Comment #5

Comment 7:

More detailed discussion about the proposed monitoring plan must be added to the FS, particularly since
monttoring 1s one of the primary features of the preferred alternative and 1s common to.all alternatives
The alternatives that would suspend french drain operations but leave 1t in place (Alternatives 0 and 1)
imply that momtoring will continue, and that the french drain will be reactivated only if momitoring
results exceed predicted values The only locations for which predicted values are given in Appendix B
are both down gradient of the french drain The text does not specify which monitoring wells correspond
to these locations Regardless, by the time concentrations begin to exceed predicted values down gradient
of the french drain, 1t may be too late for the french drain to be effective If a contamination front 1s
detected below the french drain, 1t 1s probable that the contaminants have already spread throughout the
length of the french drain Monitoring wells that will be used to trigger remedial decisions should be
located above the portion of the french drain that intersects the expected contaminant flow path
Currently, the closest well reported to have 9,500 micrograms per liter (ug/L) of trichloroethene (TCE),
2,600 pg/L of carbon tetrachloride, and 590 ug/L of tetrachloroethane (PCE) from a sample collected
m late 1992  On the basis of these results, french drain operation should not be discontinued under any
of the alternatives If future wells are planned for the area above the french drain, investigative methods
should be used that will optimize the well location with respect to bedrock topography and the
contaminant plume
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Response:

The location of monitoring wells 1s typically not a component of the CMS/FS as 1t does not affect
alternative development or the detailed analysis of alternatives This information 1s usually included in
the PRAP/PP, CAD/ROD, or 1 a post-closure monitoring plan More information regarding the
monitoring plan will be incorporated into the CMS/FS report at the agency’s request, although DOE
disagrees that the information 1s relevant to the remedy selection process Note that both regulatory
agencies will have input to the monitoring plan through any of the documents mentioned above

Resolution.

As discussed 1n meetings held on December 8 and December 14, 1994, between DOE, EPA and CDPHE,
the resolution to this comment 1s as stated in the response above

Comment §:

There 15 no mention 1n this document of the buried gas transmission line that crosses OU1 1n an east-west
direction between 119 1 and the French Drain The existence of this feature could certainly impact some
of the alternatives discussed in this document Additionally, since this line lies in the path of the
migrating contaminated groundwater, an evaluation of how 1t might be affecting migration 1s needed

Response:

It 15 unclear how this comment could impact the remedial action alternatives presented in the CMS/FS
report The line 15 a utility feature which will undoubtedly be reviewed during detailed design The
purpose of the CMS/FS report 1s to evaluate conceptual approaches to remediation of OU-1 Details such
as the transmussion line do not impact the analysis, especially 1 the case where the line 1s not 1n the
immediate vicinity of the treatment zone as 1s the case here [n addition, evaluation of the transmission
line as a potential route for contaminant migration 1s not within the scope or purpose of the CMS/FS
report This i1ssue should have been raised during the preparation of the RFI/RI report if EPA felt that
it warranted significant attention A

Resolution.

As discussed n meetings held on December 8 and December 14, 1994, between DOE, EPA and CDPHE,
this comment will be resolved by including a reference to the gas transmission line wherever alternatives
are presented that could potentially be impacted by the presence of the line

1

Comment 9.

This report fails to make use of all available and pertinent data, and this 1s especially critical 1n the
ground water modeling that was performed Apparently only analytical data from 1990 through md 1992
was used 1n the modeling, even though data from 1987 to the present 1s readily available for this purpose

Nor were the so1l gas survey results from December 1993 mentioned or presented, although a much older
(pre-1987) so1l gas survey was cited a few times 1n the text What happened to the cores and associated
data that were proposed in the QU1 Treatability Study Work Plan, Soil Flushing, Biotreatment, and Radio
Frequency Heating, September, 19927 That work plan was designed for the purpose of collecting site
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specific data to be used in evaluating alternatives for the QU1 CMS/FS and any data that was collected
must be presented 1n this report

Response.

DOE believes 1t 1s appropriate to use the data set considered in the RFI/RI report for the groundwater
model constructed for the OU-1 CMS/FS  Groundwater monitoring data for the hillside 1s available to
the present date and will continue to be available 1n the future However, the groundwater model must
consider a data set that 1s static and cannot be updated continuously based on current monitoring
programs The data set selected for the model 1s the most appropriate data set to use given its use in the
RFI/RI report, to which results of the model are being compared Remedy selection 1s based on the
results of the CMS/FS report, which 1n turn is based on the results of the RFI/RI report However, at
the request of both agencies, the groundwater model has been revised to include data through 1994 It
1s assumed that this data will be sufficient to satisfy this comment

Note that the intent of the treatability study work plan was not to gather soil characterization data Rather
the intent of the study was to gather soil samples for testing of various treatment technologies
Unfortunately, soil samples recovered contained few if any detectable concentrations of contaminants even
though they were taken from the most probable contaminant regions at I[HSS 119 1 Data from the tests
themselves were supposed to be used for evaluating alternatives Since the tests were not performed due
to the unavailability of contaminated sotils, the data are not available to include in the CMS/FS report

The CMS/FS report will be revised to reference both soil gas surveys The data was used indirectly 1n
the CMS/FS during conceptualization of remedial action alternatives The text will be revised to include
this information

Resolution:

As discussed 1n meetings held on December 8 and December 14, 1994, between DOE, EPA and CDPHE,
the resolution to this comment 1s as stated in the response above

~
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Response to CDPHE General Comments on August 1994
Draft Final Corrective Measures Study/Feasibility Study (CMS/FS)
881 Hillside Area (Operable Unit 1)

Rocky Flats Environmental Technology Site

General Comments

Comment 1.

General Lack of Response to Division Comments -- The Division finds that the DOE has 1n general failed
to adequately respond to or resolve the vast majority of our comments and concerns in this draft CMS/FS
report These concerns were discussed with DOE staff 1n several meetings and are documented 1n the
Division’s comments to TM 10 and TM 11 The DOE’s failure to resolve these comments has resulted
in the submuttal of an incomplete and inadequate draft CMS/FS

Response

DOE has made every effort to adequately respond to comments received from both EPA and CDPHE
Many of the concerns listed in the State’s comments on the OU-1 CMS/FS have not been raised during
the various working meetings held between DOE, EPA, and the State since January of this year Issues
such as classification of IHSS 130 as a mixed waste landfill significantly impact the content of the OU-1
CMS/ES and should have been discussed during the 1dentification of preliminary remedsation goals and
remedial action alternatives Additionally, techmcal input from both agencies received during working
meetings has not been representative of written comments received after review of both TMs and the
CMS/FS report For example, the State has commented heavily on the conceptual approach and
parameters used to develop the OU-1 groundwater model This information was presented to both
agencies through several meetings beginning in June of this year and continuing through july Both
agencles were 1nvolved in reviewing the model as it was developed and at no time did either agency
indicate a concern over the conceptual approach applied DOE 1s disappointed that the State has criticized
DOE’s approach to the consultive process, while continuing to limit the value of such meetings These
disparities have hindered proper resolution of outstanding 1ssues - issues which often times are not
discussed early 1n the process due to the State’s consistent submittal of comments on OU-1 documents
much later than EPA comments

Resolution®

During the December 8 meeting between DOE, EPA, and CDPHE 1t was decided that regular meetings
will be held to resolve outstanding issues on the OU-1 CMS/FS report These meetings will be
instrumental 1n achieving a common forum through which all parties can come to agreement on specific
items Resolution will be documented heremn and incorporated into the revised CMS/FS report
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Comment 2:

Role of the State and RCRA Correction Action in Remedy Selection -- This Draft CMS/FS 1s entirely

focused on CERCLA and the CERCLA process No attempt has been made to meet the State’s
RCRA/CHWA requirements Under the IAG, the State will make a Corrective Action Decision under
RCRA/CHWA and the EPA will make a Remedial Action Decision under CERCLA The CMS/FS must
be adequate to support both Agencies’ decisions The IAG specifically requires that Feasibility Studies
/ Corrective Measures Studies comply with the requirements of CERCLA, RCRA, CHWA, and pertinent
guidance and policy [paragraph 152] The Division has stated on many occasions, both formally and
informally, that the CERCLA process 1s only a template and some modifications to the process will be
necessary to meet RCRA/CHWA CMS requirements The DOE has repeatedly ignored these Division
concerns

In this draft CMS/FS report, the DOE’s position continues to be that consistency with CERCLA RI/FS
guidance takes precedence over meeting RCRA/CHWA CMS needs and requirements The DOE'’s
failure to address this 1ssue has resulted in the submuttal of a deficient CMS/FS document that does not
meet the State’s needs 1n making a corrective action decision for all IHSSs in OU-1 The DOE must fully
recognize and meet all RCRA/CHWA requirements 1n the Final CMS/FS and, where necessary, deviate
from CERCLA FS guidance to meet such requirements Consistency with CERCLA guidance 1s not
sufficient justification for 1gnoring the Division’s concerns and comments

Response

DOE disagrees with the State’s comment that the draft final CMS/FS report 1s focused solely on
CERCLA and the CERCLA process Comments further state that no attempt has been made to meet the
State’s RCRA/CHWA requirements CERCLA evaluation criteria duplicate RCRA evaluation criteria
and include additional criteria which address commumity and state acceptance The State has
acknowledged that Section 4 0 of the report was not reviewed This section represents the core of the
CMS/FS and contains a detailed evaluation of both RCRA and CERCLA criteria DOE requests th~t the
State specify what requirements are not being met under RCRA/CHWA, since the detailed analysis of
alternatives includes discussions on RCRA standards, evaluation criteria, and source control measures

Additional information regarding specific deficiencies 1s requested prior to responding to this comment

For information purposes the following table lists the evaluation criteria considered under both CERCLA
and RCRA guidance
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National Contingency Plan, RCRA Corrective Action Plan Guidance
Evaluation Cniteria Evaluation Crnitena
40 CFR 300.430 (e) (9) (i) OSWER Directive 9902.3-2A (May 1994)
Overall protection of human health and the Protect human health and the environment
environment
Control the sources of releases’
Compliance with ARARs Comply with any applicable standards for
management of wastes
Attain media cleanup standards set by the
implementing agency
Long-term effectiveness and permanence Long-term reliability and effectiveness
Reduction of toxicity, mobility, or volume Reduction in the toxicity, mobiity or volume
through treatment of wastes
Short-term effectiveness Short-term effectiveness
Implementability Implementability
Cost Cost
State acceptance
Community acceptance

"This cnterion 15 addressed under the National Contingency Plan threshold critena for Overall Protection of Human
Health and the Environment This criterion 1s also directly related to the Long-Term Effectiveness and Permanence
criteria

Resolution

During the December 8 meeting 1t was made clear that the State felt that the OQU-1 CMS/FS report did
not adequately address the RCRA CAP criteria 1n the detailed analysis of alternatives (DAA) The State
suggested a separate working session to review the DAA, and to provide input into the presentation of
Section 4 0 of the CMS/FS DOE agrees that this approach will resolve this comment and agrees to
provide more information 1n the report on the RCRA CAP process and how 1t 1s integrated with the
CERCLA process Summary tables in Section 4 § of the report will be revised to include specific CAP
criteria where the criteria differ from those evaluated under CERCLA For example, source control
measures will be specifically discussed in the DAA to address this CAP criterion
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Comment 3:

DOE Inappropriate Proposal for a CAMU -- The DOE has proposed as part of all remedial alternatives
for OU-1, that the Division designate the 881 Hiliside at RFETS as a corrective action management unit
(CAMU) The DOE’s sole intention in proposing this designation appears to be avoiding the active clean-
up of the hillside The Division 1s bewildered by the DOE’s apparent lack of understanding of the intent
and substance of the CAMU regulations The intent of CAMU 1s to facilitate an effective and efficient
remedy, not to avoid the need for active corrective action The Division finds the application of CAMU
proposed by the DOE 1n this document to be inconsistent with the intent of the CAMU regulations and
both the substantive and administrative requirements of CAMU

The Division 1s extremely disappointed that we were not consulted on this proposal or notified of the
DOE’s intention to apply CAMU at OU-1 prior to the submuttal of this CMS/FS report Based on our
evaluation of all information available under OU-1, the Division finds no basis for designating OU-1 a
CAMU If the DOE can provide sufficient information supporting the appropriateness of a CAMU at
OU-1, this information must be discussed and a CAMU designation agreed to by the Agencies prior to
its ncluston n the Final CMS/FS

Response*

DOE has proposed use of the Subpart S hazardous waste requirements as a possible means of achieving
"an effective and efficient remedy” for OU-1 The information on the Corrective Action Management
Unit (CAMU) rule that DOE has access to 1s the Commission’s proceedings on adopting the rule and the
rule itself (6 CCR 1007-3, 264 552) The CAMU approach to OU-1 was proposed 1n this draft final
CMS/FS for review and discussion with the State, as 1s required under the CAMU rule If the State does
not agree that the CMS/FS report 1s the proper forum for discussing the CAMU concept at OU-1, then
DOE requests that the State suggest an appropriate forum for this discussion within the confines of the
IAG

Resolution*

During the meetings held on December 8 and December 14, 1994, between DOE, EPA and CDPHE, 1t
was agreed that the CAMU language will be removed from the CMS/FS report CDPHE agreed that an
[HSS by IHSS evaluation 1s not required for alternative development as long as each source area and
IHSS 1s identified 1n the OU-1 CMS/FS and dispositioned 1n terms of remedial actions The CAMU
concept was proposed to retain an OU-wide approach to alternative analysis at OU-1 Based on the
State’s revised position on the IHSS by IHSS evaluation 1ssue, the CAMU language will be removed
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Comment 4:

Information Necessary to Support a Corrective Action Decision -- This comment was originally made to
TM 11 and has not been resolved to the Division’s satisfaction in the Draft CMS/FS The draft CMS/FS

does not contain sufficient information to support a CAD for all of the IHSSs in OU-1 The Division
will not consider the Final CMS/FS to be complete until all IHSSs and/or source areas in OU-1 are
sufficiently addressed This draft CMS/FS only addresses contamination at IHSS 119 I, at a ummum
the group of IHSSs south of Building 881, IHSS 130, and IHSS 119 2 must also be evaluated

This concern was raised in the Division’s comments to the draft TM 11 and clarified in a meeting with
DOE and EG&G staff The DOE formally responded to this concern on September 30, 1994, almost a
month after releasing the draft CMS/FS The Division finds the DOE response to this comment
inappropriate, inaccurate and mconsistent with both the IAG and the risk screening approach that all
parties agreed to

The evaluation of each IHSS 1s consistent with the CERCLA process and has been recognized by the EPA
as necessary and appropriate for all OUs at RFETS Regardless of CERCLA guidance, the Division
requires the CMS/FS contain sufficient information to fully support a corrective action decision by the
Division under RCRA/CHWA for each IHSS and/or source area in OU-1

The DOE disagreement with the Division’s application of the risk screening approach 1s concerning  This
screening methodology was agreed to by all parties, including the DOE

The development of remedial action alternatives must start at the IHSS and/or source level Corrective
measures must be selected for each IHSS and/or source area that are fully protective and meet all
appropriate RAOs and PRGs The number and range of alternatives evaluated for each IHSS and/or
source area may be limited by the scope and complexity of contamination and availability of treatment
options Alternatives selected for each IHSS should then be combined to form a range of remed:al action
alternatives for the operable unit When appropriate, IHSSs with similar effective alternatives can be
combined to achieve economies of scale Alternatives developed at the operable unit level must provide
the range of alternatives prescribed in EPA guidance

The Division recognizes that 1t may not be efficient to address all contamination strictly through IHSSs,
In some Instances it may be more efficient to address an area of contamination as a source area
independent of the IHSSs This does not mean that each THSS does not need to be addressed

The DOE statement, in response to this comment under TM 11, that the groundwater contamination at
the eastern edge of the operable unit has not been "definitively" tied to any one IHSS 1s correct but totally
misleading As reported in the OU-1 RFI/RI Report, this contamination was 1n fact attributed by the
DOE to multiple IHSSs, although not "definitively" To definitively tie the contamination on the eastern
edge of OU-1 to IHSS 119 2 and/or the 903 Pad would require additional, largely unnecessary
characterization field work Regardless of the source of contamination near IHSS 119 2 1t must be
addressed 1n the OU-1 CMS/FS

Response:

The meetings referenced 1n this comment were held during the preparation of the OU-1 CMS/FS report
Both regulatory agencies have repeatedly denied DOE’s informal requests to extend the schedule for
preparation of the CMS/FS report Many of the comments received on the OU-1 CMS/FS are based on
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unresolved issues from the OU-1 RFI/RI report The State must recognize that many of these issues
impact the CMS/FS directly and therefore impact 1ts schedule Because both agencies have repeatedly
insisted that the CMS/FS report be produced prior to resolution of these 1ssues, agreements made between
the agencies and DOE may not be represented 1n the draft final CMS/FS

In addition, as stated in the response to comments received on TM 11, DOE does not agree that
individual IHSSs should be examined for remedial action alternatives The IAG states that the CERCLA
RI/FS guidance should be used as the template for conducting OU CMS/FSs The IAG also establishes
the OU concept and recognizes the need for evaluating remedial actions at the OU level The OU concept
1s particularly suited to the circumstances of OU-1, where unspecified sources of groundwater
contamination have resulted in OU-wide contamnation at various levels The OU-1 RFI/RI document
also does not support an IHSS by IHSS evaluation If the State feels that IHSSs should be evaluated
individually for overall protection to human health and the environment, then the State should imtiate
these evaluations through the RFI/RI process and not the CMS/FS process The BRA results must at
some point be used by the State to determine 1f further action 1s warranted at a site, or in this case, at
an IHSS It 1s mappropriate for the State to request that the CMS/FS be used as a vehicle to 1dentify no
action decisions prior to conducting a detailed analysis

DOE requests that the State provide additional guidance on the value of evaluating each IHSS and source
area independently in the OU-1 CMS/FS report As the last paragraph of this comment suggests, " the
contamination near [HSS 119 1 must be addressed regardless of its source * DOE does not believe that
the groundwater medium beneath OU-1, which represents the highest potential risk to viable receptors,
can be evaluated on the basis of individual IHSSs DOE has proposed alternatives that remediate both
the most contaminated areas of OU-1 groundwater, as well as the OU as a whole These alternatives
adequately represent potential remedial action strategies at this OU To address this comment, the revised
CMS/FS will contain additional information regarding each IHSSs status 1n terms of each alternative

Resolution

During the December 8 meeting, the State voiced the concern that the public may not be able to follow
the decision process 1f individual IHSSs are not specifically discussed 1n the OU-1 CMS/FS report  DOE
suggested that IHSSs be discussed early 1n the report to 1dentify specific source areas These source areas
will then be addressed separately and evaluated for remedial action The discussion on THSSs and how
they are addressed by the source area approach will be included 1n future documents (such as the
Proposed Remedial Action Plan/Proposed Plan) as well The State concluded that individual alternative
analyses are not required for each IHSS as long as each THSS 1s included in the imitial discussion of
source areas Also see resolution to General Comment #4
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Comment 5:

RCRA/CHWA Criteria for the Evaluation of Final Corrective Measure Alternatives —- The Division will
use the RCRA corrective action evaluation criteria presented 1n the latest version of the RCRA Corrective
Action Plan (OSWER Directive 9902 3-2A, May 1994), a guidance document produced by EPA for
tmplementation of RCRA corrective action, as guidance in evaluating remedial action alternatives These
standards reflect the major technical components of remedies including cleanup of releases, source control
and management of wastes that are generated by remedial activities

The specific standards as set out in the RCRA CAP guidance include 1) protect human health and the
environment, 2) Attain media cleanup standards set by the implementing agency, 3) Control the source
of release so as to reduce or eliminate, to the extent practicable, further releases that may pose a threat
to human health and the environment, 4) Comply with any applicable standards for management of
wastes, 5) Other factors Other factors include five general factors that will be considered as appropriate
by the Division in selecting a remedy that meets the four standards above The five general factors
include a Long-term reliability and effectiveness, b Reduction in the toxicity, mobility or volume of
waste, ¢ Short-term effectiveness, d 1mplementability, and e Cost

RCRA/CHWA corrective action remedies must meet the above listed standards Therefore, the Final
CMS/FS must provide detailed documentation of how the potential remedy will comply with each of the
Five RCRA CAP standards

Response

DOE believes that the five criteria of EPA’s RCRA Corrective Action Plan (OSWER Directive 9902 3-
2A, pp 63-67) and the nine criteria of the National Contingency Plan (NCP) 1n 40 CFR 300 430(e)(9)
are essentially identical (see Table 1n response to General Comment #2) It 1s DOE’s understanding that
EPA has strived over the last seven years to provide guidance that can be consistently implemented at
various sites with the same contaminants under the two sets of regulations The overall objective of the
two acts 1s the same 1n situations of contaminant releases and agency selection of remedies Specific
differences would seem to point to additional criteria in the NCP regulations such as community
acceptance It 1s emphasized that the 'RCRA Corrective Action Plan 1s a guidance as 1s the CERCLA
RI/ES guidance

The State asserts that RCRA/CHWA corrective action remedies must meet the listed standards, and
suggests that the CMS/FS provide detailed documentation of how the potential remedy will comply with
each of the standards It 1s DOE’s position that in fact the referenced "standards" are not standards but
evaluation criteria  These criteria are evaluated in the detailed analysis of alternatives presented 1n
Section 4 0 of the CMS/FS report Until the State has reviewed this section of the document, it 1s
inappropriate to assume that the RCRA 'CAP evaluation criteria are not included

Resolution. See Resolution to General Comment #2
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Comment 6*

Effectiveness of Remedial Action/Corrective Action to Protect the Environment -- This comment was
originally made to TM 11 and has not been resolved to the Division’s satisfaction in the Draft CMS/FS

The general assumption that remedial actions at QU-1 that are protective of human health will adequately
protect ecological receptors and environmental resources at OU-1 1s not appropriate 1n the CMS/FS
report The effectiveness of each alternative to protect the environment must be evaluated The DOE
response to this comment under TM 11, that it 1s not necessary to consider environmental protectiveness
in the OU-1 CMS/FS because the OU-1 BRA EE did not identify any significant hazards to ecological
receptors, 1S not an acceptable response

The BRA EE finds that many of the contaminants evaluated in the BRA EE are toxic to ecological
receptors at concentrations tound at OU-1, but that because of the limited extent of contamination, no
adverse ecological impacts occur The assumption that contamination 1s limited and no adverse ecological
impacts will occur 1s not valid under all of the OU-1 CMS/FS remedial alternatives - specifically, those
alternatives which allow contamination to continue to migrate uncontrolled could invalidate this
assumption The effectiveness of all remedial alternatives to protect the environment must be fully
addressed 1n the Final CMS/FS

Response

The assumption that remedial actions at OU-1 that are protective of human health will be protective of
ecological receptors 1s based on the results of the OU-1 RFI/RI report The results of the which indicate
that there 1s no current or future significant risk to these receptors The effectiveness of each alternative
to protect the environment 1s evaluated in the detailed analysis of alternatives (Section 4 0) This section
was not reviewed by the State and therefore the comment that this evaluation was not conducted may be
premature

The State concludes that " the assumption that contamination is limited and no adverse ecological
impacts will occur 1s not valid under all of the OU-1 CMS/FS remedial alternatives " due to the
potential for contaminant migration This assumption 1s based on the RFI/RI surface so1l evaluation and
1s not related to groundwater contamination which 1s the focus of the CMS/FS report The groundwater
medium was not 1dentified as a potential source of future risk to ecological receptors and therefore the
assumption 1s valid, unless the State has 1dentified future risks to ecological receptors from groundwater
contaminants that are not identified 1n the OU-1 RFI/RI report

Resolution:

During the meetings held on December 8 and December 14, 1994, between DOE, EPA and CDPHE, 1t
was agreed that the resolution to this comment will be present a more thorough analysis of short-term
impacts to the environment under the Detailed Analysis criterion of Short-Term Effectiveness
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Comment 7:

Incomplete and Inaccurate Identification of ARARSs -- The Division has commented on several occasions
regarding specific deficiencies in the identification of ARARs for OU-1 The Division has expressed
major concerns with the DOE’s identification and determination of ARARs under TM 10 The majority
of the Division’s comments and concerns regarding ARARs have not been adequately addressed and
remain unresolved in this draft CMS/FS In comments to TM 11, the Division deferred ARARs
comments 1n hope that several outstanding issues could be resolved through the ARARs Working Group
Unfortunately, the DOE has chosen to proceed at an extremely slow pace under the ARARs working
group and the group has yet to entertain substantive ARARs discussions

The Division’s general comments on specific potential ARARs are presented below Additional ARARs
comments are also included in the Division’s specific comments All ARARs 1ssues must be resolved
in the Final CMS/FS before the Division will consider the document to be complete

a) State Groundwater Standards -- The DOE has failed to present any valid argument to support 1ts
claim that the State groundwater standards are not ARARs  This document states that
"groundwater standards are not addressed ARARSs because the classifications requiring those
standards have not been applied consistently throughout the State and thus fail the NCP criteria
of ’general applicability’ in 40 CFR 300 400 (g) (4) " This argument, much like the last two
arguments against the application of State groundwater standards as ARARs, 1s simply incorrect
Contrary to this argument, the phrase "general applicability” has nothing to do with whether or
not standards have been applied consistently The preamble to the NCP explains that "of general
applicability” means "that potential State ARARs must be applicable to all remedial siuations
described 1n the requirement, not just CERCLA sites " Consistent with the preamble’s
explanation, State groundwater standards are applicable to all situations, not just CERCLA sites
and, therefore, are "of general applicability " Moreover, no "classifications” exist for organics,
rather, the standards for organics apply statewide regardless of classification Therefore, the
claim that "the classifications requiring those standards have not been applied consistently " makes
no sense

b) RCRA/CHWA Subpart F Groundwater Protection -- RCRA/CHWA groundwater protection
standards were identified 1n the Division’s comments to TM 10 as potential chemical specific
ARARs They have not been included 1n the draft CMS/FS These standards must be 1dentified
as potential ARARs 1n the Final CMS/FS

c) Doctrine of Sovereign Immumnity -- The DOE, 1n response to Division and EPA comments on
sovereign immunity, has stated that 1t has removed such language from the text of the CMS/FS,
but that questions regarding sovereign immunity may still be discussed during ARARs working
group meetings The Division and EPA positions’ on sovereign immunity appear to be clearly
presented, however 1if the DOE has any remaining questions at OU-1, they must be raised under
this CMS/FS Report

d) Surface Water Standards -- State surface water standards were identified 1n the Division’s
comments to TM 10 as potential chemical specific ARARs They have not been included in the
draft CMS/FS These standards must be 1dentified as potential ARARs 1n the Final CMS/FS
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Closure of French Drain - The requirements for the final closure of the french drain must be
identified as ARARs and included 1n the detailed analysis of alternatives

Radioactive, Hazardous and Mixed Waste Landfill Requirements -- The Division considers IHSS
130 to be a mixed-hazardous waste landfill which must be closed in accordance with all
applicable landfill regulatory requirements Therefore, the DOE must identify all ARARs and
TBC associated with landfills 1n this CMS/FS  This determination 1s based on the documented
disposal of radioactive waste in the [HSS, the known or suspected disposal of hazardous waste
debris associated with the OPWL 1n the IHSS, and the detection of hazardous waste constituents
in groundwater monitoring wells directly downgradient of the IHSS This landfill 1s located on
an unstable hillside, is not capped and has no controls in place to prevent future release or
exposure to hazardous constituents or radionuclides Regardless of the current risk associated
with THSS 130, the DOE must meet all appropriate regulatory criteria for landfills The DOE
must 1dentify all ARARs relevant to solid, radioactive, hazardous and mixed waste landfills

Response

DOE disagrees with the statement that the 1dentification of ARARs 1n the OU-1 CMS/FS 1s incomplete
The State may disagree with the selection of ARARs, however, the identification of ARARs 1n the
CMS/FS and m TMs 10 and 11 was performed according to guidance and regulations (40 CFR
300 430(b)(9), (d)(3), (e)(2), and (¢)(9) During the review of TM 11, the State emphasized that action-
specific ARARs were being reviewed and comments would follow shortly These comments were never
recelved and therefore State comments were not available prior to preparation of the CMS/FS report
The following responses are applicable to other portions of this comment

a

DOE has carefully reviewed the State’s position and the regulations concerning the State’s Basic
Standards for Ground Water (5 CCR 1002-8,3 11 5) DOE has determuned that the State’s basic
standards are potential ARARs for all contaminants except radionuclides ~ The CMS/FS will
be revised to reflect this potential ARAR at OU-1

The RCRA groundwater protection standards (6 CCR 1007-3,264, Subpart F) were briefly
mentioned 1n the detailed analysis of alternatives in the CMS/FS The CMS/FS will be revised
to clarify that the RCRA groundwater protection standards are potential chemical-specific ARARs
and that the process of establishing groundwater protection standards at the point of compliance
1s part of the selection of a protective remedy under RCRA and CERCLA The RCRA
groundwater protection standards are maximum contaminant levels, background levels, or
alternate concentration levels as approved by the Director (6 CCR 1007-3, 264 94) It 1s noted
that MCLs were used in the CMS/FS as the potential chemical-specific ARARs and thus used to
identify PRGs .
This comment 1s noted DOE believes that the proper forum for further discussion of sovereign
immunity 1s the ARARs working group

Although the State identified the Colorado surface water quality standards as potential chemical-
specific ARARs earlier 1n the CMS/FS process, surface water has not been one of the media
investigated at OU-1 The RFI/RI 1dentifies soil and groundwater as the media of concern within
the boundaries of QU-1 Information presented in the RFI/RI on the water quality of Woman
Creek and the South Interceptor Ditch 1s from OU-5 and other locations
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e Clarification of this comment 1is required tn order to respond to the comment The french drain

collects ground water and to our knowledge 1s not a waste unit DOE 1s unfamiliar with specific
requirements applicable to "closure” of a french drain DOE requests that the State provide
specific references to support the comment

f The 1dentification of THSS 130 as a mixed waste landfill 1s the first comment from the State on
this subject since the mitial preparation of the CMS/FS report The RFI/RI report did not
identify this 1ssue, and the comment was never raised by the State DOE requests that the State
specify 1ts requirements for determining what areas are considered mixed waste landfills at the
RFETS, and what regulatory basis 1s being used for these designations

Resolution

This comment 1s being resolved through the ARARs working group Comments a b, and d are
resolved as stated in the responses above, however Comments e and f could not be subtantiated by
the Division 1n terms of providing regulatory justification for the comments Closure requirements or
performance standards are not available for the French Drain Likewise, the Division could not justify
the position that IHSS 130 1s a mixed waste landfill The CMS/FS report will be revised as appropriate
to clarify the text
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Comment 8.

Point of Compliance with Prelimimnary Remediation Goals -- The DOE has incorrectly determined Women
Creek as the pomnt of compliance for protectiveness and ARARs requirements at OU-1  State
groundwater standards are applicable to all groundwater tn OU-1  The point of comphance for
groundwater PRGs at OU-1 1s therefore anywhere that groundwater 1s present at OU-1 That s, they
both must be met The correct point of compliance must be incorporated into this report and utilized in
the development and screening of alternatives Once a remedy 1s selected, a new pomnt of complhiance
for remedy effectiveness will be chosen and specifically delineated

Response

Woman Creek has not been selected as a point of compliance 1n the draft final CMS/FS report  DOE’s
position on this 1ssue 1s that the point ot compliance should be discussed in working meetings with the
agencies The meetings held in July 1994, with representatives from both agencies, concerned
groundwater monitoring and covered the subject of point of compliance These discussions were focused
on the RCRA requirements found mn 6 CCR 1003-7, 264 95 and the State’s groundwater regulations 1n
5 CCR 1002-8, 3-11 6 The RCRA requirements specify the following

The point of compliance 1s a vertical surface located at the hydraulically downgradient [imt of
the waste management area that extends down 1nto the uppermost aquifer underlying the regulated
unit, where the "waste management area" 1s

- the limit projected in the horizontal plane of the area on which waste will be placed
during the active life of a regulated unit,

- and includes horizontal space taken up by any liner, dike, or other barrier designed to
contain waste in a regulated unit, or

- if the facility contains more than one regulated unit, the waste management area 1s
described by an imaginary line circumscribing the several regulated units

Whereas the State’s requirements specify that for contamination identified and reported on or
before September 30, 1992, the pomnt of compliance for the statewide standards shall be at
whichever of the following locations 1s closest to the contamination source

- the site boundary, or

- the hydrologically downgradient limit of the area in which contamination exists when
identified

The State’s comment defining the point of compliance as "  anywhere that groundwater 1s present at OU-
1 " appears to be inconsistent with both sets of regulations DOE requests clarification as to the basis
for the State’s assertion that the point of compliance has no relation to site boundaries, and that the point
of compliance should be arbitrarily set in the CMS/FS, only to be revised once a remedy 1s selected

Resolution:
Resolution to this comment is pending separate discussions concerning point of compliance 1ssues
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Comment 9:

Selection of Preliminary Remediation Goals -- The DOE has selected State MCLs as PRGs for OU-1
this draft CMS/FS While the division considers State and Federal MCLs to be potenual ARARs for OU-
1, the Division does not find that State MCLs are necessarily the appropriate PRGs for all contaminants
for erther IHSS 119 1 or the OU Sufficient documentation supporting how and why the DOE selected
State MCLs as PRGs for OU-1 1s not included 1n the CMS/FS Report The rationale for selecting State
MCLs over risk based PRGs or other ARARSs 1s not included 1n the draft CMS/FS PRGs should be the
lower of chemical specific ARARs or risk-based PRGs that exceed background and appropriate PQLs
Comphiance with ARARs and protection of human health and the environment are two distinct CERCLA
requirements for remedies PRG selection must be correctly implemented and fully documented n the
Final CMS/FS

Response

PRGs were established by following the NCP (40 CFR 300 430 (e)(2)(1)) and RCRA CAP guidelines
(pgs 49 and 50) DOE does not agree that groundwater PRGs should be set at the lowest possible value
available, regardless of the practicality of remediating to this value This 1s particularly true in the case
of OU-1, where groundwater 1s marginally available and does not present a realistic source of usable
drinking water This comment will be addressed further under the forum of the ARARs working group

Justification for selection of State MCLs was provided during the working meetings held between DOE,
EPA, and the State tn January of this year, and 1s included in TM 10 At the request of both agencies
much of the material presented in the TMs was not included in the OU-1 CMS/FS to ltmit duplication
of material If this approach s no longer desired by the agencies, then DOE will mnclude the material
from both TMs 1n the revised CMS/FS report

Resolution

During the meeting held on December 14, 1994 between DOE, EPA and CDPHE 1t was agreed that State
groundwater standards will be identified as potential chemical-specific ARARs for OU-1  Groundwater
PRGs will therefore be based on these standards Risk-based PRGs will not be presented in the final
CMS/ES report It 1s assumed that State groundwater standards are considered protective by the State
and therefore risk-based PRGs are not required for groundwater This 1s consistent with the NCP that
specifies that chemical-specific ARARs are generally appropriate when available Risk-based values are
typically only necessary when chemical-specific ARARs are not available, or are otherwise not sufficient
to protect human health and the environment
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Comment 10-

Development of Preliminary Remediation Goals -- The Division does not find that the PRGs developed
in section 2 3 of this draft CMS/FS adequately address all of the RAOs presented 1n Section 2 2 or the
additional RAOs required in the Division’s specific comments The State MCLs selected by the DOE
as PRGs for groundwater fail to meet the groundwater RAQO as 1dentified 1n this draft CMS/FS report

No PRGs have been developed to ensure protection of groundwater from degradation by subsurface soil
contamination under the subsurface soil RAO PRGs must be developed that ensure all RAOs are
obtained at OU-1 This includes the complete and accurate 1dentification of all chemical specific ARARs

Response

DOE requests clarification of this comment Specifically, the comment states that State MCLs fail to
meet the groundwater RAQ listed 1n the draft final CMS/FS report, then goes on to state that no PRGs
have been developed to ensure that protection of groundwater from degradation by subsurface soil
contamination under the subsurface soil RAO DOE requests clarification as to which RAOs the State
is referring to 1n regard to the MCLs MCLs are presented as PRGs for groundwater and are not
intended to target the subsurtace soil medium

In addition, subsurface soil PRGs cannot be established unless there exists a clear source of subsurface
soil contamination to groundwater Repeated efforts to obtain samples from the IHSS 119 1 area, that
contain possible contaminant sources, have indicated that there are no clear source areas identifiable at
the IHSS, and therefore no sources for which PRGs can be established and measurably achieved With
regard to ARARs, 1dentification of chemical-specific ARARs 1s discussed in the responses to General
Comments #7 and #9, and will be addressed through the ARARs working group It is important to note
here that not all RAOs necessarily require quantified PRGs

Resolution.

Based on the meeting held on December 8, 1994, this comment will be resolved by revising the
subsurface soil RAO included 1n the CMS/FS report to state the following "Prevent migration of
contaminants from subsurface.soils to groundwater that would result in ground water contamination in
excess of groundwater ARARs for OU-1 contaminants "
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Comment 11.

Risk Based PRG Calculation Methodology - The Division specifically raised several concerns with the
calculation of risk based PRGs 1n comments to TM 10 The DOE has failed to adequately address many
of these comments Many of these 1ssues remain unresolved from the Final Phase III RFI/RI Report
The Division approved the Revised Final Phase III RFI/RI Report, Rocky Flats Plant 881 Hillside, OUT,
June, 1994 contingent upon DOE’s revisions on a limited number of i1ssues These 1ssues cannot simply
be addressed by discussing them in the Phase III RFI/RI report comment-response section The Division
has not been convinced by DOE’s arguments, and expects compliance with our requests

The Division’s major 1ssues included an adequate quantitative assessment of external irradiation both
OU-wide and at the source, a good qualitative assessment of toxicity of PAHs and PCBs and also of those
chemicals for which there are not as yet any EPA toxicity factors, calculation of intake values for all
those chemicals for which there are as yet no EPA toxicity factors, an assessment of surface soil exposure
to the construction worker receptor, and a more objective presentation of the risks As of yet, the
Division has not seen any revisions Therefore, DOE’s contention that absolutely no changes will be
made tn the PRG documents or methodology because similar methodologies were used in the RI/RFI
document 1s premature The Division 1s particularly concerned by the DOE’s refusal to calculate external
exposure to radiation by a future resident This calculation 1s supported both by RAGS (Part B, p 35)
and by ICRP 26 and 30

Response.

The concerns listed in this comment do not apply to the OU-1 CMS/FS report They are primarily
RFI/RI 1ssues as stated 1n the comment and do not affect alternative development In addition, the State
has requested throughout the comment document that the OU-1 CMS/FS report not include any reference
to the surface soil medium DOE seeks clarification as to why the concerns listed i this comment are
presented here, 1n light of the State’s comments regarding this medium Although the State is particularly
concerned about external exposure to radiation by a future resident, DOE requests clarification of how
this will affect the evaluation of remedial action alternatives for groundwater at OU-1

Resolution*

Based on the meeting held on December 8, 1994, between DOE, EPA and CDPHE, this comment 1s not
relevant to the OU-1 CMS/FS report, and 1s therefore noted but does not require a revision to the
document
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Comment 12:

Failure to Consider ALL Contaminants -- This comment was raised 1n the Division’s comments to TM
10 and TM 11 It has not been fully addressed by the DOE and remains a deficiency 1n this draft
CMS/FS report

The Division, under 1ts correcttve action authority, will consider all hazardous constituents found at OU-1
in making a corrective action decision Therefore, the CMS must include all contaminants and cannot
be limited to only the BRA COCs The BRA COC screen was developed to focus the BRA risk
evaluation on risk drivers This screen does not preclude non-COCs from being present at levels above
risk based concern or that need management and momitoring This 1s evident in Table 5-2 of the draft
CMS/FS where many non-COCs are shown to be present at QU-1 at concentrations above risk based
PRGs As stated by the Division 1n previous comments, the Division requires that all contaminants
identified at OU-1 be included and fully evaluated in the OU-1 CMS/FS

Response

The table referenced in this comment 1s unknown In addition, DOE requests clarification on the State’s
position that all contaminants 1dentified at OU-1 be fully evaluated It is unclear 1n this comment how
a contaminant 1s "evaluated” The focus of the CMS/FS report 1s to evaluate remedial action alternatives
using specific COCs as indicators to determine the effectiveness of each alternative The CMS/FS report
will be revised to specify that the complete list of contaminants are potential COCs, although the
alternative evaluation process will remain unchanged

The revised groundwater model will evaluate all of the organic contaminants 1dentified inthe OU-1 BRA

In addition, TCE will be modeled since 1t appears in concentrations similar to other identified BRA
COCs Other contaminants, which appear at much lower concentrations in OU-1, will be qualitatively
evaluated 1n the revised CMS/FS report This approach should meet the intent of this comment while
preserving the integrity of the existing groundwater model

Resolution’

This comment will be addressed by the revised groundwater model, which now includes ail of the BRA
organic COCs as well as TCE Other contaminants will be evaluated qualitatively but occur at much
lower concentrations throughout the site, and are adequately represented by the modeled COCs
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Comment 13:

Subsurface Soils_Preliminary Remediation Goals - The DOE has repeatedly failed to respond to the

Division’s concerns that subsurface soil contamination 1s not being adequately addressed in the CMS/FS
The DOE continues to claim that subsurface soils were found not to present unacceptable risk in the BRA,
and thus do not require consideration This is not correct, subsurface soils were indirectly evaluated in
the BRA through groundwater pathways, many of which were found to present elevated risks

Regardless of the BRA, hazardous constituents are present in the subsurface soils within OU-1 and must
be evaluated in the RCRA/CHWA Corrective Measures Study and subsequent Corrective Action
Decision Therefore, subsurface soils must be considered along with groundwater 1n developing RAOs
and PRGs RAOs and PRGs for subsurtace soils must be based on risk, protection of groundwater and
ARARs

Response

DOE requests clarification from the State as to how subsurface so1l PRGs can be developed based on risk,
protection of groundwater, and ARARs, when no direct risks have been identified in the BRA, and
chemical-specific ARARSs currently do not exist for this medium The State has repeatedly suggested that
PRGs be developed for subsurface soils without providing guidance as to what 1s being requested

Additionally, given the wide variability 1n partitioning values found at OU-1, PRGs cannot be reliably
calculated for subsurface soils based on these values DOE therefore requests that the State clarify
whether 1t 1s asking for PRGs based on 1ngestion of subsurface soil, or on contaminant transport to
groundwater If the latter 1s the primary concern, then this 1ssue should have been raised as an RFI/RI
issue It 1s unclear why the State 1s continuing to question RFI/RI issues 1 this document
inappropriately

Resolution:

Based on the meetings held on December 8 and December 14, 1994, between DOE, EPA and CDPHE,
subsurface soil PRGs will not be calculated directly The subsurface soil RAO included 1n the QU-1
CMS/FS report will be revised as discussed 1n the response to General Comment # 11
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Comment 14:

Inadequate Documentation of Remedial Action Alternative Development and Screening Process — The
Division does not find the documentation and supporting rationale for the development and screening of

remedial action alternatives as presented in TM 11 and the draft CMS/FS to be adequate The Division
commented on the development and screening of alternatives in several specific comments to TM 11
The DOE has failed to resolve these comments or address the Division’s concerns

The DOE has on several instances chosen to cite CERCLA guidance as a rationale for not addressing the
Division’s concerns  This 1s not adequate  All of the Division’s comments must be fully resolved to the
Division’s satisfaction and integrated into the CMS/FS  The CMS/FS must include a thorough
documentatton of the remedy development and selection process, including appropriate supporting
rationale It 1s not appropriate to reference the DRAFT TM 11 for this documentation

Response

The draft TM 11 document was incorporated by reference in the OU-1 CMS/FS report as agreed to by
DOE, EPA, and the State during various working meetings At the request of both regulatory agencies
this was done 1n order to limit the duplication of material found 1n the TMs and the CMS/FS report If
desired, the final CMS/FS report will include all of the material originally presented 1n the TMs, although
each document will still be available in the administrative record

CERCLA guidance has been cited where necessary to justify the amount of detail included 1n the CMS/FS
report, and/or to explain how specific concepts are applied in the CMS/FS process DOE has attempted
to satisfactorily address the State’s concerns while maintaining the intent of RCRA and CERCLA cleanup
guidelines which specify evaluating various criteria to determine both the feasibility and necessity of
imtiating remedial actions The State’s position to date has been that remedial action 1s warranted at OU-
1 regardless of the results of the detailed analysis of alternatives DOE fundamentally disagrees with this
approach and has therefore cred guidance where necessary to maintain an appropriate and accepted
methodology for remedy selection

~

Resolution:

The revised CMS/FS report will not reference the draft TM 11 document The report will provide
information regarding both RCRA and CERCLA remedy selection processes and will incorporate State
comments as appropriate
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Comment 15:

Impacts of Decommissioning of the French Drain -- Several of the alternatives presented in this
document, including the DOE preferred alternative, recommend the decommussioning of the french drain
The text 1n several sections discusses decommissioning the french drain by breaching the drain with a
backhoe It does not appear that the decommissioning of the drain was considered in modeling of
contaminant migration down gradient of the dratn  Specifically, any breach in the drain would become
a preferential pathway for transport to Women Creek Contaminated groundwater collected in the
“decommissioned” drain would essentially be discharging directly to Women Creek as surface water
This pathway must be considered in modeling the impact of decommussioning the drain

The current modeling assumes that if the french drain were decommissioned, contamination would
eventually reach Women Creek via continued migration of the contaminant plume down gradient of the
drain The fate of contaminated groundwater collected within the french drain after decommussioning
must be considered in modeling the impact of such alternatives

Additionally, the eventual final closure of the french drain raises many issues that have yet to be
considered including potential decontamination methods, closure performance standards and potential post-
closure care requirements for the drain  The Division strongly recommends that the DOE fully consider
these issues 1n evaluating the role of the french drain in remedial alternatives at OU-1

Response

Decommuissioning of the drain was not considered in modeling of contaminant migration downgradient
of the drain  As discussed 1n the response to General Comment #1, this 1ssue was not raised during the
various meetings held with both regulatory agencies to discuss the conceptual approach applied to
modeling OU-1 Additionally, it 1s unclear 1) how decommissioning of the drain would result in direct
discharge to surface water, and 2) how the State wishes this pathway to be considered in modeling the
impact of decommussioning the drain DOE therefore requests clarification as to what type of modeling
the State 1s suggesting for the french drain

The State’s comments regarding decontamination methods for the french drain are likewise unclear DOE
1s unaware of any regulatory provisions for decontaminating this type of umt, for closure performance
standards, or potential post-closure care requirements DOE requests clarification as to what State
requirements are being referenced, and how these requirements affect selection of a preferred remedy at
OU-1

Resolution.

Resolution of this comment 1s pending information from the State concerning decontamination
requirements, closure performance standards, and potential post-closure care requirements for the drain
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Comment 16:

Role of Institutional and Engineering Controls -- NCP explamns that istitutional controls shall not
substitute for active response measures as the remedy unless such active measures are determined not to
be practicable, based on the balancing of trade-offs among alternatives (300 430 (a) (1) (i) Clearly
not the case here In any event, the use of institutional controls to limit exposure at the site does not
alleviate the requirement to meet, or waive all ARARs

Response

DOE agrees with the statement on the use of instituttonal controls DOE requests clarification of the
State’s position given the State’s acknowledgment that it has not reviewed the detailed analysis of
alternatives, and therefore has not examined the analysis of the RCRA and CERCLA evaluation criteria
(1 e, trade-offs) for each proposed remedial action DOE also requests that the State specify why
institutional controls are not appropriate for OU-1 DOE agrees that the use of institutional controls do
not alleviate the requirement to meet, or waive all ARARs, and does not present this view 1n the CMS/FS
report

Resolution.

This comment does not require resolution
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Comment 17:

Regulatory Requirements for IHSS 130 Radioactive Site - 800 Area -- Recent groundwater monitoring
data for the three monitoring wells directly down gradient of IHSS 130 (36391, 36691, 37191) show the

presence of hazardous constituents not detected during the Phase III RFI/RI sampling The date from two
of these wells over the time frame utilized 1n the RFI/RI (1990 to mid 1992) were limited to only a single
sampling event The newer 1993 monitoring data may confirm the HRR report that hazardous waste
assoctated with the OPWL were disposed of at this IHSS and are potentially leaching from this IHSS into
the groundwater As a result, the Division is currently reviewing this monitoring well data to determine
1f IHSS 130 1s a potential hazardous waste landfill, as well as a radioactive waste landfill As such, the
Division requires that remedial action alternatives be developed for this landfill that are protective of
human health and the environment, and meet all the appropriate regulatory requirements

Response.

DOE disagrees with the assumption that IHSS 130 should be considered a mixed waste landfill DOE
requests that the State provide justification as to why this IHSS falls into this regulatory classification
DOE aiso disagrees with the State’s position given that 1t 1s still trying to determine whether IHSS 130
1s a potential hazardous waste landfill based on downgradient groundwater data This comment represents
a significant departure from the approach to alternative development presented to the agencies since
January of this year Raising such an issue after preparation of the draft final CMS/FS hmits the value
of the consultive process that has been occurring to date between DOE and the regulatory agencies The
State has criticized DOE for 1ts approach to negotiating 1ssues, however, 1t appears as 1if the discourse
which occurs during CMS/FS working meetings 1s not being considered in written comments  Since
January of this year the focus of the OU-1 CMS/FS has been on groundwater remediation This approach
1s supported by the RFI/RI report and the BRA n particular DOE’s position is that 1t 1s inappropriate
to target units for remediation which have not been 1dentified as risk contributors at the site and do not
exceed existing ARARs

Resolution.

During the meeting held on December.14, 1994, betweén DOE, EPA, and CDPHE, the State revised its
position that IHSS 130 is considered a mixed waste landfill The State 1s currently reviewing its approach
to classifying this THSS

OU-1 CMS/FS Report
Comment Response Document
February 1995 21




yzs

Comment 18-

Use of All Available Data -- The modeling and analysis of groundwater data 1n this report must use all
available field data Groundwater monitoring data for the hillside 1s available from 1987 to the present
Limiting this report to groundwater data from 1990 to mid 1992 1s not appropriate Additionally, there
1s no mention of the December 1993 soil gas survey conducted at IHSS 119 1 The Davision requires
that all available field data be used in the Final CMS/FS It 1s important to note that the RFI/RI was
performed using data gathered at a finite point mn time (1990 to mud 1992) Inclusion of any new,
pertinent data into the development of the final CMS/FS 1s essential 1n order to help ensure an accurate
CMS/FS Therefore, as new information is obtained and evaluated, further field work at OU-1 may be
required prior to a remedy selection

Response

DOE believes it 1s appropriate to use the data set considered in the RFI/RI report for the groundwater
model constructed for the OU-1 CMS/FS Groundwater momitoring data for the hillside 1s available to
the present date and will continue to be available 1n the future The data set selected for the model 1s the
most appropriate data set to use given its use in the RFI/RI report, to which results of the model are
being compared However, at the request of both agencies, the groundwater model has been revised to
include data through 1994 It 1s assumed that this data will be sufficient to satisfy this comment

DOE disagrees with the State’s position that as new information 1s obtained and evaluated, further field
work at OU-1 may be required prior to remedy selection Remedy selection 1s based on the results of
the CMS/FS report, which in turn 1s based on the results of the RFI/RI report DOE believes that the
State 1s inappropriately suggesting continued RFI/RI characterization, while continuing to request that the
CMS/FS be conducted regardiess of unresolved characterization 1ssues

The CMS/FES report will be revised to reference all soil gas surveys The data was used indirectly in the
CMS/FS dur'ng conceptualization of remedial action alternatives The text will be revised to include this
information

- Resolution, °

This comment will be resolved as discussed in the response presented above
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Comment 19:

Detailed Analysis of Alternatives -- As documented 1n the Division’s comments, the DOE has made many
fundamental mistakes in the CMS/FS process, including selection of ARARs and PRGs, and the
development of alternatives The number and degree of these mistakes have forced the Division to
conclude that the underlying basis for the detailed analysis of alternatives and the preferred alternative
presented 1n this draft CMS/FS are fatally flawed and without basis The Division requires that, after
the ARARs, PRGs, development of alternatives and all other underlying errors in this report are

- corrected, the detailed analysis ot alternatives and DOE preferred remedy by reworked

The detailed analysis of alternatives must include detailed documentation of how the potential remedy will
comply with each of the five standards for evaluation of a final corrective measure alternative presented
in the RCRA Corrective Action Plan (OSWER Directive 9902 3-2), as well as the nine CERCLA criteria
Spectfically, the Division requires the reworked detailed analysis of alternatives to include how the
sources of releases will be controlled, and to comply with any applicable standards for management of
wastes as evaluation criteria

The Division has not specifically commented on section 4 O Detailed Analysis of Alternatives, of this
draft CMS/FS The Division finds that based on the number and significance of the unresolved 1ssues,
the evaluation of section 4 1s not warranted at this ttme This should not be construed as concurrence
by the Division on anything contained in Section 4 of the draft CMS/FS

Response:

DOE does not agree that "mistakes" were made i the CMS/FS process at OU-1 Many of the 1ssues
raised by the State have failed to point to specific deficiencies in the CMS/FS report and instead are
general statements that are not supported by clear examples In many cases, 1ssues presented are opinions
of the State which have not necessarily been 1dentified by the EPA as deficiencies Several comments
recelved from the State suggest that the document does not include an analysis of the RCRA "standards"”
Because the State did not evaluate the detailed analysis of alternatives where these criteria are evaluated,
DOE does not believe these comments are warranted The table included in the response to General
Comment #2 delineates how the RCRA evaluation criteria compare to the CERCLA evaluation criteria
which are included 1n the detailed analysis of alternatives The State has suggested 1n several comments
that the RCRA criteria have not been considered As shown in the table included in the response to
General Comment #2, CERCLA and RCRA evaluation criteria are similar and are discussed at length
in Section 4 0 of the CMS/FS report

Resolution.

During the meeting held on December 14, 1994, between DOE, EPA and CDPHE, the State revised its
position that the OU-1 CMS/FS report does not contain sufficient information regarding the RCRA CAP
evaluation criteria, with the exception that source control measures are not adequately discussed under
alternatives that do not attempt to remediate the source of contamination at [HSS 119 1  The revised
CMS/ES report will include more a detailed discussion concerning source control measures under each
alternative
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Comment 20:

Failure to Adequately Consider Risk in Evaluating Alternatives -- In the CMS/FS document, DOE based
its decision on whether remediation alternatives protected human health solely on the modeled predictions
of the fate and transport of one chemical, PCE They did not discuss CC14, 1,1,-DCE, or any other
hazardous constituents This 1s unacceptable RAGS Part B states that all chemicals with risks greater
than 1x10° "should rematn on the list of chemicals of potential concern for that medium" (RAGS part
B p 16) A remediation decision based on only one chemical does not consider the cumulative risks from
all chemicals 1n a particular media In this case, the remediation decision does not even consider the risks
from CC14 and 1,1-DCE, both of which are more toxic and present in higher concentrations at OU1 than
PCE Moreover, HQs were not even calculated for inhalation exposure (see Tables C 6-4, 5 & 6)
because no inhalation RfD was available for PCE

If DOE had done a toxicity assessment on this chemical 1t would have been apparent that there 1s no
evidence that this chemical causes local respiratory tract irrigation, so that 1t would be appropriate to do
route-route extrapolation on the oral toxicity factor for this chemical As 1t 1s, DOE did not even evaluate
the single chemical 1t assessed in the CMS/FS for noncarcinogenic effects by the inhalation route of
exposure

Response

The revised OU-1 CMS/FS will include each BRA COC 1n the risk evaluation for each alternative, with
the addition of TCE due to its presence in unusually high concentrations at OU-1 Results from the
groundwater model will be examined for each of these COCs and will be incorporated 1n the appropriate
residual risk discussions

The residual risk for the residential receptor will be documented consistent with the methodology
presented in Appendix C  An mhalation reference dose for PCE was not available 1n IRIS, HEAST, or
ECAO The issue of a RfD for PCE will be deferred to ECAOQ for additional guidance prior to revision
of the CMS/FS report

Resolution

The resolutton to this comment 1s as stated in the response above
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Comment 21

Groundwater Modeling -- This model 1s a first attempt to describe a complex system and as such tends
to raise as many or more questions than it answers about the conceptualization of the source locations and
inclusion of decay products The concept of a single flow line within a preferential channel may not
adequately describe the flow system between the chosen calibration wells Slumping 1s an active process
on the hillside and may interrupt what appears to be a bedrock low channel Current top of bedrock
information may not be detailed enough to define a single flow path accurately, therefore this model
represents a theoretical flow path with a gradient similar to flow paths that may exist on the hillside
Only one conceptualization of the source was considered, a residual DNAPL located 1n one cell at the
bedrock/alluvium interface  Alternate source conceptualizations such as diffusion into the pore waters
of the bedrock between fractures were not mentioned The model shows a fair amount or contaminant
moving through the bedrock portion of the model so a source within bedrock could be important
Discussion of the choices made in the model conceptualization i1s an important element 1n model
documentation

Contaminant calibrations were apparently performed with less than the full suite of available data and not
all contaminants in the PCE decay chain were considered The source and location of each succeeding
contaminant becomes dispersed from the transport of its parent product Such complex linkage of
contaminant models becomes too difficult for a transport model dealing with one product at a time

Recognition of this complexity would indicate this model 1s not "conservative"

The English/Metric conflict 1s not yet resolved 1n this country Data 1n this report 1s presented 1n metric
units but the model 1s run in English units and the conversions are not presented The best option seems
to be to present both to facilitate review of the model

Response
Specific 1ssues 1n this comment are addressed in the following bullets

The concept of a single flow line within a preferential channel is based on the hydrogeologic conditions
and hydrogeologic conceptual model presented in the RFI/RI report, and on fundamental techmques for
developing and applying a numerical model Data from the RFI/RI report reveal limited saturated
conditions at OU-1, indicating that flow directions are restricted laterally The data also indicate that flow
1s down the hillside, consistent with porous-media flow and typical hillslope hydrology The alignment
of the modeled flowpath corresponds to the suspected source area beneath IHSS 119 1, and the
groundwater flow direction coincident with the bedrock channel, consistent witht the Phase Il RFI/RI

Therefore, the model represents the most credible flowpath from IHSS 119 1 to Woman Creek As such,
the modeled flowpath 1s the "shortest” flowpath i terms of distance and travel time Other flowpaths
would represent "longer", less conservative, flowpaths

With regard to slumping, the "interruption” referred to the comment may have little to no effect on
groundwater flow direction and magnitude The geologic cross-section produced as part of the Phase III
RFI/RI from geologic mapping during the construction of the french drain does not indicate that
discontinuities caused by mass movement of colluvium "interupt” the bedrock channel which is
represented 1n the model (refer to Volume IV Appendix A of the Phase III RFI/RI figure showing the
vertical section of the french drain from station 16400 to 16+50) The section actually shows the "shear
plane" as conforming with the bedrock channel (in the section the "shear plane" 1s also referred to as a
"potential shear plane", and a "discontinuous shear plane")
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The source represented 1n the model 1s that presented 1n the Phase IIl RFI/RI as the most credible based
on data collect during the RFI/RI  Since the model over estimates all COC concentrations, larger sources
(in terms of size) due to spreading caused by decay, or alternate sources are accounted for indirectly by
the model Consider also the possibility of three sources for groundwater contamination a source above
the water table, a source at the bedrock/colluvium interface, and a source 1n the bedrock For a source
above the water table, the contaminant could not dissolve freely into groundwater A constant source at
the bedrock/colluvium interface could dissolve indefinitely into groundwater A source 1n the bedrock
could also dissolve into groundwater but would migrate at a slower rate than the source at the
bedrock/colluvium interface Thus, a constant source at the bedrock/colluvium interface represents a
conservative scenario Diffusion as a release mechanism would result in much smaller releases of COCs
because 1t typically occurs at rates much lower than groundwater flow  Further discussion of
conservatism and sources 1s contained on responses to specific comments

Movement of a solute in bedrock does not indicate source i bedrock No data gap with regard to
bedrock was identified in the Phase III RFI/RI report Therefore, no bedrock source was simulated 1n
the modeling

With regard to the issue of conservatism, the model 1s conservative 1n two aspects The simulated
groundwater flow 1s conservative because the model always assumes flow occurs, whereas there are many
areas and times of no flow (or low flow) due to dry conditions The overall hydraulic gradients, and
therefore Darcian velocities, are comparable to those observed at the site Model predictions are
conservative because they consistently over predict COC concentrations TCE has been included as a
COC 1n the model predictions

The COCs modeled are consistent with the COCs identified in the Phase III RFI/RI baseline risk
assessment, and discussed with the agencies on May 23, 1994 This meeting included DOE’s explanation
of exactly how the model was to be constructed All parties participated in the discussion The model
was developed 1n accordance with these discussions as well as with the active participation of CDPHE
and EPA representatives during the various informal working meetings that occurred during the modeling
process The function of the model in the FS 1s to provide a predictive tool to facilitate the selection of
a remedial alternative

Resolution:

The resolution of the topics covered 1n this comment 1s discussed 1n more detail in the response and
resolution of specific comments

OU-1 CMS/FS Report
Comment Response Document
February 1995 26




|
€ 2085000 A 37691

iRl

T
£ 2086000 /

-2 1 SECURMTY /
- FENCE

&

Ig—glg ‘?54
Ay

- —_——

0 100 200

SCALE. 1 =200

~

N 747 000

EXPLANATION
INDIVIDUAL HAZARDOUS SUBSTANCE SITE (IHSS)
DASHED WHERE DISTURBED DURING CONSTRUCTION OF FRENCH DRAIN
A ROCKY FLATS ALLUMUM E ESTIMATED VALUE
X coLLuiuM B REPORTED VALUE <CONTRACT REQUIRED
B8 VALLEY FILL ALLUVIUM DETECTION UMIT AND >INSTRUM NT
) WEATHERED CBAYSTONE/ DECTION LIMIT
SANDSTONE (AB) ABOVE BACKGROUND CONCEN RATION
ND NOT DETECTED NS NOT SAMPLED
Well 1st QTR 1986 2 d
1992 QIR _1992 BACKGROUND UPPER TO{cRANCE
ﬂu‘l{. ~ 480 % .00 Sle m 80 ug/
va/. s.70 vV odm 297 gh
Analyt Concentration  ug/! n.uSh.h..

US DEPARTMENT OF ENERGY

Rocky Flats Environmental Technology Site
Golden Colorado

881 HILLSIDE AREA
OPERABLE UNIT NO 1
CMS/FS REPORT

Selenium and Vanadium
Concentrations Detected
Upper Hydrostratigraphic Unit
Groundwater

Figure 1-5 reou

AKEN JUNE 994 OU
AL PHASE  RFI/R1 REPORT




R ’
£ 2086 000 /
/'y
I
{1
3759 X
ND (MD) \_\
)
/
SECURITY
FENCE
/1
[
I
/
BLDG 0974 \\
881 196 (234930
J oo 23196 ( ) \ i
1 (1) [ Iy
BLDG 7 1
A N mo.\.mu/auum ) , f
- [IRY
W \ A
_,_ | —’/
by 6286
| 5386
* 't A0187 32 A
o
11015 (157) 75185 \ -
8 s
~3%991 xp 28 # , ,2, ]
N teytpliatoptey § plipionlays \ o B
o IVt — — _ o]
3 o - m _ |- ,,_ R
E ! 39291 Fteh } 'z
~ 20487 @ = Die y
2 TNS (1707y NS (NS) - 3\383%§ \
644 (644) - Sout \
P A
- \
SKIMMING NS (NS - =
«\\vozo NS NS (NS) - _ TN
Nuwmmw S e e =TT d \
1 Q “IHo NS (2 — mmm ST ST T T T T f v
- - 102 5986R 31491 NS m3eeT T e e
- - - - e = NJCE - Pl L - ~ , \
T - . J AT~ 4 (10) - I
- - VON&M o PraP g Em&m — - \ A\
-~ - — - R _ Ve - -
_ as e REACEY French Dramn et - e ™ A \
ND (ND) e -2l [ 5587 P - - ~
e sert e T Sl ND (yBf 7 \ Pond C-1
||\l||\|\|\lul\\\\\\\\ //I/.I//'l o - s T~ - -
_ \\.Il\l\\ \\\\\\\\ - .||\||I-\|..|\||\\.| //l://l \ v
III/IIII lllllllll T - ’/\
;;;;;;;; >
31791 _
4 (024) gBN — -
" _ — NO (ND) =
ormer K - - e
Retention Qam\ =TT
Pond oVl B
%O ~ ~ —— P
/20\ - ~ e - T
- - \\\\\\ 1y
- - - =T '
e - - - e ty
. S T T Iy
/ - - - \\\\\ - _‘
{ \\\\\ \\\\\ N |
ash .- ¥
. 655 (055) - = It X
TN / - _-7 P Y
N LY - LT EXPLANATION US DEPARTMENT OF ENERG
o I / T e Rocky Flats Environmental Technology Site
s - _ - \\\\\ INDIVIDUAL HA ARDOUS SUBSTANCE B VALLEY FILL ALLULMIUM Golden Colorado
B P e SITE (HSS) DASHED W ERE O WEATHERED CLAYSTONE/SANDSTONE g
> ¢ O DISTURBED DURING CONSTRUCTION OF 1y pey 881 HILLSIDE AREA
B \ T OF FRENCH DRAIN NS LOCATIONS NOT SAMPLED OPERABLE UNIT NO 1
- -7 @ PIEZOMETER ND LOCATION NOT DETECTED CMS/FS REPORT
/ T T A ROCKY FLATS ALIVIM
e X COLLWUM Total Target Volatiles Detected
y e 1in Upper mm.&.omeﬁmﬁmwmwgo
P Totol Torget olofde st Ot 199 ° 100 200 mt HOﬂB.Q.dqm.ﬂmn.
T e 055 (035) 1 ol forae, ) | ¢ %0y = = o
A Figure 1-4 _
|||||||| -l FINAL PHASE /Ri_REPORT
-~ PPt E 2084 000
QUl_4124.0%8 {




- , . e g IR I T T
2 0 \\ o € 2085000 437691 £ 2086 000 Y
]
: __ \ /7
P03 1
a37791 O — 237591 PAD 9 !
= ] I
L GROUNDWATER - !l
8Zq>z_z>.=ozv - \:
AREA~119 2 PR {  SECURITY Iy
- FENCE ¥
e \ ,
_ BLDG Iy
| /
(] ossst i Dmu.. /f
|
8% 11
BLDG —] 1
850 ! Iy
- N
W - ! VA
] \ \ de.‘ \ - - o \ / /
_ -
1 i 105w N T 62 \ W
« " - B dow A 5287 \ LT N\ x 6386 A
Fay [ Joe R \ 087 A
! 25187 ~!I|- : .\ 3391 | B \ 2 \\
! X X -t s % ! Voe
—- - - \ —
R T Nt i - ia v | R i et % 36391 8, =~ - \ \ ° . i
8 S Y2l ITm L S W8
— s AEIHT 87 \ 2 ~ — v O
2 ,,/ p:¢ ~ % 32591 \ \ - Lo - w_ml
2 \) 33eep E ATl %S Ditch =
3 % \ — Ceplor DI x
e —— \ \ - n Interc \
GROUNDWATER ST - \ _ Sont
CONTAMINATION GROUNUWATER \ \ - - \
AREA_ AROUND CONTAMINATION . - .
AREA-119 1 Z 1 -\ b
BUILDING 881 - L - 7N K S
N %3 .58 44787} { T U " U W - PR T
-~ - 8 Q 1 —_ TN R it P — -——t--r---—-%" - \
- - . e o SEORITIN X 31491 v —\ \\ // \m\wmw@“\.uﬂ\ lllllll A hee- - r v
- - .\ : 5386 L XZ - - - T X / ¥ x - < \
- o~ . \ & 0287 s ( — - - - <J-/ (I \ - ) \
N N A - \ -7 o / He4a86 P _J | \
N S D French Drain . o\ | R -
S’ B i, e~ & 5587 d \ - ™ N \
== \\\.l‘\\\ll.\.\\l\- lrll.ll.ll.’lp - ~ v - <
\\\\\\\\ pphveir el G ////1/////111/ -7 \' Pond C-1
Pllilll/l llllllll ———m T ————TT \ /III/ |A._ 7 T~ 7
TSI \ v,&
\
-
\ 3179 -~
\ g38591 ~ -
Former S
Poterton N\ Q%f\ - P St |~
W T T - -
v e T
A YR s T ZIZ=mTT
- - - 7 !
- - - 7 - - - e T T
/ S - - 7 - - . \\\\\\ T / ‘“
? ! T T ' 0 100 200
g 6086 - - —7 (! ™ ™ e ™ |
3 / - - - - - '
~ \ \'/r\ _ - \\\\\ \\\\\ N
. @58 . 7T g ,
T~ - - / e EXPLANATION U S DEPARTMENT OF ENERGY
- =7 =7 Rock wronmental Technology Site
INDIVIDUAL HAZARDOUS SUBSTANCE SITE INFERRED EXTENT OF CONTAMINATION y Flats m%M_MMw Colorado &y

I
N 747 000

(IHSS) DASHED W ERE D STURBED

BASED ON 1/92 DETECTION

( - - ‘&
- - _ - - DURING CONSTRUCTION OF FRENCH DRAIN w?  HISTORICAL MAXIMUM INFERRED
\ - Pl @ PIEZOMETER EXTENT OF CONTAMINATION o wm?mm‘m‘m&w@a >~mw> .
- .- & ROCKY FLATS ALLUVIUM

; T e 2 nwm_.cscz ~etw mm wm = PRE FRENCH ORAN POTENTIL CMS/FS REPORT

, .- - - B VALLEY FILL ALLUVIUM ~ CONTAMINANT MIGRATION PATHWAY

- - - — ~aeemeneeesenes  POTENTIALLY ACTIVE CO INANT
, T - w %ﬂzmmmo CLAYSTONE /SANDSTONE LIGRATION. PATL A NTAM Potential Gr oundwater
T e T NS LOCATIONS NOT SAMPLED Migration Pathways
[ =7 T ND LOCATION NOT DETECTED
o S £ 2084 000 m‘wmﬁu.m 1-6 o o w8
TMP_4124.0w8 _ e st Vany " aerom




GENERAL RESPONSE REMEDIAL
ACTION TECHNOLOCY

PROCESS OPTION

DESCRIPTION

SCREENINC COMMENT

—r N Acion _ _ None

_ —ZQ ppl bl

i on | A ces LleglR mu oo
C vl R _ncon LadU

SC

_mgn, Drain

iGro  Curt

Honzo tal 8 bsurface Slurry Walls
Flow Control

—wvon Pl g

ICry ¢ Bam
_r Cont inm _
ro  Injecuo
Vertcal § bsurfac
Flow Co ol
lock D pl em
Ex on _ _r d /Ekx / Dozer
R mo al
D S ppre a

D C ol

‘emporary Stru tures

O S D posal _ _m_.i:_nﬂ&O:mﬁ

D posal F_ iy

Off S 1e Disposal _ _13.: ted Off S te

D _posal Facthiy

Double hines surrounding  process optron or sechnology denote optsons tha
from further considera 10n on the basi of technical unpl ity ppl

were screened out
bil ty or feas bl ty

b

Rey 1red for on dera on by NCP

Retn on presen and f ture seand/ p rch se
f1 d ld an uch as g nd deed ]

Gra tydn Hec on ytemwh b sed red e
goundw ¢ fl w dlorcollec fo ecatm

Grou lumn  are myected ally h soh
losepro mty feachother form mperm bl w li

A dbe on orcem goun wallf nmed by backfill g
tve hedar has ! werperm blty than sol

Scelfom wh har d en th goud djied
form bam wh h umpermeabl g ndwaer

A e f ground  frozen to redu permeab Lty
thu houung th mobibity fco taminan thr ghth ar

G ou jectedin honzo talp tembe th rfa
sostolm  rtuc 1mugravon f VOCs from groundw ter

I no s fgro formspenm t¢ barm aro d
w  whl d plac g wasie pward toblock p thw y

T fwheelm ed h les omm lyused ¢ ca
m  larg amou f 1} ad pera an d pth

Van yth 1 and uralcompo d wh har prayed
uf sod redu fg d m (g w )

Lgh easly tru ed tructures sed dunt g remed 1on
th provid protec ton from the ffec wind and ram

o] d po If ltydesigned on 1 pec fic
was for gl perableun orforth wure 1

E 1gfacltywhch perm ed cep perabl
pe fic waste or remedial acton was  tr atm re d als

Pot lly ppl - bl 2 ompanson g other GRA

P ally pplcabl f cotrolh g se flndwh hmy
bec tam d

Pot  lyappl bl mlidespo bty {modifyng
gf  hdranm ytwmfor d g med

W ldnot butc add onalcon nm  bec s
f ungl whydra 1 condu vty

No unpl me  ble bec fhil d tabdty m
tre mgmyledto lmp g f sols

Verydff 1 implem d tprosm y fbedrock
widely edoracceped lean ps

Oly pph bl as sho termmeas reto on lth
mugra on f  tamu ants through an area

Not ppbeahl [ remed tion fVOCs gro ndwa
fractured bedrock

Not pplcbl foconr! fVOC th re 1frm
latiiza fgro dwate o tammants n f
m frac red bedrock

P ally ppl bl f ca f ufac and
bs 1f 1

Po tlly pl Bl rd d m durt g
remed 1 f perable

Not feas bl ¢ se fareal f am 1© and
o con dered necessary forl wl vel f ontam aw

Po ally ppl bl for wrag f am aed
501 rey 1 whichre | fromth tre tme  fsol

Pot lly pl bl for orag [ onam ed
sol orred | whichre | fromth ectme f Is

US DEPARTMENT OF ENERGY
Rocky Flats Environmental Technol gy S t
G lde Colorad

881 HII LSIDE AREA
OPERABLE UNIT NO 1

1 itial Screeni g of Technologies and Process
Optionsf  Subsurface Soils

FIGURE2 3




|

GENERAL RESPONSE REMEDIAL
ACTION TECHNOLOGY PROCESS OPTION DESCRIPTION SCRFENING COMMENT
B ological Broremed uon Destroy organ  through microb ald gradauon several Fabltylm edforuc gVOC w Isdv t
m hodsare 1l ble for we tm (VOC ry lowdegrad yonrae anddff 1y proc o I
, Chemical b m al Ox da on/ Breakdow  VOC g bemucal which are typically Diff cul pply beca se f onc m i} ¢ ing
Red  tion tod ed ( th  bsurfac e wl dd onl bemcal 1t th bsuff wh hmy
11 b frm on fhazardo rcac  pod
IS Trem
SolFl hing Aqgeo fl hing g arcfor cd hro ghsol Jec P en iy ppl bl forrem g rga mpo d frm
wil wh Bfl hew amnan i  collec on y m s 1 Ith thil hing gen would 1) eq retre tm ¢d pos |
V infic on Electrical I1m 1 gprocessth d toy mos orga cs Applc bty lun edby bl y fhll d | no
whi 1g th tam an s 1d glassy m inx ppropn f lwil I [ 1 tam on
Phy ical RFObm  Heating Rad frequ cyor bm  nergy  pplied 1 lectrodes Pote ally appli ab} forth wreatm  fVOC  tam ted
be umr ding | promotng | hza fvoc bsurface |
Vapo Extraction A um ppledto bsurfacesol 0 1 thze rga os Pot llyapph bl f h weatme {VOC ontam ed
andvem morgan th aremnth  po phase bsurfac sol
Ho Aw/S am Stpping Hot team 1§ jectedbel w urfac 1 toforc Pot  lly pph bl f theweatme (VOC tam ted
w th Mechant al My ing orga contami a th urface for piure and treatmen bsurfac <« 1
[Bioremediation Destroy o gan  through microb ald grada se eral Pote ally pph blef weau ge ted u alth gh
_ B ologcal 1 m thods are  al bl for klonn ed VOC m ybeln edby low degradatonra for om VOC
Land Apphic tion Apph ation f thin) yer fwas era areal promoie Notmmpl m bl bec use fpo irad Lid
ural b od grada my lud add f t am sol wh hwo idbe pr ad dun gtre tm
[Oltra 1 Phbot ly UV rad ppled to as din g ga mpo d P ally ppl bl forde troyt g VOC 1 ex ed
Chem al ] W/ Chm alOxd on mg anu xdz g g )threbyd oy gthm soils man arom ca onsarc UV (frec rad cal) talyzed
| _ I
S 1 Exgactio R roval forgan ompound fromso by m sstran Lunutedf asbryf em g VOC fromsoil with} w  tamu an
organ 1 wh h thenc lleceda d ed e ra sol would llreq m td poal
ExS Trewn

T

_mo 1 Washing

1 _ Physical

Stab liza o /
Sohd ¢ on

lﬁuﬁ:ﬂuﬁa

Thermal Desorption

~ Thermal

from further consideration on the bas

'V mficauon

Doubl 1nes surrounding  proces option of technology de ote options tha were screened ov

pl il ty Iicability or feas bil ty

43

Aanty flaant g g anbcued wash sol f
gan tam: an  sols anberepla ed fter treaim

B: di g gents are mixed w th contam  ed soil 1 ¢ ther
b chorcon wou proces tabihize/sol d fy contamizan

Destuc on forganic through oxidauon and/or pyroly
Vanous method are al bl (  rotaryk 1 flud zed bed)

Orga ¢ are laulized f om soil through th add on f
I t aly mybe sedto hanc process

Electnical soll m lung process th - de roy mos organ cs
while g other ¢ sohd, glassy matrix

Potentially ppl bl f rem g rga mpo nd from
5 lalth gt wash g gen wold Ul eq rewetm vd po !

N ppropn for eyl wilevl [ tamin
epec Hyfor tammn s h ar redly | hzed

Potc ally ppl bl forweatme f blor ted orgamcs
urfac sol alhoughm yn re h arge ] |

Poten ally pl bl fortreamm  f hlori ted organcs
t urfac sol lthough mayno rea h arget] |

N pph bl f wetme fexc teds ils me
unpractical f low! Isof ontam: oa1 urated media
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GENERAL RESPONSE REMEDIAL
ACTION TECHNOLOGY PROCESS OPTION DESCRIPTION SCREENING COMMENT
None Not pph ble Req wedf  onsidera onby the N son 1010 d Hazard Pt liyappl b} a bascline g n which othe
S bstances Con g ncy Plan GRAs/ | m a be omparedd gde ledan ly
N A uon
Moa toring Grou dwa  Mon toring Mon on g fg oundwatc 1 operabl n du gand Ptc Hy pph bl f momon g pe 1fic
ferremed 1on  a part [ n nlo | g ndw ¢ d n
pc Wdasoc edwthth N A o al m
Leg I Restn uon on Perm re tncion on presen and f pla me f Po aliy ppl bl for roll gac
‘W 1l Plac m pote lg ndw tc extrac on wells grou dw ¢ es and/ posure to COC
i on | A cess
Co trols R tnuwo
Leg 1 Re tncon R 1 on pre adf wre seand/or purchase Pot Uy ppl bl for ontroll g s 1 d ffe ed
Land Use fland 1 1 d action uchas zoning and deedre tni 11 by ontamun t d g oundw er zones
_w bsurface Drain Cra tydn cllec sywmwhibh sed red e P alyappl bl in ludes pos bility fmodifying
gro ndw crfl wa d/or collec  for reatm t gtr nchdrain sy tem forused  gremed
ou Curtain Grou column areimjected erically to hesolm Would ot b add onalcon inm bhec se
losepro ity { achother form an unperme bl w 1l f 1 glwhydral onduc wity
Honzontal S bsurface _m_cain:m Asobe omteorc me  grou wall f rmed by backfill g Notunphm abl bec sc fhilsde tabdtycon ms
Flow Control trenched are  bas 1 w  perme bil ty than Is trenchs ¢m yladtoslump g f sol
Shee Piling Seelfoom wh har dnen t hegro dad) ed Verydff | mplem du toprc wnty fbedrock
form bam wh h impermeabl t gro dw widly edor cc ped lean ps
ICry ¢ Bam A ection fg und fr zent red permeab bty Oly ppb bl a sh 1 rmmeasure 1th
C  am _ b lm gth m bbty fco tamwantsthro ghth ar m gra f  amu an thro ghanarea
rou I jection (ro njectedt honzo tal paternbe ¢ th  of N pph bl f cmed fVOCs gro ndw (
Ist lmm o almugrate  f VOC from g ou dw frac ured bedrock

V i al S b urfac
FlowCo |

Doubl 1 nes sumounding  proces  option or technology denote opuons th  were screened ou
from further onssderation on the basis of technical implementabil ty  pplic bl y or feas bil ty

I no f g ou forms penmete bamer arou d
as whided plac g wastie pwards block pathw y

N pl 1fo owol fVOCth re 1 frm
latlizano  { groundwater contamnants no fo
se mn fra tured bedrock
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CENERAL RESPONSE REMEDIAL
ACTION TECHNOLOGY PROCESS OPTION DESCRIPTION SCREENING COMMENT
Pas  Remo al S bs rface Dramns Gra tydn collec onsy tem which  sed  edirec Pot n lly pplic bic includes po  bility of modifying
£ oundwa er {1 wand/or collec  for ¢ une gl hdransysemfor sed g med
R m val
A Removal Honzontal and/or V ru al Sy ms on g fwells nwalled he rm llyor Po  ally ppl abl forrem wmgconamu twdw tc f
Extrac on W Il or S mps hornzon Wy th ar sed llectrecharg g oundw er tre m ford et ggroundw fl w orfc
I'w glochedwt tabl
B ological B oremed tion Destroy organics thro gh microb al degrad Pot lly pph bleform tetm f ga
m thanotrop proce pe £ to hlnn ed ! mpo d groundw erhow ¢ d grad onprod
m yber rebarmful thanofigt al ontaminan
tymenza on C ly jecedin groundw ter uses polymenza wo C 1a bewee reagen and grou dwaer tu lly
Chemical forgan mon mers forming g 1 bk no mobil mass lyhi d edbyth form uon fth g 1lik mass
IS Tew _ ﬂrﬁsﬂ_o_u:os Breakdow forganic u g hemcal wh haretyp ally Dffcul  pplybeca se fconcemn  ernjec ing
trod ced th  bsurfa ject wll orby add on] hemcal 1 thesbs ff whichmy
dnfl g direc ly th edg orwth o tam pl m re 1 th form wn fhazardou d onprod

Alr Sparging

i Phy ¢ 1 T

_<#§ Extraction

—?:._ bl Tream  Bed

I St Ad orptio WiW 1l
opnictary proc )

g

Double hines surrounding  process option or technology denot th  were

from further onsiderstion oo the basy  f technical umpl

Y

bil ty spplicability or feas bility

Pressurized air1 mjected bel worw tht contami  ted
groundwater plume toc use1  t tmppng of VOCs

Ind ed g pres ure bo  a urated zonec llec
1 I edcontame an f tn

Al edbed ta 1gtreatm te n plcedd w
graden f gro ndwa er plum W erin

Adsorp on  f organic contamunan groundwater through
th se fpropr taryre1 bead pl ed gw i

Notapplic bl forin twtreatmen VOC n groundw ter
QU 1 du to presence of bedrock and low perme bility air b bbles
would fl w pr ferentially through fra wre therehy ding

o tact with DNAPL sources

Poen lly ppl bl forremoval fVOC from grou dwater
orf  yporu gothertechn | g ( g ar parg g)

P Wy ppt bl f m tre tm { rga mpo nd
g dw  (ncdud gVOC m  dosezon Yhow ¢
limted by  hydrogeology andex ence fFran h Drai

Pot  ally ppl abl form e tm { gax

mpound  groundw ter (includ g VOCs dose zon )
bu no mmpl me tabl due | whydra | ¢ nduc tyand
anably s urated med um
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GENERAL RESPONSE REMEDIAL
ACTION TECHNOLOGY PROCESS OPTION DESCRIPTION SCREENING COMMENT
_ B ologic | _ _w.o med 10 _ Destroy organ cs through m crob 1degrad on Poten ialty ppl  ble for tre tm forgan
o tanotrop proce pecific to blorin ed sol compounds  groundwa er howe e d grad on prod
m y be more harmful thanong | co tam
—m_a_m.xadn_o: Rem al forga csbym  transfer organ | Notfasth f grc ndwaerw hl wVOC onc tra
Chemic | ] | - whh m ly solbl whth g fisol (w ) sole wold llreq retre m d pos |
_ f

“r» ExS Tretm

Tl

Ultra 10l Phot ly
wthCh m alOxd o
wnnﬁ_ Irrad at

Acts ied Carbon or
Carbonaceou Adsorbe
, _> Stpp1 g —

_ Physical

ﬁ?ﬁ.cﬂ:« Processes
—m apora on
—m..nhun Cry talhiza son

cratio

|..|l.— Thermal

Plasm Arc Discharg ~

Double I nes surrounding  process option or

Catalyu Oxid uon [_

hnology denot of th were d ou

from further conssderation on the basss f technical implementability applic bility or feas bil ty

UVrad on ppl dwa dzi g gan  mpo
ganou dzg g th reby d yghm

1 a echrol gy whi hdec mpose  gan  ompou d
bydestroy gth  h m albond us ggamm mad

Extracted groundw te  pas ed thro gh ted arbo
which adsorbs mos  f th orgam taminan

W er prayedthrough p ked we desgned mcr se
ufac are toarra threbyprom 1 g 1 lizano

Applca on fan osmo  pressure forces con am1 an
flow through sem perm ble membran gamn d ff

Concentra onmethod sediodn  £fsol ot from an
ajueous wastc tream  ing man mad and/or tural mean

Mithod frem wmngdss | edorg pect by freea gth
pport gm tm andcry t i gth sol for para

Destructi  f rgan  thro gh miw wth yg
g thermal and/or  wly  proc p

Pyroly  forganic by h gh empera wr plasm ind ed
through lectn: al d scharg 1o amier gas

Caly all ws] w mperatureth rm 1d grad on f
halogen ted hydrocarbons to arbo dio de w ter and
bydrogen hlond Als d woy on hal ge ated VOC
formi gwae and carbond o

d

Poten ally ppl bl f destroymngorgam ompo d
tractedg ndw ¢ my wid modl on
c gUVipe xd etm sy m

Notwid lydoc m ed scinth tre tm f
organk wa I otfe bl folw am an} |

Potentaally appl bl forrem ingorgan ompound from
tracted gro  dw ter arbon couldbe d posed forreg nera ed

Poten ally ppl bl forremo g 1 1l organc
compounds from extracted gro ndwa
Not directly ppl abl fortreatme fVOC mgro d

water more omm lyused rem pant | es

Notapplicabl as stand alonc treatme  technology
moreoftenu das prc treatm  tepfor process

O lyfeasbl f g eou was tream where organ

con aminan r on are bo 3 7%bywegh
G erallyn ppl bl f 1q d tre tm Iw
tamin tat | s

Poten ally ppl bl for destru
t extracted gro dw or

frefra ory organc

Pot ally pp bl f tre tm fgro dw te orar
Canprod acd ff gas

US DEPARTMENT OF ENERGY
Rocky Flats Enviro m tal Techn logy S te
Gold C lorad

881 HILLSIDE AREA
OPERABLE UNITNO 1

I itial Screeni g of Tech ologies and
Process Options for Groundwate

FICURE 2-4 (C nt )




GENERAL RESPONSE REMEDIAL
ACTION TECHNOLOGY PROCESS OPTION EFFECTIVENESS IMPLEMENTABILITY RELATIVE COST
N Acuo None Not appl ¢ bl M y not aclueve remedsal action object es Diff cultt  mpl ment {£p bl ¢ concern Very Low Cap tal
although req ired for considerat on by NCP s hugh regarding wccond i ns VeryLow O & M
Insut 1 al Access Legal R incuons on Effecu e forcontr 1 [present and future use Diff culty 1n obtaining  ecessary legal Low Cap tal
Contr 1s Re tnet s Land Usc f land which 1s aff cied by remed al acuons estn tons may educe impl mentab 1 ty VriylLowO&M
Containme t Hon tal S bsurface S bsurf ce Dramn Effecu e for contais gre d al DNAPL ource Rcadly mpl m tabl 1 bedroch afterward Moderate Cap tal
Fl_w Control if bounded by bedrock | yer (  n fracture ) more daff cult Low O & M
E ca au Loade /Exca ator /Do er Effecs fo ca ating soils and sl dges 1 ss Readily mp! mentabl use comm road Low Cap tal
than 30 feet deep b lding and construcuo equipm nt Moderaie O & M
Remo al
Dust Control Dust Suppressants Moderately effecu e for red cing surface d st Read ly implementable although certamn Low Cap tal
generaton depending  type s ppressant ppressants may be cons dered hazardous Modecraie O & M
O S te D1 posal Engwneered On S te Effecuve m containng treated or s dual D ffcult to mpl ment because of permt V ry High Cap tal
D sposal Fac 1 ty wastes assunung the facility s des gned pr pe ly equirements and admmstrau ¢ concerns HighO & M
D sposal
Off S1e D posal P rmutted Off S 1 Effecu ¢ in contamnung treated or res dual R adily imp! me tabl { wastes other Moderate Cap tal
Disposal Fac 1 ty wastes if proper fac hty s avatlabl than TRU or mixed (rad acts e/hazardous) Very Low O & M
B 1l gcal B oremed: to Effecu e treau go ganics b ( diff cult Req irs tens  tre tabltyw kto Mod rate C p tal
to monutor progres dunngin i treatme L may determune vaab | ty of macrob al growth Moderate O & M
result in res dual which equire furthe treatme ¢
S il Flushing Effectiveness hmited by site hydrol gy D ff cult to D ffcuitto mpl mentd top efere ce Mod rate Cap tal
In S w Treatme ensure uniform greatme tand fl shing agent reco ery aganst mye ung add uo al chemucal Moderatc O & M
to the s bsurface
RF/Ohmic Heat: g Effectt ¢n treaung pper soil layers n Readily mpleme table uses commonly Low Cap tal
s tu to prevent nugrat o - of contarmmnant available gncultural engmeenng equipment Moderaie O & M
Physical
Vapor E tractio Effect: e m removing organics from sub urface so Is Readily mpl mentable alth  gh may be limted Low Cap 1al
to cammie gas which may require treatme t by low rad us of influe ce Moderate O & M
Hot Air/Sicam Sinpping Effect ¢ m removing organics from so Ist camer Implementabil ty may be hmited by hillside Modcrate Cap tal
w th Mechanical Mixing gas for treatment stabil ty and hustory of slumping HighO& M
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GENERAL RESPONSE REMEDIAL
ACTION TECHNOLOGY PROCESS OPTION EFFECTIVENESS IMPLEMENTABILITY RELATIVE COST
B logual B oremed 0 Eff cuve1 treat g organ cs but may poss bly Requ se tens ¢tre tab !ty work to Moderate Cap tal
result nres duals wh chrequ e furthe treatme t determ ¢ viabil ty fm arob al growth Moderate O & M
Ul olet Photolys s Effecuve method for destroyr g some organ Impl me tab I ty wall depend dat H eh Capital
w/Ch_m cal Oxidation compounds depend gon UV lampused  y tem m thod ch sen to accompany UV process HghO&M
Chermucal
E SwT eatme t S 1 e tE ractio Eff t ¢ remowvi g olauleandno olaule Moderately d ffcult to mpleme ( elau e H gh Cap tal
organ ¢ compounds from so Is altho gh spe t othe stutreatme t pt s Moderate O & M
solve twill equi ¢ tre tme t or disposal
Phys cal So 1 Washt g Effect ¢ for removat forgam and norganic Impl me table techn logy wh ch s based H gh Cap 1al
co (armunants s¢ eral washi g agents ail ble © commonly used ore muning technologies Moderate O & M
Incinerauion Effecuve1 destroymng or removing organ ¢ Implementable technology which has been H gh Cap tal
contarmmants to le els n the | w ppm range used e tens ely for treatng organic HghO&M
Thermal
Thermal Desorption Effecu ¢ for rmoving olaule and sems  olatl Impl me table technol gy wh ch has bee H gh Cap tal
compounds from soil require off gas treatment used tens elyfo treat gorganc HghO&M
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GENERAL RESPONSE REMEDIAL
ACTION TECHNOLOGY PROCESS OPTION EFFECTIVENESS IMPLEMENTABILITY RELATIVE COST
None Not Appl cable M y not achic ¢ remed al acuon objecu ¢ D {fcult to mplement fpubl concern Very Low Cap tal
although required for considerat on by NCP s h ghregarding  1e condu ns VeryLow O & M
No Acu n
Momtonng Groundw ter Momit nng Effecu 1 momtoru g s te cond tons or w th Read ly mpleme tabl depe ding Low Cap tal
No Acton alternatt casanmst t (o al control remed al altern u sclected LowO &M
Legal Restrictions on Effecs  for contr 1of present D ffculty n btamnng necessary legal Low Cap tal
Well Placement and future access (o groundwater festnchions may red ce implementabil ty Very Low Q & M
Insututional Access
Co_trols Restncuons
Legal Restincuions on Effecs cforc nir 1 fprese ¢and future use Diff culty i obtaim g necessary legal Low Cap 1al
Land Use of land which s aff cted by emed al actions festncu ns may red ce mplementab | ty Very Low O & M
Containme t Honzontal S bsurface Subsurface Drams Effecu ¢ d erung flow of groundwater around May be d ff cult to mplement upgrads nt Moderate Cap tal
Flow Control targeted areas to 1 mut the mob lity of contaminants fpl me due to proxsmuty fb ilding LowO &M
Pass ¢ Removal Subsurface Drains Effecu e 1n collect g ground wate 1f the system Mod fcatto of exisung french drain would Moderate Cap (al
15 designed appropniately for site cond i ns be read ly mplementabl if required Very Low O & M
Removal
Acts  Removal Honzontal and/or Verucal Effecuve in d1 erung collecung or rechargmg Readily implementable based on exasu g Low Cap tal
E tracion Wells or S mps groundwater when grad ent 1s relatively flat stecond uons f I wwellsarein 1 ed LowO &M
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GENERAL RESPONSE REMEDIAL
ACTION TECHNOLOGY PROCESS OPTION EFFECTIVENESS IMPLEMENTABILITY RELATIVE COST
B olog cal B oremedi uon Effecsve n treat g organ cs but d ff cult Requirese t ns1  treatab | ty work to Moderate Cap tat
10 mon tor progress dun gmmsfutreatme t m y determ ne viab | ty of m cr b al growth Moderate O & M
re ult  res duals wh ch requ re furthe treatm mt fc xst gste pecf condt s
In S tu Tre tment
Phys cal Vapor E tract n Moderately eff ¢t e n movi g VOCs from Wo Id eq reth use fe tract nwells Low Cap tal
saturated so ! altho gl I mited by awre f to temporanly depressth w te table Moderate O & M
€O tamu ation
B ological B oremed to Effecuve n reatt g orgamcs b t may poss bly Read ly mpl me table fall co tamu ants Moderate Cap tal
result  res duals which require furthe treatment can be degraded under s m lar cond uons Moderate O & M
Chemucal Ultrav olet Photolysis Effecuve and pro ¢ method of destroying UV treatme t ystem already exssts on s te H gh Cap tal
with Chem cal Oxidation orgamic contamu ants in e tracted groundwater and may be used w/o s gn f cant mod fcat o HighO &M
Activated Carbon or Effect ve fused as a final polishing step Read ly mplementable asth s s a commo Moderate Cap tal
E St Treatment Carbonaceous Adsorbents mn  groundwater treatment system technol gy supported by many ndors Moderate O & M
Phys cal
Ax Stripp g Effecu ¢  removing VOCs and some SVOC Read ly mpl mentabl asth comm Low Cap tal
from tracted groundwater in large volume te hnology supponied by many e dors Moderate O & M
Plasma Arc Discharge Effect ¢ 1n destroymng organ cs includi g Tre tab | ty stud es equired to optimize H gh Cap tal
Thermal refractory halogenated compounds ¢ egyl 1 andtre tmentt mes for RFETS Moderate O & M
Catalytic Oxidatio Effect: ¢ destroying organ cs includ g T eatab lity stud es required to determine H gh Cap tal
refractory halogenated compounds atalyst tempe ature and res dence tme Moderate O & M
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PROPOSED REMEDIAL ACTION ALTERNATIVES l__
[ e —
RESPONSE OPTION
ACTION Institutional Controls | Groundwater Pumping | Groundwater Pumping Hot Aur Intects th Soil Excavation
No Action with the French and Soil Vapor and SVE with Thermal | Hm an \ %o Z,HHM_ with Groundwater
Drami Extraction Enhancement echanic g Pumping
AREA ADDRESSED = > N/A All THSSs IHSS 119 1 IHSS 119 1 IHSS 1191 IHSS 119 1
== T
No action Groundwater momtoring 4 v/ / / | e 4
Legal restrictions on land use v/
Institutional controls Legal restrictions on well 7/
placement
Subsurface drans
(existing French Drain) / / / / /
Containment
Environmental 1solation enclosure v
(optional)
Subsurface drans
(exssting French Drain) / / / / /
Removal Hornzontal and/or vertical
extraction wells or sumps / / / / /
Loader/dozer/excavator /
Disposal Permutted off site disposal facility 4
RF/ohmic heating v/
In situ treatment Soil vapor extraction v/ v/
Hot air/steam stripping 7
with mechanical mixing ~
Ultraviolet photolysis
Ex situ treatment with chemical oxidation / f / / /
L5 == el — ]

Figure 3-1 Development of Remedial Action Alternatives v



Table 4 2

Summary of Detailed Analysis of Alternatives

ALTERNATIVE 3
ALTERNATIVE 1 ALTERNATIVE 2 G undw te Pumping and Soil ALTERNATIVE 4 ALTERNATIVE 5
RCRA CAP Sta dards/ ALTERNATIVE ¢ Instit @ nal Controls w th th Groundw te Pump ng and So | V po V por Extraction w th Thermal H t Ai Inject  with Mechamcal SoilE ca tio wth
CERCLA E alu tion Crit ria N Actn French Drain Extractio Enbancem t Muxng G dwt Pumping

O rall Protect  ess

Human Health Protecuon
(m ludi g ource co trol m asure )

Carcmogen ¢ nisk at French Dram fo
onstead It esdemt 1 n 10000
Noncarcinog n ¢ effects are below
concern at the French Drain and
Woman Creek. Sources in IHSS OU 1
not co tr lled

Human health will be protecied through
source contamnment  Carcinog mic nisks
are below 11 1000000 at the F ench
Drain and W man Creek.
Noncarcinogenic cffects are below
concern  Sources OU 1 controlled
but not remed ated

Human health w 11 be protected thro gh
ource remedial and ed ced ¢ posur
potentsal  Carcinoge ¢ nisks are below |
n 1000000 at the F ench Dram and
Woman Creck. Noncarcinogemic effects
are below concem

Human health w 11 be protected thro gh
source remed auon and ed ced

pos re pote ual Carcinogen nsks
are bel w11 1000000 at th French
Drat and Woman Creek
Noncarct g nc ffects are below
co cerm

H man health w 1l be prote 1ed through
source emed ai  and red ced exposure
potental Carcin ge ¢ nsks are below 1
in 1000000 at th F ench Dran and
Woman Creek. Noncarcin genic effects
are below con em

H man h alth w 1l be protected thr gh
sourcc emed U4 and eod ced

€ pos re potenual  Carct oge n ks
ar bel w1m 1000000 tthe Fench
Drai and Woman Creck.

N ncarc noge ¢ ffects are below
concemn

Environme tal Protection

Least permanent solution Mimmal
effects 10 the ¢ vironment nclude

F ench Dran decommuss oung and
potent al groundwate m gration
Transport modeling mdicates that
predicted peak concentrations should
remain below State and Federal surface
waler standards at Woman Creek.

No changes from curre t processes
used ttheste Transport modeling
nd cates that pred cted peak
concentrat ons should remam below
State and Federal surface water
standards at Woman Creek.

No s gmif'cant effects 10 the ¢ vi onment.
Degree of protectson depends n placing
wells nea DNAPL sources  Transport
modehing nd cates that pred cted peak
concentrauons should remain below Stat
and Federal surface water standards at
Woman Creck.

P s ble subsurface b ota d sfuption due
to RF heaung Deg ee of protection
depends on placing wells near DNAPL
sources  Transport model ng nd cates
that predicted peak concentrations
should remamn below State and Federal
surface wate standards at Woman
Creek

Hot air injectio  and mechan cal mixing
may ha ¢ ad erse flects 0 surface and
s bsurface s01co d uons including
destab hizatso  of the h s de Transport
Mmodelng indicaie that pred cted peak
conceatrations sh uld remam below State
and Federal surface water standards at
Woman Creck.

Exca ation tran portation, and storage
feq weme (s may s g if cantly mpact
e wonme ¢ F gi1 e du t created by
¢ cavauo and transpontat on may be
concern  Tran port modeling nd cates
thay predicted peak concentrations
should emain below State and Federal
surface wate standards at Woman
Creek.

C mphance With ARARs

Ablty t Meet ARARs

Key ARARs may not be met, Transport
modeling ind cates that peak

concentrat ons could ¢ ceed
groundwate PRGs for TCE PCE and
CCl at the F ench Dram and TCE at
Woman Creek.

Key ARARs should be met. Transport
modelng ndicates that predicied peak
co centrat ons hould remain bel w
groundwate PRG at Woman Creek
and th Fench Drat w th the poss ble
¢ cepuon of TCE at the French Drain

Key ARARSs should be met. Transport
modeling ind cates that predicted peak
¢o centrat ons should emain be) w
groundwater PRGs at W man Creek and
the French Dras w th th poss bl
excepton f TCE at the French Dram
Note that the French Dras wall
operation unul peak concentrations fall
below PRGs at the dramn

Key ARARs should be met. Transport
mod hing ndicates th ¢ p ed cted peak
Co cenrat ons h uld mam bel w
g undwate PRGs at Woman Creek
and the F ¢ ch Dramn w th the poss bl
ceptio  of TCE at the French Dran
Note th t the French Dran will m
operation unul peak conce trauons fall
below PRGs at the dran

Key ARARS sto 1d be met Transport
modeling ndic ¢ that predicted peak
concentrat on sio 1d emam below
groundwate PRC  ( Woman C etk and
the French Drz n w th the po  ble
exception of TUE ( the French Dramn
Note that the Fe h Drai will in
operation until puak concentrations fall
below PRGs at th  dramn

K y ARARs sh uld be met Transport
modehing  d cates that pred cted peak
€0 ce tratio s should emain below
groundwater PRGs at Woman C eek
and the F ench Dramn w th the po  ble
¢xception of TCE at the French Dran
Note that the F ench Dras w It 1
opcral n unul peak conc trauons fali
below PRGs at the dram,

Long T rm Effectiv ness and Perm ne ce

Magnitude of Res dual Risk

S! ghtly increased nsk because of the
French Dramn decommuss on and

potential groundwater migration.

No s gnif cant change from ex su g
nsk.

Res dual n k reduced through COC
reducion  Residual nsk shghtly less than
Alternats ¢ 1 due to remediat on of COC
source

Res dual nsk educed through COC
reduct on  Res dual nisk less than
Altenati 2 because f the thermal
enhancem

Res dual nisk red ced through COC
red cton Residual nisk less than
Alternau es 2 and 3 because of the
¢ pected ncreas n contam ant
removal

Re dual nsk reduced through COC
red cuon Resd al nsk less than the
other alternau es ¢ ¢ 10 remo al and
treatment  { COC source

Adequacy and Rehiab I ty of Controls

No controls used to protect human
health or the environment.

Insututional controls used to protect
burian health. French Dran should
pre ent COC mugration beyond OU 1

COCs should be controlled through source
remediation. Reliab 1ty depends on
placing wells near DNAPL source

Howe er res duals may reduce long term
effectiveness

Co tamunants should be controlied
through source remedianon  Howeve
COC res duals may reduce effects eness
of I g-term control Rel abil ty
depends on placing wells ncar DNAPL
source  Control would be s! ghtly more
eff ctt ¢ than for Alternau ¢ 2 because
of thermal enhancement although
technol gy s cons dered nno auve

Co tamunants sh uld be controlled
through source remediat on - However
COC res duals may red ce effecu eness
of long termcon 1 Relabl ty depends
on placing welis near DNAPL source
Control may be si ghtly more effecuve
than for Alternati es 2 and 3 because f
increased sotl permeabil ty Treatment
uses propnictary/innovat ¢ technology

Co tamu ants should be co trolied
thro gh source remo al Controls
sho Id be igmf cantly more effect ¢
than those unde other remed al
aliernat es because enture area 1s

€ ca ated and treated

Need I 5 Year Revew

S year re ew w I be conducted

5 year re ew will be conducted

5 yearre W will be conducted

§ year w will be conducted

Syar ewn |l be conducted

5 year ¢ ew w il be cond cted




Table 4 2

(Continued)
-.4
ALTERNATIVE 3
ALTERNATIVE 1 ALTERNATIVE 2 Groundw t¢ Pump ng nd Seil ALTERNATIVE 4 ALTERNATIVE §
RCRA CAP Standards/ ALTERNATIVE 0 Inst t tional Controls w th the Groundw te Pump ng and Soil Vapo V po Extraction w th Thermal H t Ai Injection with Mechamcal SoilE ca tio with
CERCLA Evaluati n Crit ria N Action French Drai Extraction Enhancem t Muing G  dw te Pumpmng

Reduction f T xicity M bility

V | me Th ough Treatm nt

Treatme t Process Used

None

E tracted groundwater treated by
UViperoxide on-¢ change and GAC

processes

SVE s p ecntechnol gy forsol
emed auon Extracted sol apo treat d
wth GAC Extracted groundwater treated
by UV/pero 1de on-cxchange and GAC
processes

RF hcaing san nn ab e techn logy
E tracted so ] apor treated with GAC
Extracted groundwater treated by
UV/peroxide on-¢ change and GAC
processes

H tar mecuo wth s mecham al
mixing s prop etary technology

E tracted so 1 vapo treated with GAC
Extracted grow dwater wreated by
UVipe o de 1 e change and GAC
processes

Exc ated sol treatcd w th thermal
desorpton whi h sapro e sol
remediation technol gy Off gas
treated by GAC  Extracted
groundwater (reated by UV/pero de
on-¢ change p ocess and GAC
proce scs

Amount Destroyed or Treated

None

Small q antises of COCs would be
treated due to ow groundwater
concentrat ons and ¢ traction rate

Treatment area of 100 ft x 100 ft x 20 fi
SVE may not completely remo ¢ COCs
due to low so | permeab !ty 1 w COC
oconcentra ons and uncertain locauon of
DNAPL

Treatme t area of 100 ft x 100 ft x 20
f. G eater g antuty of COCs may be
remo ¢d from 5o 1 and treated than for
Alternati ¢ 2 du to thermal
enhancement.

Treatment area of 100 ft 100 ft 20 ft
Greater q antty of COCs may be

remo ed from ol than for Altemnau es 2
and 3 duc to increased so 1 permeabil ty
from mixing de ce

Treaiment area £ 100 ft 100 ft x 20
ft. COC remo ed by xca ation and
subsequent so 1 treatment by thermal
desorpion G oundwater remo ed and
treated by Buldi g 891 water treatment
system.

Reduction of Toxicity Mobil ty or Volume

None

French Drai  should reduce mobil ty
and olume of COCs Toxicity
reduced through UV/peroxide GAC
and on-¢ change processes

SVE and groundwaler extraction will
reduce olume and mob 1 ty of COCs

T xcty s reduced through GAC
UV/peroxide and on e change processes

Reduction of COC volume and mobility
1 sotl may be sl ghtly more effect: ¢
than for Alternat ¢ 2 due to increased
olaul zavon Groundwater COC
volume and mob 1 ty decreased by
e tracton T xicty red ced through
GAC UV/peroxide and on-¢ change
processes

Reduction of COC  olume and mobility
in soil may be si ghily more effective
than for Altern u es 2 and 3 due to
mcreased olatils ation and soil
permeab 1 ty Groundwate COC olume
and mob 1 ty decreased by xtraction
Toxicity ed ced thr ugh GAC
UV/peroxxde and  -e change
processes

Excavation will educe COC sal
volume and mob Ity Dewatenng may
reduce groundwate mobil ty and

lume Toxic ty w H be reduced
through GAC UV/peroxide and

g neraho of the process s

Irre ers bie T eatment

Natural degradation may be irre ers ble
depending on en wonment. Reactions
may create more toxic daughter
compounds from parent compounds

Irrevers ble contami ant removal
Howe er DNAPL-contammated soil
may conll ue o act as a source

Ine ers ble contanmu ant removal
Howc ¢ DNAPLs 1n soil may conun e to
act as source

Irre ers ble contaminant remo al
Howe ¢ DNAPL-contamnated so |
may continue to act as source

Irre ers ble com mmant remo al
Howe er DNAPL-contammated s 1l may
contnue to act as so rce

Irre ers ble contami ant remo al
assumung all DNAPL sources are
remo ed

Type n_a.DaEEQ of Residuals Remaimng after T 35%

nCOC concentrations 1o so [ and
groundwater remain unchanged ¢ cept
for natural degradauon

Res dual concentrations of COCs may
remain 1n subsurface soil and
groundwater Creates wastes from
GAC and on-exchange processes m
Bu lding 891 wate treatment system.

Low concentratons of COCs may remain
m soil and groundwater Generated wastes
are GAC from SVE and on-cxchange
regeneraton 1 q d plus GAC from

Bu 1d ng 891 wate treatment ystem

Low concentraions of COCs may
emain 1n 50 1 and groundwate
Generated wastes are GAC from SVE
and on-¢ change regeneration liqu d
plus GAC from Building 891 water
treatment system.

Low concentrauon of COCs may remain
i 5o I and groundwater

Generated wastes are GAC from off gas
treatment system and on-exchange
regeneration 1 qu d plus GAC from
Building 891 wate trcatment system

Low concentrauon of COCs may
remain 1 groundwater Generated
wastes mclude GAC and on-¢ change
regen rauon 1 q d from Building 891
water treatment system GAC from
thermal desorption system, and treated
soil

Statutory Preference for Treatment

Does not sausfy preference for
treatment

Satisfies preference for reatment.

Sausf cs preference for treatment.

Sausfes preference for treatment.

Sausf'es preference for treatment.

Sausfies preference for reatment.

Sh rt Term Effecti eness

Commun ty Protect on

No short-term nisks to the publ ¢

No increas short term nisks (o the
publ ¢

L

No s gn ficant ncrease 1 pote t al nsks to
the publ ¢

No sigmif cant increase  pote t al
nisks to the publ ¢

No s guificant mer ase n potenual nsks
o the public

Potential n ks to publ c due to fug u ¢
dust generated during ¢ cavaton
transportauon and storage of so |

Worke Protection

No short-term nisks to workers

No increase n short erm nisks to
workers

Potenual ¢ sks from exposure to COCs m
groundwater or so ! apor and safety
hazards associated with dniliing and
construction

Potenual nisks from exposure to COCs
i groundwate or soil apo and safety
hazards associated w th dnlling
construction, and operauon of RF

hegung

Potc ual n ks f m exposure t COCs n
groundwate or so1 apor and safety
hazards associated w th operating the
mixer

Potenual nsks f m exposur to COCs
m groundwate soll apo andf gu e
dust and safety hazards assoctated w th

operaling exca atng ¢q pment and
thermal desorptio  umit.




Table 4-2

(Continued)
ALTERNATIVE 3
ALTERNATIVE 1 ALTERNATIVE 2 Gro ndwate Pumping and Soi1l ALTERNATIVE 4 ALTERNATIVE §
RCRA CAP Stand rds/ ALTERNATIVE 0 Instit tional Controls with the Gro ndwater Pumping and Sail V po Vapo Extraction with Thermal H t Ai Injectio with Me hanical Soil Excavation with
CERCLA Evalu t n Criteria N Action French Drain Extraction Enhancement Mixing G oundwate Pump ng

Enviro me tal Impacts

Decommuss oms g of the French Drat
may result 1n decreased w Uand and
npanan areas in th short-term
Transport model g nd cates th ¢

pred cted peak concentranons should
emamn below State and Federal urface
water standards at Woman Creek.

Environmental mpacts are minindl
Transport modehing mdicates that

pred cicd peak concentrapons sh 1d
remai  below State and Federal surface
water siandaré at Woman Creek.

M nor impacts to soil including | mited
loss fv g taton Decommussion of
French Dramn may result 1 short term los
of wetlands and npanan areas  Transport
modchng indicates that predicted peak
concentrat ops should reman bel w State
and Federal surface water standards at
Woman Creek

M nor loss of cgetaton. I st he tng
may affect bsurface biota m the

r atment arca Short term loss [
wetlands and npanan areas from F ench
Dramn decommussion  Transport
modelhing nd cates that predicted peak
concentrat ons should remam beiow
State and Federa) surface water
standards 2t Woman Creek.

Loss of cgetation S gn fcant mpact on
en wonment m the treatment area duc to
nuxmng and in s (u heaung  So [ stab [ty
may be decreased Short term loss of
wetlands and nipanan areas f om French
Drain decommus on Tran port
modeling nd cate that pred cted peak
concentrat ons should remam bel w State
and Federal surface water standards at
Woman Creek.

Sg faante onmental mpactd et
ccaanonand{ gu d st Shont

¢ tm los of w tfands and nipanan arcas
from French Drain decomm s on
Transport modehing mdicates that

pred cted peak copcentrabions sh )
remain below State and Federal surf ce
wale tandards at Woman Creck

Impl m ntability

Ability to Construct and Operale

Not apphicable

Access control should not be diff cult
10 1mplement nor should operation of
French Drai  and water treatment
processes be duff cult o conun ¢

Vendors should be able to help w th
des gn. Wells must be located near
DNAPL source for effect: ¢ treatme
Does not require specialized training o
operalc

Vendors should be able to help w th
design ' Wells must be located near
DNAPL source for effecti ¢ treatment
Spec al traming may be necded to
operated the RF heating

Spec alized tram ng may be needed (o
operate the equipment. May be duff cult
to mnstall future wells due to
unconsolidated soil

Exca ation can be mplemented u g
standard equipment. Potential

rad onuclude comtanunatio 1

s bsurface soil may ot 5 11 d sposal
opuons

Ease of Domg More Action 1f Needed

Will not 1 mut the ab hty w perform
future remedial actions

W 11 not imat the abil ty to perform
future remed al actions

W 1 not limst the ab hity to perform f ture
emedial actions

Will not | mut the ab lity to perform
{ wre remedial acuons

Will pot 1 nut the ab 1 ty to perform
f tre remed al actions

Wil otlmtthe amityt perd rm
f ture remed al actons

Abil ty 10 Monitor Effecu eness

Groundwater momitorning programs
sho Id track mo ement of COCs

Groundwater monNoONng programs
should track mo ement of COC

G oundwater and apor mon loring
programs should determne effect ene

G oundwater and vapor mon ton g
programs hould detcrmine
eff cu eness

Groundwater and apor mon torng
programs should determine ffecu n ss

Groundwater and apor mont n g

p grams should determnine

effecu ¢ ss Radolog cal mo tonng
program will determmne case of so |
disposal and protect workers

Abil ty to Obtamn Permuts/Coordinatio  w th Agenc es

Anucipate local opposiuon

N problems anuc pated

No problems anuc pated

No problems antctpated

No probl ms antc pated

P tential radion ¢l de contamipation in
s bsurface soil may hmit soul d1 posal
options

Availabil ty of Services and Capaciuies None requured No addst onal services required Services readsly available System can be | Serv ces readily a alable System can | Should be readily available Services readily available
des gned (¢ meet requurements be des gned 0 meet requirements
Availability of Equ pment, Specialists and Matenals None required None req wed Readily available Readily a ailable through spec’alized Should be available although technology | Readily alable
endors 1s proprictary

Availabil ty of Technolog es None required None required Readily available Available but technology 1s cons dered | Technology 1s propnctary Readdy  alable

mnovat ¢
Cost

)

Present Worth (1995) Cost $1 804,200 $7.565 400 $7 046 600 $7,560,500 $6 015 100 $13,269 600

~
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Table D 1

Potential Federal
Action Specific ARARs and TBCs for Proposed Remedial Action Alternatives

0 1 2 3 4 5
Groundwater
Standard wnME..oEo:r Citatio Pumpng and | Steam Injection |  Soil Excavation
Critersa, or Limitation ttation Institutional Groundwater SVE with with and Groundwater
Controls with the | Pumping and Soil Thermal Mechanical Removal with
No Action French Dramn Vapor Extraction Enhancement Mixing Sump Pumps
Resource Conservation and Recovery Act (RCRA) 42 USC Secs 6901 6987
A Cntena for Classification of Solid Waste Disposal Facilities and Practices 40 CFR Part 257 NA NA A? A Al A?
B Hazardous Waste Management Systems General 40 CFR Part 260 R/Y R/Y AYY Al AYY ArY
C Identification and Listing of Hazardous Wastes 40 CFR Part 261 RYY RY AYY ATY AlY AYY
D Proposed Defimtion of Hazardous Waste to Exclude Environmental Media' | 40 CFR Parts 260 and 261 Secs 261 4 i : . \ . \
58FR48156 26142 and Part 268 o o Y oY CY oY
E Standards Applicable to Generators of Hazardous Waste 40 CFR Part 262 R/Y R/Y AYY A’Y AYY AY
j
F Releases from Solid Waste Management Units 40 CFR Part 264 RIY RIY RIY RIY RIY RIY
Subpart F
G Closure and Post Closure 40 CFR Part 264
Subpart G and Secs 264 600 et seq Ry RY ANY AY AlY ANY
H Use and Management of Containers 40 CFR Part 264 NA NA AY AIY AY AY
Subpart 1
I Landfills 40 CFR Part 264
Subpart N NA NA NA NA NA NA
J Miscellaneous Umts 40 CFR Part 264
Subpart X NA NA R/Y RIY RIY RY
K Air Emussion Standards for Process Vents 40 CFR Secs 264 1032 and 264 1033 NA NA AY AY ANY AY
Subpart AA
L Air Emission Standards for Equipment Leaks 40 CFR Secs 264 1056 and 264 1057 NA NA ANY ANY AY ANY
Subpart BB
I M Proposed Air Emission Standards for Storage Units 40 CFR Sec 264 1083 Subpart CC NA NA cry? cry? cry? cy?
_—i N Temporary Umt 40 CFR Sec 264 553 Subpart S NA NA ArY ANY AY AlY

1
2
3

Assumes requirements of 261 42 could be met acceptable nsk range 10
Appl ¢5 to new treatment system

May apply f concentrat of organc  tank exceed 500 ppm

~

10% and lev 1s m 501 and groundwater do not pose human health hazard or environmental hazard




Table D 1
Potential Federal
Action Specific ARARs and TBCs for Proposed Remedial Action Alternatives

0 1 2 3 4 5
Groundwater
mm»._hw_.n, wam.:..ﬂsao:r Citation Pumping and Steam Injection Soil Excavation
riteria, or Limitation Institutional Groundwater SVE with with and Groundwater
Controls with the | Pumping and Soil Thermal Mechamcal Removal with
No Action French Dramn Vapor Extraction Enhancement Mixing Sump Pumps
O Interim Status Standards for Owners and Operators of Hazardous Waste 40 CFR Part 265
Treatment, Storage and Disposal Facilities RY RY RY Ry RIY RiY
P Intenim Status Standards for Owners and Operators of New Hazardous 40 CFR Part 267
Waste Land Disposal Facihities NA NA NA NA NA NA
Q Land Disposal Restrictions 40 CFR Part 268 NA NA AYY AYY AYY AYY
Toxic Substances Control Act 15 USC Secs 2601 2629
A PCB Requirements 40 CFR Part 761 AlY AlY AlY AY AlY AlY
Clean Water Act 33 USC Secs 1251 1376
A Discharge of Effluent 40 CFR Sec 125100
FFCA CWA 90 1 NPDES Federal Facility Compliance Agreement 40 CFR Sec 12241 AlY AlY ANY AlY AY AlY
B Toxic Pollutant Effluent Standards 40 CFR Part 129 NA AlY AlY AlY AY AY
C Discharge of Stormwater 40 CFR Sec 122 21
222
40 CFR Sec 12226 AIY AIY AIY AIY AY AIY
Atomic Energy Act 42 USC Secs 2011 et seq
A Radiation Protection and Radioactive Waste Mana_ement 10 CFR Secs 20 1301 and 20 1302
Subpart D and Sec 20 2001 et seq Subpart NA NA NA NA NA AY
K
B ﬁo“ﬂ”:»:co Objecuves 1n Licensing for Land Disposal of Radioacuve 10 CFR Part 61 Subpart C Y Y Y Y Y Y

4 Appl es 10 residuals of treatment system such as spent carbon, HEPA flters or 10n exchange resins

5 Cons dered for mpacts to groundwate

-




Table D 1
Potential Federal

Action Specific ARARs and TBCs for Proposed Remedial Action Alternatives

0 1 2 3 4 5
Groundwater
Standard Requirement, Pumpmg and | Steam Injection |  Soil Excavation
Criter1a, or Linitation Citation Institutional Groundwater SVE with with and Groundwater
Controls with the | Pumping and Soil Thermal Mechanical Removal with
No Action French Dramn Vapor Extraction Enhancement Mixing Sump Pumps
Clean Air Act 42 USC Secs 7401 7642
A Prevention of Significant Deterioration Requirements 40 CFR Part 52 NA NA NA NA NA NA
B National Emussion Standards for Hazardous Air Pollutants 40 CFR Part 61 NA NA RY R/Y RY RY
Safe Drinking Water Act
Underground Injection Control Program Class V Wells 40 CFR Secs 1465 and 146 52 NA NA NA NA RY NA
Subpart F
DOE Orders
General Environmental Protection Program 5400 1 crY ay cry cY cry crY
Environmental Comphiance Issue Coordination 5400 2A NA NA NA NA NA NA
Radiation Protection of the Public and Environment 5400 5 NA NA NA NA NA cry
Environment Safety and Health Programs for DOE Operations 5480 1B crYy cry Y Y crY crY
Radioactive Waste Management 5820 2A NA NA NA NA NA crY
Hazardous and Radioactive Mixed Hazardous Waste Management 54803 crY cY crY cY crY crY
Environmental Protection Safety and Health Protection Standards 5480 4 cry cY cY Y CrY crY
Endnotes
A~ Apphcable
R= Relevant and Appropnate
NA= Not an ARAR
C= ngh dered -
Y= m compl ance or can be n compi ance
N= not in comphance/standard exceeded
A




Action Specific ARARs and TBCs for Proposed Remedial Action Alternatives

Table D 2
Potential State

- s >~ e . - o >~ 0 ~ 1 2 3 4 5
- &\.._wﬂw # - - t ) *
Standard Requirement, i J@WW ) . ¥ . . Groundwater .A
\ Criteria, or Limitation - N Citation Institutional Groundwater Pumping and SVE Steam Injection Soil Excavation and
T % 4 . % S P s No Controls with Pumping and Sail with Thermal with Mechanical Groundwater Removal
o By S B o REECARS Action ¢+ French Dram Vapor Extraction Enhancement Mixang with Sump Pumps
Colorado Hazardous Waste Act and State Hazardous Waste | CRS § 25 15 101 et seq
Siting Act 25 15 200 et seq
25 15 301 et seq
Hazardous Waste Management Re_ulations Idenufication and 6 CCR 1007 3 1 \ . .
Lisung of Hazardous Waste Part 261 RY RY AN ATY AY AY
Standards Applicable to Generators of Hazardous Waste 6 CCR 1007 3 ! . ' ;
Part 262 RYY RYY AYY AllY AVY AllY
Standards for Owners and Operators of Hazardous Waste 6 CCR 1007 3 1 1 . \
Treatment, Storage and Disposal Facilities Part 264 RY RY AN ATY ATY AT
Temporary Unuts 6 CCR 1007 3 Sec 264 553 NA NA AlY AlY AlY AY
Intenm Status Standards for Owners and Operators of Hazardous| 6 CCR 1007 3
Waste Treatment Stora_e and Disposal Faciliies Part 265 RY RY RY RY RIY RY
Interim Status Corrective Action Orders 6 CCR 1007 3 Sec 2655 RY R/Y RYY RYY R/Y AlY
Land Disposal Restrictions 6 CCR 1007 3 2
Part 268 NA NA AN AYY AlY AN
Colorado Solid Waste Disposal Sites and Facilities Act CRS § 30-20 100 5 et seq
Colorado Solid Waste Disposal Sites and Faciliies Regulations | 6 CCR 1007 2 Secs 2115 255 and NA NA A A? A2 A
2517
Colorado Water Quality Control Act CRS 24-4-103(3) and (8)
A  Effluent Limitations SCCR 1002 Sec 1014 NA cY crY Cry clY Y
B Basic Standards and Methodologies for Surface Water 5 CCR 1002 8 Secs
Quality 310 et seq RN R/YY ) R/Y RIY RY R/Y
C Classifications and Water Quality Standards for 6 CCR 10073 5 CCR 3 3 3 3 5
Groundwater and Basic Standards 10028 31153118 RN RY RY RY RY RY

1
2
3

Appl ¢s 1o new treatme ( system

Appl s to residuals of treatment system such as spent carbon, HEPA flter or on ¢ change
P ssbl e ception of TCE based on pred cted model g esults




Action Speafic ARARs and TBCs for Proposed Remedial Action Alternatives

Table D 2
Potential State

I

2CRR402 2

iy~ .ﬂaiqk. s \w?.wma FN - - ¢ - * * G > 1 2 3 4 5
SN - Tegig, Tidg LER " ; -
~ Standard Requirement, ~E N # . www@mw ﬂwm H.mﬂ - < . Groundwater
Cniteria, or Limitation < _Citation . *  Institutional Groundwater Pumping and SVE Steam Injection Soil Excavation and
® o, % ¥ - £ w.w,rw, e ed . .- No < Controls with Pumping and Soil with Thermal with Mechanical Groundwater Removal
K - et - “~Achon “* French Dram Vapor Extraction Enhancement Mixang with Sump Pumps
1
Colorado Awr Pollution Prevention Control Act, as amended | CRS 257 112
Colorado Air Pollution Control Regulations Auir Pollutant Emissiprs CCR 1001 5
Notice Requirements Regulation 3 Subpart A NA NA NA NA NA NA
State Construction Permits 5 CCR 1001 5 4 4 4
Regulation 3 Subpart B NA NA NA NA NA NA
Operatin_ Permit Program 5 CCR 1001 5 4 4 4 4
Regulation 3 Subpart C NA NA NA NA NA NA
Control of Emmssions Volatile Orgamc Compound Regulation 7 General Provisions NA NA® RY RY R/Y RY
Soil Erosion Dust Blowing Act CRS 35 72 101 et seq NA NA RYY RY R/Y RY
Act to Establish Power and Duties of Board of Health CRS § 251 107 251 108 and 25 11 104 NA NA NA NA NA NA
Department of Health
Colorado Rules and Regulations Pertaining to Radiatron Control See below
A Radicacuve Matenal Other than Source Matenal 6CCR 1007 11
Part I NAS¢ NAS NA® NA NAS ANY
RH 331 Schedule A
B Standards for Protecuon Against Radiation 6 CCR 1007 1
Part IV NA® NA® NA® NA® NAS AlY
RH4214223
Colorado Noise Abatement Statute CRS 25 12 101 et seq NA NA AlY AlY AlY AY
Storage Tank Facility Owner/Operator Guidance Documents M&Mﬂao Department of Health December NA NA NA NA NA NA
State Engineers Authorities .
Colorado Water Well & Pump Installation Regulations CRS 37 91 101 112 NA NA crY crY crY CrY

M Construcuon requirements do not apply 10 treatment aliemative source (without cons deration of other sources) althoug|
M Mimmal so 1 d sturbance french drar  remains 1 place
Assumes no action that would newly a sturb rocks or 501

h omec chemicals could tnigger a requirement for an operating permut, substanti ¢ requireme (s are found in R gulauon 7 for RACT




Table D 3
Potential Federal and State
Location Specific ARARs and TBCs for Proposed Remedial Action Alternatives

Y ,mw 0 1 2 3 4 5
Groundwater Soil Excavation
Standard Requirement, y Institutional Groundwater Pumping and and
Criteria, or Limitation - , I Citation Controls with Pumping and SVE with Steam Injection Groundwater
- 5 - R N . No the French Soil Vapor Thermal with Mechanical Removal with
. o | Action Dram Extraction Enhancement Mixing Sump Pumps
Resource Conservation and Recovery Act (RCRA) 42 USC Secs 6901 et seq
General Facility Standards Location Standard Floodplain 40 CFR Part 264 Subpart B 264 18(b) NA NA NA NA NA NA
Endangered Species Act 16 USC Secs 1531 1544
Interagency Cooperation 50 CFR Part 402
Endangered and Threatened Wildlife and Plants 50 CFR Part 17 NA NA NA NA NA NA
National Historic Preservation Act 16 USC Secs 470 et seq
Protection of Histonc and Cultural Properues 36 CFR Part 800 NA NA NA NA NA NA
Historic Sites, Buildings, and Antiguities Acts 16 USC Secs 461 467
National Natural Landmarks Program 36 CFR Part 62 NA NA NA NA NA NA
Archaeological Resources Protection Act 16 USC Secs 470aa 11
Protection of Archaeological Resources Uniform Re_ulations 36 CFR Part 296 NA NA NA NA NA NA
Preservation of American Antiquities Act 16 USC Secs 431-433
Preservation of Amencan Antiquities 43 CFR Part 3 NA NA NA NA NA NA
Executive Orders
Executive Order on Floodplain Management Executive Order No 11988
Compliance with Floodplain/Wetlands 10 CFR Part 1022
Environmental Review Requirements NA NA NA NA NA NA
Executive Order on Protection of Wetlands Executive Order No 11990
Comphance with Floodplain/Wetlands 10 CFR Part 1022
Environmental Review Requirements AY AY AY ANY AY AN
State Requirements N
Histoncal Prehistorical and Archaeological CRS 24-65 1 104
Resources Act CRS 24-65 1 201 202 and 302
NA NA NA NA NA NA
A v State Register of Historic Places Act CRS 24-80-401 et seq .
CRS 24-80 1 101 et seq NA NA NA NA NA NA
z Non game Endangered or Threatened Species Conservation Act CRS 33 2 101 et seq RIY RIY RYY RIY R/Y R/Y
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