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‘ Executive Summary

The Operable Unit (OU) 7 Draft Phase I Internm Measure/Interim Remedial Action
(IM/IRA) Decision Document presents the proposed alternative for closure of OU 7 As
agreed to bv the U S Department of Energy U S Environmental Protection Agency and
Colorado Department of Public Health and Environment the alternative implemented as
the interim action will also constitute the final action for OU 7 Also as agreed to bv the
agencles this IM/IRA Decision Document in conjunction with the OU 7 Phase I Resource
Conservation and Recovery Act (RCRA) Facility Investigation/Remedial Investigation
(RFI/RI) Report constitutes the OU 7 Closure Plan Several other maintenance and
remedial actions are planned at OU 7 including implementing a leachate accelerated
action constructing a slurry wall on the north side of the landfill and abandoning
groundwater-monitoring wells within the landfill

OU 7 1s located 1n the Rocky Flats buffer zone north of the industrial area and consists of
four Individual Hazardous Substance Sites (IHSSs) associated with historic operation of
the landfill The four IHSSs include THSS 114 the Present Landfill THSS 203 Inacuve
Hazardous Waste Storage Area, and IHSSs 167 2 and 167 3 Sprav Evaporation Areas
The Present Landfill has operated primarily as a municipal waste facility for Rocky Flats
since 1968 The landfill 1s used for office trash, construction debris scrap metal dried
sanitary sewage sludge and other waste Historically the landfill has received ncidental
hazardous waste including containers partially filled with paint or solvents o1l filters and
metal cuttings coated with hydraulic o1l The IHSSs associated with the landfill include an
area southwest of the landfill (IHSS 203) used in 1986 and 1987 as a hazardous waste
storage area for drums of liquid and solid waste The other two IHSSs are spray
evaporation areas southeast of the landfill which received spray waters from the East
Landfill Pond periodically between 1975 and 1994

This Phase I IM/IRA Decision Document summarizes the results from two separate field
investigations at OU 7 and provides the resultant interpretation of the nature and extent of
contamination This information 1s then used to quantify the risk to human health and the
environment present at OU 7 Because OU 7 1s being closed under a presumptive remedy
approach a comprehensive baseline risk assessment was not necessary The presumptive
remedy allows a comparison of all exposure pathways to the pathways that will be
addressed by the presumptive remedy This document concludes that the presumptive
remedy, containment will address all potential pathways with the exception of surface
water and sediment 1n the East Landfill Pond and surface soils in spray evaporation areas
The pathways not addressed by the presumptive remedy were subjected to a focused risk
assessment process This risk assessment consisted of comparing the maximum site
concentrations to preliminary remediation goals quantification of exposure and toxicity
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values, and comparnson to applicable or relevant and appropriate requirements (ARARs)
No risks above the acceptable ranges were identified 1n the pathways not addressed by the

proposed remedy

The following Remedial Action Objectives (RAOs) were established for the Present
Landfill closure, 1n accordance with EPA guidance

Prevent direct contact with landfill contents

Minimmuze infiltration and resulting contaminant leaching to groundwater
Control surface-water run-off and erosion ‘

Control landfill gas (treat as needed)

Remediate wetland areas (as needed)

A B WD BRI e

These RAOs form the basis for identification of appropnate remedial action alternatives
for the site  Section 5 of ths report describes the nine alternatives imtially identified as
supportive of the RAOs As per EPA guidance the nine alternatives were evaluated
aganst three cnteria effectiveness, implementability, and cost This initial screening
process eliminated five of the alternatives from further consideration Four alternatives
were carned through the dewailed screening of altérnatives

The four alternatives evaluated 1n the detailed analysts of alternatives, presented 1n Section
6, include the following

Alternative 1 No Action

Alternative 5 Single-Bamer Flexible Membrane Cover (FMC)
Ahternative 7 Single-Barnier FMC with Low-Permeability Soil Cover
Altemnative 9 Composite-Barmer FMC and Clay: Cover

It 1s assumed that the slurry wall mantenance :action, scheduled for fiscal year 1996 1s
complete Alternative 1, the no-action alternative, 1s retamed as a baseline for comparison
in accordance with EPA gwidance The only difference between the other three
alternatives 15 1n the composition of the soul layer beneath the FMC  Alternative 5
includes common so1l for bedding, Alternauve 7 includes soils with a lower permeability,
and Alternative 9 includes a thicker clay barrier layer rather than soil

The detasled analysis of alternatives uses nine critenia to evaluate each alternative The
nine criterta are the following :

Overall protection of human health and the environment
Comphance with ARARs

Long-term effectiveness and permanence -

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

Implementabihity

[ RV I VL S
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7 Cost
8 Regulatory agency acceptance
9 Community acceptance

After evaluating each of the alternatives against the nine criterta a comparative analvsis
was performed to evaluate the alternatives relauve to each other This comparison 1s
described and quantified via a weighted ranking svstem which 1s presented in Section 6
Alternative 7 emerged from this mulu-step evaluation process as the preferred alternative
for the OU 7 remedial action Alternative 7 achieves the site RAOs and ranks consistently
well according to the nine criteria

Alternative 7 consists of a single-barrier FMC underlain by a 12-inch soil layer with a
permeability of 1E-05 cm/sec and a geocomposite gas-collection system The FMC 1s
covered with a lateral drainage laver and a 36-inch vegetative layer Existing 1nstitutional
controls are maintained 1ncluding limited site access and new fencing around the cover 1s
provided The slurry wall maintenance action 1s assumed to be completed This document
also presents a post-closure monitoring plan for OU 7 Post-closure monitoring will be
conducted for 30 years and will include semuannual upgradient and downgradient
groundwater-monitoring wells quarterlv gas monitoring and annual cover survevs and
facility inspections
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Introduction

The Rocky Flats Environmental Technology Site is located in northern Jefferson
County, Colorado approximately 16 miles northwest of Denver (Figure 1-1), and
comprises approximately 6 550 acres of land 1n Sections 1 through 4 and 9 through 15
of Township 2 South Range 70 West, 6th Principal Menidian Major buildings are
located within the industrial area which encompasses approximately 400 acres (Figure
1-2) The 1ndustnal area 1s surrounded by a buffer zone of approximately 6,150 acres

Rocky Flats 1s a government-owned contractor-operated facility in the nationwide
nuclear weapons production complex The former mussion at Rocky Flats was to
produce components for nuclear weapons from plutonium, uranium, and non-
radicactive materials The current mission 1s to manage wastes and matenals and to
clean up and convert the Rocky Flats site to beneficial use 1n a manner that 1s safe
environmentally and socially responsible physically secure, and cost effective

This report addresses investigations at operable unit (OU) 7 which 1s located north of
the industrial area on the western end of No Name Gulch and encompasses
approximately 44 acres (Figure 1-2) OU 7 1s one of 16 OUs at Rocky Flats Each OU
1s made up of a number of individual hazardous substance sites (IHSSs) OU 7
comprises the Present Landfill (IHSS 114) Inactive Hazardous Waste Storage Area
(IHSS 203), East Landfill Pond Pond Area Spray Field (IHSS 167 2), and South Area
Spray Field (IHSS 167 3) Figure 1-3 1s a 1991 photograph that shows the landfill,
pond, and adjacent spray evaporation areas

The preliminary assessment performed under the US Department of Energy (DOE)
Environmental Restoration program identified some of the past onsite storage and
disposal locations as potential sources of environmental contamination (DOE 1986)
Additional information regarding historical plant operations, production activities, past
waste disposal practices at Rocky Flats, and previous investigations not directly related
to OU 7 are provided 1n the OU 7 Phase I Work Plan (DOE 1991a)

Hazardous constituents have been released (42 USC 9601 Section 101(22)) at Rocky
Flats as a result of the production of nuclear weapons components processing of
radioactive substances, and fabrication of metals A two-phase process was developed
to remove these constituents A Phase I Resource Conservation and Recovery Act
(RCRA) facility investigation/remedial investigation (RFI/RI) was conducted at OU 7
from November 1992 through April 1993 to characterize the site physical features,
describe contaminant sources and determune the nature and extent of contamination 1n
soils resulting from such releases A Phase II RFI/RI was subsequently planned to
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characterize the nature and extent of contamination 1n surface water, groundwater, and
arr and evaluate contarninant mugration pathways ‘

These activities were mmtiated pursuant to an Interagency Agreement (IAG) among the
DOE, the U S Environmental Protection Agency (EPA), and the Colorado Department
of Public Health and Environment (CDPHE) dated January 22, 1991 (DOE 1991b),
which 1s currently being revised The JAG addresses RCRA and Comprehensive
Environmental Response, Compensation and Liability Act (CERCLA) 1ssues that
pertain to the site CDPHElstheIeadrcgullatoryagencyfoxtheIAGpmgramatOU7

The focus of mvestigations at OU 7 changed due to the adoption of a presumptive-
remedy strategy for streamlined site characterization and site remediation by DOE,
CDPHE, and EPA. As a result of this strategy, the Phase I RFI/RI Report and revised
Phase 1 Work Plan were combined mto a single document, the Final Work Plan
Technical Memorandpm for QU7 (OU 7 Final Work Plan) (DOE 1994a), which was
approved in September 1994 Supplemental fieldwork finder the OU 7 Final Work
Plan was conducted from October 1994, through January 1995 Findings of the
supplemental Phase I field mvestigation are presented 1n this report

In accordance with a resolution of the Semor Executive Commuttee of the IAG in Apnl
1994 (DOE 1994b), two imnterim measuré/interim remedial actions (IM/IRAs) were
directed for OU 7 These include a separate IM/IRA for collection of leachate at the '
seep above the East Landfill Pond and an IM/IRA for closure of the Present Landfill
The seep collection IM/IRA 1s being implemented before closure as an accelerated
action (Section 13 1) The landfill closure IM/IRA 15 addressed 1 thas report.
|

11 Purpose of Report .
'

Ths Phase I IM/RRA Decision Document (IM/IRA DD) presents the proposed
alternative for landfill closure. The alternative addresses all source areas with nsk
levels greater than 1E-06 or a hazard mndex greater than 1 As agreed by DOE,
CDPHE, and EPA, the interim action will be the final action for closure of OU 7 The
Phase I IM/IRA DD and the Phase I RFI/RI Report constitute the OU 7 Closure Plan
(CDPHE 1992) The IM/IRA DD was prepared 1n accordance with paragraphs 15 and
150 of the IAG (DOE 1991a) It 1s consistent with gmdance m the preamble to the
Nationat O1l and Hazardous Substances Pollution Contingency Plan (NCP) (55 Federal
Register 8704) and 1s consistent with Colorado Hazardous Waste Act (CHWA) closure
requirements (6 CCR 1007-3 Part 265) DOE has prepared & draft Proposed Plan 1n
accordance with Section IB9 of the JAG (DOE 1991a), and it 1s included as an
attachment to the IM/IRA DD The IM/IRA DD and the Proposed Plan will undergo a

single public involvement program |
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12

Orgamzation of Report
The IM/IRA DD 1s divided 1nto 10 sections as follows

Section 1, Introduction, discusses the purpose and organization of the report Other
maintenance or remedial actions at the Present Landfill are described, and the project
approach 1s presented

Section 2 Site Characteristics, describes the physical characteristics and operational
history of OU 7, describes site-specific geology hydrology and ecology, including
sensitive habitats and endangered species, and summarizes the nature and extent of
contamination 1n all media Information included 1n this section 1s from both the Phase
I RFI/RI (DOE 1994a) and the additional Phase I field investigation

Section 3 Development of Remedial Action Objectives to Reduce Site Risks outlines
the preliminary objectives of the remedial action, presents a conceptual site model for
defining nsks, summanzes the results of focused risk assessments for various
environmental media, assesses compliance with applicable or relevant and appropriate
requirements (ARARSs), and presents final remedial action objectives (RAOs)

Section 4, Identification and Screening of Technologies, identifies and screens response
actions and technologies that satisfy the RAOs Screening 1s based on an evaluation of
effectiveness 1mplementability and cost Favorable technologies are retamned for
consideration 1n the development of alternatives

Section 5, Development of Alternatives, describes the general components of the
alternatives developed, presents nine alternatives, summarizes the results of the
alternatives screen using effectiveness implementability, and cost and presents the
four alternatives retained for detailed analysis

Section 6 Detailled Analysis of Alternatives, presents an evaluation of the four
alternatives using the nine CERCLA criteria (overall protection of human health and
the environment, comphance with ARARs, long-term effectiveness and permanence,
reduction of toxicity mobility and volume through treatment, short-term effectiveness,
implementability costs, regulatory agency acceptance, and community acceptance) and
recommends the best alternative for final selecion by CDPHE and EPA

Section 7, Recommended Alternative, describes the proposed action, outlines design
requirements, presents the conceptual design for the proposed action, and describes the
process for developing the Title I design The conceptual design includes the proposed
grading plan, surface-water control, proposed cover section seepage control, gas
control, ancillary facilities, and estimated costs
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Section 8, Closure and Post-Closure Plans details the plans that will be carnied out
during the closure and post-closure care penods to meet regulations stipulated mn
CHWA, 6 CCR 1007-3 Parts 265 11 and 265 117-120, respectively The closure plan
describes the facility, extent of operations, notification requirements, construction
activities, decontamination procedures, groundwater monitoning, ancillary closure
activities, emergency response, closure certification requirements, and a schedule for
closure The post-closure plan addresses permit requirements and describes routine
ispection activities, gas monitoring, groundwater momitoring, the point-of-comphance,
and the post-closure certification. :

Section 9, Environmental Assessment, mé:ludes an evaluation of the impacts of the
remedial action on human health, wﬂdﬁfe and vegetation, sensitive babrtats and
endangered species, wetlands and ﬂoo@lams, air quafity, surface-water quality,
groundwater quality, ureversible and mretrievable resources, transportation, and
cultural resources Cumulative impacts ‘are exammed. Impacts of the preferred
alternative are compared to the no-action alternative

|
Section 10, References, presents references cited in the report.

The draft Proposed Plan for OU 7 Present Landfill Area 15 included as a separate
attachment

Supporting data are included in the appendices to the report Appendix A presents
borehole geologic logs in LOGGER format from the supplemental Phase I field
investigation Appendix B contains drawdown recovery test data and analytical
solutions from the supplemental Phase I ﬁe{d nvestigation Appendix C contains input
parameters, results, and a surhmary of the groundwater modeling. Appendix D presents
the screening-level ecological risk assessment for the leachate seep and surface water
and sediment in the East Landfill Pond Appendix E contams mput parameters, results,
contamynant distnbution maps, and a summary of the contdémunant-transport modeling
Appendix F presents settlement esumates, Appendix G presents mnput parameters,
results, and a summary of the HELP modeling Appendtxl-lpmudesestxmatedcosts
and assumptions Appendix I provides gas-e:mssxon estunates. Appendix J provides
annual soil-loss calculations

j
Other Maintenance and Remedial Actions

Several other actions are planned at OU 7, including implementing a leachate
accelerated action, constructing a slurry wall on the north side of the landfill, and
abandoning groundwater-momtoring wells within the landfill (Figure 1-4)

=
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Leachate Accelerated Action

The Seep Collection IM/IRA 1s being implemented before closure as an accelerated
action A passive seep collection and treatment system 1s proposed as an accelerated
action to eliminate discharge of FO39 RCRA-listed waste from the leachate seep to the
East Landfill Pond (Figure 1-4) The action was proposed in the Modified Passive
Seep Collection and Treatment Proposed Action Memorandum (PAM) (DOE 1995a)
which was submitted to CDPHE and EPA on June 15 1995 The PAM includes a
description of the interception and passive treatment components of the system and a
conceptual design Leachate will be intercepted with perforated pipe and directed to a
tank containing carbon-based granular media that will separate the FO39 waste from
seep water F039 waste will be absorbed by the carbon-based media Treated water
will be discharged directly to the East Landfill Pond The modified PAM was
approved by CDPHE and EPA on June 27 1995 The system will be fully operational
within six months

Slurry Wall Maintenance

A slurry wall will be constructed on the north side of the landfill as a maintenance
action undertaken by DOE to address the failure of the existing groundwater-intercept
system and north slurrv wall (Figure 1-4) Failure of the existing system 1s evidenced
by (1) insignificant differences in heads in wells that straddle the existing groundwater-
intercept system (2) groundwater modeling which shows that inflow occurs on the
north side of the landfill (3) as-built diagrams which reveal that sections of the system
were not keyed into bedrock and (4) as-built diagrams which show that minimum
slopes could allow sediment buildup and blockage within the pipe drain

The new slurry wall will reduce groundwater inflow leachate generation and outflow
at the seep Therefore 1t 1s an integral part of the remedial action recommended 1n this
report The length of the slurry wall 1s estimated at 2 000 feet The slurry wall will be
keyed into weathered bedrock consisting of siltstones and claystones of the
undifferentiated Arapahoe and Laramie Formations Depth of the slurry wall varies
with the depth of weathered bedrock and ranges from 15 to 30 feet Hydraulic
conductivity ot the weathered bedrock 1s 4E-07 centimeters per second (cm/sec)

CDPHE and EPA approved DOE’s proposal to construct the slurry wall as a
maintenance action in May 1995 Construction of the slurry wall will occur 1n fiscal
year 1996 This allows for monitoring the effectiveness of the wall and taking any
necessary corrective actions prior to capping
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Well Abandonment

Twenty-six of the 54 exisung monitoring wells 1n OU 7 that are sampled quarterly as
RCRA-comphance wells or sitewide groundwater-protection wells will be abandoned
(Figure 1-4) This action was proposed in' a January 13, 1995, letter from DOE to
CDPHE and EPA (DOE 1994c) CDPHE and EPA approved the well abandonment
proposal on February 13, 1995 (CDPHE 1995) Well abandonment was proposed on
the basis that the purpose of each well has been fulfilled, the wells fall under the
footprint of the landfill cap, the presence of the wells would compromuse the integrity
of the cap because holes would have to be cut i the synthetic liner, and unequal
compaction of the fill material around the wells would potentially cause differential
settlement of the cap Well abandonment will be performed 1n 1996

Project Approach-the Presumptive Remedr

Presumptive remedies are preferred technalogies for common categories of sites
developed by EPA based on histortcal data frpm successful remedial actions at similar
sites The objective of the presumptive remedy approach 1s to streamline the site
mvestigation and remedial action selection and reduce the cost and time required to
implement the remedial action The presumptive remedy approach was adopted by
DOE, CDPHE and EPA 1n May 1994 (EG&G 1993a, DOE 1994d)y Letter approval
was recerved from CDPHE 1n October 1994 (éZDPHE 1994)

The approach was used to streamline the supplemental Phase I field mvestigation,
which focused on gathering data for design of the presumptive remedies and
assessment of contamination 1n groundwater éowngmdlem of the landfill As a result
of thus strategy, a comprehensive baseline nisk -assessment was no longer required Use
of the presumptive remedy also limited the need for imtial identification and screening
of alternatives for the corrective measureé study/feasibility study (CMS/FS), or
IM/IRA, and allowed the acceleration of the schedule for implementing remedial
actions and achieving final closure

The presumptive remedy for CERCLA mumcinpal landfill sites 1§ containment (EPA
1993a) Contanment technologes are generally appropmate for municipal landfills
because the waste poses a relatively low Long-term threat and the volume and
heterogeneity of the waste make treatment impracticable Although the majonty of the
waste accepted at OU 7 1s considered a mlhrucxpal waste, some hazardous waste
components have been detected in the leachate, indicating the presence of hazardous
materials 1n the waste Therefore, the specific ¢riteria used for the landfill cover design
are based on a RCRA Subtitle C facihty The containment presumptive remedy
consists of the following

tp\2150078\secl doc
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Institutional controls

Landfill cap (RCRA Subtitle C equivalent)
Landfill gas control (and treatment 1f needed)
Leachate collection (and treatment if needed)
Source area groundwater control

The presumptive remedy limits the alternatives that require detailed analysis to the
components listed above Characterization of the waste material within the landfill s
not necessary for selecting a response action Response actions selected for indrvidual
sites include only those components necessary based on site-specific conditions (EPA
1993a) The containment presumptive remedy addresses all pathways associated with

the source

Potentially affected media and exposure pathways outside the landfill are generallv
addressed separately However a response action for potentially affected media and
exposure pathways outside the source area will be selected together with the
presumptive remedy to develop a comprehensive response For OU 7 potentially
affected media include the following

Surface water 1n the East Landfill Pond

Sediments 1n the East Landfill Pond

Surface soils 1n spray evaporation areas

Subsurface geologic materials downgradient of the landfill
Groundwater downgradient of the landfill

The nature and extent of contamination 1n potentially affected media 1s addressed 1n
Section 2 A focused risk evaluation and an ARARs comparison for these media are
presented 1n Section 3

: )\B\ p\2150078\sec] doc 1-7 8/22/95
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control generation and mugration of leachate (Figure 2-1) The groundwater-intercept
system 1s a clay barrier (not a slurry wall) on the outside wall of the leachate-collection
trench with a perforated pipe outside the barrier to carry groundwater to the
groundwater-intercept system discharge points (Figure 2-2)

Between 1977 and 1981 the leachate-collection trench and the West Landfill Pond
were buried beneath waste during landfill expansion In 1982, two soil-bentonite slurry
walls were constructed near the eastern end of the landfill to prevent groundwater
nugration 1nto the expanded landfill area These slurry walls were tied into the north
and south arms of the groundwater-intercept system and extend approximately 900 feet
from the points of intersection (Figure 2-1) Based on as-built drawings, the slurry
walls vary in depth from 10 to 20 feet There 1s no known waste disposal outside of the
clay barrier or the slurry walls (DOE 1994a)

Effectiveness of landfill structures was evaluated 1n 1994 for the Phase I RFI/RI using
historical groundwater-elevation data along a number of transects These data indicate
that the groundwater-intercept system 1s functioning effectively except on the northwest
side of the landfill (DOE 1994a)

As-built diagrams were reviewed for the IM/IRA DD Approximately 275 feet of the
leachate-collection system trench along the northwest side and 400 feet of the trench
along the southwest side of the landfill are not keyed into bedrock These diagrams
establish a possible pathway that allows groundwater to flow into the landfill on the
northwest side Another possible pathway 1s desiccation cracking of the clay layer
Any blockage in the drain outside the clay barmer would further reduce the
effectiveness of the intercept system Because there 1s a groundwater divide just south
of the landfill the head on the south side of the landfill 1s farly low and the
groundwater-intercept system appears to be functioning even though 1t 1s not keyed
into bedrock

Spray Evaporation Areas (IHSSs 167 2 and 167 3)

Spray evaporation of water from the East Landfill Pond to maintain the stored volume
at 75-percent capacity (approximately 5,500 000 gallons) began in September 1975
Spray evaporation was discontinued 1n 1994 Two discrete spray areas have been
1dentified (Figure 2-1) the Pond Area Spray Field (IHSS 167 2) on the north bank of
the pond and the South Area Spray Field (IHSS 167 3) on the south bank of the pond
These IHSSs were onginally in OU 6 but were transferred to OU 7 1n 1994 (DOE
1994a) Dimensions of the spray fields are approximately 100 feet by 460 feet for
IHSS 167 2 and 120 feet by 440 feet for IHSS 167 3 Surface soils 1n spray evaporation
areas are potentially contaminated by pond water Surface soils downgradient of the
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East Landfill Pond dam are downwind andithus potentially affected by spray activities
1n these areas

OU 6 Trenches (IHSSs 166 1, 166 2, and lg6 3

OU 6 trenches A, B, and C (THSSs 166 1, 1%6 2, and 166 3) are located southeast of the
landfill (Figure 2-1) Trenches A and B received uramum- and/or plutonum-
contaminated sludge from the sewage treatment plant (Building 995) from
approximately 1964 to 1974 The materials placed in Trench C are not known, but 1t 1s
probable that sewage sludge was also placed in this trench (DOE, 1992a) More
information regarding the history of these IHSSs 1s presented in the Phase I RFI/RI
Work Plan for Operable Unit 6 - Walnut Creek Prionity Dranage (DOE 1992b)

Geology

The geology at OU 7 1s a function of the reg[mnal tectome setting and local depositional
and erosional conditions Geologic data uséd to charactenze OU 7 were compiled from
previous landfill investigations (Rockwell International 1988a, DOE 1991a), existing
geologic charactenzation reports (EG&G 1992a, EG&G 1995a), U.S Geological
Survey publications (Spencer 1961, Van Horn 1972), Colorado School of Mines
reports (Weimer 1976), data from the Phase I RFI/RI field investigation (DOE 1994a),
and data from the supplemental Phase I field investigation. A summary of the general
geologic framework, description and dlsti'lbuaon of surficial and bedrock geologic
units, description of geotechnical properties, and descipion of pond sediments are
presented 1n the following sections Geologic borehole logs from the additional Phase I
field investigation are presented in Appendix A Geologic borehole logs from the
Phase I RFI/RI are presented in the OU 7 Final Work Plan (DOE 1994a)

General Geologic Framework |

Rocky Flats 1s located on an eastward-slo!pmg plain just east of the Colorado Front
Range The surface cover 1s composed of i senies of coalescing alluvial fans developed
during the Pleistocene The Present Landfill 1s located near the eastern extent of the
alluvial-fan deposits The alluvial fans were deposited on a broad, gently sloping
erosional surface, or pediment, which 1s underlain by more than 10,000 feet of gently
dipping (less than 2 degrees) Pennsylvamian to Upper Cretaceous sedimentary rocks

Dissection of the gravel-capped pedxmeﬁt has occurred by headward erosion and
planation along eastward-flowing streams and their tributanes Fluvial processes have
formed moderately steep hullsides adjacent to the stream dramages, with the steepest
slopes formed along the tops of the incised Hramages The landfill at OU 7 1s located 1n
No Name Gulch at the western limit of headward erosion and pediment dissection

Waste material has been placed on top of the bedrock and fills the valley to the top of
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the pediment at approximately 6,000 feet Some waste material 1s mounded above the
top of the pediment 1n the center of the landfill Waste material 1s confined laterally by
the leachate-collection trench and slurry walls and by the bedrock slopes of the valley

Figure 2-3 presents a generalized stratigraphic section that shows the vertical sequence
of surficial deposits and bedrock Surficial and bedrock geologic units that influence
groundwater flow include the Rocky Flats Alluvium and the underlying Arapahoe and
Laramie Formations Also important 1s the artificial fill matenal of the landfill, which
1s not shown on the figure The Fox Hills Sandstone occurs at a depth of
approximately 700 to 800 feet, which 1s too deep to be affected by the landfill As
such 1t 1s not described

Description of Geologic Units

Surficial material consists of Quaternary alluvial-fan deposits of the Rocky Flats
Alluvium, colluvial deposits, alluvial deposits of the valley-fill alluvium, and artificial
fill (Figure 2-4) All surficial deposits are part of the upper hydrostratigraphic unit
(UHSU) at Rocky Flats, which 1s discussed 1n more detail in Section 2 3

The Rocky Flats Alluvium caps the divides north and south of No Name Gulch and
was deposited as a senies of coalescing alluvial fans on the pediment Thickness of the
Rocky Flats Alluvium 1s 25 to 30 feet on the northwest west, and southwest sides of
the landfill and 10 to 15 feet on the divides north and south of the East Landfill Pond
The Rocky Flats Alluvium 1s composed of reddish-brown to yellowish-brown, well
graded, coarse gravel 1n a clayey-sand matrix Pebbles and cobbles are composed of
quartzite, granite, and gneiss Maximum pebble size ranges from 1 to 3 inches 1n
diameter Caliche which 1s a porous calcium carbonate cement, was described 1n drill
cores from the divides north and south of the East Landfill Pond These zones may be
discharge points for alluvial groundwater along the hillsides above the pond

Colluvium covers the hillsides between the pediment on which the Rocky Flats
Alluvium 1s deposited and the No Name Gulch drainage and East Landfill Pond
Colluvial materials have been deposited by slope wash and downward creep of alluvial
material and bedrock The colluvium 1s 1 to 5 feet thick on the slopes around the East
Landfill Pond and below the dam The colluvium consists of brown, structureless clay
with some sand and a trace of gravel Soil development has occurred and roots are
present down to depths of 3 feet

Valley-fill alluvium 1s present in the No Name Gulch drainage below the East Landfill
Pond and 1s derived from reworked alluvial material and bedrock The alluvium 1s 3 to
8 feet thick 1n the OU 7 area and becomes thicker downstream to the east The
alluvium consists of brown laminated to structureless clay with lenses of gravel
Gravels have a sandy-silt matrix that 1s often iron-stained
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Artificial fill and disturbed surficial matenal are present within the boundanes of the
landfill, which includes THSS 203andth?asbestosﬂlspOMareas Thickness of the
artificial fill, which includes waste and interim-soi] cover, ranges from approximately
Sto 45 feet Artificial fill 1s thickest near the centerline of the valley and thinnest
around the perimeter of the landfill, inside the surface-water diverston ditch An
actively slumping area occurs in the artificial-fill material on the northeast side of the
landfill Seeps were observed along the slope in this area.

i
Bedrock unconformably underles the surficial deposits and consists of claystones,
siltstones, and fine-grained sandstones of the undifferentiated Upper Cretaceous
Arapahoe and Laramie Formations (Figure 2-3)

In general, the base of the Arapahoe Forlmatlon. which unconformably overhes the
Larame Formation, is marked by the presence of medium-gramned to conglomeratic
sandstones composed of well-rounded, frosted, quartz sand grams with pebbles of
chert, rock fragments, and ronstone The lowermost 20 feet of the Arapahoe
Formation are shown underlymg the Rocky Flats Alluvium on the divides north and
south of No Name Gulch on geologic mapsof Rocky Flats (BG&G 1992a, EG&G
1995a) However, sandstones cxmbxnngthe distinctive charactenstic of the basal
Arapahoe Formation or No 1 sandstone (Figure 2-3) are not exposed at the surface nor
in any of the dnll cores from OU 7 ThecontactbctweentheAzapahocandLaramxe
Formations 1s difficult to interpret in the absence of the marker or No 1 sandstone bed
Therefore, in this report, the Arapahoe and Laramie Formations are undrfferentiated.
However, m the No Name Guich drainage, the elevation of the bedrock 1s low enough
that the bedrock 1s hikely Laramuie Formation

The Laramie Formation 1s approximately 600 to 800 feet thick The lower 300 feet 1s
composed of laterally extensive sandstones, kaolinitic claystones, and coal beds The
upper 300 to 500 feet consist pnmanly of olive-gray and yellowish-orange claystones
Four sandstone units (designated as the No 2, No 3, No 4, and No 5 sandstones) have
beenldenuﬁedmthebedmckbeneaththeNo 1 sandstone and are considered upper
Laramie Formation (Figure 2-3) (EG&G 1992a, EG&G 1995a) Where present, the
sandstones are olive-gray, very f‘me-gramed. subangular, well-sorted, locally
calcareous, silty, and clayey Because they bhe within claystones and are not m
hydraulic connection with either the No 1 sgndﬂom or the surficial deposits, the No 2
through No 5 sandstones are not considercd significant migration pathways for
potential contaminants to groundwater (DOE 1994a)

The bedrock at OU 7 1s composed of gray to brown, structureless claystones containing
a trace of carbonaceous matenial and occagional thin interbeds of siltstone and, less
frequently, fine-gramned sandstone Sandstones are composed of gray, very fine to fine-
gramed, subangular to subrounded, well-sorted, quartzose sand  Sandstones are
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frequently interbedded with siltstones These coarser-graned units vary from 10 to
30 feet thick

Distribution of Geologic Units

Geologic units beneath the landfill waste consist of a thin covering of colluvium on
hillsides and valley-fill alluvium 1n the No Name Gulch drainage, both underlain by the
Laramie Formation Lithologies of the colluvium are clays and silts Lithology of the
valley-fill alluvium 1s gravelly, clayey sand Lithologies of the Laramie Formation are
typically limited to claystones and siltstones  Laramue Formation sandstones
(sometimes referred to as the No 2 through No 5 sandstones) were 1dentified 1n well
0886 (at a depth of 59 feet) located near the East Landfill Pond, well 6487 (25 feet)
located within the landfill and wells 4187 (81 feet), B207089 (31 feet), B207189
(70 feet) and 53094 (60 feet) located in No Name Gulch downgradient of the dam

Fine-grained sandstones subcrop beneath the alluvium only at well location B207089
(31 feet) which 1s downgradient of the dam This sandstone pinches out approximately
500 feet downstream and 1s not present at well 4287 Shallow sandstones (present
within 15 feet of the contact between alluvium and bedrock) were encountered 1n wells
6487 (25 feet), located within the landfill on the south side, and B206789 (8 feet),
located on the southwest shore of the pond Based on a 2-degree regional dip these
shallow sandstones will not subcrop 1n the OU 7 area and are not preferential pathways
for migration of contaminants (DOE 1994a) Other Laramie Formation sandstones are
present at depths where there 1s no hydraulic connection with surficial deposits

Geologic units on the groundwater divides adjacent to the landfill consist of Rocky
Flats Alluvium underlain by the undifferentiated Arapahoe and Laramie Formations
Lithologies of the Rocky Flats Alluvium are clayey gravels and sands Lithologies of
the undifferentiated Arapahoe and Laramie Formations are typically limited to
claystones and siltstones Laramie Formation sandstones were 1dentified in wells 0986,
70293, 70593, and 70893 at depths of 50 to 125 feet below ground surface All of
these wells are located upgradient of the landfill

A possible fault was 1dentified 1n the OU 7 area during the Sitewide Geoscience
Characterization Study (EG&G 1995a) The inferred fault, which 1s more than 2 miles
long, trends northeast-southwest and cuts across OU 7 east of the landfill face near the
edge of the East Landfill Pond (Figure 2-4) The fault plane dips to the west
Displacement along the fault 1s reported to be 25 to 50 feet, based on structural offset
of a marker bed (EG&G 1995a) A trench excavated across the northern end of the
fault revealed a wide fracture zone 1n the bedrock, however, the fractures appeared to
decrease with depth The surficial deposits were not offset suggesting that movement
had not occurred since their deposition (EG&G 1995a)
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Geotechnical Properties of Geologic Units

Selected samples fromi subsurface borchole}s dnlled near the alignment of the proposed
slurry wall were tested to determine geotechmical ‘properties of soils developed 1n
alluvium and cofluvium at these locations. Samples of soils developed 1n alluvium
from boreholes 53494 and 53594 and soils developed in coltuvium from boreholes
52794 and 53694 were submitted for tesn?g (Figure 2-5) Tests performed included
natural moisture content in accordance with the standard method designated by the
American Society for Testing and Matenals (ASTM) D2216, gran-size distribution
using sieve and hydrometer testing i accordance with standard method ASTM D422,
Atterberg hmits mn accordance with standard method ASTM D4318, and specific
gravity m accordance with standard method' ASTM D854,

A summary of the geotechnical classrﬁcauLm 1s presented 1n Table 2-1. Test results
from boreholes 53494 and 53594 indicate that the shallow soils at these locations are
classified as clayey sand, based on the UniﬁeéSoﬂ Classification System (USCS) 1n
accordance with standard method ASTM D2487-83 Test results from boreholes
52794 and 53694 indicate that the shallow lsouls at these locations are classified as fat
clay, based on the USCS The ¢layey sand and fat clay determinations are generally
consistent with soil descriptions of alluvmm;anﬁ colluvium, respectively

Description of Pond Sediments

Sediments have been accumulating in the East Landfill Pond since 1its construction 1n
1974 The source of contamnant loadmgto pond sedunents includes the leachate seep
and surface-water run-off from surrounding slopes. Sediment in the East Landfill Pond
was sampledandchamctmzeddumrgthe?&xasclmmﬂﬁ 1994a) The sediment
ranges from 05 to 08 feet thick and consists of clay, milt; and organic matter The
upper 02 to 05 feet consists of black silt and clay wath very fine roots occurring 1n
eltherthmmatsorscammdthmnglmutti:ccme No bedding or lamination was
visible Theremammg()3to()4feetofcomcenslstsofvuydatkgmyclaywxﬂlsome
st Very fine roots were observed but: they decreased with depth. Olive-gray
claystone of the Laramie Formation underhes the pond sediment.

Hydrology ,

The hydrology at OU 7 1s a function of the general geologic framework, recharge and
discharge conditions, physical properties . 'of the aquifer matenals, hydrodynamic
conditions, and landfill structures Hydrogeologic data used to charagterize OU 7 were
compiled from previous landfill mvesugatmns (DOE 1991a), sitewide groundwater
monitoring, assessment, and protection plans and reports (EG&G 1990, EG&G 1991,
EG&G 1994a, EG&G 1995b, DOE I992b and DOE 1993a); and water-level
measurement and hydraulic conductivity wst actuvities of the Phase I RFI/RI (DOE
i
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1994a) and supplemental field investigations Drawdown-recovery test data and
analytical solutions from the supplemental Phase I field investigation are presented in
Appendix B Additional information on the hydrogeology at OU 7 1s presented 1n the
OU 7 Final Work Plan (DOE 1994a)

Conceptual Flow Model

The conceptual flow model for OU 7 1s illustrated in Figure 2-5 and encompasses
surface-water hydrology, interactions between surface water and groundwater, and
groundwater hydrology

e Surface-water hydrology components of the conceptual model include precipitation,
evapotranspiration, pond evaporation, surface-water run-off, and engineered water
transfers

e Interactions between surface-water flow and groundwater flow include
infiltration/percolation, interflow seep flow at SW097, groundwater baseflow into
the pond discharge from the existing groundwater-intercept system into the pond
and seepage flow downward out of the pond

e Groundwater hydrology components include groundwater flow 1n surficial
materals, seepage between surficial matenials and weathered bedrock, groundwater
flow 1n weathered bedrock, seepage between weathered bedrock and unweathered
bedrock and groundwater flow 1n unweathered bedrock

Recharge discharge, and interactions between the surface-water and groundwater
components of the conceptual model are presented briefly here and discussed 1n more
detail 1n the following sections

Recharge or infiltration/percolation 1s a significant source of water to the landfill mass
Groundwater inflow under or through the existing groundwater-intercept system 1s
another significant source of water to the landfill These two sources of inflow are
quantified 1n a water balance performed using numerical modeling, which 1s described
1n more detail 1n Section 2 35 and Appendix C Outflow from the landfill mass 1s
funneled to the vicinity of the seep at SW097 where 1t exits the landfill as either seep
flow or groundwater baseflow The East Landfill Pond collects surface-water run-off,
seep flow and groundwater baseflow The dam acts as a barrier to the flow of
groundwater 1n surficial matenials Flow in weathered bedrock 1s much less than flow
in surficial materials Some preferential flow paths most likely fractures exist in the
weathered bedrock These preferential flow paths are potential contributors to the
magration of contaminants 1n weathered bedrock Flow in unweathered bedrock 1s so
small that any potential contaminant transport occurs by diffusion
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Surface-Water Hydrology

| .
Surface-water features resulting from hxstoncal mtertm response actions control
surface-water hydrology Individual components of surface-water hydrology shown in
the conceptual model (Figure 2-5) are described below

!

Surface-Water Features

A surface-water diversion ditch was constructed around the perimeter of the landfill in
1974 to divert surface-water run-off around the landfill and reduce the infiltration of
surface water nto the landfill, thereby reducing the volume of leachate discharging as
seep flow (Figure 2-1) On the north sﬂeofthelandﬁll.thedﬂchnmsundera
perimeter road through a small culvert and east mto & small, natural dranage that
eventually jomns No Name Gulch below the East Landfill'Pond dam On the south side
of the landfill, the datch runs cast above the East Landfill Popd and-drops mto No Name
Guich below the dam. Thcdwers:ondat(%hxs.’lto3 feet deep, 5 feet wide at the
bottom, and has a trapezoidal shape Theslo;)es and floor of the ditch are composed of
sparsely vegetated native-soil materal

The East Landfill Pond covers appmxxmatel? 2 5 acres (Figure 2-1) Pond water levels
are controlled to prevent overflow nto the spillway draining to No Name Gulch.
Between 1975 and 1994, water volume was _reduced to 75-percent capacity
(approximately 5,500,000 gallons) by penodxc spray evaporation Spray evaporation
operations ceased 1n 1994 Approximately f ,000,000 gallons of water were transfesred
(or pumped) from the East Landfill Pond to the A-series ponds in fall 1994 Water was
also transferred from the East Landfill Pond t6 the A-series ponds i1n May 1995

The pond water volume fluctuates seasonally but averages approximately 6,000,000
gallons (DOE 1994a) After water was transfeued to the A-series ponds 1n fall 1994,
the pond volume was reducéd to approxmmtely 5,000,000 gallons Recharge to the
pond occurs from groundwater baseflow 1 surficial materials, léachate from the seep,
and surface-water run-off from the landfill and surrounding slopes Discharge occurs
by natural evaporation, seepage downward 1nto weithered bedrock, seepage through
the clay core of the dam, and engineered water transfers

|

Components of the Conceptual Flow Model

l
Surface-water hydrology components mclude precipitation, evapotranspiration, pond
evaporation, surface-water run-off, and wamr transfers from the East Landfill Pond to

the A-series ponds

Mean annual precipitation at Rocky Flats, mélud.mg rainfall and snowmelt, 1s nearly 16
inches (DOE 1980) Approximately 40 percent of the annual precipitation falls during

LR
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Apnl May, and June  An additional 30 percent falls in July and August
Approximately 19 percent falls during September October, and November The
remaining 11 percent falls in December January, February, and March

Pond evaporation 1s estimated at 70 percent of the pan evaporation which ranges from
1 inch 1in December and January to 7 inches in September (DOE 1994a) Potential
evapotranspiration, which includes both evaporation and transpiration by plants, varies
m a pattern sumilar to that shown by pan evaporation  Site-specific potential
evapotranspiration data are not available At any given tume, precipitation 1n excess of
evapotranspiration will become surface-water run-off, infiltration, or interflow

Surface-water run-off from the landfill and from the area surrounding the pond are
major contributors to pond water (DOE 1994a) Some portion of the run-off 1s diverted
by the surface-water diversion ditch, while a significant fraction flows to the East
Landfill Pond

As stated above water 1s periodically transferred to the A-series ponds to control the
water level 1n the East Landfill Pond

Interactions Between Surface Water and Groundwater

Interactions between surface water and groundwater include infiltration/percolation,
mterflow seep flow at SW097 groundwater baseflow into the pond discharge from
the existing groundwater-intercept system 1nto the pond, and seepage flow downward
out of the pond

Infiltration 1s the process by which precipitation moves downward into the soil and
includes the flow within the unsaturated zone (Freeze and Cherry 1979) For purposes
of the conceptual model, water that infiltrates reaches the groundwater table and
recharges the groundwater 1n surficial materials Infiltration at OU 7 1s assumed to be
between 5 and 10 percent of the mean annual precipitation (or O 8 to 1 6 inches)

Interflow 1s subsurface flow 1n the horizontal direction above the water table that 1s
usually associated with storm events on hillsides Interflow may be a sigmficant
contributor to the varability of the flow at the seep (SW097)

Leachate presently discharges from a seep located at the base of the east face of the
landfill (Figure 2-1) Seep flow varies throughout the year and has been estimated at
1 to 7 gallons per minute (gpm) A significant fraction of the groundwater flow from
the landfill 1s funneled toward the seep The seep onginates from the original stream
channel in No Name Guich that was filled 1n during construction and subsequent waste
disposal 1n the landfill The seep 1s also directly downgradient of the West Landfill
Pond dam which was breached before being covered with waste and interim soil cover
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This breached dam may serve to further direct groundwater flow toward the seep As
stated above, interflow 1s potentially a major source of the vaniability of the seep flow .

An mntermittent seep has been observed nolrth of SW097 on the hillside just below the
north asbestos-disposal area. This intermuttent seep is most likely caused by saturated
matenals related to storm events Heavy surface-water run-off has been observed
this area following storm events Recent slumps have also been observed

]
Groundwater baseflow exists 1n surficial nﬁatenals and weathered bedrock In surficial

materals, the baseflow that does not intersect the ground surface at the seep 1s a source
of recharge to the pond. The saturated thickness of the surficial materals at the edge of
the East Landfill Pond 1s much less than the saturated thickness directly to the west 1n
the landfill (Figure 2-6) This reduction in satursted thickness ¢ontributes to the
formation of the seep (DOE 1994a) Evidence of proferential flow also exists The
seepﬂowsyearmundwhﬂenearbyaﬂuvﬂweﬂﬁ?&ﬁlsoﬁendry The groundwater
modeling for the site also indicates that px’efemntxal flow occurs 1 the vicinity of the
seep (Appendix C) Inweathcredbedrock,thepetznﬁMCSnrwals below the
bottom of the pond and the baseflow 1n the weathered bedrock 1s not expécted to be &
source of recharge to the pond

The existing groundwater-intercept system } is configured to discharge e¢ither to the pond ,
or to the discharge points east of the dam (Figure 2-1) Based on observations of no .
flow at the discharge points east of the dam, 1t 1s assumed that the system is currently
discharging to the East Landfill Pond Dlscharge points to the pond are not visible at
the ground surface

Water seeps from the pond into the weaﬁ:ered bedrock and through the weathered
bedrock under the dam Some water alsa seeps through the dam core Flows are
expected to be smatleonthemcasmﬁ hydraulic conductivities 1n the weathered
bedrock and the dam core (DOE 1994a, EG&G 1993b) This secpage 1s not effectve
m recharging the weathered bedrock downgmdaent of the pond The weathered
bedrock wells (B206889 and B206989) dzmctly below the dam coptsistently exhibit
water levels 12 to 15 feetbelowthetopefl}edrock, mchicating only pettial saturation of
weathered bedrock and a “perched” water table condition for surficial materals

The dam 1mpedes groundwater flow 1n surécml matenals Particle tracking shows that
contaminants from the landfill are mtcrccpﬁcd by the pond (Figure 2-7) (Appendix C)
The chemical composition of groundwater downgradient of the dam 1s statistically
different than groundwater 1n the vicinity of the East Landfill Pond (Section 258
contains a discussion of background comnparisons and potential contaminants of
concern [PCOCs] ) The wells 1n surficial matenals directly downgradient of the dam

are often dry : .
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Groundwater Hydrology

Groundwater flow at OU 7 occurs 1n the UHSU, which consists of surficial materials
and weathered bedrock and, to a lesser extent, in the lower hydrostratigraphic unit
(LHSU), which consists of discontinuous sandstone lenses 1n unweathered bedrock

Groundwater Flow tn the UHSU

The UHSU, which corresponds to the uppermost ‘ aquifer’ at Rocky Flats (DOE
1993a), 1s unconfined and consists of saturated unconsolidated surficial materials and
weathered bedrock As described in Section 222 surficial materials include the
Rocky Flats Alluvium colluvium valley-fill alluvium, and artificial fill Weathered
bedrock 1s composed of undifferentiated Arapahoe and Laramie Formation claystones
and siltstones Claystones predomunate at QU 7

Groundwater flow 1n surficial materials 1s expected to be significantly greater than
groundwater flow 1n either the weathered bedrock or the unweathered bedrock
Hydraulic conductivities were measured at OU 7 during the Phase I RFI/RI and
supplemental Phase I field investigation using drawdown-recovery tests  Field
procedures data analysis and results are presented in the OU 7 Final Work Plan (DOE
1994a) Drawdown-recovery test data and analytical solutions from the supplemental
Phase I field investigation are included in Appendix B 1n this report In addition some
slug tests were performed prior to the Phase I RFI/RI The results from all of these
tests were used in calculating the geometric mean of hydraulic conductivities for
surficial matenials, weathered bedrock and unweathered bedrock The location, type of
test, result and geometric mean of results are presented in Appendix B

The geometric mean of the measured hydraulic conductivities for the different geologic
units are as follows (1) for surficial matenals excluding artificial fill, the geometric
mean 1s 1 6E-04 cm/sec or 047 feet/day (2) for artificial fill, the geometric mean 1s
6 7E-05 cm/sec or 019 feet/day, and (3) for all surficial materials combined, the
geometric mean 1s 1 3E-04 cm/sec or 036 feet/day These hydraulic conductivity
measurements are significantly greater than the measurements for weathered bedrock or
unweathered bedrock The geometric mean of measured hydraulic conductivities 1n the
weathered bedrock of the Laramie Formation 1s 4 OE-07 cm/sec or 0 0011 feet/day
The geometric mean of measured hydraulic conductivities 1n unweathered bedrock 1s
6 4E-07 cm/sec or 0 0018 feet/day The individual hydraulic conductivities for each
geologic unit are presented graphically in Figure 2-8

As described 1n the conceptual model above, sources of groundwater recharge to the
UHSU include infiltration/percolation of precipitation, snowmelt storm run-off, and
downward seepage from the East Landfill Pond  Discharge occurs through
evapotranspiration and surface seepage where the water table intersects the ground
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surface The level of groundwater nises annually 1n response to spning and summer
recharge and dechnes during the remainder of the year

Groundwater in the UHSU generally flows to the east, however, locahzed flow follows
topographic slopes toward the pond or toward the drainage below the dam
Potentiometric surface maps for surficial matenals and weathered bedrock for 2nd
Quarter 1995 are presented 1n Figures 2-9 and 2-10, respectively The depth to
groundwater 1n the UHSU 1s approximately 5 feet in No Name Guich Groundwater
flows to the east within the valley-fill alluvium, however, flow is mtermuttent Certamn
UHSU groundwater-monitoring wells east of the East Landfill Pond dam are often dry

The depth to groundwater within the landfill is approximately 20 feet at the western
end, 16 feet mn the muddle, and 33 feet at the castern end Relatively high water levels
m the middle of the landfill result from groundwater inflow under the groundwater-
mtercept system on the north side, as shown by the potentiometric surface map 1n
Figure 229 The lower portion of the landfill waste 1n the oniginal No Name Guich
drainage 1s saturated 1n this area. Maxnnumthxcknessofsaumedwastemamdxs
nearly 20 feet.

Groundwater flow 1n surficial materials in the vicinity of the landfill is divided into two
components flow that 1s diverted by the ‘existng groundwater-intercept system and
slurry walis and flow that 1s not diverted by the existing groundwater-intercept system
and slurry walls

Some fraction of the flow is diverted by thq existing groundwater-intercept system and
shurry walls Existing data mdicate that the groundwatérsmtercept system and slurry
walls are most effecive 1n diverting groundwater on the west and south sides of the
landfill (DOE 1994a) A groundwater divide between the No Name Gulch dramage
and the North Wainut Creek drainage exists approxumately 300 feet south of the south
leachate-collection trench The presence of this groundwater divide limuts the amount
of available groundwater flow on the south side of the Iandfill and costributes to the
effectiveness of the groundwater-diversion structures The saturated thickness of
surficial matenals 1s less on the south side of the landfitl than on the north side

Some fraction of the flow 1s not diverted by the existing groundwater-intercept system
and slurry walls This fraction 1s labeled’ “groundwater nflow under groundwater-
intercept system” m Figure 2-5 but could also wnclude flow through the groundwater-
intercept system and flow through or under the existing slurry walls Existing data
indacate that the groundwater-intercept system and slurry walls are least effective on the
north side of the landfill (DOE 1994a)
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Groundwater flowing out of the east boundary of the landfill 1s funneled to the seep
area Some fraction discharges to the surface as seep water and the remainder enters
the pond as groundwater baseflow Because the bottom of the pond rests directly on
weathered bedrock and the dam 1s keyed into weathered bedrock the pond and dam
mterrupt the flow of contaminated groundwater from the landfill and impede 1ts flow
down No Name Gulch Figure 2-7 shows the flow paths of particles in groundwater
over a 30-year time period Appendix C contains additional information and discussion
of groundwater flow modeling and particle tracking

Seepage occurs between surficial materials and weathered bedrock Flow 1s expected
to be mostly downward 1nto the weathered bedrock based on measured water levels
from well clusters The surficial materials and weathered bedrock are combined as the
UHSU because evidence points to a hydraulic connection between the two layers
(EG&G 1995b) However this connection 1s not evident 1n all well-cluster locations
For some well clusters (e g 70093/70193), the potentiometric surfaces for surficial
materials and weathered bedrock are almost identical and move together seasonally
For other well clusters (e g, 70393/70493 and 4087/B206989) head differences 1n
excess of 20 feet are consistently observed These head differences indicate that the
weathered bedrock 1n this location 1s very tight and very little water flows through 1t
In these locations, flow 1n surficial matenals exists as a perched” water table over
partially saturated weathered bedrock The water-level elevations presented in figures
2-9 and 2-10 illustrate this phenomena In all cases the water level in the weathered-
bedrock well 1s lower than the water level 1n the surficial-material well, which indicates
a consistent downward gradient for groundwater flow

Groundwater flow 1n weathered bedrock may be divided into two components flow
through the matrix and flow through fractures or zones of high hydraulic conductivity

Based on the hydraulic conductivity measurements flow through the weathered
bedrock matrix 1s expected to be approximately three orders of magnitude less than
flow 1n surficial materials Weathered bedrock in the OU 7 vicinity consists almost
exclusively of claystones The weathered siltstones and sandstones that are present
elsewhere at the site are absent at OU 7 The basal Arapahoe or No 1 sandstone bed,
which can be a significant water-bearing unit, 1s also absent

Preferential flow through weathered bedrock fractures or zones of higher hydraulic
conductivity 1s potentially greater than flow through the weathered bedrock matrix
These zones of higher hydraulic conductivity may be potential pathways for the
mugration of contaminants in weathered bedrock and are postulated to explain the
apparent mugration of certain contaminants in the weathered bedrock, such as
nitrate/mitrite  1n wells B206889 and B206989 However higher hydraulic
conductivities were not observed at OU 7 Based on all available analytical and
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hydraulic data, the extent of contamination and contaminant transport in the weathered
bedrock 1s hmited .

Groundwater flow may occur along an inferred bedrock fault that cuts across the
southeastern edge of the landfill (Figure 2-4) (EG&G 1995a) However, the fault does
not offset or fracture the overlying alluvium, and potential groundwater flow along the
fault would hkely be restricted to bedrock - Groundwater traveling along the fault zone
would eventually discharge where the fault intersects the hillsides in No Name Guich
east of the landfill, therefore, it 1s likely that the fanlt does not serve. as a source of
inflow to the landfill

Seepage occurs between the weathered bedrock andd unweathered bedrock Ths flow 1s
expected to be in the downward direction  Water-elevation data from well clusters
consistently show water elevations in unweathered bedrock to be lower than water
elevations 1n weathered bedrock. The mqgmtude»af this.flow-1s expected to be very
small. Because of their low hydraulic conductivifies, the claystones and siltstones that
compose the majonty of the unweathered Bedmcﬁ -act as an effectivé hydranhic barner
to downward magration of groundwater from the UHSU (EG&G 1995h).

,1

2342 Groundwater Flow in the LHSU

The LHSU at OU 7 1s composed ofmdanual siitstones and sandstones separated by ‘ .
fairly thick confining layers (aquitards) of eiaystone Flow rates are comparatively low

in these lithologic umits Fracturing 1s mueh less extensive in unweathered bedrock

than 1n weathered bedrock LHSU wells at OU 7 are screened 1n clayey siltstones to

silty fine-grained sandstones Calcite occasnona}ly occurs as a pore- filing cement

Sandstone lenses 1n the unweathered bedrock are thin and dtscmmnnops and therefore,

are not a major contributor to groundwater how (BEG&G 19923, EG&G 1995a)

Hydraulic conductivities 1n these sxltstones and sandstones are very low A sitewide
evaluation of hydraulic conductivities of LHSU claystones, siltstones, and sandstones
shows the geometric means to be within one order of magmtude (2 48E-07 cm/sec,
1 59E-07 cm/sec, and 5 TTE-07 cm/sec, respectlvely) These values indicate that flow
rates m the LHSU are only marginally mg:md by changes 1n lithology Measured
hydraulic conductivities at OU 7 are similar to these sitewide values with a geometric
mean of 6 4E-07 cnv/sec (Figure 2-8, Appendix B) Flow in unweathered bedrock 1s
expected to be so small as to be ncghg;ﬁle. Contamunant transport in unweathered
bedrock 1s controlled primanly by dxffusron because of the low linear groundwater
velocities within the unit (EG&G 1995b) For these reasons, contaminant transport in
the LHSU 1s expected to be neglhigible and is elimnated from further consideration
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Ripanan areas downgradient of the East Landfill Pond are poorly developed and lack
extensive woody vegetation Relatively well-developed riparian areas of North Walnut
Creek lie approximately one-half mile to the south (DOE 1995b)

Wildlife

Wildlife within OU 7 includes large and small mammals, birds, reptiles, amphibians,
and aquatic macroinvertebrates

The most abundant large mammal 1s the mule deer White-tailed deer have also been
infrequently observed Large carmvores present at Rocky Flats are the coyote red fox,
gray fox striped skunk long-tailled weasel, badger, bobcat, and raccoon Eastern
cottontails and white-tailed jackrabbits are also present Small mammals (rodents)
present are the thirteen-lined ground squurrel, northern pocket gopher, hispid pocket
mouse, silky pocket mouse, plains harvest mouse western harvest mouse deer mouse,
Mexican woodrat house mouse pratrie vole, meadow vole, meadow jumping mouse, and
western jumping mouse (DOE 1980, DOE 1993b)

Common grassland birds at Rocky Flats include the western meadowlark, horned lark,
vesper sparrow, grasshopper sparrow, western kingbird, and eastern kingbird
Marshland areas support the sora rall common snipe song sparrow, red-winged
blackbird, yellow-headed blackbird, common yellowthroat and song sparrow In
addition, open water areas attract water birds such as the pie-billed grebe, double-crested
cormorant great blue heron, black-crowned night-heron, green-winged teal, mallard,
gadwall, killdeer, and spotted sandpiper Common birds of prey include the northern
harnier, Swainson's hawk, red-tailed hawk American kestrel, great horned owl, and long-
eared owl Occasionally, the bald eagle, rough-legged hawk, golden eagle, prairie falcon,
and short-eared owl are observed (DOE 1994a)

The Rocky Flats site supports several species of reptiles and amphibians Snake
species 1nclude the bullsnake, yellow-bellied racer, western terrestrial gartersnake, and
prairie rattlesnake Western painted turtles are also present Amphibian species
include the plans leopard frog, Woodhouse’s toad, northern chorus frog, and tiger
salamander

The East Landfill Pond apparently does not support fish and supports only a limited
benthic macroinvertebrate community (DOE 1994a)

Sensitive Habitats and Endangered Species

Wetlands have been designated along the shoreline of the East Landfill Pond and 1n the
pond uself by the US Armmy Corps of Engineers (Figure 2-12) (COE 1994)
Historically constant water levels 1n the pond have resulted in a well-established,
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vegetated lLittoral zone at the north, south, and west pond margins  Cattails are the

dominant emergent vegetation 1n these a:m. and the areasis used by common wetland
wildlife species

The East Landfill Pond includes approximately 3 percent of the open water habitat and
6 percent of the available shorelme habitat at Rocky Flats, the adjacent wetland
represents approximately 16 percent of the total (COE 1994) Since the pond was
constructed only about 20 years ago, 1t 1s probably not a historically important
component of the local ecosystem The pond apparently does not contam fish or
crayfish populations Without a complex: aquatic food web that inglisdes upper-fevel
aquatic consumers, the pond 1s a hmited resource for aquatic-feeding waldlife Because
the pond lacks predaceous fish such as: bass, 1t may be a resource for breeding
amphibians such as tiger salamandérs, chorus frogs, and bullfrogs (Agpcndix D)

Slopes around the East Landfill Pendhavebesnid&uﬁedaspmmﬂhabmt for the
Preble’s meadow jumping mouse (Figure 2-12) (DOE 1995b) The Preble’s meadow
jumping mouse has been petitioned for hgmgas a threatened or endangered species
pursuant to the Endangered Species Act. The meadow jumping mouse currently
receives protection as a non-game species inder the Colorado Non-game, Endangered,
or Threatened Species Conservation Act. - The Preble’s meadow jumiping mouse 1s a

subspecies of the meadow jumping mousc and therefore, receives protection under
state law

Three federally listed endangered wildlhife .';pecncs potentially occur at Rocky Flats: the
black-footed fesvet, peregrine falcon, and bald eagle (ASI 1991) Potential habitat for
several Colorado “Category 2" wildlife species occurs at Rocky Flats These are the
ferrugmous hawk, Preble’s meadow jumpisig mouse, white-faced ibis, mountain plover,
long-billed curfew, and swift fox (ASI 1991) Small size and lack of an appropnate
prey base precludes OU 7 as an important habitat for these federally listed or Category
2 species (DOE 1994a) Four plant species potentially present at Rocky Flats include
one federally listed threatened species, Ute lady’s tresses, one Category 2 species,
Colorado butterfly plant, and two species of concern m Colorado, forktip three-awn and
toothcup None have been found at Rocky Flats (ASI 1991)

2.5 Nature and Extent of Contamination

The RUVFS RFI/CMS process for OU 7 was streamlined under the presumptive remedy
framework Charactenization of the contents of the landfill (waste matenal) 1s not
necessary or appropriate for selecting a response action (EPA 1993a) Historical
nformation and results from limited charactenzation efforts are presented i Section
21 for the Present Landfill, Inacuve Hazardous Waste Storage Area, and
asbestos-disposal areas Lamuted charactenzauon of landfill gas and leachate was

~
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Water Balance for the Landfill

As part of the surface-water hvdrology investigations for the IM/IRA a water balance
was performed for the landfill mass using MODFLOW (McDonald and Harbaugh
1991) model outputs for the no-action alternative Input parameters modeling runs
results and a discussion of the results are included in Appendix C The model was
calibrated using OU 7 data Inflows that contribute to leachate generation include
recharge bv infiltration/percolation of precipitation after evapotranspiratton horizontal
groundwater flow from the alluvium under or through the existing groundwater-
intercept system (primarily on the north side) and under or through the existing north
slurry wall and vertical groundwater flow upward from the weathered bedrock beneath
the landfill Outflow 1s primarily horizontal flow at the seep

Conclusions from water-balance calculations indicate that approximately 60 percent of
the inflow 1s groundwater from the alluvium and 40 percent 1s recharge bv infiltration
of precipitation (the potential error in water balance calculations 1s approxumately
5 percent) Most of the groundwater inflow (87 percent) occurs on the north side of the
landfill Contributions from the west side (6 percent) and the south side (7 percent) are
relatively insignificant The water balance shows that both a cap and a slurry wall on
the north side of the landfill would significantly reduce additional leachate generation
DOE has proposed constructing a slurry wall in fiscal year 1996 as a maintenance
acuon (Secuion 132) The water balance for the landfill mass 1s presented 1n
Appendix C

Ecology

The buffer zone surrounding the industrial area at Rocky Flats generally supports a
wide variety of native plant communities and wildlife However the areas in and
around OU 7 have been subject to extensive physical disturbances associated with
heavy equipment used for landfill operations and construction of the East Landfill Pond
and groundwater-intercept system Ecological data used to characterize OU 7 were
compiled from threatened and endangered species evaluations (ASI 1991), the Phase 1
RFI/RI field investigation (DOE 1994a) and the sitewide conceptual model (DOE
1995b)  Additional ecological information 1s presented in the screening-level
ecological risk assessment in Appendix D

Vegetation

Specific plant communities present within OU 7 include mesic and xeric mixed
grassland disturbed area (developed or barren land), short marsh, wet meadow, and
wetlands (Figure 2-11)
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Mesic and xeric mixed grasslands are the l!nost prevalent native habitat types at OU 7
These diverse plant community occurs on broad flat nplands, valley floors and
hillsides (Figure 2-11) Dafferences in slo'pe aspect, soul type disturbance and land-
use history are reflected in differences in domunance of the various grasses and forbs
character1zing these grasslands

Species richness was sampled along 2-méter by 50-meter belt transects within the
mesic mixed grassland (DOE 1994a) Of the 106 species identified, 34 were
grammoids, 63 forbs, 5 shrubs, and 4 cacti  Of these, 68 percent were native perenmal
species, suggesting a possible trend toward a pative grassland chmax commumty
Dominant grasses weére western wheatgras]s Canada bluegrass, prairie junegrass and
big bluestem Kentucky bluegrass, httle bluestem, crested wheatgrass sand dropseed
blue grama, and needle-and-thread were also present Domunant foibs were diffuse
knapweed Louisiana sage and Canada thistle Secondary forbs mcluded praine aster
shimflower scurfpea, and klamath weedl Wild rose was the most commonly
encountered shrub, and prickly pear the | most common cactus encountered along
transects within this habitat type

A belt transect sampled within the disturbed commumty contained 27 plant species®
7 grasses, 1 sedge, and 19 forbs (DOE 1994'[a) Native species constituted 70 percent of
the community including all of the domunant grasses such as big bluestem blue grama
Canada bluegrass and mountain muhly Narrowleaf sedge was also common The
dominant forb was diffuse knapweed an introduced and aggressive weed that infests
disturbed sites such as roadsides and waste |im:as Other forbs included Louisiana sage,
hairy golden-aster, blazing star, western. ragweed, and klamath weed Fringed
sagebrush was the only shrub encountered in the disturbed community belt transect

A large section of OU 7 1s developed laad or barren land due to continuous earth
moving at the landfill (Figure 2-11) Plants'. have little opportunity to germinate, grow,
or establish 1n bare areas Most of the ongmal topsoil has esther been lost through wind
and water erosion or buried 1n the landfill

Tall and short marsh occur 1n the area around the East Landfill Pond (Figure 2-11)
Tall marsh occurs at the pond margins and 1s compnised of a near monoculture of
broad-leaved cattail, which probably ts establishment and growth of other
hydrophytic plants The static water level, before the pond was subject to water
transfers, probably promoted the persistence of the cattails The short marsh type
occurs in the sprayed areas north and south of the pond where intermittent spray
operations caused more variable hydrologic conditions The short marsh area 1s
dominated by Baltic rush which prefers mesic to hydric conditions but will tolerate
drier conditions Disturbed areas around the pond contain weedy species such as
Canada thistle and western ragweed (DOE _1994a)
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, performed during the Phase I RFI/RI and results are presented below Sampling efforts
. for the Phase I RFI/RI and supplemental Phase I field investigation were focused on
characterizing areas where contaminant migration was suspected such as surface water
and sediment 1n the East Landfill Pond surface soils in spray evaporation areas and
subsurface geologic materials and groundwater downgradient of the landfill The

nature and extent of contamination 1n these media are presented below

251 Methodology for Background Comparisons and PCOC Identification

Site-to-background comparisons were performed for metals radionuchides and
indicator parameters using statistical tests recommended by Gilbert (EG&G 1994b)
Statistical tests include the Gehan test slippage test quantile test t-test and hot-
measurement test The hot-measurement test 1s a comparison of the maximum
detection to the upper tolerance limit of the 99th percentile at the 99-percent confidence
level (UTLoges) for background samples Results were presented for all media in the
OU 7 Fmal Work Plan (DOE 1994a) Data from the sitewide Background
Geochemical Characterization Report (EG&G 1993c) were used for background
samples of sediment, groundwater, seep water, and surface water Data from soil
samples collected in the Rock Creek drainage (DOE 1993b) were used for background
samples of surface soils Metals radionuclides, and indicator parameters having
elevated concentrations relative to background, as indicated by any one of the

. inferential statistical tests or the hot-measurement test, were 1dentified as PCOCs
Organic compounds were considered PCOCs if detected 1in samples from OU 7

For this report OU 7 data were aggregated in populations that reflect potential
collection or treatment alternatives The following populations of data were evaluated
landfill gas, leachate at the seep surface water in the East Landfill Pond, sediment 1n
the pond, surface soils 1n the vicinity of spray evaporation areas, subsurface geologic
materials (colluvium) downgradient of the landfill, subsurface geologic matenals
(weathered bedrock) downgradient of the landfill, groundwater in the vicimity of the
East Landfill Pond upgradient of the dam, and groundwater downgradient of the dam

Specific data sets used for each medium include the following

o Landfill gas - 163 chemical-concentration measurements at 33 locations using field
mstruments that provide screening-level data (1e EPA Level II) one sampling
event from Phase I RFI/RI

o Landfill gas - in situ soil-gas sampling, 67 samples collected at 33 locations, one
sampling event from Phase I RFI/RI (EPA Level IV and V)

e Leachate at the seep (SWO097) - monthly data (1990-1991), four months from Phase
. I RFI/RI (1992-1993) (EPA Level IV and V)
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e Surface water in the East Landfill Ponél (SW098) - monthly data (1990-1991), four
months from Phase I RFI/RI (1992-1993) (EPA Level IV and V)

e Sediments 1n the East Landfill Pond - three samples, one sampling event from
Phase I RFI/RI (1993) (EPA Level IV and V)

e Surface soils in the vicimity of spray evaporation areas - 133 samples from 0 to 2
inches, 67 samples from 0 to 10 inches, one event from Phase I RFI/RI (1993),
12 samples from 0 to 2 inches, 4 samples from O to 10 inches, one event from
supplemental Phase I field investigation (1994) (EPA Level IV and V) .

|
o Subsurface geologic matenials downgradient of the landfill - 21 samples from
2 boreholes (70993 and 71093), 7 from colluvium and 14 from weathered bedrock,
one event from Phase I RFI/RI (1993) (EPA Level IV and V)

e Groundwater downgradient of the 1|andﬁll in. the viciuty of the pond and
downgradient of the dam - quarterly data (1990-1994), four months from Phase I
RFI/RI wells (1992-1993), one month fj}om 1994 wells (EPA Level IV and V)

The nature and extent of contamination for these media 1s detailed below Landfill gas
data were not evaluated statistically Envxmnmental media characterized by other data
sets were not investigated for this report beeause these media are upgradient or within
the source Data sets not included are surface soils in THSS 114 and IHSS 203,
subsurface gedlogic matenals upgradient of the landfill, surface-water discharge from
the north and south groundwater intercepts, groundwater upgracient of the landfill, and
groundwater within the landfill Information on contamimant distribution 1n these
medsa can be fourid in the QU 7 Final WoaTPian (DQE 1994a)

252  Landfill Gas

Gasﬂowﬂnoughlandﬁﬂwasﬁandsoxlsclocuﬂmmsponsetop:mmgm&ents e,
advective flow), concentration gradients (1.e , diffusive flow), compaction and setthing
of wastes, barometric pressure changes, and displacement due to potentiometric surface
fluctuations  Advection of landfill gm 1s typically the predominant transport
mechanism (EPA 1991a) Off-gassing pnessums up to 044 pounils per square inch
(Ibs/in®) were measured duning the Phase I RFI/RI (DOE 1994a) Gas pressures
exceeding approximately 005 Ibs/in’ ndicate an advective, pressure-dniven system
(Emcon Associates 1982)

The composition of landfill-generated gases was evaluated on the basis of screening-
level data on total combustible gases, methane and carbon dioxide The composition
of landfill gas at OU 7 1s 45 to 70 percent methane and 20 to 40 percent carbon dioxide,
indicating anaerobic conditions (DOE 1994a) Concentrations of methane and carbon
dioxide are highest 1n the eastern portion of the landfill where wastes are thickest and
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most recently disposed In general landfill gases appear to be contamned within the
existing 1ntercept system Concentrations of methane and carbon dioxide are relatively
low, as expected, 1n the vicinity of the gas-venting wells Gas concentration maps and
cross sections are included in the OU 7 Final Work Plan (DOE 1994a)

Concentrations of non-methane organmic compounds (NMOCs) were determuned by
subtracting methane concentrations from the concentrations of total combustible gases
As a result the reported concentrations of NMOCs may include minor amounts of
morganic gases such as hydrogen sulfide Concentrations of NMOCs range from O to
152 000 malligrams per liter (mg/L) and average 30,000 mg/L (DOE 1994a)

In situ soill-gas sampling was performed to characterize hazardous air pollutants
(HAPs) 1n the unsaturated zone of the landfill Concentrations were reported as mg/L
but no corresponding emission rates for generated gases were reported HAPs detected
at the landfill include 1 2-dichloroethene, 1,1,1-trichloroethane, trichloroethene,
methylene chloride, acetone, 2-butanone, toluene, xylene and hydrogen sulfide

Landfill Leachate at the Seep

The composition of landfill-generated leachate was evaluated on the basis of screening-
level data collected during the Phase I RFI/RI and seep samples collected monthly
during the Phase I RFI/RI and the 1990-1991 surface-water monitoring program
Screening-level data were collected from 16 locations, 26 samples were collected
Methane concentrations from screening-level data ranged from 0 0003 to 31 4 mg/L
and typically approached the solubility limit of 35 mg/L at 17 degrees Celsius (Merck
Index 1989) Methane concentrations at OU 7 are consistent with methane
concentrations of 25 mg/L observed at other landfills (Beadecker and Back 1979)

Surface-water samples were collected from the seep at the base of the east face of the
landfill (SW097 Figure 2-13) Background comparisons were performed to identify
PCOC:s using the Gilbert methodology (EG&G 1994b) Analytes detected 1n leachate
at concentrations that exceeded background concentrations include metals,
radionuchdes, and indicator parameters VOCs and semuvolatile organic compounds
(SVOCs) were detected Concentration ranges detection limits detection frequencies,
and PCOC:s 1dentified are presented in Table 2-2 Additional information 1s presented
1n the OU 7 Final Work Plan (DOE 1994a)

According to the Gilbert methodology (EG&G 1994b), professional judgment was used
to eliminate certain analytes from the PCOC list (Table 2-2) Two rationales were used
for the elimination of analytes (1) the analytes calcium magnesium, potassium, and
sodium were eliminated because they are essential nutrients (EPA 1989a) and (2) other
analytes were eliminated from consideration as PCOCs because of infrequent detection
detection 1n method blanks, or detection 1n background samples
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Alpha-BHC was elistunated as a PCOC because 1t was detected only once, the result
was reported as zero, and the result was “I” qualified, which indieates that there was
interference and the result 1s an estimated value Carbon disulfide, tetrachloroethene,
and vinyl acetate were ehmnated as PCOCs because they were nfrequently detected,
suggesting that the results are outhiers and are not representative of the true population

Methylene chlonde was eliminated as a PCOC for two reasons (1) many of the
detections, including the maximum detection are 1990 data that were never validated
and are “B” qualified (detected 1n laboratory blanks) and (2) methylene chlonide 1s a
common laboratory contaminant that was -often detected n background groundwater
samples Methylene chloride was detected 1n 26 of 100 samples, or 26 percent, in the
background data set The maximum detection m background was 31 pg/. The
UTLoggpe for the background data set 1s 21 jug/l. By contrast, methyléne chlonde was
detected 1n 9 of 20 samples, or 45 percent, in the leachate data set The maximum
detection 1n leachate was 190 ug/L '

The following analytes are identified as PCLC‘; for leachate at a the seep

}
® Metals - anumony (20 pg/L), banum (645 ug/L), won (81,005 pg/L), hthum
(48 pg/L), manganese (1,623 pg/L), strontium (920 pg/L), and zinc (2,974 pg/L)

¢ Radionuchdes - strontium-89,90 (1 35 picocunies per liter [pCy/L]), and trtium
(393 pCvL) :

e SVOCs - 24-dimethylphenol (5 |]1g/L), 2-methylnaphthalene (16 pg/L),
4-methyphenol (4ug/L), acenaphthene (3 pg/L), bis(2-ethylhexyl)phthalate
(5 ng/L), dibenzofuran (1 pg/L), diethyl phthalate (3 pg/L), fiuorene (2 pg/l),
naphthalene (18 pug/L), and phenanthrene (4 pg/L)

® VOCs - 1,1-dichloroethane (6 pg/L),: 1,2-dichloroethene (4 ug/L), 2-butanone
(12 pg/L), 2-hexanone (5 pgfl), 4-methyl-2-pentanone (11 ug/L), acetone
(34 pg/L), benzene (2 pg/L), chloroethane (22 pg/L), chloromethane (5 pg/L),
ethylbenzene (13 pg/L), o-xylene (6 pg/L), toluene (3 pg/L), total xylene (14 pg/L),
trichloroethene (2 pg/L), and vinyl chloride (5 pg/L)

o Indicator parameters - nitrite (30 pg/L) -
Surface Water 1n the East Landfill Pond

The composition of pond water was evaluated on the basis of surface-water monitoring
samples collected monthly duning the Phase I RFI/RI and the 1990-1991 surface-water
monitoring program  Surface-water samples were collected from station SW098,
located 1 the central east section of the '-pond adjacent to the dam (Figure 2-13)
Background compansons were performed to identify PCOCs using the Gilbert
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methodology (EG&G 1994b)  Analytes that were detected at concentrations or
activities above background include metals and radionuchdes, VOCs and SVOCs were
detected, however, none of the VOCs or SVOCs were detected frequently
Concentration ranges detection limits, detection frequencies and PCOCs 1dentified are
presented in Table 2-3 Only analytes that were detected are included in the table
Additional information 1s presented in the OU 7 Final Work Plan (DOE 1994a)

Professional judgment was used to eliminate certain analytes from the PCOC list
(Table 2-3) Again two rationales were used for the elimination of analytes (1) the
analytes calclum, magnesium, potassium, and sodium were ehminated because they are
essential nutrients (EPA 1989a) and (2) other analytes were eliminated from
consideration as PCOCs because of infrequent detection detection in method blanks, or
detection 1n background samples Acetone methylene chloride, and vinyl acetate were
eliminated because they were infrequently detected, suggesting that the results are
outliers and are not representative of the true population Acetone and methylene
chlonide were also detected in laboratory blanks ( B qualified) and are common
laboratory contaminants

The following analytes are identified as PCOCs for surface water in the East Landfill
Pond

¢ Metals - arsenic (1 pg/L), hthrum (79 pg/L), manganese (105 pg/L), molybdenum
(20 pg/L), nickel (10 pg/L), stronttum (476 pg/L) thalllum (2 pug/lL), and tin
(41 pg/L)

e Radionuclides - americium-241 (0 007 pCvL), strontium-89,90 (1 4 pCy/L), trntium
(139 pCyL) uranium-235 (0 1 pCy/L), and uranium-238 (1 1 pCv/L)

e SVOCs - bis(2-ethylhexyl)phthalate (5 ug/L) and di-n-butyl phthalate (5 pg/L)
Sediments 1n the East Landfill Pond

Sediment samples were collected at three locations 1n the pond to assess the impact of a
potential point source of contamination from the seep and nonpoint run-off from the
landfill Samples were analyzed for VOCs, SVOCs, radionuchides, metals, and
morganics (Figure 2-13) None of the radionuchides exceeded background UTLggs
values Three VOCs and several SVOCs were detected 1n pond sediments All SVOC
results are estimated values below the quantitation mut (“J” qualified), however, they
were not eliminated from the PCOC list Concentration ranges, detection lmits
detection frequencies qualifiers, and PCOCs 1dentified are presented in Table 2-4
Only analytes that were detected are included 1n the table Additional information 1s
presented 1n the OU 7 Final Work Plan (DOE 1994a)
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Professional judgment was used to eliminate certamn analytes from the PCOC list )
(Table 2-4) The analytes calcium, magneswum, potassium, and sodium were .
eliminated as PCOCs because they are essential nutrients (EPA 1989a) Acetone was

detected 1n the laboratory blank (“B” qualified) for the maximum detection, however,

because it was detected 1n more than 50 percent of the samples, acetone was not
eliminated from the PCOC list

The following analytes are 1dentified as POOCs for sediments m the pond
® Metals - zinc (106 mg/kg) J

e SVOCs - acenaphthene (220 pg/kg), anﬂlrwene (240 ng/kg), benzo(a)anthracene
(300 pg/kg), benzo(a)pyrene (293 pg/kg), benzo(b)flucranthene (343 pgike),
benzo(ghi)perylene (253 pg/kg), benzo(k)fluorantbene (230 ng/kg), benzoic acid
(537 pg/kg), bis(2-chlorosopropyl)ethene (259 pglkg), bis¢2-ethythexylphthalate
(213 pg/kg), chrysene (29 pg/kg), fluorsnthene (415 szlkx) flusrene (251 pg/kg),
ggesnmf*:d)pm (247 nslkg), Piwnanthme ug/kg), and pyrene

® VOCs - 2-butanone (17 pg/kg), acetonef;(ﬁs pg/kg), and toluene (307 pg/kg)
256 Surface Soils 1n Spray Evaporation Areas |

i

Surface-soil samples were collected on a gnd from the landfill eastward across the .
spray evaporation areas and surrounding s!opes and downwind below the dam (Figure

2-14) Soil samples were collected at 133 jocations from the 0- to 2-mch soil honizon

and 67 locations from the 0- to 10-1nch soil honzon dunng the Phase I RFVRI (DOE

1994a) Soil samples were collected at 12 jocations from the 0- to 2-nch soil horizon

and 4 locations from the 0- to 10-inch soil horizon dunng the supplemental Phase I

field mvestigation All samples were analyzed for mitals and radionuctides

Background compansons were performed to identfy PCOCs using the Gilbert
methodology (EG&G 1994b)  Analytes: that were detected at concentrations or
activites above background concentrations, or actuvities include metals, radionuclides,
and indicator parameters Concentration raiiges, detection limts, detection frequencies,
qualifiers, and PCOCs 1dentified are prescnted in Table 2-5 Only analytes that were
detected are included in the table Addmonal mformation 1s presented in the OU 7
Fmal Work Plan (DOE 1994a)

i
t

Arsenic was detected 1n all samples and was frequently detected above background
The maximum concentration of arsemic 1s'16 mulligrams per kilogram (mg/kg) at a
location southwest of the South Area Spray Field (88702293, Figure 2-14) The
maximum activity of amenicum-241 s 1 pxcocum: per gram (pCy/g) at a location on
the hillslope south of the pond (SS703793, Figure 2-14) This area was regraded .

{33 1P\2510078\sec2 doc 2-28 7725095




OU 7 Draft Phase I IM/IRA Decision Document

257

during routine maintenance at the landfill in September 1993 and falls under the
proposed footprint of the landfill cap The maximum activity of radium-226 1s 2 pCr/g
at a location downwind of the spray evaporation areas below the dam (SS711193
Figure 2-14) Radium-226 was not detected 1n confirmation samples collected during
the supplemental Phase I fieldwork

Professional judgment was used to ehminate calcium magnesium, potassium, and
sodium as PCOCs because they are essential nutrients (EPA 1989a)

The following analytes are 1dentified as PCOCs for surface soils 1n the vicinity of the
East Landfill Pond

e Metals - antimony (4 mg/kg), bartum (194 mg/kg), berylllum (1 mg/kg), cobalt

(7 mg/kg), copper (17 mg/kg), lead (26 mg/kg), mercury (0 1 mg/kg), selenium
(1 mg/kg) silver (1 mg/kg), strontium (48 mg/kg), thallium (0 2 mg/kg), vanadium

(32 mg/kg), and zinc (56 mg/kg)

e Radionuclides - americium-241 (0 02 pCv/g), plutonium-239,240 (0 05 pCr/g), and
radium-226 (1 pCv/g)

o Indicator parameters - mtrate/nitrite (4 mg/kg)
Subsurface Geologic Materials Downgradient of the Landfill

Subsurface geologic materials were sampled 1n two boreholes to characterize potential
leachate-contaminated materials downgradient of the landfill (70993 and 71093)
(Fagure 2-15) Samples were collected at 2-foot increments 1n colluvium and 4-foot
increments 1n weathered bedrock A total of 21 samples were collected, 7 from
colluvium and 14 from bedrock All samples were analyzed for VOCs, SVOCs PCBs,
metals radionuclides and indicator parameters (total organic carbon [TOC], nitrate,
and sulfide)

Background comparisons were performed to identify PCOCs using the Gilbert
methodology (EG&G 1994b)  Analytes that were detected at concentrations or
activities above background include metals radionuchdes and indicator parameters in
colluvium, and metals 1n weathered bedrock SVOCs and VOCs were detected
Concentration ranges detection limuts, detection frequencies, and PCOCs 1dentified are
presented in Table 2-6 Only analytes that were detected are included in the table
Additional information 1s presented in the OU 7 Final Work Plan (DOE 1994a)

Professional judgment was used to eliminate calcium, magnesium, potassium, and
sodium as PCOCs 1n colluvium and weathered bedrock because they are essential
nutrients (EPA 1989a) All SVOC results are estimated values below the quantitation
Imit (J qualified), however, they were not elimnated from the PCOC list

i
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1,1,1-tichloroethane was ehminated as a PCOC 1n weathered bedrock because 1t was
detected only ence, which suggests that the detection is an outler and 1s not .
representative of the true population The result was also *“J” qualified, indicating that

1t 1s an estimated value

The following analytes are identified as PCOCs for subsurface geologic matenal in
colluvium downgradient of the landfill

¢ Metals - barium (230 mg/kg)
e Radionuchdes - cestum-137 (0 584 pCi/g) N

e SVOCs - chrysene (150 pg/kg), 1ﬂuoranthene (189 ug/kg), phenanthrene
(188 pg/kg), and pyrene (189 pgikg)

e VOCs - 4-methyl-2-pentanone (17 pg}kg) toluene (850 tiglkg), and total xylenes
(3 ng/kg)

¢ Indicator parameters - nitrate/nitrite (490 mg/kg)

The following analytes are identfied as LCOCS for subsurface geologic material 1n
weathered bedrock downgradient of the hndﬁll

e Metals - arsenic (3 4 mg/kg), barium (917 mg/kg), cobalt (9 mg/kg), lead (22 mwks) .
manganese (275 mg/kg), stontium (97 mg&s). and zinc (70 mg/kg)

e VOCs - toluene (309 pg/kg)

258  Groundwater Downgradient of the Landﬁll]

Groundwater downgradient of the landﬁll 1s separated mto two populations for data
evaluation to assist in dehineating areas where groundwater has been impacted by
mugration of landfill leachate (Figure 2-15) These populations are groundwater in the
vicity of the East Landfill Pond upgradxent of the dam and groundwater downgradient
of the dam Nine existing wells are screened across surficial matenial or weathered
bedrock three near the East Landfill Pom and six downgradient of the dam Four
wells are screened across unweathered )k sandstones or siltstones one near the
pond and three downgradient of the dam : Groundwater samples have been collected
from the older wells since 1986 or 1989 anfl from the new wells since December 1994
Data from 1990 to 1995 were used 1n this report Appendix B lists the well locations,
geologic formation the well 1s screened across, hydrostratigraphic umit, date the well
was 1nstalled, and population for data agéxegauon (wells 1n the vicmity of the East
Landfill Pond versus wells downgradient of the dam) Figure 2-15 shows the well
locations and outlines the populations used for data aggregation .
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Background comparisons for inorganic analytes and radionuclides were performed on
the two populations of UHSU groundwater to identify PCOCs using the Gilbert
methodology (EG&G 1994b) Analytes that fail any of the tests are identified as
PCOCs The results of the statistical tests for wells in the vicinity of the East Landfill
Pond and downgradient of the dam are presented in Tables 2-7 and 2-8, respectively
In addition to the mnorganic analytes and radionuclides that fail the statistical tests, all
VOCs and SVOCs detected 1n groundwater are considered PCOCs unless eliminated
by professional judgment

Professional judgment was used to eliminate certain analytes from the PCOC list Two
major rationales were used for the elimination of analytes (1) the analytes calcium,
magnesium, potassium, and sodium were ehiminated because they are essential
nutrients (EPA 1989a) and (2) other analytes were eliminated from consideration as
PCOCs because of infrequent detection, detection in method blanks, or detection 1n
background samples

For the groundwater in vicimity of the East Landfill Pond (Table 2-7)
1,1-dichloroethane, acetone, benzene, chloroethane, ethylbenzene, toluene, and total
xylenes were eliminated because infrequent detection suggests that the detection(s) are
outhers Methylene chloride was eliminated for two reasons (1) many of the
detections are 1990 data that were never validated and are B’ qualified (detected 1n
laboratory blanks) and (2) methylene chloride 1s a common laboratory contaminant that
was often detected in background groundwater samples For the data set used for
background comparisons, methylene chloridde was detected 1n 43 of 298 samples or
14 percent of samples The maximum detection in background was 42 pug/lL The
UTLgos9s for the background data set 1s 16 pug/L.  For the groundwater 1n vicinity of the
East Landfill Pond, methylene chloride was detected in 7 of 51 samples, or 14 percent
of samples The maximum detection 1n this data set was 8 ug/lL The UTLggpgg 15

60 ug/L

For the groundwater downgradient of the dam (Table 2-8), anumony, benzene, and
toluene were eliminated because infrequent detection suggests that the detection(s) are
outhiers Methylene chloride was eliminated for the same reasons stated above For the
groundwater downgradient of the dam, methylene chloride was detected 1n 10 of 52
samples or 19 percent of samples The maximum detection of the methylene chloride
1n this data set was 12 ug/l. The UTLoggg9 1s 9 pg/L

The following are 1dentified as PCOCs for the UHSU groundwater 1n the vicinity of the
East Landfill Pond

e Metals - antimony (18 pg/L) Iithrum (207 pg/L) selenium (665 pg/L) silver
(3 ug/L) and strontium (1 446 ug/L)
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e Radionuclides - uramum-238 (32 63 pCy/L)
e SVOCs - bis(2-ethylhexyl)phthalate (4 pg/L) .

e VOCs - carbon tetrachlonde (2 pe/L), tetrachloroethene (2 pg/L), and
trichloroethene (2 pg/L)

e Indicator parameters - chlonide (155,699 ng/L), mtrate/mitrite (48,704 ug/L),
orthophosphate (20 71 ug/L), and sulfate (621,840 pg/L)

The following are 1dentified as PCOCs for the UHSU groundwater downgradient of the
East Landfill Pond dam.

e Metals - ithwam (100 pg/L) and stronﬁtinn (1,355 pg/L)
s Radionuchdes - strontium-89,90 (0 17 pCvL)

o Indicator parameters - chlonde (31 1,34,1 ug/L), fluonde (692 ug/L), mitrate/mitnte
(7 7 pg/L), orthophosphate (30 14 ug/L{ and sulfate (1,081,886 pg/L)

Background compansons for inorganic anallytes and radionuclides were performed on
onepopulauonofLHSUgreundwaterwdeeetmmePCOCs The results of the
statistical tests for LHSU wells downgradxent of the lapdfill are presented in Table 2-9 ,
Again, some analytes were eliminated by peofessional judgment Calcium, magnesium, .
potasstum, and sodum were elimnated as'PCOCs because they are essential nutnients

(EPA 1989a) Acetone, chlorobenzene toluene, and total xylenes were eliminated as

PCOCs because nfrequent detection suggests that the detecuon(s) are outhers
Methylene chlonde was eliminated for ‘the reasoms stated above The PCOCs
remaming for LHSU downgradient of the landfill are carbonate (6,000 pg/L) and
orthophosphate (13 6 pg/L) Given the hydrology of the anweathered bedrock (Section

2 3 4 2) and the nature of these analytes, groundwater m the LHSU downgradient of the

landfill will not recerve further consideration
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G9S\ESUMARA DD OU N\Gen Strat 2501 mdw

Thickness
Age Formation (feet)
Fad
€ | RockyFlats
% Alluvium/ 030
8 Colluvium
Arapahoe
Formation 020
Laramie
Formation 600-800
[22]
2
[«]
]
(5]
&
[
o upper interval
300 500
lower interval
300
Fox Hills
Sandstone 90-140
Pierre Shale
and
older units

0\

Source EG&G 1992a

Clayey Sandy Gravels — reddish brown to yellowish brown
matnx grayish orange to dark gray poorly sorted angular to
subrounded cobbles coarse gravels coarse sands and
gravelly clays varying amounts of caliche

Claystones Siity Claystones and Sandstones - light to
medium olive gray with some dark olive-black claystone
silty claystone and fine-grained sandstone weathers

yellowish orange to yellowish brown a mappable light to
olive gray medium- to coarse grained frosted sandstone

to conglomeratic sandstone occurs locally at the base
(Arapahoe marker bed or No 1 sandstone)

Claystones Silty Claystones, Clayey Sandstones
and Sandstones — kaolinitic light to medium gray

—— claystone and silty claystone and some dark gray to

black carbonaceous claystone thin (2 ) coal beds and
thin discontinuous very fine to medium-gramned
moderately sorted sandstone interval (No 2 through No
5 sandstones)

Sandstones Claystones and Coals - light to medium
gray fine to coarse grained moderately to well sorted
silty immature quartzose sandstone with numerous
claystones and subbituminous coal beds and seams that
range from 2 to 8 thick)

Sandstones — grayish orange to light gray
— calcareous fine-grained subrounded
glauconitic friable sandstone

U S DEPARTMENT OF ENERGY
Rocky Flats Environmental Technology Site
Golden Colorado

Generalized Stratigraphic Section

Phase | IM/IRA DD Operable Unit No 7

July 1995 Figure 2 3
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Figure 2-8
Hydraulic Conductivity Measurements for Each Geologic Unit

Surficial Matenals Excluding Artificial Fill
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Development of Remedial Action Objectives to Reduce Site Risks

This section presents the process used to develop RAOs or response actions
Preliminary RAOs are 1dentified for each medium risks are defined using a conceptual
site model, potential exposure pathways associated with each medium are 1dentified
and risks to human health and the environment are evaluated using a focused or
streamlined nisk assessment approach as recommended in EPA guidance for
presumptive remedies (EPA 1993a) Compliance with ARARs 1s assessed by
comparing chemucal-specific ARARs for surface water and groundwater to mean
concentrations detected at OU 7 and by 1dentifying location-specific and action-specific
ARARs Final RAOs are developed by eiiminating preliminary RAOs for which there
1s no risk to the potential receptor, analytes do not exceed ARARs, or the exposure
pathway 1s incomplete Final RAOs are used for the identification and screening of
technologies presented in Section 4

Prelimmnary Remedial Action Objectives

In order to meet the overall objective of protecting human health and the environment
under CERCLA (EPA 1991a) preliminary RAOs were developed for each medium
RAOs are medium-specific or operable unit-specific goals for protecting human health
and the environment (EPA 1988)

RAO:s for presumptive remedy components of OU 7 (the landfill), which will remain a
long-term waste management area, are specified in EPA guidance and include the
following (EPA 1993a)

Prevent direct contact with landfill contents

Minimuze infiltration and resulting contaminant leaching to groundwater
Control surface-water run-off and erosion

Control landfill gas (treat as needed)

Collect and treat leachate at the source (as needed)

Control groundwater at the source to contain the plume

RAOs for the other components at OU 7 may include the following as needed

Remediate surface water 1n the East Landfill Pond (as needed)

Remediate sediments 1n the East Landfill Pond (as needed)

Remediate wetland areas (as needed)

Remediate surface soils 1n spray evaporation areas (as needed)

Remediate subsurface geologic matenals downgradient of the landfill (as needed)
Remediate groundwater downgradient of the landfill (as needed)
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To evaluate alternatives in terms of overall protection of human bealth and the
environment, the manner in which site nisks 1dentifiéd in the conceptual site model are
elimmnated, reduced, or controlled through treatment, engneering controls, or
mnstitutional controls was considered (EPA 1991a) Contamnment will accomphish
RAOs for the presumptive remedy components at OU 7 by addressing all pathways
associated with the source RAOs for the other components will be evaluated in terms
of exposure pathways, nisk, and comphance with ARARs in the following sections

The anticipated fofure land use for the area surrounding the landfill 1s open space (EPA
1995a) There are po plans for future development of groundwater for any use at OU 7

Also, existing information shows that there 1s only limited availability of groundwater
downgradient of the landfill (Section 23)

Conceptual Site Model for Defining Risks

Data collected during the Phase I RFI/RI, MﬁﬂwﬂU 7 Final Work Plan (DOE
1994a) and summarized n Section 2, were used to develop a conceptual site model
The model identifies the suspected sources, contaminant release and transport
mechanisms, exposure ponts or affected mpdia, and exposure routes (Figure 3-1)

Contamnant sources include solid and hcimd hazardous and nonbazardous wastes in
the Present Landfill, soils mn IHSS 203 ‘where hazardous wastes were stored, and
asbestos 1n the asbestos-disposal areas Mechamsms for contaminant releases mclude
the following

e Erosion of intenm cover matenal expé)smg landfill contents directly, or release of
landfill contents by erosion and run-off

e Volatihzation of landfill gas |

e Leachate seep discharge to the East Laidﬁll Pond
e Spray evaporation of pond water
¢ Leaching of contaminants mto the groundwater

Primary transport mechamsms are movement of landfill gas, movement with surface-
water run-off, movement with the leachéte seep, and movement with groundwater
Spray evaporation activities ceased 1n 1994 therefore, continued releases are no longer
occurring by this mechamsm. :

Contaminants in landfill gas may mngraé into the atmosphere  After contamunants
from the leachate seep or from run-off have entered the East Landfill Pond, they may
remain suspended or dissolved in surface water, be deposited 1n sediment at the bottom
of the pond, be discharged to groundwater, or be taken up by plants or aquatic hife n
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wetland areas After contaminants in water from the pond have been sprayed onto the
surrounding slopes and have infiltrated the so1l they may subsequently be leached out
of the so1l by run-off or infiltration/percolation or be dispersed by the wind

After contaminants have entered the groundwater, several migration pathways are
possible Groundwater in the UHSU could discharge to surface water in the East
Landfill Pond Groundwater 1n the UHSU could also migrate downgradient discharge
to surface water in No Name Gulch, mugrate with surface water to the confluence of No
Name Gulch and North Walnut Creek, and eventually mugrate offsite  This mugration
pathway 1s not likely because groundwater modeling has shown that migration 1s
slowed considerably or possibly even stopped by the dam  Discharge from
groundwater to surface water below the dam is not expected because the mntermittent
stream 1 No Name Gulch 1s a losing stream that discharges to groundwater
Groundwater in the UHSU could mugrate slowly downgradient remaining as
groundwater This migration pathway 1s the most hikely as shown by groundwater
modeling Groundwater 1n the UHSU could also seep 1nto the confining layers of the
unweathered bedrock and eventually reach the sandstones of the LHSU However,
hydraulic conductivity values for the confining layer are low and downward seepage 1s
mummal (Section 23) Contarmunants 1n groundwater may also be deposited 1n
subsurface geologic materials downgradient of the landfill

VOC:s detected 1n landfill leachate could be transported by seeps surface-water run-off
or groundwater During transport, VOCs 1n groundwater may be subject to adsorption,
hydrolysis, and biological degradation under aerobic or anaerobic conditions As stated
above discharge from groundwater to surface water below the dam 1s not expected and
contaminants are most likely absorbed or migrate within groundwater

Potential exposure pathways associated with OU 7 (Figure 3-1) include ingestion and
dermal contact with waste materals, inhalation of dust, and physical hazards from the
source, inhalation and explosion of landfill gas, inhalation and ingestion of and dermal
contact with leachate from the seep and surface water and sediment from the East
Landfill Pond inhalation and ingestion of dermal contact with and external irradiation
from soils 1n spray evaporation areas and subsurface geologic materials downgradient
of the landfill, and inhalation and ingestion of, and dermal contact with groundwater
from wells downgradient of the landfill

Because the contents of the landfill THSS 203, and the asbestos-disposal areas will be
contained, the conceptual site model 1s most useful for identifying areas beyond the
landfill that may pose a threat to human health or the environment Risks posed by
these media are evaluated below
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Evaluation of Risks

Baseline nisk assessments evaluate the potential threat to human health and the
environment 1n the absence of any remedial action and often provide both the basis for
determining 1f remedial action 1s necessary and the justification for performing
remedial actions Under the presumptive remedy approach, a quantitative baseline nisk
assessment 1S not necessary to evaluate 1f the containment remedy addresses pathways
and contammants of concern associated with the source Rather, all potential exposure
pathways can be identified using the conceptual site model and compared to the
pathways addressed by the containment presumptive remedy (EPA 1993a) For
pathways not addressed by the contamment presumptive remedy, a focused or
streamlined nisk assessment was pcrformed The methodology for the focused nsk
assessment 18 descrabed below

Methodology to Determune if a Response Aclznon 1s Necessary

Leachate resulting from land-disposed haz;rdous wastes classified by .more than one
waste code under RCRA Subpart D or from'a mixture of wastes classified under RCRA
Subparts C and D 1s designated FO39 RCRA-histed waste contained in groundwater
(6 CCR 1007-3 Part 261) The method used to determmne the bazardous waste
classification and resultant treatment stanglards for various environmental media at
OU 7 1s shown m Figure 3-2 (DOE 1995c) The first step 1s to determune if land
disposal of hazardous waste has occurred. : The second step 18 to ascertan 1f leachate
exists by application of the “denived from” rule The third step 15 to determune 1if
multisource leachate (F039) exists And, the final step 1s to determune if the “contained
" policy applies to these environmental media If it does, the waste must meet
standards or be remediated or treated to meet standards When standards are met, the
media no longer “contains” hsted waste

Only leachate within the landfill 1s cons:dei'ed F039 RCRA-listed waste. Leachate that
discharges at the seep, surface water 1n the East Landfill Pond, pond sediments, surface
soils in spray evaporation areas, and subsurface geologic matenals and groundwater
downgradient of the landfill constitute leachate “contamned in” environmental media
Therefore, nisk-based analyses were performed to determine 1if these media pose a
threat to human health or the environment

Methods used to evaluate chemical ldata for samples collected from these
environmental media are shown in Figure 3-3 The methodology uses PCOCs
previously 1identified following the Gilbert methodology (EG&G 1994b) and
encompasses a focused risk assessment that includes a preliminary remediation goal
(PRG) screen and nisk calculations All orgamcs detected were considered PCOCs
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The nisk evaluation 1s used to determine if remediation of other (non-presumptive
remedy) media 1s required

Land-use scenartos used for the PRG screen and the risk calculations were based on
recommendations from the Future Land-Use Working Group (DOE 1995d) and include
an open-space scenario for landfill leachate, surface water, sediment, and soil a
construction-worker scenario for subsurface geologic matenials, and a future onsite
office-worker scenario for groundwater Residential uses have been eliminated from
the future land-use plan (DOE 1995d)

Sitewide PRGs were developed for use in Rocky Flats environmental remediation
activities for analytes that have toxicity criteria and are based on a target cancer risk of
1E-06 or a hazard index (HI) of 1 PRGs used in this report are from the Final
Programmatic Risk-Based Preliminary Remediation Goals (DOE 1995e) Draft
Programmatic PRGs for Rocky Flats Plant—Open Space (DOE 1995e), and
Programmatic Preliminary Risk-Based Remediation Goals for RFETS (DOE 1995g)
The maximum detected concentration of each PCOC as 1dentified 1n Section 2 §, was
compared to the PRG for that analyte If the maximum concentration of an analyte was
less than the PRG the analyte was dropped from further consideration If the
maximum detected concentration of an analyte was greater than the PRG, the analyte
was evaluated in the focused risk assessment Maximum concentrations are used for
the PRG screen to provide a conservative approach that 1s consistent with the CDPHE
risk-based conservative screen (CDPHE/EPA/DOE 1994) performed prior to baseline
risk assessments at Rocky Flats

None of the PCOCs 1n landfill leachate, surface water, sediment, or subsurface geologic
matenals failed the PRG screen, therefore, PCOCs 1n these media were dropped from
further consideration Risks were estimated for PCOCs in surface soil and groundwater
that failed the PRG screen using the 95 percent upper confidence limit of the mean
concentration (UCLgs) Risks were calculated for incidental ingestion and particulate
inhalation of, and external irradiation from surface soil by an open-space receptor and
for groundwater ingestion by a future onsite office worker Risks were not calculated
for dermal exposure to surface soils because the OU 7 surface-soill PCOCs included
only metals and radionuclides and 1n accordance with EPA guidance, dermal exposure
to metals and radionuclhides cannot be quantified (EPA 1989a) Site-specific exposure
factors and open-space exposure parameters were used to calculate risks (DOE 1995h,
DOE 19951) Environmental media with carcinogenic risks that fall below or within
the EPA acceptable risk range of 1E-04 to 1E-06 and noncarcinogenic risks that are
below the HI of 1 do not require a response action (EPA 1993a)

A screening-level ecological risk assessment was performed to determine 1f PCOCs 1n
leachate surface water and sediment present an unacceptable toxicological risk to
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aquatic hife and wildife Exposure and toxicity of PCOCs 1n sediment and pond water
to aquatic life are used to determune if conditions i the pond are adequate to support a .
functional aquatic habitat. Potential toxicity of leachate, pond water, and sediment to
aquatic-feeding avian and mammaltan wildlife species (mnallards and raccoons) and to
non-aquatic wildlife species (mule deer, coyotes and Preble’s meadow jumping
mouse) was evaluated : ~

Ecological exposures and nisk estmations are based on the same data used to
characterize the nature and extent of contarnation (Section 2.5) and the potential
human health nisks presented below Risks were characterized by comparing chemical
concentrations 1 abiotic media to literaturé-based benchmarks to determune f PCOCs
are present 1n concentrations that could be toxic to aquatic life or wildlife (DOE 1995b,
DOE 1995;) Conservative assumptions were adopted in developing henchmarks and
csumanngexposuxesmmmmuthechaneeofunéeresumatmgnsk Results are
summanzed below and presented 1n detail in Appendix D

l
332  Present Landfill, IHSS 203, and Asbestos-Disposal Areas

A quantitative nisk assessment 1s not n for the source area. Potential exposure

to soils and waste matenial in the Present Landfill, THSS 203, and asbestos-disposal

areas from direct contact, volatilization; and/or wind will be addressed by the
presumptive remedy for source contamment (Figure 3-4) The proposed landfill cover .
will prevent exposure to source materials . In accordance with EPA guidance, 1t 1s not

necessary or appropriate to estimate the risk associated with future residential land use

because such use would be mncompatible with the need to mantain the integnty of the
containment system (EPA 1993a) !

333  Landfill Gas ’ -

A quantitative nsk assessment 1s not nece%sary for landfill gas Potential exposure to
landfill gas will be addressed by the presumptive remedy for gas control (Figure 3-5)
The proposed landfill cover will include a gas-venting layer Gas emissions will be
contingent upon ar-emission ARARs
334  Landfill Leachate at the Seep [
A quantitative nisk assessment 1s not gpecessary for leachate in the source area.
However, a focused nsk assessment was performed as a conservative measure to
evaluate the potential nisk from mg:stlonl of leachate Potential exposure to landfill
leachate will be addressed by the presumptive remedy for source containment (Figure
3-6) The proposed landfill cap will caver the seep area and prevent exposure to
leachate, reduce contaminant leaching to groundwater, and ultumately reduce leachate

-
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generation and mugration In addition, leachate will be intercepted and treated at the
seep before closure as an accelerated action for OU 7

Potential human receptors are open-space recreational users A PRG screen was
performed for landfill leachate (SW097) using an open-space exposure scenario (DOE
1995f) Results of the PRG screen are presented in Table 3-1 None of the 35 PCOCs
from Section 2 53 Nature and Extent of Contamination in Landfill Leachate at the
Seep, exceeded the PRGs for an open-space recreational user Therefore there 1s no
risk to human health from 1nhalation or incidental ingestion of, or dermal exposure to
leachate at the seep

Potential ecological receptors include terrestrial and avian wildlife A screening-level
ecological risk assessment was performed to determine i1f PCOCs 1n leachate from the
seep present an unacceptable toxicological risk to aquatic life and wildlife (Appendix
D) Baseline risk estimates were based on the conservative assumption that receptors
spend all of their ime at the East Landfill Pond

Under these conditions, the HI was greater than 1 for mallards, raccoons and coyotes
(mallard HI = 50 raccoon HI = 3, mule deer HI = 008, coyote HI = 3, Preble s
meadow jumping mouse HI = 002) Rusk to mallards 1s from potential exposure to
naphthalene, 2-methylnaphthalene, bis(2-ethylhexyl)phthalate, and phenanthrene Risk
to raccoons 1s from potential exposure to naphthalene, 2-methylnaphthalene,
bis(2-ethylhexyl)phthalate and total xylenes Risk to coyotes 1s from potential
exposure to naphthalene, 2-methylnaphthalene, phenanthrene, and barium

Hazard quotients for individual PCOCs and hazard indices are estimated for risks
associated with no-observed-adverse-effects levels (NOAELs), nisk 1s lower for
exceeding lowest-observed-adverse-effects levels (LOAELs) Sources of uncertainty
for ecological nsk are the actual bioavailability of PCOCs, assumptions about
frequency and duration of exposures and importance of the East Landfill Pond as a
habitat resource (Appendix D) Because it was assumed that mallards, raccoons, and
coyotes spend all of their time at the pond and drink exclusively from the seep, risks
were conservatively overestimated

Surface Water 1n the East Landfill Pond

A focused or streamlined risk assessment 1s necessary for surface water in the East
Landfill Pond because surface water 1s not a component of the presumptive remedy
Potential exposure pathways identified 1n the conceptual site model can be used to
determine affected media exposure routes and potential receptors (Figure 3-7) After
contaminants from the leachate seep or from run-off have entered the East Landfill
Pond they may remain suspended or dissolved in surface water be discharged to
groundwater or be taken up by plants or aquatic life 1n wetland areas Potential

\% 1p\2510078\sec3 doc 3-7 7125/95



OU 7 Draft Phase I IM/IRA Decision Document

exposure pathways evaluated include inhalation and mcidental ingestion of, and dermal
contact with surface water m the East Landfill Pond

Potential human receptors include open-spaice recreational users A PRG screen was
performed for pond water (SWO098) using an open-space exposure scenario (DOE
1995f) Results of the PRG screen are presénted in Table 3-2 None of the 15 PCOCs
from Section 2 5 4, Nature and Extent of Contamination 1n Surface Water 1n the East
Landfill Pond, exceeded the PRGs for an open-space receptor, and, therefore, no nisk
assessment was performed There 1s no nsk to human health from mnhalation,
incidental ingestion, or dermal exposure of surface water from the East-Landfill Pond

Potential ecological receptors mclude aquatic hife and terrestrial and avian wildlife A
screening-level ecological nsk assessment ‘was performed to determune 1f PCOCs m
pond water present an unacceptable toxicological nsk to-aguatic life and wildhfe
(Appendix D) Only one of the surface water PCOCs (manganese} exceeded state
water quality standards or nisk-based benchmarks The cumulative nisk, expressed as
the HI, also did not exceed 1 These data are consistent with whole effluent toxicity
tests performed on water samples from the pond Results of the literature-based
toxicity screen, laboratory toxicity testing, and prehiminary nisk calculation indicate that
pond water represents negligible nsk to aqu_ittic hife Baseline nisk estimates were based
on the conservative assumption that receptors spend all of their ime at the pond

Using these assumptions, the HI was greater than 1 only for mallards (mallard HI = 10,
raccoon HI = 0 3, mule deer HI = 0 01, coyote HI = 0 03, Preble’s meadow jumping
mouse HI = 003) Risk to mallards 1s from potential exposure to
bis(2-ethylhexyl)phthalate and dl-n-butylf phthalate  Sources of uncertanty for
ecological nsk are the actual bioavailabihty of PCOCs, assumptions about frequency
and duration of exposures, and importance of the East Landfill Pond as a habitat
resource Because 1t was assumed that niallatds Spend all of thewr ime at the East
Landfill Pond, nsk to mallards was conservatively overestimated

The East Landfill Pond includes approxlma[tely 3 percent of the open-water habitat and
6 percent of the available shoreline habitat at Rocky Flats, the adjacent wetland
represents approximately 1 6 percent of the total wetland areas at Rocky Flats (COE
1994) Rusks to vegetation were evaluatedgas part of the screeming-level ecological nisk
assessment Rusks to vegetation are minimal (Appendix D)

Since the East Landfill Pond was construeted only 20 years ago, 1t 1s probably not a
historically important component of the local ecosystem (Appendix D). The pond
apparently does not contain fish or crayfish populations. Without a complex aquatic
food web that includes upper-level aquatic consumers, the pond 1s a limited resource
for aquatic-feeding wildlife The pond area has been 1dentified as potential habitat for
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one federal candidate species, Preble’s meadow jumping mouse (DOE 1995b), but its
occurrence there has not been confirmed It 1s possible that other state or federally
protected species may use the pond area occasionally but the resources at the East
Landfill Pond are not critical to any of them (DOE 1995j, Appendix D)

Sediments 1n the East Landfill Pond

A focused or streamlined risk assessment for sediment 1n the East Landfill Pond 1s
necessary because pond sediment 1s not a component of the presumptive remedy
Potential exposure pathways identified in the conceptual site model can be used to
determine affected media exposure routes and potential receptors (Figure 3-7) After
contaminants from the leachate seep or from run-off have entered the East Landfill
Pond, they may be deposited in sediment at the bottom of the pond or be taken up by
plants or aquatic life 1n wetland areas Potential exposure pathways evaluated include
inhalation and incidental ingestion of and dermal contact with sediment from the East
Landfill Pond Potential human receptors include open-space recreational users

A PRG screen was performed for pond sediment using an open-space exposure
scenario (DOE 1995g) Results of the PRG screen are presented in Table 3-3 None of
the 20 PCOCs from Section 2 5 5, Nature and Extent of Contamunation 1n Sediments
from the East Landfill Pond exceeded the PRGs for an open-space user, and, therefore,
no risk assessment was performed There 1s no risk to human health from inhalation or
incidental ingestion of or dermal contact with sediment from the East Landfill Pond

Potential ecological receptors include aquatic life and terrestrial and avian wildhife A
screening-level ecological risk assessment was performed to determine 1f PCOCs in
sediment present an unacceptable toxicological risk to aquatic life and wildlife
(Appendix D) Baseline risk estimates were based on the conservative assumption that
receptors spend all of their time at the East Landfill Pond The HI for exposure of
aquatic life to sediments was greater than 1,100 PCOCs contributing most to risk
estimates were fluorene, anthracene, chrysene benzo(b)fluoranthene, and barium
Results of toxicity tests performed on pond sediments are not consistent with these
results and indicate no toxicity to aquatic life (Appendix D)

Preliminary nisk calculations based on exposure estimations appear to overestimate
risks to aquatic life Based on these calculations, risk of toxicity to sediment-associated
organisms appears to be high, but results of site-specific surface-water and sediment
toxicity tests indicate no toxicity (Appendix D) In addition, many of the species
present in sediment samples are moderately tolerant of polluted sediments suggesting
that conditions 1n the pond are not as toxic as indicated by the hazard quotients Risk
to aquatic life appears to be minimal (Appendix D)
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Using these assumptions, the HI was greater than 1 for raceoons, mule deer, coyotes,
and Preble’s meadow jumping muce (malfard HI = 08, raccoon HI = 6, mule deer
HI = 3, coyote HI =4, Preble’s meadow jumping mouse HI = 3) Rusk to raccoons 1s
from potential exposure to aluminum, vanadmum, and arsemic  Risk to mule deer,
coyotes, and Preble’s meadow jumping mice 1s from potential exposure to aluminum
(Appendix D)  Agamn, sources of uncertainty aré bioavailability of PCOCs,
assumptions about exposures, and importance of the pond as a habitat resource
Although there 1s nsk to terrestrial wildlife, 1t 1s unlikely that receptors spend all of
their ume at the East Landfill Pond, and therefore, the nsk 1s conservatively
overestimated

Surface Soils in Spray Evaporation Areas l

A focused nsk assessment for surface soxls In Spray €vaporation areas s necessary
because surface sois are not a compoamt of the presumptive remedy Potenual
exposure pathways identified 1n the concqnual site model can be used to determine
affected media, exposure routes, and potential receptors (Figure 3-8)  After
contaminants in water from the pond have been sprayed onto the surrounding slopes
and have mfiltrated the soil, they subsequently may be leached out of the soil by run-off
or infiltrahon/percolation or dispersed by the wind Potential exposure pathways.
include particulate mhalation, ingestion, defmal contact, and external irradiation

I

Potential human receptors are open-space recreational users Risks were calculated for
PCOCs 1dentified 1n the combined 0- to 2:inch and - to 10-inch soif horizons n the
vicimty of the East Landfill Pond Samples were collected from the landfill eastward
across the spray evaporation areas and surrounding slopes and downwind below the
dam A PRG screen was performed for surface soil using an open-space scenano
(DOE 1995f) Results of the PRG screen ‘are presented in Table 3-4 The UCLys for
eachPCOCthatfmledthePRGscmcnﬁasusedtoesumatetbensks of ncidental
ingestion and particulate inhalation of, and exterrial irradiation from surface soil for an
open-space recreational user Risks were mt calculated for dermal exposure to surface
sotls because the surface-soil PCOCs mncluded only metals and radionuchdes and, in
accordance with EPA guidance, dermal exposme to metals and radionucirdes cannot be
quantified (EPA 1989a)

The methodology used to evaluate the nsk‘ls of exposure to surface soul was taken from
Risk Assessment Guidance for Superfund, Volume I, Human Health Evaluation
Manual, Part A (EPA 1989a) and Part ﬁ (EPA 1991b) The open-space scenaro
assumes that a recreational user visits the open-space area 25 times per year Exposure
parameters for each pathway are presented in Tables 3-5, 3-6, and 3-7 (DOE 1995h)
Intake factors were calculated using the eqiations histed below
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Incidental Ingestion

' Chemical Intake Factor (mg/kg-day) = IR x ME x EF x ED

BWx AT

Radionuchide Intake Factor (mg) = IR x ME x EF x ED

where IR
ME
EF
ED

BW =

AT

Particulate Inhalation

ingestion rate

matrx effect in the GI tract (absorption factor)
exposure frequency

exposure duration

body weight

averaging time

Chemucal Intake Factor (m3/day) = IR x 1/PEF x RF x DF x ET x EF x ED

BW x AT

Radionuchde Intake Factor (kg) = IR x 1/PEF x RF x DF x ET x EF x ED

where IR
. PEF
RF
DF
ET
EF
ED

BW
AT

External Irradiation

inhalation rate

particulate ermussion factor (standard default [EPA 1991b])
respirable fraction (PM-10)

respiratory deposition factor

exposure time

exposure frequency

exposure duration

body weight

averaging time

Intake Factor (years)= ET x SFxEFxED

where ET
SF
EF
ED

gamma exposure time factor
gamma shielding factor
exposure frequency ratio
exposure duration

Cancer slope factors and reference doses were taken from Health Effects Assessment
Summary Tables (HEAST) (EPA 1994a) and Final Programmatic Risk-Based
Preliminary Remediation Goals (DOE 1995¢) which includes a compilation of current
. toxicity factor information Risks were calculated for ingestion particulate inhalation
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and external uradiation Results of the nslk calculations are presented in Tables 3-8,
3-9, and 3-10 Carcinogenic nisk 1s within the acceptable nisk range for mncidental
ingestion by a child (4E-06), incidental ingestion by an adult (2E-06), particulate
mhalation (2E-11), and external pradiation (6E-09) Noncarcinogenic nsk (hazard
index) 15 below 1 for incidental ingestion by a child (HI = 0008) and incidental
ingestion by an adult (HI = 00009) These results indicate that there 1s no nsk to
human health from incidental mgestion, particulate inhalation, or external wradiation

from surface soils in spray evaporation areas
|

Subsurface Geologic Materials Downgradient of the Landfilt

A focused or streamlined nsk assesslment for subsurface geologic matenals
downgradient of the landfill 1s necessary bécause subsurface soils are not a component
of the presumptive remedy Potential exp'osum pathways identified in the conceptual
site model can be used to determine affected medis, exposure routes, and potential
receptors (Figure 3-9). After contampnants from the leachate seep mto the
groundwater, they may mugrate downgradimt and be deposited 1n subsurface geologic
materials  Potential exposure pathways evaluated include particulate imhalation,
ingestion, dermal contact, and external irradiation

A PRG screen was performed for subsurface geologic materials using an onsite
construction-worker exposure scenario (DOE 1995g). Results of the PRG screen are
presented 1n Table 3-11 None of the 10 PCOCs in colluvium or 8 PCOCs m
weathered bedrock from Section 257, Nature and Extent of Contamination mn
Subsurface Geologic Matenials Downgradient of the Landfill, exceeded the PRGs for
construction workers, and, therefore, no nsk assessment was performed There 1s no
nisk to human health from particulate mhalanon and mgestion of, dermal contact with,
and external irradiation from subsurface smls downgndwm of the landfill.

Groundwater Downgradient of the Landﬁﬂ

A focused nsk assessment for groundwa{er downgradient of the landfill 1s necessary
because groundwater that has mugrated away from the source area 1s not a component
of the presumptive remedy After conta:nnnants have entered the groundwater, they
most likely migrate downgradient thmugh the UHSU to the confluence of No Name
Gulch and North Walnut Creek and potennally mugrate offsite  Groundwater modeling
has shown that migration 1s slowed consxderably or possibly even stopped by the dam
Discharge from groundwater to surface water downgradient of-the dam 1s not expected
The intermittent stream in No Name Guich 1s a losing stream that discharges to
groundwater Discharge does occur to the pond Dunng transport, contaminants 1n
groundwater may be subject to adsorptxorf, hydrolysis, and biological degradation under
acrobic or anaerobic conditions
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Potential exposure pathways associated with groundwater downgradient of the landfill
include 1nhalation and ingestion of and dermal contact with groundwater from
downgradient wells (Figure 3-10) As recommended by the Future Land-Use Working
Group potential human receptors for groundwater are future onsite office workers
Risks were calculated for PCOCs identified m UHSU groundwater from two
populations wells 1n the vicimity of the East Landfill Pond upgradient of the dam and
wells downgradient of the dam These populations were evaluated separately to
determine the downgradient limit of contamination In the event that groundwater
collection and treatment were needed, the system could be designed to collect only
contamuinated groundwater instead of all groundwater downgradient of the landfill

A PRG screen was performed for groundwater using a future onsite office-worker
scenario The maximum detected concentration of each PCOC was compared to the
PRG for that analyte (DOE 1995¢) Results of the PRG screen are presented in Table
3-12 If the maximum detected concentration or activity of an analyte was less than the
PRG the analyte was dropped from further consideration If the maximum detected
concentration of an analyte was greater than the PRG, the analyte was evaluated 1n the
nsk assessment A focused human health nisk assessment was performed for
groundwater 1n both populations using a future onsite office-worker groundwater-
mngestion scenarto The UCLgs for each PCOC that failed the PRG screen was used to
calculate the rnisks of groundwater ingestion

The methodology used to assess risks at OU 7 was taken from Risk Assessment
Guidance for Superfund Volume I Human Health Evaluation Manual, Part A (EPA
1989a) The future onsite office-worker scenario assumes that a worker ingests 1 liter
of water per day for 250 days per year Exposure parameters are presented in Table
3-13 (DOE 1995h) Intake factors were calculated using the equations listed below

Groundwater Ingestion

Chemucal Intake Factor (L/kg-day) = IR x FI x EF x ED
BWx AT

Radionuchde Intake Factor (liters) = IR x FI x EF x ED

where IR = 1ngestion rate
FI = fraction ingested from the contaminated source
EF = exposure frequency
ED = exposure duration
BW = body weight
AT = averaging time
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Oral cancer slope factors and oral refererzlce doses were taken from HEAST (EPA
1994a) and Final Programmatic Risk-Based Preliminary Remediation Goals (DOE
1995¢), which includes a compilation of current toxicity factor information Results of
the nsk calculations are presented 1n Table 3-14

The carcinogenic nisk from ingestion of UHSU groundwater 1n the viciity of the pond
upgradient of the dam 1s within the acceptable nsk range of 1E-04 to 1E-06 (1E-05),
however, the noncarcinogenic risk 1s above. the acceptable nisk or Hiof 1 (HI=3) The
primary contributor to noncarcinogenc risk 1s selepium (HI = 1,5)

The nsks from ingestion of UHSU grount&waier downgradient of the dam are within
the acceptable nsk range (carcinogenic risk less than 1E-06, noncarcinogenic nisk,
HI=02) Therefore, there 1s no nisk to future onsite office warkers from 1ngestion of
UHSU groundwater downgradient of the dam. There 1s some potental nsk associated
with ngestion of UHSU groundwater 1n the vicimty of the East Landfill Pond
upgradient of the dam However, the potential exposure pathway associated with
groundwater downgradient of the landfill 1s mcomplete There are no plans to develop
groundwater 1n the future, therefore, no on¢ will be ngesting groundwater from wells

Compliance with ARARs ,

Pursuant to the IAG, onsite remedial actians at OU 7 must comply with all apphcable
RCRA and CHWA requirements and must also address CERCLA requirements (DOE
1991b) CERCLA Section 121(d), as amended by SARA, requires that, at a mimmum,
any remedial action achieve overall protection of human health and the environment
and comply with ARARs Laws included under this ARARs umbrelia include all
federal environmental laws and state standards more, stnngent than ther federal
counterpart State regulations promulgated under federally authonzed programs are
considered federal requirements (EPA 1990a) Because Rocky Flats 1s a DOE facility,
DOE orders apply with the same force as apphicable federal regulations (EPA 1989b)

Laws and regulations identfied as AR!ARs are either applicable or relevant and
appropnate  Applicable requirements are those “cleanup standards, standards of
control, or other substantive environmental protection requirements, criteria, or
limitations promulgated under federal environmental or state environmental laws, or
facility siing laws that specifically address a hazardous substance, pollutant,
contamunant, remedial action, location, or other circumstance at a CERCLA site”
(40 CFR Part 3005) Relevant and appropnate requirements are defined as “those
standards that, while not ‘applicable’ to a hazardous substance, pollutant, contaminant,
remedial action, location, or circumstance at a CERCLA site, address problems or
sttuations sufficiently similar to those encotintered at a CERCLA site that their use 1s
well surted to the particular site” (40 CFR Part 300 5)
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ARARs are used to create a framework for deternuning the health and risk-based limuts
for remedial action and to develop remedial alternatives Ultimately, 1t 1s necessary to
demonstrate that the final remedy addresses all pathways and contaminants of concern,
not just those that trigger the need for remedial action (EPA 1991a) Onsite actions
must comply only with the substantive aspects of ARARs, offsite activities must adhere
to both substantive and admunistrative requirements Substantive requirements include
cleanup standards or levels of control, administrative requirements prescribe methods
and procedures such as fees, permitting, inspection, and reporting requirements

There are three types of ARARs chemical-specific, location-specific, and action-
specific This division 1s a convenient way to categorize regulations 1n a way that ties
them to the remedial process The following sections identify potential ARARSs for
OU 7 by type of requirement In addition, guidance to be considered (TBC) 1s
identified where appropriate TBCs are advisories, criteria, or guidance that may be
useful in developing CERCLA remedies (40 CFR Part 300 400{g]{3]) TBCs may be
used to supplement promulgated standards when the meaning of those standards 1s
ambiguous or when they do not address a particular situation

Potential Chemucal-Specific ARARs

Chemucal-specific ARARSs 1dentify acceptable hmits for an amount or concentration of
a chemical that may be present 1n the environment These standards usually take the
form of health-based or nsk-based numerical limitations that restrict ambient
concentrations of various chemical substances above a threshold level All applicable
or relevant and appropriate federal chemical-specific standards (e g, maximum
contaminant levels [MCLs] and land disposal restrictions [LDRs] universal treatment
standards) must be complied with when determmming approprate cleanup levels for
landfill leachate, surface water in the East Landfill Pond and groundwater
downgradient of the landfill State ARARs must also be comphed with if they are
promulgated and are more stringent than federal standards For chemucals that do not
have associated federal or state potential ARARs the practical quantitation limit
(PQL) cited mn the regulations, or 10 tumes the EPA Contract Laboratory Program
detection limit when no PQL 1s cited 1s proposed Table 3-15 presents potential
chemical-specific ARARs for surface water Table 3-16 presents potential chemical-
specific ARARs for groundwater There are no chemucal-specific ARARs for
sediments or surface soils

Landfill Leachate at the Seep

Mean concentrations of all analytes detected in landfill leachate at the seep were
compared to the potential chemical-specific ARARs for surface water Mean
concentrations of three metals (aluminum manganese, and zinc), two SVOCs
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(2-methylnaphthaléne, naphthalene), and five VOCs (benzene, methylene chlonde,
tetrachloroethane, vinyl acetate, and vinyl chlonde) exceed potential ARARs (Table
3-17) Of these, the maximum detection of tetrachlorocthane 1s less than the ARAR,
however, the mean exceeds the ARAR because one-half the detection limit was used
for non-detects in calculating the mean result, and the detection hmits vary and can be
quite ligh Vinyl acetate was detected 1n only one of 19 samples, and although this
detection exceeds the ARAR, the single detection suggests that this detection 1s an
outher and 1s not representative of landfill leachate. The maximum detection of
methylene chlonde 1s from 1990 These data were mever validated and are “B”
qualified, indicating that they were detected in the Jaboratory blank These data are not
appropniate for an ARARs comparison, and therefore tetrachloroethane, vinyl acetate,
and methylene chloride are not considered W

Seven analytes exceed ARARs in landfill leacham aluminum, benzene, manganese,
2-methylnaphthalene, naphthalene, vinyl chlonde, and zinc

3412 Surface Water m the East Landfill Pond

Mean concentrations of all analytes detected 1n surface water 1n the East Landfill Pond
were compared to the potential chemical-specific ARARs for surface water Mean
concentrations of one metal (manganese).and one VOC (viny! acetate) exceed potential
ARARs (Table 3-18) Vinyl acetate was detected 1n only one of 19 samples, and
although tius detection exceeds the ARAR, the low detection frequency suggests that
this detection 1s an outher and 1s not representative of surface water mthe pond Sixty
percent of the manganese detectxonszxcwc} the ARAR for manganese

3413 Groundwater Downgradient of the Landﬁll

Mean concentrations of all analytes detected 1n UHSU groundwater in individual wells
downgradient of the landfill (1n the vicimty of the pond and downgradient of the dam)
were compared to the potential chemical-specific ARARs for groundwater Mean
concentrations of one metal (selemum), four VOCs (I,1-dichloroethane, benzene,
carbon tetrachlonde, and tetrachlomcthene), and three indicator parameters (fluonde,
nitrate/nitrite, and sulfate) exceed potential ARARs (Table 3-19)

Of these, the maximum detecuons of 1,1-dichlorocthane, benzene, and
tetrachloroethene are less than their respective ARARs, however, the mean exceeds the
ARAR because one-half the detection himit was used for non-detects in calculating the
mean result Carbon tetrachlonde was detected in two of 18 samples, and only one of
these detections exceeds the ARAR, the low detection frequency suggests that this
detection 15 an outher and 1s not representative of contamunants from the landfill
source Fluonde was detected mn five samples 1 one well, one of the detections
exceeds ARARs The low detection frequency and the linmted spatial extent of fluonde
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suggests that this detectton 1s an outlier and 1s not representative of contaminants from
the landfill These data are not appropriate for an ARARs comparison and therefore
1 1-dichloroethane benzene tetrachloroethene carbon tetrachloride and fluoride are
not considered further

Three analvtes exceed ARARs in UHSU groundwater downgradient of the landfill
nitrate/nitrite - selemum and sulfate  Selenium exceeds ARARs onlv in UHSU
groundwater 1n the vicinitv of the pond Nitrate/nitrite and sulfate exceed ARARs 1n
UHSU groundwater in the vicinity of the pond and downgradient of the dam

Contaminant-transport modeling was performed to sumulate the movement of
contaminants in groundwater to evaluate the effect of potential releases and determine
how far contamunants that currentlv exceed ARARs will travel downgradient after
landfill closure Two-dimensional contaminant-transport modeling was performed
using an analvtical solution developed bv Domenico and Robbins (1985) and coded
into the TPLUME model (Golder Associates 1989) The input parameters and Surfer
plots of outputs are presented 1n Appendix E  Model simulations were performed for
chloride selenium and sulfate in surficial materials and for chloride nitrate/nitrite
selenium and sulfate 1n weathered bedrock Chloride was modeled because 1t 1s an
indicator parameter for VOCs

For weathered bedrock a sensitivity analysis on hydraulic conductivity was performed
Using the geometric mean hvdraulic conducuvitv for weathered bedrock measured at
OU 7 (4E-07 cm/sec) all of the modeled contaminants exhibited minimal movement
(Appendix E Figures E8 through E11) At this hvdraulic conductivitv transport 1s
controlled by diffusion The UCLys of sitewide hvdraulic conductivity values for
weathered bedrock (5 6E-05 cm/sec) was used 1n another set of stmulations These
simulations exhibited more contaminant movement than the imitial simulations but
none of the simulated contaminant plumes reached downgradient well 53194
(Appendix E Figures E12 through E15) Based on these simulations and the flow
regime in the weathered bedrock (Section 2 3) the weathered bedrock pathway is not
considered to be complete with respect to human or environmental receptors

For surficial materials the contaminant modeling showed that ARARs would be
exceeded for selenium and sulfate at downgradient well 53194 1n 30 years 1f the dam
were removed However there are several reasons why these modeling results are
overly conservative

e Constant source versus declining source assumption The TPLUME model
assumes a constant source of contamination over the entire period of the simulation
Actual conditions at OU 7 indicate a declining source(s) If the landfill mass 1s the
source of contaminants the proposed cap and slurry wall (to be performed as a
maintenance action) will reduce groundwater flow throcugh the landfill and
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contaminant transport out of the landfill - For selenium, the source 1s suspected to
be naturally occurring selemum dissolved from the soil matnix by groundwater
unsaturated with respect to selenium This groundwater may be related to the spray
evaporation of pond water Since the spray evaporation ended i 1994 thus source
should be reduced over time For sulfate and mitrate/nitrite the source 1s suspected
to be either the buried sludges in IHSSs 166 1 and 166 3 or naturally occurring
sulfate and mtrate released from the soil matrix  Although the existing
nitrate/nttrite data do not show any temporal trends the sulfate data show a shight
but distinct decrease 1n concentrations over time

e Use of weathered-bedrock concentrations as source terms for surficial-materials
modeling The TPLUME simulations for selenium and sulfate used weathered-
bedrock concentratrons as source terms for surficial-materials modehng because of
data gaps for surficial matenals This assumption 1s excessively conservative The
measured potentiometric surfaces show a strong downward hydraulic gradient
between the surficial materials and weathered bedrock in the vicimty of the dam
with head differences of more than 20 feet. The measured concentrations of
selentum and sulfate in surficial mategials are much lower than the measured
coneentrations 1n the weathered bedrock -

e Effect of the East Landfill Pond dam as a barmer to contamnant mugration The
TPLUME model assumes homogeneous, isotropic conditions and cannot account
for hydraulic barriers  As a result, the model does not take into account the effect
of the dam as a barnier to contanunant migration As descnibed m Sections 2 3 and
25 and Appendix C the dam has provea to be a sigmficant barrier to groundwater
flow and contannant migration m surficial materials

Based on the flow modeling and particle ﬂéckmg 1 Appendix C and the contaminant-
transport modeling m Appendix E, contan}mam mugration dewn No Name Gulch 1s
expected to be minimal  Although the landfjll has been operational for almost 30 years

leachate mugration has been msmignificant.” Wells 4287, 52894, and 53194 will be
adequate to monitor groundwater quahity downgrathent of the landfitl Excee¢dance of
ARARs at these wells 1s not expected dunng the 30-year post-closure period The
carcinogenic nsk levels associated with the ingestion of groundwater by onsite office
workers 1s less thari 1E-06 The noncarcinagemic risk is above the acceptable nsk or HI
of 1 (HI1 = 3) However, the exposure pathway associated with the UHSU groundwater
downgradient of the landfill 1s mcompletje This nisk should stay in the acceptable
range over the 30-year post-closure momtoring period As the landfill cap and
proposed slurry wall reduce leachate generation, migration, and contanunant loading
the water quality in the monitoring wells will improve

Wells downgradient of the dam that meet potential ARARs for UHSU groundwater
include 4287, 52894, and 53194 ’
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Potential Location-Specific ARARs

Location-specific ARARs identifv requirements that apply because the site has a
special quality related to geography or the presence of a protected resource These
requirements may limut the remedial action that may be implemented or create the need
for more stringent remedial efforts Potential location-specific ARARs for OU 7 are
presented 1n Table 3-20 Locauon-specific ARARs most pertinent to OU 7 concern
wetlands floodplains, and endangered species Also of concern are historic natural
cultural or archaeological resources

Wetlands Requirements

Remedial actions at OU 7 will have to be implemented to munimize the destruction
loss or degradation of wetlands (40 CFR 6 302[a]) As described 1n Section 2 4 3
wetlands have been designated along the shoreline and within the East Landfill Pond by
the US Army Corps of Engineers (Figure 2-12) (COE 1994) The wetland composes
about 1 6 percent of the total wetlands at Rocky Flats The loss of wetland areas that
fall under the proposed footprint of the landfill cover and injury to remaining wetland
areas will be mitigated as needed

A wetlands assessment will be required under 40 CFR Part 6 The Clean Water Act
(CWA) Section 404 (40 CFR Part 6) requires a permut for actions to dispose of dredge
and fill matenal 1n waters of the United States Because the East Landfill Pond and
pond margins have been designated as wetlands they are considered waters of the
United States under the CWA  Remedial actions will likely impact the pond,
consequently, the CWA Section 404 permutting requirements and Executive Order
11990 have been 1dentified as potential ARARSs and substantive provisions must be met
(Table 3-20)

Floodplain Requirements

The remedial action 1s not required to comply with the Floodplain Environmental
Review Requirements 1n 10 CFR 1022 because the floodplains at Rocky Flats do not
meet the definition 1n the regulation (DOE 1994e) Floodplains are defined in 10 CFR
1022 as the lowlands adjoining inland and coastal waters and relatively flat areas and
flood prone areas of offshore 1slands including at a mmmimum that area inundated by a
one percent or greater chance of flood 1n any given year ° The floodplains at Rocky
Flats do not adjoin inland bodies of water nor are they relatively flat, flood prone areas
Although the streams that flow through the site have a mappable 100-year floodplain
these are not floodplains as defined in 10 CFR 1022, and therefore, floodplain
requmrements of 10 CFR 1022 do not apply
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3423 Threatened or Endangered Species Requirements

Riparian areas along No Name Guich and the areas adjacent to the East Landfill Pond
have been 1dentified as potentsal habitat for Preble’s meadow jumping mouse (Figure
2-12), which 1s protected under the Colorado Nongame, Endangered, or Threatened
Species Conservation Act (CRS 33-2-101 to 107) Ths act 1s a potential-ARAR for
OU 7 Gaven the current protection of the Preble’s meadow jumping mouse under state
law, DOE’s commitment to protect natural resources under the Natural Resource
Trustee Memorandum of Understanding (DOE 1994f), and the potential for histing
Preble’s meadow jumping mouse under the Endangewd Species Act, habitat mitigation
will be performed as needed

3424 Historic, Archaeological, and Cultural Resqurce Requirements

Comphance with federal and state laws cLsxgned to preserve areas with lustoncal,

natural, cultural, or archaeological value requxres the identification of cultural resources

and prehistoric or historic artifacts locatedat OU 7 An archaeological and historical

study of the Rocky Flats area was conducted in 1989 (Bumey et al. 1989) Cultural

resource site density appears to be fairly low The study found some evidence of short-

term prelistoric use such as camping, hunting, and scattered historic settlement,

however, the rocky terrain and thin soils pievented more 1ntense, long-term use of the

area The lustoric preservation officer for the state of Colorado reviewed these findings

and concluded that “there will be no effect on sigmficant cultural resources by .
undertakings proposed” at Rocky Flats (CH__S 1992)

|

343 Potential Action-Specific ARARs

Action-specific ARARs are management, performance, or treatment standards that are
triggered by the particular acuvities selected to accomphish a remedy " Action-specific
requirements do not, in themselves, determune the remedial alternative; rather, they
indicate how a selected alternative must be achieved Table 3-21 lists the potential
federal and state action-specific ARARs that have been identified for OU 7 Table
3-22 lists standards and other guidance that have been identified as TBC Action-
specific ARARs most pertinent to OU 7 are RCRA and CHWA closure requirements,
air-emussion requirements, delisting requirements, discharge requirements under the
National Pollutant Discharge Elimination System (NPDES), and post-closure
groundwater-monitonng requirements

3431 Closure Requirements

Because records mdicate that some humdous waste was disposed at the landfill, 1t was
designated as an mtenim status RCRA-regulated umt and was icluded m the Part B
permit application for Rocky Flats (Rockwell International 1986) The Present Landfill .
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1s being closed under interim status regulations in accordance with Section IB 11 b of
the IAG (DOE 1991a) CHWA and RCRA Subutle C closure requirements are
applicable because hazardous wastes were disposed in the Present Landfill after
November 19 1980 which 1s the effective date of RCRA (EPA 1993a)

Two types of closure are allowed under RCRA Subtitle C clean closure and landfill
closure The Present Landfill at OU 7 will be closed under landfill closure standards
which require post-closure care and maintenance of the unit for at least 30 years after
closure (EPA 1989c) Closure ARARs require that the landfill must be capped with a
final cover designed and constructed to provide long-term minimization of mugration of
liquids, function with minimum maintenance promote drainage and minimize erosion
accommodate settling and subsidence and have a permeability less than or equal to the
natural subsoils present (6 CCR 1007 3 Part 265 310[a]) Post-closure care includes
maintenance of the final cover and maintenance of a groundwater-monitoring system
(6 CCR 1007-3 Parts 265 117 and 265 228[b])

Air-Emission Requirements

Closure of the Present Landfill could potentially trigger some air pollution control and
permutting requirements Placement of the cap will require standard construction
project dust-control measures The final capped facility could potentially release
regulated quantities of VOCs and other regulated air pollutants An evaluation of
applicable federal and Colorado regulations governing these types of facilities relative
to air permutting 1s described below

Colorado Air Regulation No 1 requires new construction projects on sites over 1 acre
1N a non-attainment area to implement standard dust-control measures defined 1n the
regulations The placement of the cap as part of a CERCLA action would meet the
defimition of new construction under Regulation No 1 Thus the requirements for dust
control would be considered an ARAR under CERCLA  Additionally, unpaved
roadways with vehicle traffic of 150 vehicles per day (in a non-attainment area) and
haul roads exceeding 40 haul loads or 200 vehicles per day are required to submit a
control and abatement plan describing the control measures that will be taken to
munimize such fugitive-dust generation Some standard dust-control measures are
provided in Regulation No 1 and include basic activities such as application of dust
suppressant covering hauled loads and daily compaction of the construction site,
which should not greatly impact the planned activities

Aur pollution control permuts for sources in Colorado are issued by the Atr Pollution
Control Division of CDPHE Requirements are outlined in Colorado Air Quality
Control Commussion (CAQCC) Regulation No 3 and include requirements for
operating permuts and for prevention of significant deterioration (PSD) Facilities
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subject to these requirements must file an air pollutant emussion notice (APEN) for
each source or group af sources of uncontrolled emussions. Facilities that file an APEN
must then determine whether they will reqmre a construction permut under Part B of
Regulation No 3 Applicability can be triggered in three ways

e For each potential emission point, a determination 1s made whether actual
uncontrolled emssions of criteria pollutants (CO, NO;, SO,, particylates [PM-10],
total suspended particulates [TSP], ozone [03], VOCs, lead, fluoridés, H,SO, must,
H,S, total reduced sulfur, reduced sulfur compounds, and municipal waste
combustion products) are abave established de mimimis levels Determinations are
based on either actual measured data- or on estimates developed by approved
methods

o Colorado has developed its own systgjm for esttmating the actual uncontrolled
emusstons of a designated set of HAPs based on the location of the emussion point,
distanice from the property line, height of the release point, and reporting “bin”, or
category, of the pollutant being evaluated If any HAPs are emitted above de

munimis levels, the facihity must file an APEN
i

o Specific categones of sources are mqﬁxred to file for permuts based on standards
developed for their operations No spetific requiréments for mumcipal sohd-waste
landfills currently exist in Colorado regulations, and there are no plans to include
specific requirements for landfills untl federal regulations are finalized

Thresholds for triggering required reporting and permitting activities are based on
whether the source 1s located in an attmnn}icnt or non-attainment area, as defined 1n the
regulations Rocky Flats 1s located 1n a non-attainment area. The threshold limut
requiring an APEN for uncontrolled emssions of criteria pollutants 1s 1 ton per year If
it can be demonstrated that emissions of eritena pollutants from the enure facility are
less than 1 ton per year, then no APEN 1s required  As outhined mn the NCP, only the
substantive requrements must be met for onsite CERCLA responses (55 Federal
Register 8756, March 8, 1990) '

Requirements for air pollution control and permutting for landfills are contingent on the
type of landfill operation At the federal level, landfills considered municipal solid-
waste landfills have been the subject of a rulemaking process that resulted in a
proposed rule (56 Federal Register 24468, May 30, 1991), a revision to the proposed
rule (58 Federal Register 33790, June 21, 1993), and significant internal and external
review and comment No final rule has tieen published at this ume Hazardous waste
landfills permutted under RCRA are not covered under the proposed rules but are
subject to specific requirements at the time of closure in terms of cap design and other
monitoring However there are no specific provisions in the RCRA treatment, storage
and disposal facility regulations for air pollution controls .

. |
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. Based on this regulatorv status no specific landfill air pollution control standards applv
toOU 7

Closure of the landfill will require an APEN  a construction permit development of a
fugitive emission control plan and implementation of standard dust control procedures
during construction Specific controls for gas emissions from the landfill after closure
are not expected to be required based on estimated emission rates of NMOCs

3433 Delisnng Requirements

DOE proposes to delist landfill leachate which 1s considered FO39 RCRA-listed waste
contained 1n groundwater (EPA 1990a) Under the presumptive remedy 1t 1S proposed
that the leachate be delisted (1e shown to be nonhazardous) and thus no longer subject
to CHWA and RCRA Subtitle C hazardous waste regulations Instead, the leachate
will be managed 1n accordance with CHWA and RCRA Subtitle D requirements which
are ARARs for leachate If leachate or groundwater sampling during the post-closure
pertod shows that the maximum allowed concentrations (MACSs) are not being attained
for delisting the leachate will be managed as Subtitle C hazardous waste and ARARs
under Subtitle C will be met

The basis for delisting 1s that the leachate 1s not hazardous does not exhibit hazardous-
. waste characteristics and does not pose a threat to human health or the environment
(Section 334) In addition the proposed remedy (landfill cap) will cover the seep
area prevent exposure to leachate reduce contaminant leaching to groundwater and
ultmately reduce leachate generation and migration (Section 2 3 5) A slurry wall will
be constructed as a maintenance action to reduce groundwater inflow leachate
generatton and outflow at the seep In addition leachate will be collected and treated
at the seep as an accelerated action before closure As the landfill dewaters leachate
generation 1s reduced and a decrease in contaminant concentrations in leachate is
expected As outlined 1n the NCP (55 Federal Register 8756 March 8 1990) only the
substantive requirements of delisting must be met for onsite CERCLA responses

The substantive requirements of 40 CFR 260 20 and 260 22 are documented here and
include a general discussion of whv delisting 1s warranted concentrations ot each
constituent remaining comparison of actual concentrations to the MACs for specific
constituents results of fate and transport modeling to show calculated concentrations at
a receptor well and a contingency plan to address leachate that does not achieve
dehistable levels These requirements are outlined 1n A Guide to Delisting of RCRA
Wastes for Superfund Remedial Responses (EPA 1990b) and clarified in Petitions to
Delist Hazardous Wastes - A Guidance Manual (EPA 1993b) EPA guwidance requires
upgradient and downgradient groundwater-monitoring data for delisting decisions
. (EPA 1993b) Upgradient data are summarized in the OU 7 Final Work Plan (DOE
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1994a) Downgradxem data are presented in this report Statistical comparisons of
upgradlent data to downgradient data are presented 1n the Annual RCRA Groundwater
Monttoring Report (EG&G 1994a)

Concentrations of contamnants in the leachate are presented in Tables 2-4 3-1 and
3-16 Concentrations of contaminants in groundwater downgradient of the leachate
seep are presented 1n Tables 2-10 2-11 3- 11 3-13, and 3-18 The text corresponding
to these tables describes the nature and extent of contamination (Sections 2 53 and
258) nsk evaluations (Sections 334 and 3 39), and compliance with potential
chemical-specific ARARs (Section. 34 1) = Table 3-23 provides a comparison of
maximum detected concentrations in leachate at the seep to MACs from the delisting
guidance (EPA 1990b) The maximum detected concentration of only one analyte
exceeds the MAC The maximum detection of 1,1-dichloroethane in leachate 1s
10 pg/L, the MAC 1s 2 524 pg/l. However, the detection lumt (5 pg/L) 1s also greater
than the MAC The potential ARAR for 1,1-dichloroethane 1s 59 pg/L

Two-dimensional contanpnant-transport inodehng was performed using the
methodology described previously The mput parameters and Surfer plots of outputs
are presented 1n  Appendix E Model simulations were performed for
1 1-dichloroethane n surfictal matenals Well 53194 was used as the receptor well
The contaminant modeling showed that the MAC for 1,1-dichloreethane would not be
exceeded at downgradient well 53194 1n 30 years As the landfill cap and proposed
slurry wall reduce leachate generation, ngx::ianon, and contaminant loading, the water
quality in downgradient monitoring wells will improve As described 1 Sections 2 3
and 2 5 and Appendix C the dam has proveix to be a significant barner to groundwater
flow and contaminant yugration 1n surficial lfnatenals

In accordance with the requirements folr deixstmg (EPA 1990b EPA 1993b)
groundwater monitoning will be performed dunng the post-closure period to determine
whether MACs for delisting have been attamed A contingency plan will be developed
to address leachate and groundwater that do{not meet delistable levels

Discharge Requirements

Criteria and standards for NPDES (40 CFR Part 125) under the Clean Water Act and
Colorado Water Quality Control Act are:apphicable under the IAG (DOE 1991b)
Because OU 7 1s an onsite CERCLA action, an NPDES permit 1s not required for
discharges from the East Landfill Pond to No Name Guich However, DOE wiil have
to comply with the substantive provxsmn§ of these acts In the short term effluent
limitations will be achieved through theé accelerated action or leachate treatment
system In the long term effluent lmntatxo;[ns will be achieved with the final remedy or

-
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35

351

landfill cap After closure excess water 1n the East Landfill Pond will be discharged to
No Name Gulch Discharge requirements will be negotiated with CDPHE and EPA

Final Remedial Action Objectives or Response Actions

Final RAOs were developed based on preliminary RAQOs (Section 3 1) the conceptual
site model for defining risks exposure pathways site risks potential ARARs and the
presumptive remedv approach A quantitative risk assessment 1s not necessary to
evaluate whether the containment remedv addresses all pathwavs and contaminants of
concern associated with the source Rather all potential exposure pathways identified
using the conceptual site model were compared to the pathwavs addressed bv the
containment presumptive remedv (EPA 1993a) Exposure pathwavs addressed bv the
presumptive remedv include direct contact with the source and exposure to leachate
and landfill gas (Table 3-24)

For media not addressed bv the presumptive remedv EPA guidance (EPA 1993a) states
that an active response 1s not required 1f contaminant concentrations exceed chemical

specific standards but the site risk 1s within the acceptable risk range for carcinogens
(1E-04 to 1E-06) Ruisks were evaluated and an ARARs comparison was performed for
these media A reasonably anticipated future land use the open-space scenario was
used for evaluating risks from exposure to leachate surface water sediment and
surface soils Onsite construction-worker and onsite office-worker scenarios were used
for evaluating risks from exposure to subsurface geologic materials and groundwater
downgradient of the landfill respectivelv Ultimatelv 1t 1s necessarv to demonstrate
that the final remedv addresses all pathways and contaminants of concern

Elimmation of Preliminarv RAQOs

Preliminary RAOs were eliminated from the final response action because (1) there 1s
no risk to the potennal receptor (2) analvtes do not exceed ARARs or (3) the exposure
pathwav 1s incomplete  RAOs eliminated include the following

Collect and treat leachate at the source

Remediate surface water 1n the East Landfill Pond

Remediate sediments in the East Landfill Pond

Remediate surface soils in spray evaporation areas

Remediate subsurface geologic materials downgradient of the landfill
Control groundwater at the source to contain the plume

Remediate groundwater downgradient of the landfill

The rationale for eliminating each of these RAOs 1s summarized in Table 3-24 and
presented below
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3511 Collect and Treat Leachate at the Source

3512

Potential exposure 'to landfill ieachate will bie addressed by the presumptive remedy for
source containment (Table 3-24) The proposed landfill cap will cover the seep area
and prevent exposure to leachate reduce Jeachate generation and mugration and reduce
contamunant loading to groundwater A slurry wall will be constructed as a
maintenance action to reduce groundwater inflow, leachate generation, and outflow at
the seep In addition, leachate wiil be collected and treated at the seep as an accelerated
action for OU 7 before closure, even though leachate collection and rethoval activities
are not required for closure of interim-status units (6 CCR 1007-3 Part 265 310)

Based on results of the PRG screen and ecological risk assessment, there 1s no
associated nisk to human health from landfill leachate.. The cumulative nisk for avian
and terrestrial wildhife, expressed as the HI, was greater than 1 for mallards, raccoons,
and coyotes Because 1t was assumed that these species spend all of their time at the
East Landfill Pond, nsk was overestnnéated. Based on results of an ARARs
comparison seven analytes exceed ARARs in landfill leachate aluminum, benzene,
manganese, 2-methylnaphthalene, naphtha}ene, vinyl chlonde, and zinc  Onty one
analyte (1 1-dichloroethane) 1s above MACs for delisting and the detection limut for
1 1-dichloroethane 1s greater than the MAC;

DOE proposes to monitor discharge from ithe passive leachate-treatment system until
the landfill cover 1s constructed After the ¢ontainment presumptive remedy 15 1n place,
the seep discharge pomnt will be covered, ai)proxlmately 94 percent of the source water
will be eliminated (Section 2 3), and the pathway for exposure of human and ecological
receptors to leachate will be incomplete

Remediate Surface Water in the East Land}ill Pond

Based on results of the PRG screen, ther;[e 1s no associated risk to human health or
terrestrial or aquatic orgamisms from surface water in the pond (Table 3-24) One of
the surface water PCOCs exceeded state water quality standards or nsk-based
benchmarks (manganese) For ecological receptors the cumulative nisk, expressed as
the HI, was greater than 1 only for mallards Because 1t was assumed that mallards
spend all of their ime at the East Landfill Pond, nsk to mallards was overestimated
The pond exceeds only one potential ARARSs for surface water (manganese)

DOE proposes to leave the portion of the lpond and wetlands not covered by the cap in
place The East Landfill Pond represents gpproximately 1.6 percent of the total wetland
area at Rocky Flats (COE 1994) and has been 1dentified as potential habitat for the
Preble’s meadow jumping mouse (DOE 1995b) The dam acts as a barrier to
groundwater mugration and 1s effective in preventing contaminants in groundwater
from migrating down No Name Gulch
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3513 Remediate Sediments in the East Landfill Pond

. Based on results of the PRG screen and the ecological rnisk assessment no response
action 1s required for sediments in the East Landfill Pond because the sediments pose
no risk to human health and minimal nisk to aquatic life and wildhife (Table 3-24)
DOE proposes to leave the pond sediments 1n place

3514 Remediate Surface Soils in Spray Evaporation Areas

Because carcinogenic nisks fall below or within the EPA acceptable risk range of 1E-04
to 1E-06 and noncarcinogenic risks are below the HI of 1 surface soils do not require a
response action (Table 3-24) DOE proposes to leave the surface soils 1n the vicinity of
spray evaporation areas undisturbed

3515 Remediate Subsurface Geologic Materials Downgradient of the Landfill

Based on the PRG screen no response action 1s required for subsurface geologic
matenals downgradient of the landfill because the subsurface soils pose no nsk to
human health (Table 3-24) DOE proposes to leave the subsurface soils undisturbed

3516 Control Groundwater at the Source to Contain the Plume

Source-area groundwater control to contain the plume will be addressed in several
. ways As described in Section 235 the presumptive remedy (landfill cap) and
maintenance actions (slurry wall) will reduce inflow to the landfill by approximately 94
percent which will reduce the flow rate of the leachate seep The proposed landfill cap
will cover the seep area reducing contaminant leaching to groundwater Groundwater
modeling has shown that migration 1s likely slowed considerably or possibly even
stopped by the dam Discharge from groundwater to surface water 1s not expected
downgradient of the dam because the intermuttent stream 1n No Name Gulch 1s a losing
stream that discharges to groundwater  Discharge does occur to the pond
Groundwater 1n the UHSU may also seep down into the confining layers of the
unweathered bedrock, however hydraulic conductivity values for the confining layer
are low and downward seepage 1s minimal

3517 Remediate Groundwater Downgradient of the Landfill

The carcinogenic nisk from ingestion of UHSU groundwater 1n the vicinity of the pond
upgradient of the dam 1s within the acceptable risk range of 1E-04 to 1E-06 (1E-05)
however the noncarcinogenic risk 1s above the acceptable risk or HI of 1 (HI=3) The
primary contributor to noncarcinogenic risk 1s selemum (HI = 15) The nisks from
ingestion of UHSU groundwater downgradient of the dam are within the acceptable
nisk range (carcinogenic nisk less than 1E-06 noncarcinogenic risk, HI = 02)
. Thgrefore there 1s minimal nisk to future onsite office workers from ingestion of
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UHSU groundwater The potential exposure pathway associated with UHSU
groundwater downgradient of the landfill: 1s wmcomplete because the containment
presumptive remeédy will elrmmate approximately 94 percent of the source water and .
the seep discharge pomnt will be covered, which eliminates the contaminant
release/transport mechanism No plans are:'antlcxpated for the future development of

groundwater for any use at OU 7, which eliminates the exposure route (Table 3-24)
1

Three analytes exceed ARARs 1n UHSU groundwater downgradient of the landfill
nitrate/mitrite, selenium, and sulfate Selenium exceeds ARARs only 1n groundwater in
the vicinity of the pond (Selenium was not detected 1n groundwater downgradient of
the dam ) Contaminant-transport modeling indicates that concentrations of selenium 1n
groundwater will exceed ARARs at well 53194 1n 30 years (Appendix E), however, the
modeling neglected the effects of the dam, which would likely impede the migration of
contaminants, and uses concenfrations in weathered bedrock for surficial matenals
(Section 2.57) In addition, the pond area will be covered by the landfill cap, reducing
the amount of recharge to groundwater in this area Nitrate/mtrite and sulfate exceed
ARARs 1 groundwater in the vicinity ofthepoad and downgradient of the dam
Contamnant-transport modeling indicates that concentrations of sulfate in groundwater
will exceed ARARs at well 53194 n 30 years because the sulfate source appears to be
downgradient of the dam (Appendix E) “The groundwater modehng 15 excessively
conservative because 1t assumes a constant source, uses concentrations in weathered
bedrock for surficial materials, assumes hofnogencous, 1sotropic condifions, and does .
not take 1nto account the effect of the dam (Section 3 4 1 3)

Wells downgradtent of the dam that meet potential ARARs for UHSU groundwater
include 4287, 52894, and 53194 These weﬂs are proposed as downgradient wells for
the post-closure groundwater-momtonng -system (6 CCR 1007-3 Part 265 90{a])
Samples collected from these wells are representative of greundwater quahty
downgradient of the landfill, and the wclls are capable of detecting potential future
releases from the landfilt

352 Development of Final RAOs

Final RAOs that will be used for the Aennf capon and screenmg of technologies

(Section 4) and the development of altemaﬁves (Section 5) include the following
|

Prevent direct contact with landfill contents

Minimize infiltration and resulting contaminant leaching to groundwater
Control surface-water run-off and erosion

Control landfill gas (treat as needed)

Remediate wetland areas (as needed) -
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Table 3-1
Prelimimmary Remediation Goal (PRG) Screen
for Leachate at the Seep

Metals
Antimony 604 SWQg7 13 600 poll no
Barium 1 550 SW097 2 380 000 g no
lron 155 000 SW097 — ug/L no
Lithium 107 SW097 681 000 po/L no
Manganese 2490 SwWo97 170 000 _pgi no
Strontium 1370 SW097 20 400 000 ng/lL no
Zinc 16 000 SW097 10 200 000 ug/l no
Radionuclides
Strontium 89,90° 406 sSwog7 795 pCill no
Tritum 1,500 SW0g7 823,000 pCIL no
Indicator Parameters
Nitrite 63 SW097 3410 000 uglt no
Semivolatiie Organic Compounds
2 4 Dimethylphenol 3 SWo097 681 000 ug/ll no
2 Methylinaphthalene 23 SW097 —_ oL no
4 Methylphenol 4 SW097 - pgl no
Acenaphthene 3 SWQ097 2 040 000 po/ll no
Bis(2 ethythexyl)phthalate 2 SW097 5680 ng/lt no
Dibenzofuran 2 SW097 — uglL no
Diethy! phthalate 3 SWo097 27 300 000 pg/lL no
Fluorene 3 SWo097 1360 000 pg/l no
Naphthalene 22 SwW097 1 360 000 pgl no
Phenanthrene 5 Swo097 - ug/L no
Volatile Organic Compounds
1 1 Dichlorogthane 10 SWo097 3410 000 ug/L no
1 2 Dichloroethene 14 SW097 307 000 pgit no
2 Butanone 76 SW097 20 400 000 ug/L no
2 Hexanone 10 SW097 — pg/ll no
4 Methyl 2 pentanone 87 SW097 2730 000 pg/t no
Acetone 220 SW097 3 410 000 pgiL no
Benzene 2 SW097 2740 ng/L no
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Table 3-1 .
Preliminary Remediation Goal (PRG) Screen
for Leachate at tllle Seep

no
no
e no,
L : : L i
Total xylenes _ _ 25 swos7 | 68100000 | por no
Trichiorosthene 4 ___Swap7 720 | s no
Vinyl chioride 1 swoe? | 418 _BoL no
o-Xylene* 8 SWoo7 | 68100000 | poh no
Nowe M
— 00 PRG is availshie
' PRGs are presentod in Draft Programmatic PRGa for Rocky Rsts Plant - ts-spumosaﬁex
: I the raximum Sctecied concentration is grostor ihan the PRG, the analyie i evaiuatod in 2 PRGs we déveloped for thaee analytos with soxjcity criteria. Only ansfytes

with PRRGs are evalumed in 2 risk assesament. ‘I 0o meximuin detciod colcmatragions cxceod i PRG, a shek; Bamtement i 50t
3 The PRO s for strontium-90 und deaghter produces because it is more conservative than the PR for sweatius-39.

The PRG is for total xylencs I
1 8
f L
|
}
i
|
|
-
{
|
1
|
|
J
5
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. Table 3-2
Preliminary Remediation Goal (PRG) Screen
for Surface Water 1n the East Landfill Pond

Metals
Arsenic 22 SW098 454 pg/lL no
Lithium 109 SwWoss 681 000 pg/L no
Manganese 430 SW098 170 000 ug/L no
Molybdenum 13 1 SW098 170 000 pg/L no
Nickel 22 SW098 681 000 po/L no
Strontium 598 SW098 20 400 000 ug/lL no
Thallium 74 SW098 — pgit no
Tin 443 SW098 20 400 000 pg/ll no
Radionuclides
Amernicium 241 0 031 SW098 136 pCi/L no
Strontium 89 90° 1924 SW098 795 pCuL no
Trtum 2578 SW098 823,000 pCvL no
. Uranium 235* 03 SW098 946 pCyL no

Uranium 238° 1964 SW098 717 pCyL no
Semivolatile Organic Compounds
Bis(2 ethylhexyl)phthalate 1 SWo098 5 680 ug/L no
Di n butyl phthalate 1 SW098 3410000 ngiL no
Notes
—_ no PRG 15 available

PRGs are p d in Draft P PRGs for Rocky Flats Plant  Open Space (DOE 1995¢)

If the d d 1s greate than the PRG the analyte 1s d 1n a nsk PRGs are developed for those analvtes with toxicity citena. Only analytes

with PRGs are d nansk Ifno d: exceed the PRG 2 nisk assessment 1s not performed
: The PRG s for 90 and daughter products b 1t s more conservan e than the PRG for strontum 89

The PRG 1s for uramum 235 and daughter products
$ The PRG 1s for 238 and

P
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|
!

Table3-3
Prellnﬁnnrykemedh&m&ﬂSereen forSedmn&intheEastLandﬁlPond

Acenaphthene 100 SED70083 4 81E+08. pﬂ no
Anthracene 180 SED70083 2.30E+09 g no
Benzo(a)anthracene 340 SED70083 245E+04 pghg no
Bonzo(a)pyrene 320 SED70094 | 2458403 pokg no
Benzofb}fuoranthene 470 SED70083 235E¢4 g no
Benzo{ghijperylena 200 SED70093 - pphg no
Benzo{k)fiuoranthens 130 SED70083 | 2458+05 g no
Benzoic acid 8§70 SED70083 _3.07E+30 A no
Bis(2-chioroisopropyhether 47 SED70293 2.86E+05 _ughg no
Bis(2-ethyihexyliphthaiate 80 _SED70088 | 1.26E.405 pghg o |
Chrysene 310 SED70008 2456408 | uohg no
Fluoranthene 830 seomm 3.07E+08 1o no
Fiuorene % SED70008 3.07E408 s | o
indeno(1 2 3-cdjpyrene 180 SED70095 2.45E+04 pghg no
Phenanthrene 630 sED'moep - kg no
Pyrene 750 SED70098 2.30E+08 _Bgkg no
Volatlie Organic Compounds

2 Butanone 35 SED70083 4.61E+09 jghg no
Acetone 130 semows 7 68E+08 _pghg no
Toluene 440 seomm%s 1.54E+08 pghg no

Notes :
—_ no PRG 15 availsble
PRGs arc p din Pr dc Preli muwmmnmmnm

2 Hmmmmmummum the analywe is evalusted in 3 risk spessmont. PRGS are developod for those analyws with toxicity critena. Only analywes

with PRGs are evaluated in & nsk assessment. Humwmwhrﬂ.tﬁﬁmuum

Definitions
PCOC  potentisl contaminant of concem

1

[
1
|
|
f

t
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Table 3-4
Prehmmary Remediation Goal (PRG) Screen
for Surface Soils 1n the Vicinity of Spray Evaporation Areas

PRGs are presented 1n Draft Programmatuc PRGs for Rocky Flats Plant  Open Space (DOE 1995¢)
2 If the maxamum detected concentrauon 15 greater than the PRG the analyte 1s evaluated  the nsk assessment (Tables 3 3 39 and 3 10) PRGs are developed for those analytes
w th to Icity critena. Only analytes with PRGs are evaluated i the nsk assessment.
? The PRG 1s for radium 26 and daughter products

Metals
Antimony 91 58719693 3070 ma/kg no
Arsenic 157 $8702293 10 mg/kg _yes
Banum 1120 §8705193 535,000 mg/kg no
Beryllium 15 $5120894 408 mg/kg no
Cobalt 162 $5712093 461 000 mg/kg no
Copper 640 §S5121394 307 000 mg/kg no
Lead 167 $5708893 — mg/kg no
Mercury 014 $8708693 2,310 mg/kg no
Selenum 29 §8121594 38 400 mo/kg no
Silver 3 §5709593 38 400 mg/kg no
Strontium 806 $§8720183 >1,000,000 ma/kg no
Thallium 21 §5121594 — mg/kg_ no
Vanadium 862 §5705293 53,800 mg/kg no
. Zinc 113 55120894 51000000 | mghk no
Radionuclides
Amerncium 241 1076 S5703793 236 pCvg no
Plutonium 239/240 0 4692 S§704293 69 8 _pCug no
Radium 226° 1787 $S711193 00247 _pCvg yes
Indicator Parameters
Nitrate/nitnte 45 SS710893 I >1 000 000 f mm1 no
Notes
—  noPRGIsavailable
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OU 7 Draft Phase I IM/IRA Decision Document

Table 3-11
Preliminary Remediation Goal (PRG)
Screen for Subsurface Geologic Materials Downgradient of the Landfill

Colluvial Material (Qc)

Metais

Banum 1 624 1 71093 1 1 24E+05 mg/kg l no
Radionuclides

Cesium 137 l 0 2386 ] 71093 l — pCrvg 1 no
Semivolatile Organic Compounds

Chrysene 43 70993 1 70E+07 pg/kg no
Fluoranthene 110 70993 7 10E+07 ug/kg no
Phenanthrene 100 70993 — ughkg no
Pyrene 110 70993 5 32E+07 ugkg no
Volatile Organic Compounds

4 Methyl 2 pentanone 58 70993 1 42E+08 pgrkg no
Toluene 2000 70993 3 29E+05 pg/kg no
Total xylenes 2 70993 9 81E+04 uglkg no
Indicator Parameters

Nitrate/nitnte® 20,000 ] 71093 l 2 B4E+06 mg/kg I no
Weathered Bedrock Material (KaK! w)

Metals

Arsenic 114 70993 7 09E+01 mg/kg no
Banum 254 71093 124E+05 ma/kg no
Cobalt 21 71093 1 OBE+05 mg/kg no
Lead 312 70993 mg/kg no
Manganese 3130 71093 8 86E+03 mg/kg no
Strontium 939 70993 1 06E+06 mg/kg no
Zinc 844 71093 5 32E+05 mo/kg no
Volatile Organic Compounds

Toluene 580 70993 3 29E+05 pg/kg no
Notes

no PRG s available

1 PRGs are presented n Programmauc Prel minary Risk based Remedianon Goals for RFETS-Construction Worker (DOE 1995f)
ped for those analy

If the detected 15 greater than the PRG the analvte 1s e aluated 1n a nisk
PRGsare e al ated nansk t.Ifno d d
PRG for mtrate because 1t i the dominant species

Defimtions

PCOC potenual contaminant of concern

Q Quaternary colluvium

KaKi(w) w thered adiff renn ted C Arapahoe and Laramie F

PRGs are

exceed the PRG a nsk assessment 1s not performed

withto city cntena Only analytes w th

\ k@ tp\2510078\sectbla doc
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|
Table 3-1£
X ' Retediation Goal (PRG) Screen for
Groundwater Downgradient of the Landfill
|

el
UHSU Groundwater in the
Antimony 58 8206789 148 _ et yes
Lithium - 225 8208789 _ 7% g no
Selsnium 818 Bzie700 82 e yes
Siver 10.9 B206789 182 oL mo
Strontium 1880 8206780 21,000 A no
Uranium-236° [ 385 |  somess | 208 | son |
Indicator Paramaters 3
Nitrate/nitrite* 290,000 Babesen 58400 a s ™
Orthophosphate 20 200780 - L pon no
Sulfate 1,600,000 Batiesey - - no
 Samiviate Orpnic compounce , i
Bis(2-ethyhexyliphthalate 1 3 I 8206780 | eor ] e | no
| volatie Organic Compounds
Carbon tetrachioride 711 820889 uge pgh
Totrachiorosthane o7ee 8208880 _ 143 A o
Trichiorosthane 143 B2pesse 255 gt "o
UHSY Groundwater of the Dam ;
 Motais
Lithium 138 B207089 T gt no
Strontium 1870 _Baproeg 21900 A no
 Strontum-89,90° 048 4267 ~2 | ook B0 _
Carbonate as CaCOy 12,000 4087 — A no
Chioride £30,000 edo7080 = gt no
Fuonde 3,400 4087 %180 gt yos
Nitrate/mitnte* 72,000 B206089 58,400 ML yes
Orthophoaphats 150 287 - gt no
Sufate 19,080,000 BgoT0se ~ st no
Notes _'
—  noPRG is available ]]

' MmMHMWMMMWMWZMSM

2 If the maxk erath hmmhﬂlﬁ.uuﬂmhaﬁ.‘huum(fﬂ&m PRGeare dovelopod for thoss suusifyses whh toxicity crieesis. Oaly
snalytes with PRGs are evalusted in the risk axsessment.

}  The PRG is for urantum 238 and daughuer products. :
The PRG 1 for nitraie because it is the dominant species present. )

s The PRQ is for strontium-90 and dangiter products bocause it is more conservative than the PRG for swomtiun-89

|
s

7125195
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|

Table 3-13
. Site-Speeific Exposure Factors for Groundwater Ingestion’

F
B .
. . - % o

Ingestion Rate IR 10 Liday

Fraction Ingested from Contaminated Source Fi 10 unitiess

Exposure Frequency EF 250 daysiyesr
| Exposure Duration . __ED 25 years

Body Weight BW__ B kg

Averaging Time _Noncarcinogen AN 8,125 __days

Averaging Time _Carcinogen ac | assw days
Note [
! Exposure p arep ‘hmmwwmmwymmmmw
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Table 3-24

Comparison of PCOC Concentrations in Leachate at the Seep to MACs

Antimony 80 poi a3 - no
Barium _1.8%0 ugh 6.200 no
2 4-Dimethyiphenol 3 ugl 545 28 ] no *
Bis(2-ethythexyljphthalate 2 pr 8.06 1833 no
Diethy! phihalate -3 | un ) scs 180,900 o |
Fluorene 3 pr | 202 12,62 no
Naphthalene 2 w_:| 2128 63,000 no
Phenanthrene 5 ppt | 4. 126 no
Volstile Organic Compounds 5
1 1-Dichioroethane 10 ppgh 720 2524 yes
Benzene 2 pgll 2.14 31.66 no
Carbon disulfide 8 pt | 208 25240 no
Ethylbenzene 18 pgh 1442 4410 no
Tetrachioroethene 1 pt. ] 283 3165 no
Toluene ) pr | arss 12,020 oo
Total xylenes 25 ppl. | 188 83,080 no
Trichiorogthene 4 pgL 244 2155 no
Vinyl chioride 1 pgh ? 582 1282 no
,
ote |
Al concentrasions are foe iotal analyes. ‘
Definitions .
MAC  obxumem showable sescemons |
|
|
E
|
|
l
|
i
!
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No active
response
necessary

gIS\ESUMIRA DD OU 7NOU7 Treatm't Det vertical CD

PPRG
comparnson

Focused risk
assessment using
appropnate fand use

scenario

Is nsk less than
1E 067 Is hazard
index less than 1?

Is nsk within 1E 04 to
1E 06 nisk range? Is the
hazard index less than 1?

Is nsk greater than
1E 047 Is hazard
ndex greater than 1?

No active
response
necessary

No active
response
necessary

Remed:al action I1s
necessary

U S DEPARTMENT OF ENERGY
Rocky Flats Environmental Technology Site
Golden Colorado

Remediation Determination for
Environmental Media

Phase | IM/IRA DD Operable UnitNo 7

July 1995 Figure 3-3
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Identification and Screening of Technologies

In this section technologies are 1dentified and screened to develop a set of usable waste
management options that will ensure protection of human health and the environment
The primary purpose 1s to streamline the selection process to allow the most promising
alternatives to be selected for further scrutiny 1n the detailed analysis (EG&G 1988)

In Section 3 RAOs were 1dentified for various media Based on these RAOs, general
response actions (GRAs) are developed for each medium from the available
technologies The technologies that are considered for the screening are identified 1n
the OU 7 Technology Literature Research Report, compiled in April 1994 to support
the selection of an IM/IRA (EG&G 1994c) The initial screening of technologies 1s
performed to eliminate those that are technically not feasible The remaining options,
grouped by technology type, are then evaluated against each other based on
effectiveness 1mplementability and cost Technologies cammed forward in the
screening process will be used for the development and screeming of alternatives
presented in Section 5

General Response Actions

GRAs are general categories of activities that may satisfy the RAOs (EPA 1988) and
include no action 1nstitutional controls containment, removal/collection, disposal, and
treatment For each GRA, there are a number of potentially effective technologies for
each medium

Under the presumptive remedy certain GRAs have been determuned to be most
effecive for CERCLA landfills The two primary components of the presumptive
remedy at OU 7 are containment of the landfill mass and collection and/or treatment of
the landfill gas (EPA 1993a) Institutional controls are also recommended to
supplement engineering technologies

Identification and Screeming of Technologies

For each GRA 1dentified under the presumptive remedy, there are a number of
applicable technologies The technically feasible technologies 1dentified in the QU 7
Technology Literature Research Report (EG&G 1994d) are evaluated relative to each
other and screened to reduce the number of technologies used in preparation of the
alternatives This section summarizes the screening process

/ g6 tp\2510078\sec3 doc 4-1 1125195
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Screening Proeess |
In the screeming procéss, technologies are-evaluated in terms of effectiveness,
implementability, and cost (Table 4-1) - Compansons during screening are made
between technologies within each category of GRAs, not between categones of GRAs
For example, m Table 4-2 the land-use: restrictions, deed restrictions, and zonng
ordinances are rated. relative tocachotl;erbmmmmpmmfcncmgmd
warning signs, which are ‘access restrictions  Effectiveness in pmtesjuﬁ human health
and the environment 1s given the greatest weight Thewstcnm;snsedonlyto
distinguish between two simularly rated technologies )
|
The effecuveness enteria mclude the degree to which a technology meets RAOs and

ARARs, reduces toxicity, mobility, or volume fhmggh treatment; affords long-termi
protection, and mummages short-term xmpwts

The implementability evaluation eritena urclm:a dewmn of the techmcal and
adnnmstrauvefc@zktyof:mphmenmg&ewc{mem Mmcafﬁnkmylsuwd
n the QU 7 Technology Literature Research Report {EG&G 1994c) as an mtial screen
ofwchnobgytypesmehmmmmoscmaewmckmymﬁécuveormmkabkat
OU 7 Technical 1ssues relating to implemrentation include avalability of matenials,
ease of construction, and post-construction repairs Adtmmsnwve feasibility

addresses theablhtytoobtmnappmvalfremregnhtotyagencm The imtial screening, -, -

also emphasizes the mnstitutional aspects og implementability, mcluding the ability to
obtain necessary permits andvconnnumtyagccptanceandxhe avalability of pecessary
equipment and skilled workers to implement the technology

Cost plays a himited role mn the screemngL of technologies, 1t 1s used pnmanly to
disngwish between two sumlarly rated technologies. ‘At thus stage, the cost analyses
arebasalonengmeenngjndgmemdthqrﬂanvedmctmdmcapmland
operation and mamtenance (O&M) costs

No Action

Although no action 1s not 1dentified in the pg'nesnmptlve remedy as a GRA, 1t 1s always
used to establish a baseline for companson Under no action, no preventive or

corrective actions are taken I

Institutional controls are methods by which federal, state, and local governments or

private citizens can limit exposure to contamjination Most 1astitutional controls take
the form of use or access restnictions These may include simple physical actions such

Institational Controls

0078\sec3 doc 4-2 7125195
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as fencing and warning signs or more complex regulatory actions such as implementing
zoning controls controlling water use and deed restrictions

Each of the four institutional control technologies evaluated in Table 4-2 land-use
restrictions access restrictions water-use controls and public education are retained
All of the technologies are effecive and implementable and are included in the
alternative development In addition all of the technologies are already in place to

some extent
Containment

Containment actions restrict contact with and migration of contaminants Under the
presumptive remedy a landfill cap 1s the preferred containment technology Table 4-3
identifies three types of capping technologies a native soil cover a single-barrier cap
and a composite-barrier cap  Although composite-barrier caps are ranked most
effective each cap 1s considered fully effective for certain site conditions Therefore
each of the three caps 1s modeled and evaluated in more detail 1n the alternative

analysis

As discussed 1n Section 2 3, the groundwater 1n the source area 1s presently contained
laterally by the existing groundwater-intercept system and proposed slurry wall
(Section 1 3 2), and flow downgradient 1s significantly reduced by the East Landfill
Pond dam This evaluation assumes that the proposed slurry wall 1s constructed prior
to any response actions proposed 1n this report Containment of the groundwater will
not be addressed further 1n this report

Landfill Gas Collection

Collection response actions partially or completely remove contaminants from their
original location In landfills gas i1s generally collected to protect the integrity of the
cap Landfill gas may also be collected prior to treatment (Section 4 2 6)

Table 4-4 shows the evaluation of various types of passive and active collection
systems Both types of systems have been used 1n municipal landfills for gas collection
and control However hazardous waste landfills have rarely used active systems
because they normally do not produce much gas Although acuive gas-extraction wells
have been used 1n municipal landfills they have had only limited success effectively
collecting gas over a large area Due to the variability in the waste composition, the
optimal design of a gas-extraction well 1s difficult

A passive gas-extraction system 1s applicable to sites where offsite migration 1s limited
and gas will be forced to collect in a blanket collection system Conditions at the
Present Landfill are conducive to this type of system The landfill is underlain by low-

\ﬂ 1p\2510078\sec3 doc 4-3 8/22/95
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permeability weathered bedrock. and the permmeter of the landfill 1s or will be
surrounded by a low-permeability bamer {Section 1321 This will prevent offsite
mugration of gas forcing the gas to be collected under the cover -

Venting trenches are elimunated because they are considered the least effective and the
most difficult type of gas-collection system to implement at OU 7

Both passive vents and permeable Iayers are carried forward to the development of
alternatives 1n Section 5§

Landfill Gas Treatment

|

Treatment response actions reduce the toxicity, mobility, and/or volume of
contamunants through physical or chemucal alterauon Table 4-5 shows the evaluation.
of landfill gas-treatment systems

As discussed 1n Section 3 4, it 1s-not anticipated that landfill gas will exceed ARARs

However, maintenance actions (such as construction of a new slurry wall) and the
proposed closure of the’ landfill may affect lgas generation by imiting the migration of
gas and decreasing the infiltration of surface water Due to the unknown 1mpacts on
the gas concentration and flow rates as a result of these actions, it is upknown at thrs
time what, if any treatment will be reqmred

Based on these uncertainties, it is recontnnended that a gas-collection system be
installed that would allow for postclosure monitoning of gas composition
concentration and flow rate until treatmex!?t requirements can be determined The
collection system should also be designed to be compatible with gas-treatment units
should they be required

The passive gas-collection system will havgf: vent pipes or gravel columns at various
locations across the cover The vent pipes or gravel eolumns will extend through the
cover and will be logical points for momtonﬁg emusstons from the landfill If required,
the vent pipes could be routed directly to a a'eatment System to reduce enussions from
the landfill |

Results of Screening

Based on the screeming presented in this sect:on, the following technologies will be
considered 1n alternatives development

Institutional Controls (included 1n all alternatives)
e Use restrictions ]
o Access restrictions ' -~

[ [E—Y
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Development of Alternatives

Technologies retained after the initial screening presented 1n Section 4 are now used to
form alternatives to address the OU 7 site as a whole The resulting alternatives can be
individual technologies or a combination of technologies designed to meet RAOs such
that human health and the environment are protected from exposure pathways to
contamunated media As a result of the presumptive remedv approach the number of
alternatives formed 1s limited and consists of various cap cross sections Institutional
controls and potential gas treatment technologies are included in all options The
propsed slurry wall scheduled for construction 1n fiscal year 1996 1s assumed to be n
place for all alternatives

The alternatives are further refined and screened based on the following three
evaluation criteria effectiveness 1mplementability and cost Alternatives must be
compared at an equal level of analvsis with sufficient detail to be able to distinguish
among the various alternatives (EG&G 1988)

Cover Design

The proposed action must meet the CHWA requirements for landfill closure [6 CCR
1007-3 Part 265 310] as follows

e Provide long-term mimimization of migration of liquids through the closed landfill
e Function with minimum maintenance
e Promote drainage and minimize erosion or abrasion of the cover

e Accommodate settling and subsidence so that the integrity of the cover 1s
maintained

e Have a permeability less than or equal to the permeability of any bottom liner
system or natural subsoil pr