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EXECUTIVE SUMMARY

This Interim Measure/Interim Remedial Action (IM/IRA) Decision Document presents the
proposed accelerated action to remediate Individual Hazardous Substance Site (IHSS) Group
SW-2 at the Rocky Flats Environmental Technology Site (RFETS or Site). IHSS Group SW-2
consists of two IHSSs: IHSS 115, the Original Landfill (OLF), and IHSS 196, the Fllter
Backwash Pond.

The OLF is a 20-acre z;rea where construction debris and general facility wastes were placed
from 1950 to 1968. The OLF is located on a south-facing slope just south of the Industrial Area
(IA) pediment and borders the northern side of Woman Creek.

This IM/IRA summarizes the environmental data for IHSS Group SW-2, compares the data to
Rocky Flats Cleanup Agreement (RFCA) action levels (ALs), presents and evaluates accelerated
action alternatives, and describes the proposed action. Recent geotechnical data and
groundwater modeling at the OLF are also summarized in the IM/IRA.

A review of the environmental data (see Section 4 of this IM/IRA) concludes the following:

e Surface Soils (see Section 4.3): Metals, radionuclides, and organic compounds have
been detected above background levels in surface soil; however, only uranium and a few .
polynuclear aromatic hydrocarbons (PAHs) are present in surface soil above the RFCA
ALs. Uranium contamination is present in surface soil above the ALs at four sample
Jocations. PAHs are ubiquitous in surface soil at the OLF; however, only two sample
locations have PAH concentrations that exceed the ALs,

o Subsurface Soils (sée Section 4.4): Metals, radionuclides, and organics have been
detected above background levels in subsurface soil; however, only PAHs were detected
above the ALs and only in an isolated location.

¢ Groundwater (see Section 4.5): Metals, radionuclides, and organic compounds have
been detected in groundwater at concentrations that are above background and the Tier II
ALs. However, the number of detections above background and the Tier II ALs was
generally very low for all of these constituents, and their concentrations were also
generally very low relative to background and the Tier II ALs. Uranium-238 exceeds the
Tier I AL in one well at the OLF. However, this exceedance is likely due to the surface
soil uranium contamination, and the contamination has not migrated beyond this single
well. Furthermore, chlorinated solvent contamination in groundwater does not extend
downgradient of the OLF. The most recent volatile organic compound (VOC) data for
these wells (last 3 years) indicate that chlorinated solvents are either not detected, or _
detected at trace concentrations below 1 pg/L. There is no plume of contaminated - -
groundwater emanating from the OLF. Groundwater fate and transport modeling also
indicates that the constituents in groundwater will not reach Woman Creek above surface
water action levels. Therefore, groundwater quality is not significantly impacted by the -
OLF.
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e Surface Water (see Section 4.6): Several metals, radionuclides, and organic compounds
" have been detected above background levels within Woman Creek surface water

downgradient of the OLF. However, the concentrations of many of these analytes were
only occasionally above the surface water ALs (approximately 5 percent or fewer of the
observations), and were generally low in magnitude relative to the surface water ALs.
Several metals and organics detected above background in surface water downgradient of
the OLF have not been detected above background in upgradient surface water. However,
these analyte concentrations typically were low relative to the surface water ALs, with
only infrequent concentrations above the surface water ALs (fewer than 7 percent of any
analyte sampled exceeded the AL). This frequency of occurrence is not sufficiént to -
indicate that the OLF has had a significant impact on surface water quality.

e Sediments (see Section 4.7): A few metals were detected above background in the
sediment of Woman Creek and the South Interceptor Ditch (SID) in the vicinity of the
OLF; however, concentrations were orders of magnitude below the RFCA ALs.

During the 1995 geotechnical study, historic areas of discrete landslides were identified in the
area of the OLF before any waste was placed. However, there are no indications of landsliding
at the OLF since waste disposal stopped in 1968. Erosion and sloughing of the hummocky
surface due to historic waste placement and faulty stormwater management practices have
exposed some waste at the surface of the OLF. Geotechnical testing (conducted in 2004) has
provided data to further evaluate the structural stability of the OLF. These data have provided
additional information on the strength of the underlying subsoil and weathered bedrock to be
used in the design of the accelerated action.

Four accelerated action alternatives have been evaluated in the IM/IRA to address direct contact
with the waste materials, control stormwater and erosion, and address the structural stability of
the OLF. These four accelerated action alternatives include:

e No Action
e Removal of surface soil “hot spots” and site grading with a soil cover;

e Removal of surface soil “hot spots,” and site grading with a soil cover and buttress fill at
the toe of the OLF slope (this alternative also includes an evaluation of an upgradlent
groundwater “cutoff” wall); and

¢ Removal of surface soil “hot spots,” and removal and off-site disposal of the wastes
placed at the OLF.

A comparative evaluation has been conducted on these accelerated action alternatives using the
criteria of effectiveness, implementability, structural stability, and relative cost. Site grading with
a soil cover and buttress fill is the proposed accelerated action for the OLF for the following
reasons:

o The surface soil areas with concentrations that exceeded the uranium ALs were removed
in August 2004.

Xi
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e Regrading the site will eliminate the ponding of stormwater at the surface of the OLF and
provide for positive runoff and run-on control of stormwater.

¢ Adding a soil cover will eliminate the exposure and direct contact of the waste materials -
at the surface of the OLF. :

e Reducing the existing surface slopes (regrading) will eliminate surface soil sloughing and
erosion, and provide a structurally stable area to contain the waste materials.

e Construction of the buttress at the toe of the slope, will increase the stablllty factors of
" safety. :

¢ Implementing this proposed accelerated action would not permanently 1mpact the habltat
of the Preble’s Meadows Jumping Mouse or impact Woman Creek. '

e Implementing this proposed accelerated action is cost effective since the data'and OLF
evaluations indicate the OLF is not now a sxgmﬁcant source of contammatlon to the
environment

Actions undertaken to implement the approved accelerated action will be documented ina
Closeout Report. :

Post-accelerated action monitoring and maintenance are also described in the IM/IRA (see
Appendix B) and include, groundwater monitoring, surface water monitoring, and monitoring of
the structural stability of the graded slope.

Xii
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1.0 INTRODUCTION

This Interim Measure/Interim Remedial Action (IM/IRA) Decision Document presents
the proposed accelerated action to remediate Individual Hazardous Substance Site (IHSS)
Group SW-2 at the Rocky Flats Environmental Technology Site (RFETS or Site). IHSS
Group SW-2 consists of two IHSSs: IHSS 115, the Original Landfill (OLF), and IHSS
196, the Filter Backwash Pond.

RFETS is a Comprehensive Environmental Response, Compensation and Liability Act
(CERCLA) National Priority List (NPL) site and is located in rural northern Jefferson -
County, Colorado, approximately 16.miles northwest of Denver. It is approximately
6,240 acres in area. The developed portion of the Site, referred to as the IA, is centrally
located within RFETS and occupies approximately 600 acres. The Rocky Flats Buffer
Zone (BZ) surrounds the IA and occupies the remaining 5,640 acres. IHSS Group SW-2
is located in the southern part of the IA Operable Unit (OU) and adjacent to the Buffer
Zone OU. Figures 1-1 and 1-2 present the locations of the Site and IHSSs 115 and 196,
respectively.

The Rocky Flats Cleanup Agreement (RFCA) (DOE et al. 1996) is a CERCLA federal
facility cleanup agreement as well as a compliance order on consent under the Resource
Conservation and Recovery Act (RCRA) and the Colorado Hazardous Waste Act
(CHWA) between the U.S. Department of Energy (DOE), the U.S. Environmental
Protection Agency, Region VIII (EPA), and the Colorado Department of Public Health
and Environment (CDPHE). RFCA provides the regulatory framework for cleanup of
hazardous substances at the Site. In accordance with RFCA, this IM/IRA is subject to
CDPHE, EPA, and public review and comment, and also approval by CDPHE, the Lead
Regulatory Agency for RFCA accelerated actions in the IA OU.

This IM/IRA presents the environmental data for IHSS Group SW-2, compares the data
to RFCA action levels (ALs), presents-and evaluates accelerated action alternatives, and
describes the proposed actions. Actions undertaken to implement the approved
accelerated action will be documiented in a Closeout Report. \
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1.1 Need for RFCA Accelerated Action

Between 1952 and 1968, approximately 74,000 cubic yards of solid waste consisting of
construction and other debris and general plant waste contaminated with or commingled
with small amounts of wastes with hazardous constituents were disposed in the
approximately 20-acre OLF, IHSS-115. The OLF is located on the southern-facing slope
just south of the IA pediment.and borders the northern side of Woman Creek. Because of
the slope angle and underlying bedrock characteristics, this area has been identified as
susceptible to landslides and erosion.

From the early 1950s until 1971, filter backwash wastewater generated by the raw water
treatment process in Building 124 to make potable water was discharged to settling and
evaporation ponds located roughly in the center of IHSS 115, designated the Filter’
Backwash Pond, IHSS 196. A soil cover was placed over the disposed waste when the
OLF was closed in 1968. Some of the wastes and debris have become exposed through
erosion of the soil cover over the wastes that were placed at steep slopes. Besides the soil
cover, soil fill material was used in the waste disposal operation. The volume of disposéd
waste and commingled soil is estimated at 160,000 cubic yards.

IHSSs 115 and 196 were formerly part of OU 5, the Woman Creek Priority Drainage,

which was consolidated into the IA OU when RFCA became effective in July 1996.

Prior to this consolidation, a Phase 1 RCRA Facility Investigation/Remedial Investigation
(RFI/RI) for OU-5 was conducted pursuant to an RFI/RI Work Plan, which was approved
by CDPHE and EPA in 1992 (EPA 1992a, 1992b; CDPHE 1992). For purposes of the
investigation work the OU-5 IHSSs (and Potential Areas of Concern [PACs]) were
separated into specific Areas of Concern (AOCs) The IHSSs 115 and 196 were
demgnated AOC 1.

One of the purposes of the OU-5 Phase 1 RFI/RI for the OLF was to gather sufficient
geotechnical information to evaluate landslide mechanisms in the OLF. The OU-5 Phase
1 RFI/RI also included source and environmental media characterization for the OLF and
a human health and ecological risk assessment for Area 1. The OU-5 Phase 1 RFI/RI
Report was completed in 1996 (Kaiser-Hill 1996).

Section 2.0, Site Background, Section 3.0, Environmental Setting, and Section 4.0,
Environmental Data Summary and RFCA Action Level Comparison of this IM/IRA,
provide detailed information about the OLF and Filter Backwash Pond history and the
OU-5 Phase 1 RFI/RI.

In addition to the problems posed by inadequate soil cover, which allows possible direct
contact with the disposed wastes, sampling and analysis of soil, surface water, and
groundwater have shown some contamination above background levels. Some organic
compounds and metals (including depleted uranium) contamination is present at levels
greater than action levels and/or standards applicable to these media contained in the
Action Levels and Standards Framework for Surface Water, Ground Water and Soils
(ALF), RFCA Attachment 5. Pursuant to RFCA, if ALF action levels or standards are
exceeded, an evaluation, remedial action, and/or management action is triggered.

14
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DOE proposes to conduct a remedial action for the OLF and Filter Backwash Pond.
Pursuant to RFCA, remedial actions taken for one or more IHSSs will be conducted as a
RFCA accelerated action. Because this accelerated action is estimated to take longer than
six months from the time of commencement of physical work to complete, RFCA
requires that the work will be conducted pursuant to an IM/IRA. Section 10.0,
Implementation Schedule of this IM/IRA, provides an informational schedule for the
major work activities, which are expected to take just over 6 months to complete.

1.2 Proposed Accelerated Action — The Municipal Landfill Presumptive Remedy

EPA has published two directives régarding the application of the “source containment”
presumptive remedy to municipal and military landfills (EPA 1993a, 1996).

“Presumptive remedies are preferred technologies for common categories of sites
based on historical patterns of remedy selection and EPA’s scientific and
engineering evaluation of performance data on technology implementation. By

" streamlining site investigation and accelerating the remedy selection process, . ~
presumptive remedies are expected to ensure consistent selection of remedial
actions to reduce the cost and time required to clean up similar sites.
Presumptive remedies are expected to be used at all appropriate sites. Site-
specific circumstances dictate whether a presumptive remedy is appropriate at a
given site.” :

Application of the CERCLA Municipal Landfill Presumptive Remedy to Military
Landfills, OSWER Directive No. 9355.0-67FS, December 1996, p.1. The directive
recognizes that military landfills may contain waste types that are different from those
found in municipal landfills but that pose a hazard profile similar to that of municipal
landfills. The directive provides criteria for evaluating whether the landfill contents have
characteristics similar to municipal landfill contents. If the characteristics are similar,
then the presumptive remedy should be considered and implemented if appropriate.
Although, the OLF is not on a military base, because of its size and waste types, it is
similar to military landfills at other NPL Sites where the presumptive remedy has been
implemented.

EPA has also published several directives regarding conducting and streamlining ..
Remedial Investigations/Feasibility Studies at CERCLA municipal landfill sites (EPA
1991a; 1994). The presumptive remedy process involves using existing data to the extent -
possible and limiting the characterization of the landfill contents, conducting a
streamlined risk assessment, and developing a focused feasibility study to analyze only
those alternatives consisting of appropriate components of the presumptive remedy.

The OU-5 Phase 1 RFI/RI Report and groundwater and surface water monitoring provide
sufficient information to evaluate the OLF in accordance with the military and municipal
landfill presumptive remedy guidance. Section 5.0, Remedial Objectives of this IM/IRA,
provides a discussion of whether the “source containment” remedy is appropriate. Section .
6.0, Remedial Action Alternatives Evaluation, and Section 7.0, Proposed Remedial
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Action Plan, provide details regarding the components of the proposed source
_ containment remedy. Section 6.0 also evaluates the “no action” and removal alternatives.

Section 7 presents the proposed accelerated action plan. Section 8.0, Applicable or
Relevant and Appropriate Requirements (ARARs), along with Appendix A, provides a
discussion of the regulations pertaining to this accelerated action. Section 9.0,
Environmental Impacts, presents an analysis of the environmental consequences
associated with the proposed action. Section 10.0 and 11.0 discuss the implementation
schedule and closeout report, respectively. Section 12.0, Administrative Record,
identifies the documents considered by DOE, CDPHE, and EPA in proposing this
accelerated action, which are available for public review at the Rocky Flats Reading
Room. T
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2.0 SITE BACKGROUND

2.1 IHSS Group SW-2 Site Description

IHSS Group SW-2 covers approximately 20 acres and includes two IHSSs: IHSS 115, the
OLF, and THSS 196, the Filter Backwash Pond. IHSS 115 is located south of the RFETS
IA pediment on a south-facing hill slope north of Woman Creek. IHSS 196 lies
approximately in the center of IHSS 115. Approximately 1,000 ft of the South
Interceptor Ditch (SID), and storm drain and building footer drain discharge pipes and
other disturbed areas lie within IHSS 115. (See Figure 2-1) These IHSSs were formerly .
part of OU 5, Woman Creek Priority Drainage. An OU 5 Phase I RFI/RI was conducted
in accordance with an approved work plan; a draft final report was 1ssued in April’ 1996
(Kaiser-Hill 1996) -

2.2 Description and History of IHSS 115 (OLF)

The OLF was used to dispose of solid sanitary and construction debris wastes generated
at the Rocky Flats Plant from 1952 to 1968 (Rockwell 1988). The landfill was not
designed or operated as an engineered landfill. Aerial photographs indicate that the
landfill was operated as an area fill (EG&G 1994). Waste was merely dumped in the area
vertically below and just south of the southern edge of the alluvial pediment on which the
RFETS IA is located. The waste disposal area lies north of Woman Creek. The waste
was generally spread over the south-facing hillside, serving to fill in the area below the
pediment edge. No liner or other collection barrier was installed between the waste and
the existing surfaces.

In the waste placement process, the waste material was mixed with soil materials. The
volume of disposed waste and commingled soil is estimated at 160,000 cubic yards.
Because of the slope angle, and the geological mapping and characterization of the
colluvial and weathered bedrock material making up the hillside, the hillside in this area
has been identified as susceptible to sliding even before the slope was covered with waste

fill (Metcalf & Eddy 1995).
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Disposal operations at the OLF ceased by the fall of 1968 possibly due to the Present
Landfill (IHSS 114, located north of the IA) which began operation on August 17, 1968
(EG&G 1992a). The OLF waste material was covered with a soil layer after disposal
operations ceased (EG&G 1994). Details on the placement of the soil cover layer, _
including exactly when it was constructed, are not available. Portions of the slope on the .
southern side of the landfill were later regraded to correct sloughing and erosion
problems. Accurate and verifiable records of the wastes placed in the landfill are not
available. However, approximately 74,000 cubic yards of sanitary waste and '
construction debris were disposed in the landfill (Kaiser-Hill 1996). These types of
wastes likely included relatively small quantities of organics, paint and paint thinner, oil,
pesticides, and cleaners (Rockwell 1988). Commonly used organics from 1952 to 1968
may have included trichloroethene, carbon tetrachloride, tetrachloroethene, petroleum
distillates, 1,1,1-trichloroethane, dichloromethane, and benzene (Kaiser-Hill 1996). In the
1960s, the landfill may have received polychlorinated biphenyls (PCB) wastes (DOE
1992), such as carbonless copy paper, transformer and vacuum pump cleanup paper and
rags, and small capacitors and fluorescent light bulbs. Metals such as beryllium, lead, -
and chromium, may also have been placed in the landfill (Rockwell 1988). ’

There is no information indicating that the OLF was used for routine disposal of
radioactive material or other hazardous substance waste streams. During the period of
operation of the OLF, several other areas within RFETS were used for the management
and disposal of hazardous plant wastes, including radioactive waste. For example, some
uranium wastes were buried in the east trenches, and drums with cutting oils and solvents
were stored at the 903 Pad. These areas are described in the Historical Release Report
(HRR) (EG&G 1992a) and subsequent annual updates. The majority of radioactive solid
waste generated on site was disposed off site. Various controls and practices were used
to segregate and manage radioactive wastes separately from plant sanitary waste and
construction debris. Although the OLF was not operated for management or disposal of
radioactive waste, information in the HRR and characterization results indicate that some
waste contaminated with radioactive material, most notably wastes from buildings where
depleted uranium (DU) operations were conducted, were disposed in the OLF. In

. addition, in 1965, 60 kilograms (kg) of DU were placed in the landfill after the DU,
which was left on a pallet, reportedly ignited on a truck flatbed. The DU was probably
covered with soil to extinguish the fire. Efforts were later made to retrieve the DU,
however, only 40 kg were recovered. Further use of the affected area of the landfill was’
avoided (EG&G 1992a; DOE 1992). No record of any similar incident was found and - -
workers have reported none. Further removal of DU in contaminated surface soil was
completed in August 2004 leaving all surface soils below the ALs. ‘

Activities listed for the OLF in October 1954 include its use as a burning pit for the plant
(EG&G 1992a). Ash from the plant incinerator, graphite, used caustic drums, and

general trash may have been dumped in the burn pit; however, no records of waste types
have been found. Incinerator ash, for at least the first decade of plant operation, included
ash derived from the incineration of combustible paper and other trash contaminated with
low levels of DU surface contamination from Building 444, in addition to other
combustible plant wastes (EG&G 1992a). Although some incinerator ash may have been .
disposed of in the OLF, the ash was routinely disposed of in several pits west of the OLF,
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namely, IHSS-133, the Incinerator Ash Pits. Based on investigation and characterization
of the Incinerator Ash Pits, a RFCA No Further Accelerated Action (NFAA)
determination was approved. (EPA 2003) Backwash water discharged from the water
treatment plant passed through a drainage channel on the western side of the burn pit, and
flowed down to Woman Creek. No 1nformat10n is available 1dent1fymg the perlod of
operation for the burn pit.

In 1995, Metcalf and Eddy conducted geotechnical investigations at the OLF as part of
the OU-5 Phase 1 RFI/RI and described the fill material encountered during the
investigation. The material consisted of waste mixed with varying amounts of sandy,
clayey gravel and cobbles derived from colluvium and Rocky Flats Alluvium. The waste
materials in the fill included sheet metal, wood, broken glass, plastic, rubber, metal
shavings, graphite sand, solid blocks of graphite, concrete, asphalt, and portions of 55-_
gallon steel drums. The waste fill ranged in thickness from 2 ft to over 11 ft..

Seepage emerging from the OLF after a major rainstorm in July 1986 was traced toan
outfall pipe from the Building 460 footing drains (EG&G 1992a). Sloughing of material

in the area of the outfall occurred as a result and the hillside materials may have been
washed into the South Interceptor Ditch (SID). To prevent migration of materials, a
containment embankment was constructed to prevent flow into Woman Creek (EG&G
1992). The outfall piping was also extended to the east to discharge beyond the landfill
boundary (refer to Section 2.4).

Street cleaning wastes were apparently dumped in the OLF area. The duration of use of
this area for street cleaning wastes is not known. In March 1991, EPA requested that the
dumping cease because it may exacerbate any groundwater and soil contamination and it
was inconsistent with the planned CERCLA response (EPA 1991b). In July 1991, the
contractor notified DOE that it had instructed the appropriate departments not to use the
landfill as a dumping site for street sweeping litter or concrete truck washout (EG&G

- 1991).

2.3 Description and History of IHSS 196 (Filter Backwash Pond)

The water treatment plant Filter Backwash Pond was located on the hillside north of
Woman Creek, approximately 800 ft south of the water supply treatment plant in
Building 124 (EG&G 1992). The treatment plant treats water that is delivered from the
Denver Water Board reservoir and ditch system to the raw water pond located north of
the West Access Road to produce the plant’s potable water. The Filter Backwash Pond,
also known as Pond 6, was used as a retention pond to allow sampling of filter backwash
water. It was also described as an evaporation and settling pond (EG&G 1992b). There
is no record of sludge or sediment removal from the pond (DOE 1992b).

Pond 6 was constructed in 1955. However, water from the water treatment plant was
discharged at the OLF before the pond was constructed. The HRR (EG&G 1992a) refers

to an October 1954 reference that indicates backwash water from the water treatment o
plant flowed through the western side of the burning pit and down to Woman Creek. It is -

‘possible that Pond 6 was constructed in the location of the burning pit (EG&G 1992a). It
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is unclear when the Filter Backwash Pond was abandoned. By 1964, Pond 6 was no . .
longer present, and the area was covered with fill (Kaiser-Hill 1996).

The effluent from the water treatment plant was discontinuous and probably made up of
filter backwash, filter pre-wash, sludge blowdown, and other discharges from the water
treatment process (EG&G 1992). It contained filterable solids removed from the raw
water, as well as chemical flocculants (aluminum sulfate or lime) and residual chlorine
(EG&G 1992). ‘ ‘

- 2.4 Other Disturbances and Structures

Other disturbances and structures associated with IHSS Group SW-2 include a large
surface disturbance located east of the landfill area, the SID, and two outfall pipes and
their associated surface disturbances. An area of suspected surface disturbance and a
possible pit were identified west of the landfill from a review of aerial photographs
(EG&G 1994) (See Figure 2-1). :

The surface disturbance area east of the landfill waste disposal area was also identified .
from review of aerial photographs for the OLF site (EG&G 1994). The area was active
in the 1964 photography. Little historical information is available for this area; however,
the area may have served as a storage yard for pipes and scrap metal (EG&G 1994). In
the 1969 and 1971 aerial photographs, the area contains mounds of debris (EG&G 1994).

In 1980, the SID was built across the southern portion of the landfill (EG&G 1994). The
purpose of the SID was to intercept runoff from the southern portions of the Rocky Flats
Plant and divert the flow to Pond C-2. Two outfall pipes cross the OLF site. The original
outfall pipe, constructed in 1986 (EG&G 1994), discharged storm water directly onto the
landfill. This caused sloughing and sliding of the fill material. Slide material may have

. been removed from the SID and placed on the southern side of the gravel road -
constructed south of the SID (Metcalf & Eddy 1995). Sometime between 1986 and 1988,
the original outfall pipe was abandoned and a new outfall pipe was constructed southeast
across the OLF to discharge to the SID east of the landfill boundary. The buried outfall
pipe discharges into a collection basin located east of the OLF. Sloughing, erosion, and
construction of the outfall pipes may have exposed landfill waste at the surface.

2.5 Historical Interim Response Actions

Three separate response actions have been undertaken at the OLF. On July 23, 1979,
contractors grading a road southwest of Building 444 outside the perimeter fence -
uncovered a portion of the landfill (EG&G 1992). The area was surveyed and three
locations of depleted uranium were identified. One box of contaminated soil was
removed (EG&G 1992).

The reach of Woman Creek adjacent to the western portion of the landfill was relocated
because the creek threatened to erode into landfill materials (Singer 2002). Specific .
information on the relocation of Woman Creek, including when the creek was relocated,
is not available. :
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On June 7, 1990, EPA, CDPHE, and DOE staff conducted an inspection to evaluate
previously identified exposed radioactive debris in the northwestern part of the OLF
(EPA 1990). It is not known exactly when the debris became exposed; however, the area
apparently was identified in April 1990 as a barrel containing radioactive materials (DOE
1990). A radioactive materials survey near the barrel encountered low levels of depleted
uranium (EG&G 1990a). The area was roped off and access was restricted. Soil and
water samples were collected and a requested radiological survey of the entire OLF area
was subsequently conducted (EG&G 1990b). A gamma radiation survey conducted in
late 1990 identified ten locations of elevated gamma radiation (Kaiser-Hill 1996).

A radiological survey with a Field Instrument for the Detection of Low-Energy Radiation
(FIDLER) was also conducted at the OLF in 1993 as part of the OU-5 Phase 1 RFI/RI
(EG&G 1994). Of the ten areas identified in 1990, the FIDLER survey did not identify
any anomalous levels of radiation at seven of the locations. Within the bounds of two
areas in the center of the OLF identified by the 1990 survey, nine areas of anomalous
levels of radiation were found. These areas were posted as Radiologically Controlled
Areas. Several pieces of radioactive material were removed from these areas on May 28,
1993, during an emergency removal action. The material removed included a 4- to 6-
inch-diameter piece of concrete coated with a corroded metallic material, and several
small (1- to 2-inch-diameter) spherical pieces of rusty material. The materials were .
removed for subsequent management as radioactive material (EG&G 1994). Analyses
indicated that the materials contained depleted uranium. In those areas where a specific
source of the anomalous radioactivity could not be identified, surface soil samples were
collected.

In July 2004, surface soil contaminated with uranium above Wildlife Refuge Worker
Action Levels was removed (see Appendix E).

Annual walkdowns of the landfill surface have been conducted each spring to search for
classified items since 2000. No classified items have been found; however, several
carbon molds have been removed from the area and appropriately dispositioned. Some of
the items have exhibited very low levels of depleted uranium activity.

2.6 Slope Stablllty

Landslides have historically occurred at the OLF site within the colluvium and weathered ‘
bedrock prior to waste placement. During the 1995 geotechnical study, these historic
areas of discrete landslides were identified in the OLF, as well as general areas of sliding
(Kaiser-Hill 1996). In addition, the geotechnical study identified three potential slope
failure mechanisms operating in the OLF area. These mechanisms are:

¢ Shallow landslides consisting of waste fill sliding on severely weathered
claystone; '

o Shallow landslides consisting of colluvmm sliding on or with severely weathered
claystone and :
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e Deeper landslides consisting of movement within moderately weathered claystone
at depths up to or approximately 35 ft, especially in areas of steeper slopes.

Landslides on the claystone bedrock slopes beneath the alluvial surface probably
commenced after the slopes were initially exposed by continued stream erosion through
the pediment, rendering the overlying materials unstable and predisposing them toward
movement. Aerial photographs of the Woman Creek drainage prior to the waste disposal
support this theory by indicating that most landslides occurred prior to fill deposition.
There is no indication of current landsliding or mass movement of the waste and-soil fill.
Additional geotechnical data have been gathered to further evaluate the stability of the -
OLF (see Section 3.4). .

2.7 Existing Conditions

It has been approximately 36 years since disposal operations ceased at the OLF. The area
now has well-established grasses and forbs, several stands of large trees, and several -
small areas of wetland vegetation. Most of the waste is currently covered by soil up to’
several feet thick; however, the surface of the area is hummocky, and some disposed
materials are protruding from the ground in some areas. This indicates uneven waste and
cover soil layer placement resulting in erosion and sloughing processes that uncover the
wastes. The thickness and final grading and cover soil layer appears to be inadequate in a
few places. There is no indication of current landsliding or mass movement of the waste -
and soil fill. There are no seeps in the area. Stormwater ponding occurs in several areas -
because of the surface topography. Several radionuclide contamination “hot spots” have
been identified via surface soil sampling (refer to Section 4.3) and were removed in
August 2004 (see Appendix E). ‘
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3.0 ENVIRONMENTAL SETTING

3.1 Physiography

RFETS is located on the western margin of the Colorado Piedmont section of the Great
Plains Physiographic Province at an elevation of approximately 6,000 ft (Kaiser-Hill
1996). The Colorado Piedmont is characterized as an area of dissected and denuded
topography, representing an old erosion surface along the eastern margin of the Rocky
Mountains. Several pediments (broad sloping planes formed by coalescing alluvial fans
along a mountain front) developed across bedrock in the RFETS area during the
Quaternary Period (Scott 1963). The Rocky Flats pediment is the most extenswe of these
pediments.

The RFETS IA is located on a relatively flat surface of the Rocky Flats pediment. The
pediment surface has been eroded by Walnut Creek on the north and Woman Creek on
the south. As a result, the pediment surface is located at an elevation of 50 to 150 ft .
above the creeks. The grade of the gently eastward-sloping surface of the Rocky Flats_
pediment ranges from one percent in the IA of RFETS to approximately two percent just
east of the IA. Further east, the pediment’s nearly flat-lying surface gives way to lower,
gently rolling terrain of the High Plains section of the Great Plains Physiographic
Province (Kaiser-Hill 1996).

Four ephemeral creeks drain the surface water from RFETS. Surface water that flows
from the northern portion of RFETS is drained by Rock Creek, which is a
northeast-trending tributary of Coal Creek. The central and southern portions of the site
are drained by Walnut Creek, South Walnut Creek, and Woman Creek. These drainages

are all tributaries of Big Dry Creek that flows eastward. 'Coal Creek separates all of the

streams on the Rocky Flats pediment from the Front Range foothills. Surface water flow
in these creeks is generally ephemeral; however, some reaches may support mtermlttent

or perennial flow. : .

3.2 Climate

The climate at RFETS is characterized as semiarid (Kalser-Hlll 1996) with a mean annual
precipitation of approxnmately 15.5 inches, based on 20-year means for Boulder and
Lakewood, Colorado. The wettest season is spring (March through May), which
accounts for approximately 40 percent of the annual precipitation, much of which is
snow. Thunderstorms during the summer months provide another 30 percent of the
annual precipitation. The precipitation gradually declines through the summer, fall, and
winter (Kaiser-Hill 1996). - Average annual pan evaporation in central Colorado is
approximately 55 inches (DBS 2001). -

The predominant wind direction at RFETS is northwesterly, and average wind speeds are
under 15 miles per hour. Daytime heating causes upslope winds to form, with :
northeasterly winds common over the broad South Platte River Valley. More localized
southeasterly winds also occasionally occur during the day at the Site because the terrain’

4s oriented southeast toward Standley Lake and the city of Arvada. The winds reverse at . ..
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night with a shallow, westerly drainage wind forming over the Site and a broad, sbuthérly'
drainage wind forming over the South Platte River Valley (DOE 1999).

RFETS is noted for its strong winds. Gusty winds frequently occur with thunderstorms
and the passage of weather fronts. The highest wind speeds occur during the winter as
westerly windstorms, known as chinooks. The windstorm season at the Site extends from
late November into April, with the height of the season usually occurring in January. The
windstorms typically last 8 to 16 hours, with wind speeds exceeding 75 miles per hour in
almost every season. Wind gusts exceeding 100 miles per hour are experienced every
three to four years (DOE 1999).

33 Geoldgy

Geologic units beneath the OLF consist of unconsolidated Quaternary deposits that lie

unconformably over Cretaceous claystone bedrock. Six north-south cross sections were

* developed during the 1995 geotechnical study. One cross section, Figure 3-1, is typical

. of the other cross sections developed in the study. (EG&G, 1995; Kaiser-Hill, 1996) The
unconsolidated surface deposits include the Rocky Flats Alluvium that dominates the
surface of RFETS, colluvial materials that form the slopes of the Woman Creek valley,
and valley fill materials on the bottom of the Woman Creek valley. These materials
overlie the Laramie Formation bedrock (Metcalf & Eddy 1995). Geologic units in the
OLF area are described below.

3.3.1 Rocky Flats Alluvium

The Rocky Flats Alluvium was deposited by a system of coalescing alluvial fans

aggraded by debris flows and braided streams along the base of the Front Range at the
mouth of Coal Creek Canyon (EG&G 1995). The alluvial deposits generally consist of
beds and lenses of poorly sorted, clast- and matrix-supported, white-to-pink, sandy,
cobbly gravel, gravelly sand, and silty sand (Kaiser-Hill 1996). The thickness of this unit .
ranges from about 3 to 30 ft in'the areas where the pediment deposits overlie Cretaceous-
aged bedrock (Kaiser-Hill 1996).

3.3.2 Colluvial Deposits

Colluvial deposits along the valley slopes at RFETS are middle Pleistocene to recent in
age (Kaiser-Hill 1996). The colluvial material commonly consists of dark-gray to light, -
reddish-brown, silty sand, sandy silt, clayey silt, and silty clay that contains minor _
amounts of boulders and cobbles. The unit locally includes clast- and matrix-supported
boulders and cobbles, and coarse to fine gravel in a silty-clay matrix. These materials are
well graded to poorly graded and unstratified to poorly stratified. Clasts are typically
subangular to subrounded, and their sedimentological composition reflects that of the
bedrock and surface deposits from which they were derived. The thickness of the
colluvial deposits ranges from 3 to 15 ft. '

In the OLF area, the unconsolidated colluvial deposits consist of sandy, clayey gravel
(derived from the adjacent Rocky Flats Alluvium) to sandy clay (Metcalf & Eddy 1995).
The colluvium is frequently mixed with fill material in the landfill. Soil borings indicate -
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the thickness of the colluvium ranges from 1 to 13 ft. The colluvium is dafnp to moist,
although it can be wet near its contact with the Laramie Formation (Metcalf & Eddy
1995). IR

3.3.3 Valley-fill Alluvium

Valley-fill alluvium, located along the Woman Creek drainage, includes channel and
terrace deposits related to the modern stream. These recent alluvial deposits are
commonly grayish-brown, slightly cobbly, silty sand to sandy, clayey silt in the upper
part, and poorly sorted, clast-supported, slightly cobbly, gravel in a light yellowish
brown, clayey, silty sand matrix in the lower part (Kaiser-Hill 1996). Clasts are mostly
subangular quartzite, with a minor amount of subrounded sandstone derived from older
Quaternary deposits. The thickness of these deposits ranges from approximately 3 to 15
ft, with an average of about 10 ft. '

During geotechnical investigations at the OLF (Metcalf & Eddy 1995), valley fill
alluvium was encountered in three boreholes along the toe of the landfill. The alluvium
consisted of medium dense-to-dense, sandy, silty, clayey gravel with cobbles. The
alluvium ranged from 5 to 7 ft thick, and groundwater was encountered as shallow as two
feet below ground surface (bgs). :
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Figure 3-1 Typical Geological Cross Section of the Original Landfill
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3.3.4 Laramie Formation

Bedrock in the OLF area is Laramie Formation (Kaiser-Hill 1996). The Cretaceous-aged
Laramie Formation is approximately 600 to 800 ft thick. It has been informally divided into
upper and lower members (Kaiser-Hill 1996). The upper Laramie Formation is dominantly
composed of fine-grained sedimentary rocks (primarily claystone with no thick sandstone beds).
The upper part of the upper Laramie Formation is approximately 300 to 500 ft thick, and consists

_primarily of olive-gray to yellowish-orange claystone with large ironstone nodules. A few thin,

discontinuous coal seams occur in the upper Laramie Formation. Lenticular beds of platey
laminated or friable, calcareous, fine-grained, light olive-gray sandstone occur in the upper
Laramie Formation, particularly in the upper portions of the formation. °

In the OLF area, the Laramie Formation is a weak claystone formation that underlies the soil-
bearing slopes in the OLF (Metcalf & Eddy 1995). It is severely weathered (soft, plastic, and
moist) in its near-surface aspect and underlies surficial materials in over 50 percent of borings.
Moderately weathered Laramie Formation underlies the severely weathered Laramie Formation -
and is locally plastic, soft, damp, and fractured. It was encountered underlying surficial material
in approximately 35 percent of the borings, indicating that the severely eroded Laramie
Formation was sometimes displaced through sliding or erosion. The unweathered Laramie
formation is the deepest component of the upper mémber and is similar to the moderately
weathered Laramie Formation, although somewhat drier (Metcalf & Eddy 1995).

3.3.5 Inferred Faulting

Several inferred faults had been identified during site-wide geological investigations at RFETS
(EG&G 1995). The longest of these is a northeast-trending reverse fault that extends from
Woman Creek to Colorado Highway 128 across the western part of the IA. The fault plane is
assumed to dip to the west. A borehole drilled into this fault, or fault zone, in another portion of
RFETS filled with water within a few hours of drilling (EG&G 1995). The Geological
Characterization Report (EG&G.1995, Figure 7-6) shows the fault trace going through the
western side of the OLF.

The geotechnical investigation of the OLF (Metcalf & Eddy 1995) considered the presence of

this fault. Metcalf & Eddy (1995) identified the bedrock fault as trending southwest from the _
vicinity of Building 371 through the OLF between borings 59794/71194 and 57194. The general -
location of the fault is shown on Figure 3-2. The location identified by Metcalf & Eddy (1995)
and presented in the Final OU 5 RFI/RI Report (K-H 1996) goes through the center of the

landfill. This location is based on the Systematic Evaluation Program (Geomatrix 1995). An
evaluation of inferred faults in the vicinity concluded that this fault was not capable of

generating future earthquakes (Geomatrix 1995). The inferred fault is not expected to disrupt the
engineering features or impact the structural integrity of the landfill, and does not appear to
impact groundwater hydrogeology. o
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Figure 3-2 Inferred Fault in Original Landfill Area
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3.4 Summary of Geotechnical Investigations

A geotechnical investigation conducted at the OLF in 1995 (Metcalf & Eddy, 1995) indicates
some uncertainty of the stability of the landfill, and that landsliding of the soils, bedrock and/or
waste may be possible. Within the scope and limitations detailed in the 1995 investigation, the
work is considered quite thorough and comprehensive. Detailed field investigation of the landfill
site was conducted; enabling sound geologic and geotechnical interpretation of site conditions,
subsurface materials, and landsliding conditions. However, the laboratory strength testing of
samples retrieved from the field investigation appeared somewhat limited, probably due to the
preliminary nature of the study and also some sample recovery and disturbance problems in the
weaker materials most desired for testing. Critical strength parameters for historical sliding at
interface surfaces could not be determined through laboratory testing. Therefore, a back-
calculation procedure was used in specific analyses, with an assumed factor of safety of 1.0 at
failure for slope geometry and geotechnical parameters. Therefore, to further define the level of
landfill stability and to support design of the accelerated action, a topographic survey of the
current surface was obtained and a follow-up geotechnical investigation was conducted in 2004.
The purpose of this second geotechnical investigation was as follows:
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e Obtain and conduct geotechnical testing on materials that most affect the overall stablhty
of the OLF area;

e Assess the stability of the OLF and underlying soil and bedrock using the new
geotechnical data;

e Assess the impact of groundwater on the underlying soil and bedrock stability; and

e Collect the required geotechnical information to design a long-term landfill stability
monitoring plan. '

The new geotechnical investigation data were also used to assess the structural stability impact of
a buttress fill at the toe of the landfill slope. The following paragraphs summarize the follow up
geotechnical investigation. A detailed presentation of the geotechnical data and stability analysis
can be found in Geotechnical Investigation, Phase 3 Stability Analysis, Technical Support
Memorandum (Earth-Tech 2004).

There is no current evidence of landsliding or mass movement of the waste fill and soil;
however, aerial photographs of the area prior to waste disposal suggest that the pre-landfill slope
exhibited signs of previous instability and natural erosion. The current surface is uneven, with
areas of sloughing and erosion resulting from historic landslides in the area prior to waste’
placement, poor waste management practices, and erosion and subsequent slope instability
caused by poor surface water controls during and after waste placement operations.

The slope is approximately 90 to 100 ft high, as measured from the base of the landfill to the
pediment surface. The upper 40 to 50 ft of the section consists of Rocky Flats Alluvium covered
by 10 to 15 ft of waste and soil cover. The remaining 40 to 50 ft of the slope consists of
moderately to severely weathered claystone overlain by various thlcknesses of waste, constructed
fill, and colluvium from past sliding.

The moderately to severely weathered claystone beneath and beyond the toe of the slope varies
from 10 to 20 ft in depth and then transitions into unweathered claystone. At and beyond the toe
of the slope, the weathered claystone is typically overlain by 5 to 10 ft of alluvium derived from
the Woman Creek floodplam : :

Groundwater within the slope generally occurs at or slightly above the claystone 1nterface It is
locally higher near the middle of the fill due to ponding in closed depressions behind the fill and
the poorly drained SID approximately located one-third the way up the OLF slope.

Waste was generally mixed with Rocky Flats Alluvium materials. The waste/soil matrix varies
in consistency and generally consists of a range of silty gravel, clayey sand, and low-plasticity
inorganic clay materials. Plasticity index values range from 17 to 31 percent. .Effective shear
strength values, estimated from soil descriptions, are estimated to be in the range ofa fnctlon
angle of 30 degrees with a cohesion of 50 pounds per square foot. -

Rocky Flats Alluvium is a generally dense, sandy, clayey gravel material with cobbles.
However, it sometimes contains beds of stiff to hard clays and sandy clays, as well as fine,
medium-dense to very dense clean to clayey sands. Laboratory tests by Metcalf and Eddy
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indicated the presence of low plasticity inorganic clay and high-plasticity inorganic clay .
materials with the low-plasticity inorganic clay materials having a plasticity index value of
approximately 17 percent. Effective shear strength parameters are estimated, from soil
descriptions and Metcalf and Eddy laboratory testing, to be in range of a frlctlon angle of 37
degrees.

Colluvium located along and near the toe of the slope consists of a variety of materials from
waste, Rocky Flats Alluvium, and weathered claystone materials. Tests by Metcalf and Eddy on
clayey colluvium materials derived mainly from the weathered claystone materials indicated the
presence of high-plasticity inorganic clay materials with plasticity index- values in the range of 31
to 51 percent.

Moderately to severely weathered claystone is predominately classified as a high-plasticity
inorganic clay material. Metcalf and Eddy laboratory tests indicated plast1c1ty index values in
the range of 30 to 52 percent.

Effective shear strength parameters for the colluvium and weathered bedrock from the recent
geotechnical testing estimates a friction angle equal to 20 degrees (drained strength) and 15
degrees (undrained strength). These strengths are the lower bound of all the test data and-assume
no cohesion. However, these soils do exhibit cohesion ranging from an average 0f410to 510
pounds per square foot.

Tests were not conducted on the unweathered claystone materials because any sliding is
expected to occur within the weaker weathered claystone layers above.

A detailed presentation of the geotechnical data and stability analysis can be found in
Geotechnical Investigation, Phase 3 Stability Analysis, Technical Support Memorandum (Earth
Tech 2004).

3.5 Groundwater

The uppermost groundwater is shallow, unconfined groundwater that occurs within the Rocky
Flats Alluvium, colluvial deposits, valley fill alluvium, and weathered Laramie Formation. This
water-bearing zone is referred to as the Uppermost Hydrostratigraphic Unit (UHSU) (EG&G,
1995). The UHSU is not an “aquifer” because it is not capable of yielding significant and usable
quantities of groundwater to wells or springs (EG&G, 1995b). Soil borings in the Rocky Flats
alluvium indicate that groundwater appears hydraulically disconnected from the lower
hydrostratigraphic unit (LHSU) groundwater. -

Characteristics and dynamics of the UHSU groundwater flow system at RFETS have been
described in detail in the former Site-Wide Water Balance (SWWB) modeling work (KH, 2002).
Results showed that UHSU groundwater at RFETS typically flows towards the nearest stream.
Local flow rates and directions are strongly affected by the hydraulic properties of - :
unconsolidated material, and the morphology and orientation of the underlying claystone
bedrock and topographic surfaces. The shallow groundwater system is recharged mostly by
(direct infiltration of precipitation that is then mostly lost via evapotranspiration. As groundwater ,
moves from higher elevations towards streams, an increasing amount is lost through '
evapotranspiration, and only a small amount actually contributes as baseflow to streams.
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Groundwater elevations typically vary seasonally less than 5 ft, mostly in response to direct
precipitation recharge in wetter periods and evapotranspiration in warmer months. Water levels
above the weathered bedrock range from 0 to 5 ft along Woman Creek; below the bedrock in the
east-central waste area; 5 to 10 ft in the central waste area; 0 to 5 ft in the western waste area;
and from 10 to more than 40 ft above the bedrock north of the OLF.

3.6 Integrated Hydrolbgic Model Development and Results

A fully integrated hydrologic flow model was developed to support evaluation of several
possible closure configurations for the OLF (Integrated Hydro Systems 2004). The approach in
developing a model for the OLF is similar to that described in the Site-Wide Water Balance
(SWWB) modeling (K-H 2002). Current system flows are first simulated to demonstrate that
assumed model parameter values are reasonable. Then specific changes are made in the model
to simulate the integrated hydrologic system response to closure configuration modifications.
The MIKE SHE code, developed by the Danish Hydrological Institute, is used to simulate
integrated flows at the OLF. The code couples subsurface flows, unsaturated and saturated zone,
with surface flows, overland and channel flow. Effects of evapotranspiration and snowmelt are
also considered in the model, and output is generated subhourly over a full year.

Available geologic, hydrologic, and chemical data in the OLF and surrounding area were
reviewed and then compiled into a spatial Geographic Information System (GIS) database to
support model development. Most of this information was obtained from the former SWWB
modeling, although several new datasets were prepared. Available field geologic borehole logs
were carefully reviewed to define approximate waste and bedrock surface contacts. Recent logs
for the area, along with a higher-resolution surface topography, were then used to construct more
accurate weathered and unweathered bedrock surfaces in the OLF area than previously prepared
(K-H 2002). Refinement of the weathered bedrock surface is important because this was found
to strongly control groundwater flow gradients and levels in hillslope areas.

Thicknesses of unconsolidated material from the Building 440 area, south through the waste to
Woman Creek, range from over 20 to less than 5 ft. Thickness of the waste material is also
variable, ranging from less than 5 ft in the east-central area to more than 12 ft to the west. The
weathered bedrock thickness is generally about 20 ft through the OLF area.

More than 10 years of groundwater level data in the area, including recent 2004 data, were also _
reviewed. Groundwater level fluctuations within the OLF range from 5 to 10 ft over the year,
reflecting seasonal recharge, evapotranspiration and drainage effects. The difference in
magnitude of groundwater fluctuations between the waste and non-waste areas suggests that
unsaturated and saturated zone hydraulic properties are different in the two areas. Groundwater
depths in the UHSU range from about 20 to 30 ft below ground near the Building 440 area on the
~ mesa to about 15 ft below ground within the waste, to less than about 5 ft below ground along
Woman Creek. In the Lower Hydrostratigraphic Unit (LHSU) wells in the OLF area
groundwater depths are significantly lower than in nearby UHSU wells (57194, 71194 are -
greater than 100 ft, suggesting the LHSU and UHSU are hydraulically disconnected in the area.
Finally, a potentiometric surface map constructed using time-averaged water level information
indicates there is a west-east groundwater divide just north of Building 444. Therefore
groundwater south of this divide slowly ﬂows toward Woman Creek.
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Several steps were involved in constructing the integrated flow model. First, a 25-ft numerical
grid was prepared to better simulate local flow conditions associated with the OLF (a 200-ft grid
resolution was used in the SWWB model.) Several GIS techniques were used to then convert
spatial hydrogeologic GIS information onto the finer grid. Spreadsheet algorithms were then
used to convert gridded GIS information into model input. Unsaturated and saturated zone
hydraulic properties determined through integrated model calibration conducted for the original
SWWB model and subsequent VOC fate and transport modeling (K-H 2004) were specified in
the localized model. However, new values for drain conductances and hydraulic propertles for
the waste had to be determined through initial OLF model simulations.

The integrated model of the current system configuration, using climate data from October 1999
through September 2000 reproduces observed flow conditions-well. Model simulations require
that the Water Year (WY) 2000 climate sequence is cycled for three consecutive years to
stabilize effects of prescribed initial conditions. Model performance is assessed by comparison
of simulated and observed time-averaged water levels at well locations within the model area.
Results indicate that average difference between simulated and observed levels within the OLF is
less than one foot, and over the model area differences are just over a foot. At some well
locations differences are greater than one foot, which can be attributed to local scale effects not
captured by the resolution of the model. Simulated annual surface flow at gage GS22, though
less than observed, indicates most surface events are captured in peak flow, timing of events,
snowmelt and baseflow. Additional adjustment of drain conductances would only improve the
comparison between observed and simulated surface flows. Ultimately, the drain conductance
values are not important in evaluating impacts of closure configurations on system flows because
the drains are removed in these simulations. '

Several closure configurations were evaluated as summarized below, including assumptions:

® Scenario 1 — IA Regrade-only
o IA undergoes closure configuration (as per above)
o No changes made to existing OLF area,

o Typical climate year sequence assumed (WY2000).

e Scenario 2 - IA & OLF Regrade

o 1A undergoes closure configuration (as per above)
OLF area is regraded,
OLF area is re-vegetated,

Fill material is used as part of regrade (assume Qrf),

© O O ©O

Typical and Wet Year (100-year basis) climate year sequences are assumed. - . -

e Scenario 3 — IA & OLF Regrade; Fill Buttress, and Drain
o Same as Scenario 2,

o Includes Fill Buttress and Drain on Upgradient side. ‘

3-10
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o Typical climate year sequence assumed (WY2000)

® Scenario 4 - IA & OLF Regrade, Fill Buttress, Drain, and Slurry Wall

o Same as Scenario 3, but includes slurry wall immediately north of the waste area
footprint.

Scenario 1 was simulated to show the relative effects of regrading the OLF for a typical climate
year sequence (that is, WY2000). Within the OLF, simulated average-annual groundwater levels
change less than one foot. Locally they adjust less than three feet. The west-central area
generally increases, while the east-central area tends to decrease in response to IA closure .
modifications. For example, pavement, buildings, drains and water supply lines are removed and
then the IA is regraded and revegetated. '

In Scenario 2 (basecase) OLF closure configuration scenario, both the IA and OLF are
reconfigured. North of the OLF, the IA is closed as described above. Within the OLF, the
ground surface is regraded and assumes a mature stand of vegetation. Regrading the OLF
surface causes areas within the OLF waste to be filled up to 20 to 30 ft, and cut up to 20 ft. Asa
result, the depth to bedrock becomes.both shallower and deepens throughout the OLF waste area,
causing adjustments in groundwater levels in the area. Both a typical and 100-year wet-year
climate sequence are simulated to show average hydrologic conditions within the model area as
well as conservatively high levels.

Results of simulating the OLF regrade show an average increase in groundwater levels over the
IA. Locally, levels increase up to seven feet and decrease less than 4 feet. The model also shows
that average annual simulated depths in shallow bedrock areas rise to near ground surface (west-
central area) for typical climate conditions. For wetter periods of a typical climate year,
groundwater can discharge as seeps to the ground surface. Depths are greatest toward the eastern
and western ends of the waste area because these areas represent fill areas associated with the
regrade. Saturated heights above the weathered bedrock surface increase from 3 to 7 feet
compared to Scenario 1. A water balance of the waste area to unweathered bedrock indicates
that most of the direct precipitation infiltrates the surface soil, and then either evapotranspires or

enters the groundwater system as recharge. Model results also show that variability in

groundwater levels and flow within the hillslope are controlled by direct recharge and = . .
evapotranspiration, rather than by lateral inflow. Most of the discharge from the OLF occurs by
evapotranspiration rather than lateral subsurface flow.

In the wet-year climate sequence average annual groundwater levels increase 0 to slightly more
than 1 foot over the waste area. This increases the saturated heights above the weathered
bedrock a similar amount.

In the third scenario, effects of adding the fill buttress and upgradient drain have a limited affect
on upgradient groundwater levels. For example, levels decrease an average of less than one foot
over the waste area, but locally decrease more than 10 feet along the drain-assumed to extend to

the top of the weathered bedrock. Simulated drain discharge rates are less than 1 gpm. Effects

of adding a slurry wall in the fourth scenario down to the top of the weathered bedrock also show
only limited effects on both upgradient and downgradient groundwater levels. Average levels ..
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within the OLF decrease less than one foot. Locally, levels on the upgradient side increase less

than three feet, and levels on the downgradient (south) of the slurry wall decrease less than three
feet. The areal extent of change due to the slurry wall ranges from about 200 to 300 ft on either
side. 5

3.7 Surface W_ater

The OLF is located within the Woman Creek drainage basin, which extends eastward from the
base of the foothills near the mouth of Coal Creek Canyon to Standley Lake (Figure 3-3). The
long-term average annual yield generated by this basin is 32.1 acre-ft, with average storms
producing surface flows of 4 to 7 cubic ft per second (cfs). During extreme precipitation events
(greater than the 15-year return occurrence based on precipitation), surface flows up to 40 cfs
have been generated. Although seasonal flows can be low, Woman Creek receives continuous
flow from Antelope Springs Creek. The reach of Woman Creek adjacent to the OLF is a gaining
reach of stream (groundwater discharges to surface water); however, this inflow is likely due to
inflow from the southern side of the valley and seepage from the old orchard area (Kaiser-Hill
1996).

The Woman Creek drainage basin has an artificial water control structure, the South Interceptor
Ditch (SID), which intercepts runoff and routes it to Pond C-2. This runoff would normally flow
into Woman Creek or percolate into the underlying subsurface materials of the basin. The
Woman Creek diversion dam routes all Woman Creek flows less than the 100-year flood peak
around Pond C-2 (Kaiser-Hill 1996). With the completion of the Woman Creek Reservoir,
located just east of Indiana Street and operated by the Woman Creek Reservoir Authority,
Woman Creek flows are detained in cells of the reservoir until the water quality has been ensured
by monitoring of RFETS discharges via Woman Creek Reservoir into the Walnut Creek
Drainage below Great Western Reservoir.
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Figure 3-3 Surface Water Features
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In the past, most natural flows in Woman Creek were diverted to Mower Reservoir and did not
exit RFETS via Woman Creek. This is no longer the case. The Mower Ditch headgates were
upgraded, and water in Woman Creek leaves RFETS via Woman Creek (at GSO1) and enters the
Woman Creek Reservoir. In the past, water from Pond C-2 (located off-channel in the Woman
Creek drainage) was sampled and then pumped to the off-site Broomfield Diversion Ditch.
Currently, RFETS discharges water from Pond C-2 directly into Woman Creek via a pump (at

GS31); the water then flows to the Woman Creek Reservoir.

3.8 Ecological Setting

Even though the OLF is a highly disturbed industrial site, the area includes the Preble’s Meadow
Jumping Mouse (PMJM) protection area and wetland areas associated with surface water in the
area. PMJM is listed as threatened by the U.S. Fish and Wildlife Service (USFWS). This listing
provides special protection for the species under the Endangered Species Act, and potential

remedial actions at the OLF must be evaluated for potential impacts to PMJM.

PMIM have been identified in all the major drainages of RFETS: Rock Creek, Walnut Creek,
and Woman Creek, and the Smart Ditch drainages. Native plant communities in these areas
provide a suitable habitat for this small mammal. PMJM at RFETS are restricted to riparian
areas and pond margins, apparently requiring multistrata vegetation with abundant herbaceous
cover. PMJIM populations at RFETS are found in association with the riparian zone and seep
wetlands across RFETS. The vegetation communities that provide PMJM habitat include the
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Great Plains riparian woodland complex, tall upland shrubland, wetlands adjacent to these
communities, and some of the upland grasslands surrounding these areas. Recent studies have
produced a better understanding of population centers of the species, and studies over the past
several years have provided data to help estimate numbers of individuals within each population
unit (RFETS 2000).

PMIM have been captured along Woman Creek in the area of the OLF where a significant
amount of suitable habitat occurs. The PMIM were captured in riparian areas with well-
developed shrub canopies and a relatively lush understory of grasses and forbs. This is typical of
habitats occupied by the subspecies throughout its range (Kaiser-Hill 1996). The PMJM habitat
and buffer area (Figure 3-4) includes a portion of the OLF area below the SID. The PMIM
habitat and buffer area continues east-west along Woman Creek.

Jurisdiction wetlands in the OLF area are also shown on Figure 3-4, and include the area directly
surrounding the SID. South of the landfill, wetland areas are associated with springs and riparian
fringe in the Woman Creek drainage. The SID wetlands were created when the ditch was built,
and may be considered isolated wetlands. The SID wetlands is a narrow, linear system,
dominated by cattails and coyote willows and, as such, has lower functional integrity than the
natural wetlands associated with Woman Creek. '

Surface water flows in Woman Creek are typically low and permanent with discharge sustained .
primarily from ground water seeps. Past aquatic surveys have documented the presence of the
following fish species at different times: central stoneroller, fathead minnow, golden shiner,
white sucker, green sunfish, and largemouth bass (DOE 2003). Common macroinvertebrate
organisms found in Woman Creek include species from the following groups: Oligochaeta

(aquatic worms), Amphipoda (scuds), Ephemeroptera (mayflies), Diptera (flies), and Gastropoda

(snails; DOE, 2003).
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Figure 3-4 Wetlands and PMJM Areas Near the Original Landfill
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4.0 " ENVIRONMENTAL DATA SUMMARY AND RFCA ACTION LEVEL

COMPARISON

This section summarizes environmental data that have been collected at the OLF for surface soil,
subsurface soil, groundwater, surface water, and sediment. Analyte concentrations are compared
to Site background levels to determine potential contaminants, and are compared to RFCA
Action Levels (ALs) to render accelerated action determinations in accordance with RFE TS
Action Levels and Standards Framework for Surface Water, Ground Water and Soils, RFCA

Attachment 5 (ALF).

4.1 Site Characterization Data

The data used to characterize the nature and extent of contamination in and around the OLF were
collected primarily in the early 1990s and are documented in the Final Draft Operable Unit 5
(OU 5) Phase 1 Remedial Investigation/RCRA Facility Investigation (OU-5 Phase 1 RI/RFI)
(Kaiser-Hill 1996). The OLF coincides with OU-5 Phase 1 RFI/RI Area of Concern 1 (see

Figure 2-1).

Additional sampling of groundwater and surface water at or in the proximity of the OLF has
occurred since that time. This additional sampling and analysis was planned and documented in
accordance with the RFCA Integrated Monitoring Plan (IMP) (DOE et al. 1997). The RFCA
Parties evaluate the IMP annually for adequacy and changes based on previous monitoring
results, and changed conditions; planned activities and public mput are made with the approval
of CDPHE and EPA.

The scope of the OU 5 Phase 1 RFI/RI is presented in the OU 5 Phase 1 RFI/RI Work Plan (OU
5 Work Plan) (EG&G 1992). The OU 5 Work Plan includes the rationale for the number and
location of samples. It was reviewed by EPA and CDPHE and subsequently approved and issued
on February 28, 1992. Development of the OU 5 Work Plan included a Data Quality Objective
process to describe the quantity and quality of data required. Data needs were identified to
characterize the physical and hydrogeologic setting, assess the presence of contamination at each
site, characterize the nature and extent of contamination, and support the evaluation of remedial
alternatives based on effectiveness, implementability, and cost. The type, number, and location
of samples were based on meeting these néeds. Results of these investigations are contained in
the 1996 RF I/RI Report for the OU 5 Woman Creek Priority Drainage (Kalser-Hlll 1996).

Sampling locatlons were selected based on earlier investigations and reviews of historical
records, which included earlier groundwater and surface water analytical data, aerial
photographs, site records, a magnetometer survey, and radiation surveys. All sampling and
analysis activities were conducted in accordance with the Quality Assurance requirements of the
OU 5 Work Plan. Data gaps were identified based on results of the earlier investigations, and
additional sampling and geotechnical investigation was performed to fill these gaps.

The RFI/RI sampling program resulted in the following data related to the OLF:

o Surface soil: 7,568 validated analyses from 70 surface locations;
¢ Borehole samples to bedrock: 24,964 validated analyses from 175 soil samples;
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e Groundwater: 31,171 validated analyses from 213 samples from 50 wells; and -
o Surface water: 25,384 validated analyses from 15 locations.

Investigations also included geotechnical evaluations, groundwater investigations, hydrogeologic
testing, storm sewer sampling, and air monitoring. Other investigations conducted in the same
time frame included the following:

o Field Instrument Detection Low Energy Radiation and High Purity Germanium gamma
radiation surveys to detect and identify near-surface areas of contamination from radioactive
materials; ;

e Magnetometer survey to locate ferrous materials and anomalies;

o Electromagnetic survey to delineate dump boundaries, saturated materials, and anomalies;

» Cone penetrometer tests to gather geotechnical information on the waste ﬁll alluv1um and
bedrock.; and R

e Soil gas survey for VOCs and combustible gases to locate possible sources of these
constituents.

4.2 Data Compilation and Evaluation

The OU 5 Phase 1 RFI/RI Report fully compiles, discusses, and evaluates the results of all
sampling activities at the OLF, as well as downslope/downgradient of the OLF. To simplify and
focus the evaluation of the source containment presumptive remedy, only the RFI/RI analytical
data that are directly relevant to the OLF IHSS were used in the action level comparison. These
data include OU 5 RFI/RI surface and subsurface soil data for all sample locations within or
immediately adjacent to the IHSS (Figures 4-1 and 4-2), groundwater data for Upper
Hydrostratigraphic Unit (UHSU) wells within and downgradient of the IHSS (Figure 4-3), and
surface water and sediment data for Woman Creek and the South Interceptor Ditch sampling
locations closest to the IHSS (Figures 4-4 and 4-5). Groundwater and surface water data also
include data that have been collected since the RFI/RI during routine sampling in accordance
with the IMP. All data were extracted from the RFETS Soil Water Database (SWD).

Analytical data for surface soil (ending depth for the sample interval is 6 inches or less),
subsurface soil (ending depth for the sample interval is greater than 6 inches), groundwater,
surface water, and sediment have been compared to RFETS background levels. Background
levels for metals and radionuclides in subsurface soil (geologic material of the UHSU),
groundwater (total and dissolved' concentrations for the UHSU), surface water (total and
dissolved concentrations for streams), and sediment are from the Background Geochemical
Characterization Report (DOE 1993). Background values for surface soil are from the
Geochemical Characterization of Background Surface Soils: Background Soils Characterization
Program (DOE 1995). Because of difficulties in determining the appropriate background
concentrations for organic compounds, any detection of an organic compound is considered an-
above-background observation. Results were determined to be “detect” or “nondetect” based on
the result qualifier flags supplied by the laboratory. .

The OLF data are summarized in Tables 4-1 through 4-7 for surface soil, subsurface soil,
groundwater, upgradient Woman Creek surface water (stations SW039, SW040, SW041, and

! For water, samples were split into “dissolved” and “total” based on whether the samples were filtered.
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. SW506), downgradient Woman Creek surface water (stations SW032, SW033, SW10295,

SW50193, and SW50293), SID surface water (stations INT. DITCH, SW036, SW038, SW129,
and SW500), and sediment (stations INT. DITCH, SW036, SED506, SED507, SED41400, and
SED51693), respectively. These summary tables present only those analytes that were detected

"above background and the Method Detection Limit® in order to limit the tables to analytes that

are potentially contaminants at the OLF. The tables provide a comparison with action levels
from RFCA, Attachment 5. The entire analytical program for the samples addressed in Section
4.0 is summarized in Appendix C and the entire environmental data set is provided in Appendix
D.

4.3 Surface Soil

As detailed in Table 1 of Appendix C, surface soil samples were analyzed for metals,
radionuclides, volatile organic compounds (VOCs), semi-volatile organic compounds (SVOCs),
pesticides, and PCBs. As shown in Table 4-1, metals, radionuclides, and organic compounds
have been detected above background levels in surface soil; however, only uranium and a few
polynuclear aromatic hydrocarbons (PAHs) are present in surface soil above the RFCA ALs.

. Uranium contamination is present in surface soil above the ALs at four sample locations. As

shown on Figure 4-6, one sample location is on the northwestern boundary of the OLF. This area
was initially identified by gamma radiation surveys, which indicated it was a small, localized
area of contamination. The uranium contamination at this location coincides with the action
discussed in Section 2.5 for debris that became exposed at the surface in April 1990, which was
surveyed and determined to be contaminated with depleted uranium. It was further investigated
in accordance with the OU-5 Work Plan.

The other three sample locations where uranium concentrations are above the ALs are at the
center of the landfill (Figure 4-6). Elevated gamma radiation in this area was initially identified
by the 1990 gamma radiation survey and was further investigated in accordance with the OU 5
Work Plan. The OU 5 Work Plan gamma survey identified nine areas of elevated radiation
roughly bounded by the surface soil locations with the above AL uranium concentrations. As
discussed in Section 2.5, debris was removed from this area in May 1993 during the OU 5
gamma survey. The uranium contamination at this location could also be a remnant of the
depleted uranium cleanup operation that occurred in response to the dumping of 60 kg of burnt
depleted uranium, as discussed in Section 2.2.

Examination of the uranium isotope concentrations shown on Figure 4-6 indicates that the four
sample locations with uranium isotope concentrations above the ALs have a uranium-

238/uranium-234 activity ratio of approximately 10, which is indicative of depleted uranium.’

? For the Section 4 summary tables, an analyte is not listed if the maximum concentration does not exceed background and the Method Detection
Limit (MDL) listed in Appendix E of the Industrial Area and Buffer Zone Sampling and Analysis Plan (IABZSAP) (DOE 2004). This MDL may
differ from the reported sample MDL. The IABZSAP MDLs are considered representative of what most laboratories can achieve and have been
used because the MDL originally reported could have been cither an Instrument Detection Limit (IDL), MDL, or Reporting Limit (RL)
(supporting documentation is unclear). A “U qualified” result is always considered a non-detect regardless of whether the value exceeds the
1ABZSAP Appendix E MDL because the laboratory reported it as a nondetect. '

3 The U238/U234 ratio of 10 is based on the weight fractions of the isotopes in depleted uranium as provided in the 1988 DOE Publlcauonl
“Health Physics Manual of Good Practices for Uranium Facilities” (Bryce et al. 1988). They are as follows: uranium-238 — 0.9975; uranium-235
—0.0025; uranium-234 - 0.000005. These were converted to activity fractions using the specific activities of the isotopes. The activity fractions
are as follows: uranium-238 - 0.903; uranium-235 - 0.015; and uranium-234 - 0.083. As can be seen, the uranium-238/uranium-234 actmty
ratio is approximately 10.
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The other above-background concentrations of uranium in the area have associated uranium-
238/uranium-234 activity ratios that are lower, in some cases as low as approximately 1, which is
indicative of natural uranium. : -

" Surface soil removal and confirmation sampling were conducted in July 2004 at these four

locations with uranium isotope concentrations above the ALs. A description of the soil removal
and confirmation sample results are presented in Appendix C.

With respect to the PAHs, as shown on Figure 4-7, these compounds are ubiquitous in surface
soil at the OLF. However, two sampling locations have PAH concentrations that exceed the ALs,
and one of these locations shows an exceedance with a wide margin above the AL (benzo[a]-
pyrene at SS10593). PAHs are largely confined to the surface (Section 4.4), likely due to PAH-
contaminated runoff from paved areas in the 1A that contacted the soil or from the dumping of
street sweeping materials on the surface of the OLF, as discussed in Section 2.2.

4.4 Subsurface Soil

As detailed in Table 1 of Appendix B, subsurface soil samples (soil mixed with buried waste)
were analyzed for metals, radionuclides, VOCs, SVOCs, pesticides, and PCBs. As shown in
Table 4-2, metals, radionuclides, and organics have been detected above background levels in
subsurface soil; however, only PAHs were detected above the ALs. PAHs were detected in
subsurface soil in a relatively isolated location as shown on Figure 4-8. Unlike the widespread -
detection of PAHs in surface soil that probably indicates runoff from asphalt-paved areas in the
IA as a potential source, the isolated occurrence of PAHs in subsurface soil appears to indicate
the presence buried wastes and possibly asphalt and street sweepings.

4.5 Groundwater

As detailed in Table 2 of Appendix B, groundwater samples were analyzed for metals,
radionuclides, VOCs, SVOC:s, pesticides, PCBs, and water quality parameters (WQPs).
Seventeen years of data exist for radionuclides, VOCs, and WQPs (1986 to 2003). There are
metals data from 1991 to 2003, and SVOC and PCB/pesticide data mostly from 1991 to. 1995.
The SVOC and PCB/pesticide data collection was discontinued because these compounds were
largely not detected.” As shown in Table 4-3, metals, radionuclides, and organic compounds have
been detected in groundwater at concentrations above background and the Tier II ALs.*

However, the number of detections above background and the Tier II ALs was generally very
low for all of these constituents, and their concentrations were also generally very low relative to

~ background and the Tier II ALs. This is further evaluated below.

4.5.1 Metals

Antimony, beryllium, cadmium, lead, manganese, nickel, selenium, and thallium were detected
above the Tier II AL at least once in groundwater at the OLF (Table 4-3). Metal concentrations

4 Dissolved concentration data are presented in Table 4-3 for metals and radionuclides because these data are representative of the mobile fraction
of these constituents in groundwater. Total concentration data are presented for organics because these samples are not field filtered in
accordance with standard operating procedures.
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did not exceed the Tier I AL. The metal concentration distributions over time for those wells
where there was one or more detections above the Tier II ALs are discussed belqw.

Antimony As shown on Figure 4-9, wells 5786, 59593, and P416689 had concentrations of
antimony that were above the Tier II AL. However, concentrations were above background only .
once for each well, and the most current data for each well indicate concentrations were below
the Tier Il AL.

Beryllium Figure 4-10 indicates well 7086 had concentrations of beryllium that were above the
Tier II AL. There were two occurrences in the late 1980s and all subsequent measurements have
been non- detects or at trace levels well below the Tier I AL.

Cadmium Figure 4-1 1 shows that wells 7086 and 10994 had concentrations of cadmium that
were above the Tier Il AL. There was one occurrence in each well in the early to mid-1990s and
all subsequent measurements have been nondetects or at trace levels well below the Tier Il AL. -

Lead Figure 4-12 indicates well 5786 had a concentration of lead that was above the Tier II AL.

.There was one occurrence in 1990 and all subsequent measurements have been nondetects or at

trace levels well below the Tier IT AL.

Manganese As shown on Figure 4-13, four wells had manganese concentrations above the Tier
II AL. With the exception of well 59493, each well had concentrations that were either
inconsistently above the Tier II AL or within a factor of 2 of the Tier Il AL. Manganese
concentrations in groundwater at well 59493 had consistently exceeded over the Tier II AL, and
the concentration was over 10 mg/L in 1993. However, subsequent measurements indicate the
concentrations are within a factor of 2 of the Tier II AL (approximately 3 mg/L).

Nickel As shown on Figure 4-14, four wells had nickel concentrations above the Tier I AL.
However, for two of these wells (5786 and P416689), the concentrations were inconsistently
above the Tier Il AL. For the other two wells (57994 and 58194), there was only one sample for
each well, and the concentrations were within the range seen at well P416689, which is an
upgradient well.

Selenium As shown on Figure 4-15, two wells had selenium concentrations above the Tier II
AL. The concentration in well 59793, located within the OLF, was just above the Tier II AL
(and background); this was the only sample for this well. The other location where the selenium
concentration was above the Tier I AL is well 10994, an IMP Plume Extent monitoring well,
located east of the OLF (Figure 4-3). As shown on Figure 4-15, dissolved selenium :
concentrations were relatively high, averaging approximately 0.6 mg/L. These concentrations
are 10 times the Tier II AL and background. Well 10994 is sidegradient to the OLF. Therefore,
the OLF does not appear to be the source for the selenium observed at this location.

Thallium As shown on Figure 4-16, eight wells had thallium concentrations above the Tier I
AL. However, in every well, rarely did the concentrations exceed background (background is
over 2 times higher than the Tier II AL), and every above-background concentration was w1thm
a factor of 2 of the background value. : :
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4.5.2 Radionuclides

Americium-241, strontium-90, uranium-235, and uranium-238 were detected above background
and the Tier II AL at least once in groundwater at the OLF (Table 4-3). Uranium-234,
plutonium-239/240, radium-226, radium-228, cesium-137, and tritium were not detected above
background and the Tier II AL. Because americium-241 was only detected above the Tier II AL
(and background) once in 26 samples, and at a relatively low activity (0.74 pC1/L) the
occurrence of this radionuclide in groundwater at the OLF is not evaluated further’. The activity
distributions over time for the other radionuclides in wells that had one or more detections above
.the Tier II ALs are discussed below:

Strontium-90 As shown on Figure 4-17, five wells had strontium-90 activities above the Tier II
AL. However, in all the wells, the concentrations were inconsistently above the Tier II AL, and
the most recent samples had activities below the Tier II AL. ’

Uranium Uranium-235 exceeded background and the Tier II AL, and urahium—238 exceeded
background and the Tier I AL in well 61093. Uranium isotope concentrations in all other wells
were below background '

‘To further evaluate whether the uranium in groundwater is naturally occurring, the total uranium
concentrations (sum of uranium-234, uranium-235, and uranium-238) and the U-238/U-234
activity ratios for well 61093 were plotted (Figure 4-18). As shown on Figure 4-18, a trend of
increasing U-238/U-234 ratio with increasing concentration exists, which indicates the presence
of depleted uranium. (Depletéd uranium has a U-238/U-234 activity ratio of approximately 10,.
whereas natural uranium has an activity ratio of approximately 1.) On Figure 4-19, the total
uranium concentrations and the U-235/U-238 mass ratios are plotted. (The U-235/U-238 mass
ratios were calculated from alpha spectrometer data for the two uranium isotopes.) This figure
indicates the U-235/U-238 mass ratio decreased significantly when the total uranium
. concentration increased significantly. This also suggests the presence of depleted uranium

" because natural uranium has a U-235/U-238 mass ratio of 0.0072, and ratios significantly less
than this value indicate a lesser proportion of uranium-235 is present, that is, depleted uranium.

As part of a Sitewide study on the occurrence of uranium in groundwater, sample from wells
59393, 59793, and 61093 were collected and analyzed for uranium-234, uranium-235, uranium-
236, and uranium-238 using Inductively Coupled Plasma/Mass Spectrometry (ICP/MS) (data not
included in Table 4-3). This analytical method provides uranium isotope concentrations in parts -
per billion (ppb). Samples from these three wells were collected on June 22, 1999, December 7,
1999, February 8, 2000, and June 12, 2000. The average total uranium concentrations and the
average uranium-235/uranium-238 mass ratios are plotted for these wells on Figure 4-20. The
results indicate the average total uranium concentrations were low in wells 59393 and 59793 (<
100 ppb), and the average uranium-235/uranium-238 mass ratio was approximately 0.0072,
indicating the presence of natural uranium. In contrast, in well 61093, the average total uranium
concentratlon was much higher (approximately 600 ppb or 200 pC1/L) and the average

5 The single occurrence of americium-241 above the Tier Il AL was in well 7086, a downgradient well. It occurred during the
first sampling of the well in 1987, the four subsequent samples from the well indicated nondetectable americium-241 activities.
6 Dissolved concentration data were not collected in 1999 and 2000. Therefore, the results presented on Figure 4-20 (total
concentrations in 1999 and 2000) cannot be compared to results presented in Figures 4-18 and 4-19 (dissolved concentrations in
1995). .
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uranium-235/uranium-238 ratio was much lower (0.0024), indicating depleted uranium is the
source of the observed higher uranium concentrations. Also, uranium-236 was not detected in
wells 59393 and 59793, but was detected in the groundwater samples from well 61093. The
uranium-236 concentrations reported for the sample collection dates noted above were 0.015 -
ppb, 3.701 ppb, 0.027 ppb, and 0.017 ppb, respectively. Because uranium-236 is not a naturally .
occurring isotope of uranium, this further suggests the presence of depleted uranium at well
61093.

Considering the above results and the location of well 61093 within the bounds of the depleted

"uranium “hot spot” in surface soil, the “hot spot” appears to be the source of the depleted

uranium contamination in groundwater. However, for perspective, it is noted that the dissolved
uranium concentrations at well 61093 are at or near background concentrations (approxrmately
100 pCi/L of dissolved uranium).

4.5.3 Organics

Table 4-3 indicates that organic compounds, primarily chlorinated solvents, are occasionally

detected in groundwater in or near the OLF, generally at very low concentrations (<10ng/L).

Compounds with concentrations that have been above the Tier II AL include dieldrin, bis(2-
ethylhexyl)phthalate, 1,1,2,2-tetrachloroethane, 1,1-dichloroethene, methylene chloride,
tetrachloroethene (perchloroethene or PCE), and trichloroethene (TCE). The organic compound
concentration distributions over time for those wells that had one or more concentrations above
the Tier II AL are discussed below. (Note that the concentration distributions over time for -
1,1,2,2-tetrachloroethane and 1,1-dichloroethene are not shown or discussed because only a
single occurrence above the Tier II AL for each compound was detected, and the concentrations
were less than 10 pug/L.” ) The concentration distribution over time for methylene chloride is also
not shown because the seven concentrations above the Tier II AL are isolated occurrences in
seven different wells. Methylene chloride is also a common laboratory contaminant.

Dieldrin Four occurrences of dieldrin, a pestrcrde were reported at concentrations above the
Tier I AL. As shown in Figure 4-21, all four occurrences were in well 10994, and they represent
all the dieldrin data for this well. The data were collected in 1994 — 1995, and they appear to

-indicate a decreasing concentration trend. Regardless, the well is sidegradient (to the east) of the

OLF (see Figure 4-3) and, therefore, the OLF is not the source of the apparent dieldrin
contamination. :

Bis(2-ethylhexyl)phthalate Bls(2-ethylhexyl)phthalate was detected above the Tier II AL in
wells 58194, 59393, and 59493 (Figure 4-22). The three exceedances are not representative of

" the balance of the data at these wells, which indicate the compound is rarely detected or detected

at a very low level below the Tier I AL. Furthermore, the qualifier code on the data for the three
concentrations above the Tier II AL indicates the compound was detected in the laboratory -
blanks. It is concluded that the OLF is not a source for bis(2-ethylhexyl)phthalate in
groundwater.

71,1,2,2-Tetrachloroethane was detected in well 58094 at a concentration of 3 pg/L in 1994. This compound was not detected in -

this well again, or in any other well at the OLF. The 1,1-dichlorocthene concentration above the Tier I AL was for a sample

collected from well 61093 in 1993 (31 pg/L). Two subsequent samples from this well in 1995 contained 1,1-dichloroethene
concentrations of 5 pg/L and nondetected.
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Tetrachloroethene As shown on Figure 4-23, seven wells contained PCE concentrations above
the Tier II AL (see Figure 4-3 for well locations). In three of the wells (60893, 63193, and -
P416689), the PCE concentrations were near or below the Tier II AL over time. Because
P416689 is an upgradient well (to the north, up the hillside [see Figure 4-3]), it appears the
source of this low-level PCE contamination is the IA. The four other wells at the OLF with PCE
concentrations above the Tier II AL had significantly higher levels of this VOC. Three of these
wells are located within the OLF (58693, 59194, and 59794 [west-northwest of the OLF center]).
There is one data point each for wells 58693 and 59794, and three data points for well 59194.
Concentrations of PCE are in the 8 to 150 pg/L range. The fourth well with significantly higher
PCE concentrations (62893) is located sidegradient of the OLF (to the east) and has an apparent
steadily increasing concentration of PCE in the same concentration range noted above. Because
of the sidegradient position of the well, it appears the source of the PCE contamination at this
location is the IA. In summary, PCE contamination in groundwater at the OLF results from 1A
activities; there may be additional minor PCE contamination arising from the OLF.

Trichloroethene Similar to the occurrence of PCE in groundwater, eight wells contained TCE
concentrations above the Tier II AL (Figure 4-24) (see Figure 4-3 for well locations). In five of
the wells (20697, 59594, 62893, 63193, and P416689), TCE concentrations were near or below
the Tier II AL over time. Because 62893 is a sidegradient well and P416689 is an upgradient
well [see Figure 4-3]), it appears the source of this low-level TCE contamination is the IA. The
three other wells (60993, 61093, and 59794) contained significantly higher concentrations of
TCE. Although well 61093 had a maximum TCE concentration of 140 pg/L, the concentrations
continually dropped off in the subsequent three sampling events at this well, with only 2 pg/L of
TCE reported in the last sample collected from this well (June 2004). There is one datum for well
60993 (85 ng/L) and well 59794 (20 pg/L). In surnmary, TCE contamination in groundwater at
the OLF arises from the IA, and there may be additional minor TCE contamination arising from
the OLF.

4.5.4 Water Quality Parameters

Nitrate was the only WQP with concentrations above the Tier Il AL. As shown on Figure 4-25,
nitrate was detected above the Tier II AL once in well 7086. This occurrence of nitrate above
the Tier II AL was back in the late 1980s, and all subsequent occurrences were near the detection
limit or not detected. The data indicate the OLF is not a source for nitrate contammatlon of
groundwater. A

4.5.5 Groundwater Quality Summary

In summary, groundwater quality is not significantly impacted by the OLF. The OLF does not
appear to be a source for metal contamination. Uranium concentrations are near background
levels even though there appears to be depleted uranium contamination at well 61093, and there
may be minor chlorinated solvent contamination arising from the OLF. Furthermore, as shown
in Figure 4-25, chlorinated solvent contamination in groundwater does not extend downgradient
of the OLF. The most recent VOC data for these wells (last 3 years) indicate chlorinated
solvents are either not detected or detected at trace concentrations below 1 ug/L, that is., a
‘chlorinated solvent plume is not emanating from the OLF.

4-8
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4.6 Surface Water

As detailed in Table 3 of Appendix C, surface water samples were analyzed for metals,

- radionuclides, VOCs, SVOC:s, pesticides, and WQPs. Surface water quality data have been

evaluated through comparison to RFETS background levels and surface water ALs, and also
through comparison to upgradient conditions. The latter analysis was performed to evaluate
local changes in surface water quality in Woman Creek as it passes beside the OLF.

-
4.6.1 Upgradient Woman Creek Surface Water Quality

As shown in Table 4-4a, several metals, radionuclides, and organic compounds have been
detected within Woman Creek with total concentrations above background levels in surface
water upgradient of the OLF. The concentrations of some of these constituents were
occasionally above the surface water ALs. The highest frequency of concentrations above the
surface water ALs was for methylene chloride (approximately 20 percent), followed by lead
(approximately 15 percent). The frequencies of concentrations above the surface water ALs
were less than 5 percent for the remaining analytes. Methylene chloride is a common laboratory
contaminant, and was present in the associated laboratory blank for most of the reported
methylene chloride detections. The surface water AL and background value for lead are
virtually the same, explaining the occasional concentrations that were above the surface water
AL. - :

As expected, there were fewer dissolved metals and radionuclides with concentrations that
exceeded the surface water ALs (Table 4-4b). The frequencies of concentrations above the
surface water ALs were less than approximately 5 percent for these analytes. -

In summary, there are no significant impacts to Woman Creek water quality upgradient of the
OLF.

4.6.2 Downgradient Woman Creek Surface Water Quality

As shown in Tables 4-5a and 4-5b, similar to upgradient Woman Creek water quality, several
metals, radionuclides, and organic compounds have been detected above background levels

~ within Woman Creek surface water downgradient of the OLF. The concentrations of many of
these analytes were occasionally above the surface water ALs (approximately 5 percent or fewer
of the observations), and were generally low in magnitude relative to the surface water ALs. -

- Comparing Tables 4-4a and 4-5a, several metals and organics that were detected above
background in surface water downgradient of the OLF have not been detected above background
in upgradient surface water. However, these analyte concentrations typically were low relative to
‘the surface water ALs, with only infrequent concentrations above the surface water ALs. If these
additional detections can be attributed to the OLF, no analyte exceeded its action level more than
7 percent of the time. This frequency of occurrence is not sufficient to indicate the OLF has a
significant chronic impact on surface water quality. '

Even though TCE and PCE are present in groundwater at the OLF, the following observations
regarding these compounds in Woman Creek surface water are noted to underscore the lack of a
chronic impact, if any, from the OLF on Woman Creek water quality:
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e PCE (2 ug/L) and TCE (3 pg/L) were detected at SW033 on April 11, 1990. These.
compounds were not detected at this station in 10 previous and 19 subsequent sampling
events.

e TCE (26 pg/L) was detected at SW032 on November 11, 1987. TCE was not detected at this
station in 3 previous and 28 subsequent sampling events. | v

4.6.3 South Interceptor Ditch Surface Water Quality

As shown in Tables 4-6a and 4-6b, similar to upgradient and downgradient surface water quality
in Woman Creek, several metals, radionuclides, and organic compounds have been detected
above background levels in the South Interceptor Ditch (SID) surface water. Generally, the
concentrations of many of these analytes have been occasionally above the surface water ALs
(approximately 5 percent or less of the time), and are low in magnitude relative to the surface
water ALs. However, a notable difference between SID surface water quality and Woman Creek
surface water quality is evident in the occurrence of barium and the uranium isotopes.

Of the metals, barium has the highest frequency of exceeding background in SID surface water at
well over 50 percent of all observations. However, the barium concentrations exceed the surface
water AL in only one observation. Table 4-3 indicates barium concentrations are also frequently
above background in groundwater. Groundwater infiltration to the SID may be a plausible
explanation for the above-background barium concentrations in SID surface water. Barium
concentrations in OLF groundwater rarely exceed the T1er IT groundwater AL.

Unlike Woman Creek surface water, a relatively hlgh frequency of above-background
concentrations for the uranium isotopes (total and dissolved concentrations [Table 4-6a and 4-
6b]) exists in the SID, which occur at SW036 only (see Figure 4-4 for station location). The
“other stations on the SID have low concentrations of uranium (< 5 pCi). Uranium-238,
particularly the total concentration (see Table 4-6a), also has frequently exceeded the surface
water AL. (The surface water AL is for the sum of the isotopes.) As shown on Figure 4-27,
uranium concentrations (sum of the isotopes) at SW036 are typically 30 to 40 pCi/L (total, as
opposed to dissolved concentrations), and are rarely below the drainage-specific surface water
AL of 11 pCi/l. Also shown on Figure 4-27 are the U-238/U-234 ratios, which are typically
about 3. As discussed in Section 4.5 for groundwater, this elevated ratio indicates a depleted
uranium component in surface water at this station. As discussed previously, depleted uranium
contamination exists in surface soil and in groundwater at well 61093. The depleted uranium
contamination at SW036 probably arises from both contamlnated runoff and discharge of
groundwater to the SID (interflow).

Data presented by K-H (2004) provides perspective on the uranium contamination at SW036.
The median concentration of total uranium at SW036 is 30.43 pCi/L. At station SW027, located
downstream of SW036 on the SID and upstream of Pond C-2, the median concentration of total
uranium is 1.62 pCi/L. At the discharge of Pond C-2, Point of Compliance (POC) GS31, the
median concentration is 2.28 pCi/L. These data indicate significant attenuation of the total
uranium concentration through settling of particulate uranium and/or by dilution from
downstream runoff or groundwater discharge to the SID. The volume of water discharged at
SWO036 is less than 1 percent of the volume discharged in Woman Creek at Indiana Street. Thus,
" the uranium load contributed to the Woman Creek watershed by the SW036 watershed is
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relatively small. The median concentration of total uranium at station GS01 (POC for Woman
Creek at Indiana Street) is 2.5 pCi/L, well below the surface water AL of 11 pCi/L.

As a final note, even though TCE is present in groundwater at the OLF, the following
observation regarding this compound in SID surface water is provided to underscore the lack of a
chronic impact:

o TCE (8 pg/L) was detected at SW036 on April 8, 1991. This compound was not detected at
this station in 15 previous (except for 1 pg/L on August 8, 1990) and 7 subsequent sampling
events.

4.7 Sediment

As detailed in Table 4 of Appendix C, sediments samples were analyzed for metals, _
radionuclides, VOCs, SVOCs, pesticides, and PCBs. As shown in Table 4-7, only a few metals
. were detected above background in the sediment of Woman Creek and the South Interceptor
Ditch in the vicinity of the OLF. Concentrations were orders of magnitude below the RFC

ALs. ‘ 4-

4.8 Contamination Summary and Action Determinations

Contamination of environmental media at the OLF can be summarized as follows:

e Depleted uranium “hot spots” (concentrations above wildlife refuge worker (WRW) ALs)
were present in surface soil. The presence of the uranium contamination in surface soil is
consistent with the instances of placing depleted uranium on the surface of the OLF.
Surface soil removal and confirmation sampling have been conducted at the four uranium
isotope “hot spots” in July 2004. A description of the soil removal and confirmation
sample results are presented in Appendix E.

e PAH concentrations in surface soil are widespread, some of which exceed the WRW AL.
PAH concentrations in subsurface soil are more isolated, some of which also exceed the
WRW AL. It appears the source of the contamination is PAH-contaminated runoff from
asphalt within the IA, and/or the burial of asphalt and street sweepings in the OLF.

o  Groundwater is contaminated with uranium (at one location) and with low concentrations

of TCE and PCE (more widespread arising from an upgradient source). There is no
_ definitive contamination of groundwater by metals or other radionuclides and organics.

That is, the number of detections above background and the Tier II ALs were very low
for these constituents, and their concentrations were also very low relative to background -
and the Tier II ALs. Well 61093 is the only location where groundwater is contaminated
with uranium. It appears the contamination arises from depleted uranium at the surface
of the OLF. Surface water in the SID is impacted by this source of contamination from
groundwater discharge and/or runoff. Low-level TCE and PCE contamination exists in
groundwater at the OLF that appears to emanate from the IA. The OLF may be
contributing additional, albeit minor, TCE and PCE contamination to groundwater;
however, the groundwater and surface water data indicate this contamination is not
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migrating downgradient of the OLF and is not contaminating surface water. Therefore,
the OLF is not a significant source for groundwater contamination.

Surface water in the SID at SW036 is contaminated with uranium. Otherwise, SID (and
Woman Creek) surface water immediately downgradient of the OLF has very low
frequencies of analyte concentrations above the surface water ALs, which indicates the
OLF does not have a significant chronic impact on these streams. It appears the depleted
uranium contamination in the SID arises from the depleted uranium contamination at the
surface of the OLF or from the discharge of depleted uranium-contaminated groundwater.
However, uranium concentrations quickly attenuate downstream, and the uranium
concentrations at the downgradient Woman Creek POCs (GS31 and GSO01) are well
below the surface water AL.

Given the above observatidns, the folloWing action determinations have been made for the OLF:

An action determination in accordance with ALF, Section 5.3 has been made for surface
soil with uranium concentrations above the WRW ALs. These “hot spots” have been
removed as approved by the CDPHE in July 2004. Appendix E presents the description
of the soil removal and confirmation sampling resulits.

An action determination in accordance with ALF, Section 4.2 has been made for the
PAH-contaminated surface and subsurface soil. The proposed accelerated action of
source containment (soil cover) will be conducted in accordance with this IM/IRA (see
Section 7.0).

An action determination in accordance with ALF, Section 3.3 has been made for the
uranium and chlorinated solvent groundwater contamination. The uranium-contaminated
groundwater may be contributing to surface water AL exceedances at SW036 on the SID;
however, it has not caused surface water ALs to be exceeded at the downgradient POCs
on Woman Creek despite uncontrolled groundwater discharge from the OLF after the
waste disposal operations ceased. There is no indication that PCE and TCE in
groundwater at the OLF are migrating downgradient and contaminating surface water. In
addition, groundwater fate and transport modeling indicates constituents in the
groundwater will not reach Woman Creek above detectable levels. Monitoring (as a part
of the accelerated actions) in accordance with the IMP, will evaluate contaminant
concentration changes or trends.

4.9 Risk Assessment

As part of the OU 5 Phase I RFI/RI, a baseline human health risk assessment was conducted for
Area of Concern 1, which is identical to the OLF area (Kaiser-Hill 1996). Although risk and
health effect calculations were made for several receptors and exposure pathways, those most
relevant to the future anticipated land used for RFETS are the open space user and the ecological
researcher. The total estimated risk for the open space user was calculated as 6E-6 and for the
ecologlcal researcher as 1E-6.

An ecological risk assessment was conducted for several RFETS areas, including the Woman
Creek Watershed, which is also contained in the OU 5 Phase I RFI/RI Report (Kaiser-Hill 1996).

4-12
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The methodology was developed to support risk management decisions for individual Operable
Units. The approach used for the assessment is consistent with a screening-level risk assessment
appropriate for sites where ecological effects have not been observed, but contaminant levels
have been measured and can be compared with concentrations considered protectlve of
ecological receptors.

Relevant to the OLF source area, the evaluated receptor groups and related ecological

-contaminants of concern (ECOCs) are as follows:

e Aquatic Life — Metals and organics in sediment;

e Agquatic feeding birds — Mercury in fish tissue and antimony in sediment;
e Small mammals- Uranium 233/234 and 238 in soils; and

e Vegetation — Metals in soils and sediments.

In summary, the assessment concluded:

e PAHs were the primary risk to aquatic life; however, no toxicity was detected in sediment
toxicity tests using a Hyalella azteca.

. » Risks from mercury to aquatic feeding birds were significant only if the birds obtained all

their food from Pond C-1.
e Risks from antimony to aquatic feeding birds assumed 100 percent site use; however, the
streams support a small fish population and risks were not significant if adjusted for realistic °

site use factors.

¢ Radionuclides do not present a significant risk to terrestrial receptors.

" e Therisk to vegetation communities is minimal because of the small source areas and the

vegetation growth in contaminated sediment in littoral zones appears normal.

Based on the risk assessment information, baseline risks appear to be well within CERCLA
threshold criteria. The presumptive remedy of source containment is expected to maintain or
lower the baseline risks.

However, ecological impacts at the OLF will be evaluated by the Accelerated Action Ecological
Screening Evaluation (AAESE). The AAESE will be applied to the Upper Woman Drainage
Exposure Unit (EU) (DOE 2004, DOE 204a), which includes the OLF, to determine whether an
additional accelerated action is required for the EU because of risk to ecological receptors.
Because of the large size of the EU relative to the OLF, it is not anticipated the AAESE would

‘indicate adverse ecological effects to the entire EU arising solely from the OLF. Therefore, an

impact to the remedy selection for the OLF is also not anticipated.

- The OLF will be evaluated as part of the Sitewide Comprehensive Risk Assessment, which is

part of the RFI/RI and Corrective Measures Study/Feasibility Study (CMS/F S) that will be
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conducted for the Site. The need for and extent of long-term stewardship activities will be
reanalyzed in the RFI/RI and CMS/FS and will be proposed, as appropriate, as part of the
preferred alternative in the Proposed Plan for the Site. Institutional controls and other long-term
stewardship requirements for Rocky Flats will ultimately be contained in the Corrective Action
Decision/Record of Decision (CAD/ROD) and in any post-RFCA agreement. .

v @

Table 4-1
Surface Soil Data Summary
Analyte Analyte : Total Number Number | Average | Maximum | . BG Wildlife - | --Unit
Group | _ . ‘Number | - of of Conc. - Conc. [ Mean -|; Refuge |-~
o : Samples Samples Samples o .- 'Plus | - “Worker
‘Analyzed | above BG | abovethe | : . ¢ 28D " AL -
. | butbelow | AL R ’ : T e
the AL

Metal Aluminum 51 0 19450 . [ 20000 | 16902 228000 mg/kg |
Metal Antimony a4 0 448 498 | o047 409 | mgkg |
Metal Barium 51 0 160 177 141. | 26400 | me/kg |
Metal Beryllium 51 15 0 1.18 1.7 0.966 921 mg/kg |
Metal Cadmium 45 2 0 325 4.1 1.61 962 mg/kg |
Metal Chromium 51 5 0 19.7 24.2 17.0 268 mg/kg
Metal Cobalt 51 3 0 124 13.6 10.9 1550 mg/kg |
Metal Copper 51 20 0 57.8 184 18.1 40900 mg/kg
Metal Iron 51 3 0 19667 20600 18037 307000 mg/kg
Metal Lead 51 1 0 129 129 54.6 1000 mg/kg |
Metal Lithium . S 3 0 13.8 15.3 11.6 20400 mg/kg |
Metal Manganese 51 5 0 513 829 365 3480 mg/kg |
Metal Mercury 51 12 0 0.253 038 0.134 25200 mg/kg |
Metal Nickel 50 20 0 17.6 26.3 14.9 20400 mg/kg |
Metal Strontium i 51 0 54.8 62.4 489 613000 mg/kg |
Metal Tin ' 51 0 18.9 309 29 613000 mg/kg |
Metal Zinc 51 10 0 119 199 73.8 307000 mg/kg |
PCB Aroclor-1254 51 12 0 1481 3900 - 12400 ug/kg |
Pesticide 44'DDT 51 1 0 21 21 - 100000 | ugikg |
Pesticide Dieldrin . 51 1 0 34 . 34 - 1720 ughkg |
Pesticide Endosulfan sulfate 51 1 0 24 2 - 4420000 | ug/kg |
Radionuclide | Americium-241 57 9 0 0.0447 0.0865 | 0.0227 76 pCilg
Radionuclide | Plutonium-239/240 58 11 0 0.144 0.338 0.066 50 pCilg
Radionuclide | Uranium-234 59 11 1 293 2800 225 300 pCi/g
Radionuclide | Uranium-235 59 9 4 84.5 670 0.0939 8 pCilg
Radionuclide | Uranium-238 59 - 16 4 2620 38000 2 351 pCi/g
SvoC 2-Methylnaphthalene 48 2 0 6395 12000 - 20400000 | ug/kg |
SvoC Acenaphthene ' 49 2 0 23300 44000 - 40800000 | ug/kg
SVOC Anthracene 49 3 0 16903 | 47000 - 204000000 | ug/kg
svoC Benzo(a)anthracene 48 8 1 7215 45000 - 34900 ug/kg |
SVOC Benzo(a)pyrene | 49 8 2 6765 | 43000 - 3490 | ugkg |
svoc Benzo(b)fluoranthene 49 10 1. 6677 | 49000 - 34900 ug/kg |
SVOC Benzo(k)fluoranthene 49 7 0 4008 25000 - 349000 ug/kg |
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Analyte - Analyte . Total - Number Number | Average | Maximum BG Wildlife | _ Unit
"Group _ ' Number of of Conc. Conc. | Mean Refuge ‘

i : "~ | Samples Samples Samples Plus Worker
Analyzed | above BG | above the : 28D AL
L ‘ but below. AL : .
SvoC Chrysene 48 8 0 7461 46000 - 3490000 ugke |
sSvVoC Dibenz(a,h)anthracene 36 1 5150 9200 - 3490 ug/kg
SvoCc - Dibenzofuran 49 0 10650 20000 - 2950000 ug/kg
SVOC Fluoranthene 49 14 0 12551 140000 - 27200000 ug/kg
SVOC Fluorene 49 2 0 20650 39000 -, 40800000 ug/kg §-
Indeno(1,2,3- '
SVOC cd)pyrene 38 3 0 12067 32000 - 34900 ug/kg
SVOC Pyrene 49 14 0 10767 120000 - 22100000 | ug/kg
voC Naphthalene 49 2 0 22000 41000 - 3090000 ug/kg |
' __| Above the Wildlife Refuge Worker Action Level

Note: Analytes shown are those that were detected at least once above background levels and have a Wildlife Refuge Worker Action Level.
The maximum concentration is the maximum detected value, and the average concentration is the average of the data that exceed background
BG - Background . -
AL - Action Level
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(Including IHSS Group SW-2; IHSS 115, Original Landfill and IHSS 196, Filter Backwash Pond)

March 10, 2005

Table 4-2
Subsurface Soil Data Summary
Analyte Group . Analyte Total Number Number | Average | Maximum | ‘BG Wildlife- | - Unit .
Number of of Conc. Conc. Mean Refuge SR
Samples Samples | Samples R ‘Plus | Worker | °
Analyzed | above BG | above the 28D “AL .
but below AL o
the AL
Metal Antimony 51 1 0 19.5 195 16.97 409 me/kg |
Metal Arsenic 62 1 0 18.9 18.9 13.14 222 mg/kg |
Metal Barium 62 1 0 387 387 289.38 26400 mg/kg |
Metal Cadmium 61 1 0 2.3 23" | 17 962 | mg/ks |
Metal Chromium 62 3 0 118 165 : . 68.27 268 mg/kg |
Metal Copper 62 11 0 779 6920; 38.21 40900 -mg/kg |
Metal Iron 62 2 0 64200 78900. 41047 307:000 mg/kg
Metal Lead 62 12 0 105 304 2497 1000 - | mg/kg
Metal Manganese 62 3 0 1273 1540 902 3480 mg/kg |
Metal Molybdenum 60 1 0 190 190 25.61 5110 mﬂg_
Metal Nickel 62 6 0 93.6 118 62.21 20400 mg/kg |
Metal Silver 60 1 0 36 36 . 24.54 5110 mg/kg |
Metal Zinc 62 10 0 342 673 139.1 307000 | mp/kg
PCB Aroclor-1254 53 7 0 694 960 12400 ug/kg | '
PCB Aroclor-1260 54 3 0 887 1300 12400 ug/kg
Radionuclide ‘Americium-241 60 7 0 0.117 0.46 0.02 76 pCi/g
Radionuclide Plutonium-239/240_ 62 . 18 0 0.340 32 0.02 50 pCi/g
Radionuclide Uranium-234 62 4 0 13.0 30 2.64 300 pCi/g
Radionuclide Uranium-235 62 0 0.606 23 0.12 8 pCi/g
Radionuclide Uranium-238 62 20 0 2.69 12 1.49 351 pCi/g
SVoC 2-Methylnaphthalene 54 1 0 15000 15000 20400000 | ug/kg |
SVOC Acenaphthene 54 5 0 6936 31000 40800000 | ug/kg |
SVOC Anthracene 54 9 0 6143 46000 204000000 | ug/kg |
svoc Berizo(a)anthracene 54 9 1. | 6918 |. 48000 34900 - | ug/kg |
SVOC Benzo(a)pyrene 54 9 2 6243 43000 3490 | ug/kp |
svocC Benzo(b)fluoranthene 54 10 1 6431 | . 48000 34900 ug/kg |
SVOC Benzo(k)fluoranthene 54 10 0 2545 19000 349000 ug/kg |
SvoC Butylbenzylphthalate 54 0 1400 1400 147000000 | ug/kg | ’
SVOC Chrysene 54 0 7412 53000 3490000 | ug/kg
SVOC Dibenz(a,h)anthracene 54 1 0 700 700 3490 ug/kg |
svoC Dibenzofuran 54 1 0 20000 20000 2950000 | up/kg |
SVOoC Fluoranthene 54 13 0 15145 160000 27200000 | ug/kg |
SvVOC Fluorene 54 5 0 7802 35000 40800000 | ug/kg |
Indeno(1,2,3-
SVOC cd)pyrene 54 9 0 3369 22000 34900 ug/kg |
SvVoC Pyrene 54 12 0 14952 150000 - 22100000 | ug/kg |
vOC Acetone 126 2 0 265 280 102000000 | ug/kg |
voC Chloroform 128 1 0 19 19 19200 ug/kg |
vOoC Ethylbenzene 128 1 0 66 66 4250000 | u
vOoC Methylene chloride 128 2 0 82 150 2530000 .u@g_
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Final Interim Measure/Interim Remedial Action for the Original Landfill

(Including IHSS Group SW-2; IHSS 115, Ortgmal Landfill and IHSS 196, Filter Backwash Pond) March 10, 2005
Analyte Group Analyte ~ | Total | Number Number | Average | Maximum | BG | Wildlife Unit

’ - SR ‘Number { * of | =~ of Conc. Conc. Mean | Refuge '

Samples Samples Samples " - Plus Worker

Analyzed | above BG | .above the ) 28D AL

but below AL '
the AL
vVOoC Naphthalene ‘ 54 5 0 12914 61000 3090000 ug/kg
vOoC Tetrachlorocthene 128 14 0 256 900 615000 ug/kg
vOC Toluene 126 37 0 40 220 31300000 | ug/kg
vOC Trichloroethene 128 10 0 97.8 390 19600 - ug/kg |
vOC Xylene 128 1 0 150 150 2040000 | gk |
Above the Wildlife Refuge Worker Action Level ’ '

maximum concentration is the maximum detected value, and the average concentration is the average of the data that exceed background.
BG - Background
AL - Action Level

Note: Analytes shown are those that were detected at least once above background levels and have a Wildlife Refuge Worker Action Level. The
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Final Interim Measure/Interim Remedial Action for the Original Landfill .

(Including IHSS Group SW-2; IHSS 115, Original Landfill and IHSS 196, Filter Backwash Pond) . ' March 10, 2005
Table 4-3
Groundwater Data Summary
Analyte - | . Analyte T Number_ |, Number | Number | Average T BG | Tierll | TierlAL | Unit
. Group- cevof e of o) - ef sk Cone. | Mean | AL . L
- e - - Samples |- Samples - | . Samples 1} - +] . Plus
: - above BG above [ above,].- . «.b . lu) 2SD
but below | Tierlf AL | Tierl AL~ I . .
.| theTierll | butbelow B - S
5 SlAU heTierl | 0l et
: R AL Nk : -
Metal Aluminum 201 9 0 0 221 49 0234 36.5 3650 mg/l |
Metal Antimony* 200 3 0 0.0631 0.0719 0.03954-1 0.006 0.6 mg/l. |
Metal Arsenic 202 12 0 0 0.0101 0.0197 0.00531 0.65 5 mg/L |
Metal Barium 210 67 0 0 0.241 0.647 0.153 2 200 mg/L |
Metal Beryllium 202 0 2 0 0.00615 0.007 0.00267 0.004 04 mg/l. |
Metal Cadmium 203 1 2 0- 0.0054 0.0064 0.00425 0.005 .05 mg/l. |
Metal Chromium 209 1 0 0 0.018 0.018 0.0124 0.1 10 mg/L |
Metal Copper 201 15 0 0 00198 | 00317 | 0.0139 1.3 130 mg/L
Metal Lead . _203 1 0 0.0505 ~0.087 0.0110 0.015 1.5 mg/l. |
Metal Lithium ) 197 2 0 0 0.157 0.166 0.143 0.73 73 mg/L |
Metal . Manganese 204 ‘ 63. 15 0 1.02 10.5 0.162 1.72 » 172 mg/l. |
Metal Mercury . 196 4 0 0 0.00044 0.0006 0.00025 1  0.002 0.2: mg/L |
Metal - Nickel ' 210 24 13 0 0.152 0.654 0.0214 0.14 14 mg/L._ |
Metal Selenium 208 0 24 0 0.521 _1.02° 0.0437 0.05 5 mg/l. |
Metal Silver 202 5 0 0.01076 0.0122 0.00708 0.183 18.3 mg/L |
Metal Strontium * : 201 - 19 0 0 1.28 1.97 0.931 219 2190 mg/L_ |
Metal | Thallium _ 9| 9 12 0 0.00645 | 0.0083 | 0.0049 | 0.002 02 | mgL |
Metal Zinc 202 5 0 0 0.294 1.03 0.0498 11 1100 mg/l. |
Pesticide Dieldrin - 29 ] 0 4 0 0.183 0.24 S - 0.00532 0.532 ug/L
Radionuclide Americium;24l ] -2 0 1 0 0.74 074 ‘A _0.03 0.145 145 pCi/L
Radionuclide | Plutonium-239/240 27 2 0 0 0.022 0.033 0.01 0.151 15.1 pCi/L
Radionuclide | Radium-226 _ 50 13 0 0 - 0.74 1.2 0.48 20 2000 pCi/L
Radionuclide | Strontium-90* m__ | -8 8 0 :

1.64 .34 | 096 0.852 85.2 pCi/L
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Final Interim Measure/Interim Remedial Action for the Original Landfill

(Including IHSS Group SW-2; IHSS 1135, Original Landfill and IHSS 196, Filter Backwash Pond)

March 10, 2005

Analyte - . Tier 1l Tier [ AL Unit -
-Group - | L “AL’" -
Radionuclide_| Uranium-235* 188 - 4 1 0 155 |- 1547 148 | 101 101 pCilL
Radionuclide | Uranium-238* 188 129 . 0 1 " 80.83 80.83 . 40.2 0.768 76.8 pCi/L
SVOC 2,4-Dimethylphenol 80 1 0 0 2 2 - 730 73000 pg/L
svVoC 2-Methylphenol 80 1 0 0 1 - 1830 183000 pg/L
SvocC 4-Methylphenol 80 2 0 0 6.5 10 - 183 18300 pg/L
SvVoC Acenaphthene 81 10 0 0 3.1 S - 2190 219000 pg/l
SVOC Anthracene 81 1 0 0 0.5 0.5 - 11000 1100000 pg/L
SvoC Elt;()%lhexyl)phmalate 80 33 4 0’ 12.65 150 - 6 600 pg/L
svoC Butylbenzylphthalate 80 6 0 0 1.83 3 - 7300 730000 pg/L
SvoC Di-n-butylphthalate 80 1 0 0 2.00 2 - 3650 365000 pg/L
svVocC Di-n-octylphthalate 81 13 0 0 248 6 - 730 73000 pg/L
SVoC Dibenzofuran 80 22 0 0 1.82 3 - 146 14600 pg/L
SVOC Diethylphthalate 80 5 0 0 6.40 14 - 29200 2920000 pg/L
SVoC Fluoranthene 81 9 0 0 1.89 4 - 1460 146000 pg/L
SVOC Fluorene 81 0 0 2.38 - 1460 146000 pg/L
SvVoC Pyrene 81 0 0 1.60 - 100 110000 pg/L
VOC 1,1,1-Trichloroethane 300 22 0 0 2.76 37 - 200 20000 pg/L
VvOoC ”ll"elt’rza,czhloroethane : 296 0 1 0 3.00 - 0.426 42.6 pg/L l
voC 1,1,2-Trichloroethane 300 0 0 2.00 - 5 500 pg/L
vOoC 1,1-Dichloroethane 296 9 0 0 0.95 - 3650 365000 pg/L
| .voc 1,1-Dichloroethene 300 52 1 0 - 1.61 31 - 7 700 pg/L
vOoC 'Il"l'zi;:‘:ﬂorobenzene 261 1 0 0 0.70 0.7 - 70 7000 pg/L
1,2-Dichloroethene
voC (total) 118 8 2.88 4 - 70 ._7000 pg/L
VvOC 1,4-Dichlorobenzene 261 1 0.40 04 - 75 7500 pg/L
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Final Interim Measure/Interim Remedial Action for the Original Landfill

(Including IHSS Group SW-2; IHSS 115, Original Landfill and IHSS 196, Filter Backwash Pond) , . ) March 10, 2005
-Analyte . | . --Analyte . . Tier Il | TierI AL | . Unit
S sGrowp L " AL :
“the Tier 1 © ;
) 4-Methyl-2- i
voC pentanone 190 1 0 0 2.00 2 - 2920 292000 png/L
voC Acetone 172 26 0 0 17.09 65 - 3650 365000 pg/L
vOC Benzene 296 0 0 0.47 i - 5 500 g/l
VOC Carbon Disulfide 190 3 0 0 0.70 i - 3650 365000 pg/L
VOC Carbon Tetrachloride 300 7 0 0 1.11 25 - 5 500 pg/L
VvOC Chloroform ] 299 15 0 0 0.30 0.74 - 100 10000 pg/L
vOoC Hexachlorobutadiene 261 2 0 0 0.10 0.1 - 1.09 109 ug/L
vOC Methylene chloride - 298 50 7 0 2.62 23 - 5 500 ug/L-
VOC Naphthalene 262 12 0 0 4.26 16 - 1460 146000 pg/L
VOC Tetrachloroethene 301 76 15 0 6.78 110 - S 500 pg/L
VvOC Toluene 296 7 0 0 © 0.60 2 - 1000 100000 ug/L
voC Trichloroethene 301 82 16 0 5.68 140 - 5 500 ug/L
vOoC Xylene 275 2 0 0 0.79 1 - 10000 1000000 pg/L
: Above the Tier 11 Groundwater Action Level
Note: Analytes shown are those that were detected at least once above background levels and have a Groundwater Action Level. The maximum concentration is the
maximum detected value, and the average concentration is the average of the data that exceed background. Metals and radionuclides are dissolved concentrations.
Organics are total concentrations.
*Background exceeds the AL.
BG - Background
AL - Action Level
! This column includes the number of samples exceeding the Tier Il AL but less than BG when the BG value for an analyte exceeds the Tier Il AL.
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Final Interim Measure/Interim Remedial Action for the Original Landfill

(Including IHSS Group SW-2; IHSS 115, Original Landfill and IHSS 196, Filter Backwash Pond)

March 10, 2005

Table 4-4a
Upgradient Woman Creek Surface Water Data Summary (Total Concentrations)

Analyte " Analyte. - - Total Number Number |--Average | Maximum | BG Mean | * Surface Unit
. Group . : Number - of of . “Conc. Conc. * | Plus2SD | 'Water AL
. Samples Samples Samples - - g

_ Analyzed above BG | above AL
. but below
the AL'
Metal Aluminum*- 51 23 5.08 5.52 345 0.087 mg/L |
Metal Barium 52 2 0 0.136 0.136 0.12688 0.49 mglL |
Metal Beryllium 46 0 1 .0.0084 0.0084 0.00234 0004 | mgL |-
Metal Lead* 52 0 8 0.01 0.016 0.00658 0.0065 | mg/lL |
Metal Mercury* 49 4 1 "0.0011 0.0011 0.00041 0.00001 mg/l._|
Metal Nickel 49 1 0 0.0359 0.0359 0.01987 0.123 mg/lL |
Metal Silver* 52 6 1 0.0079 0.0079 000591 |- 00006 | mgn |
Radionuclide | Americium-241 . ‘43 5 2 0.0809 0162 |- 002° : 0.15 pCi/L
Radionuclide | Plutonium-239/240 43 4 0 0.0653 0.146 0.02 015 | pciL
Radionuclide | Tritium . 44 0 2 1580 £2170 494 500 | pCiL
Radionuclide | Uranium-234** 35 1 1 6.61 11.5 159 10 pCilL
Radionuclide | Uranium-235* 34 3 0 035 043 0.19 10 pCi/L
Radionuclide | Uranium-238** 35 4 0 2,07 2381 1.22 10 pCi/L
SVOC Diethylphthalate 12 1 0 2 2 - 5600 ug/L
vOC _ '1,2-Dichloroethane 50 0 1 11 11 - 0.38 pe/l
VOC 2-Butanone .44 1 0 12 12 - 21900 pg/L
4-Methyi-2-

VOC pentanone 46 I 0 31 31 - 2920 pg/L
vOC Acetone 47 16 0 9.75 23 - 3650 pg/l |
VOC Carbon Disulfide 46 1 0 6 6 - 3650 pg/L
voc, Carbon Tetrachloride | 50 0 1 6 - 025 | pen
vOC Chloroform 50 1 0 3 - 5.7 pg/L
VOC Methylene chloride 49 12 . 9 6.95 29 - 4.7. g/l |
voC Tetrachloroethene " 50 1 10 10 - 08 pg/l |
voC Toluene 48 0 105 12 - 1000 | pgiL
voc Trichlorocthene 50 1 8 8 - 27 pglL |

Above the Surface Water Action Level

Nolc Data are for surface water stations SW039, SW040, SW041, and SW506. Analytes shown are those that were detected at least once above
background levels and have a Surface Water Action Level. The maximum concentration is the maximum detected value, and the average
concentration is the average of the data that exceed background.
*Background exceeds the AL.
** The uranium surface water AL is for total uranium (sum of the isotopes).
BG - Background
AL - Action Level
! This column includes the number of samples exceeding the AL but less than BG when the BG value for an analyte exceeds the AL.
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Final Interim Measure/Interim Remedial Action for the Original Landfill

*(Including IHSS Group SW-2; IHSS 113, Original Landfill and IHSS 196, Filter Backwash Pond) March 10, 2005

Table 4-4b .
Upgradient Woman Creek Surface Water Data Summary
(Dissolved Concentrations)

Analyte - Analyte Total Number Number Average ' | Maximum | BG Mean | -~Surface Unit
Group : , Number of " of -]  Conc Conc. - Plus2SD- | ‘Water AL |. * . .
: : ) Samples Samples Samples : : . N
Analyzed | above BG | abovethe .
but below AL
the AL’ _ »
Metal | Aluminum® 49 2 2 1.57 25 0.421 0.087 mg/L
Metal Copper 56 1 1 0.022 0.028 0.0158 0016 | mg/l
Metal Lead - 52 0 3 0.0073 0.008 0.00459 0.0065 mg/L
Metal Mercury* ) 51 0 2 0.000385 0.00044 0.00026 0.00001 mg/L
Metal Zinc . 54 4 0 0.0693 0.0757 0.0499 0.141 mg/L
Radionuclide | Uranium-234** 21 1 0 228 - 2.28 1.08 10 pCi/L
Radionuclide | Uranium-238** 21 1 0 1.44 1.44 082 | 10 pCi/L
Above the Surface Water Action Level '

Notc Data are for surface water stations SW039, SW040, SW041, and SW506. Analytes shown are those that were detected at least once
above background levels and have a Surface Water Action Level. The maximum concentration is the maximum detected value, and the
average concentration is the average of the data that exceed background.

*Background exceeds the AL.

** The uranium surface water AL is for total uranium (sum of the isotopes).

BG - Background

AL - Action Level )
! This column includes the number of samples exceedmg the AL but less than BG when the BG value for an analyte exceeds the AL.
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Final Interim Measure/Interim Remedial Action for the Original Landfill
(Including IHSS Group SW-2; IHSS 115, Original Landfill and IHSS 196, Filter Backwash Pond) March 10, 2005

: Table 4-5a
. Downgradient Woman Creek Surface Water Data Summary
(Total Concentratlons)

- Analyte - | - - Analyte .- .~ Total v Average Maximum | "~ BG- Surface | :Unit.
. ~Group .~ o7 09 =] ‘Number | - 0 - Conc. Conc. | 'Mean | Water AL
' . ¢ Samples | Samy T 2w Plus, .
Analyzed | . .} 2sD
Metal Aluminum* _ 6] - 25 1 248 248 | 345 0.087 | mg/ |
Metal | Antimony* ss| 2 2| 00502 | 00559 | 0.0350 | 0.006 | mga |
Metal Barium 63 1 o| 0238 0.238 | 0.127 049 | mgn |
Metal Beryllium - 61 0 1] 0.0044 0.0044 | 0.00234 | 0.004 lm&
Metal | cadmiums* » .57 1] 1| 0.0068 0.0068 | 0.00393 | 0.0015 | mg/L |
Metal - - | Copper - ' 60 0 2| 004305 | 00609 | 00153 | 0.016 | mg'
Metal | Lead® . 59 0 2| 00215| 00248 | 0:00658 | 0.0065 . | mg/L |
| Metal | setenimt o .| ..so| :i'-0f . 5| ooms| . 602000565 | 0.0046. | mg |
Metal | Silver® .- S el 5 1] 007| - 007000591 | 00006 | mga |
Metal Zinc* e 1 1] 0312 0312 0155 | 0141 | mp/L |
Pesticide, Toxaphene . S 19 o 1| I 0.0002 | pg/L |
Radionuclide | Americium241 | 59 5 4| om2| o38] 002 | o015 |pcin
'Radionuclide | Plutonium-239/240 - 61 8 ~ 2] 0103 026 | 0.02 015 | pCinL
Radionuclide | Uranium-234** 43 3 0 241 291 159 10 pCilL
Radionuclide | Uranium-235** 40 3 0 0.447 0.74 0.19 10 pCi/L
. Radionuclide | Uranium-238** 43 2 0 1.81 2.06 122 10 pCi/L
svoC n-Nitrosodiphenylamine 19 2 0 3 5 - 5 pe/L
vOC 1,1-Dichloroethane - 66 1 0 3 3 - 3650 | pg/L |
voc 1,1-Dichlorocthene 68 1 0 s 5 - 7 pel |
voC 12-Dichloroethane | ~ 68 0 2| .85 4 - 038 | p |
vOC 1,2-Dichloropropane : 66 0 1 31 31 - 0.52 pg/L |
VOC Acetone 56 7 0 12.1 57 - 3650 pg/L
vOC Carbon Disulfide 6] 1 0 1 1 - 3650 | pp/L
vOC | CarbonTetrachloride | - - 67| . . 0 1 6 Svel i | 025 | pen |
vOC Ethylbenzene _ 66 1 0 1 1| - 200 | por
VOC | Methylenechloride - | 66 10 6 518 - 26| - a7 | pen |
voC Styrene 66 1 0 1 1 - 100 pg/L
. vOC . | Tetrachloroethene 68 0 1 2 2| - 08 | ppn |
VOC Toluene 66 2 0 7 12 - 1000 pg/L
VOC - | Trichloroethene Sl 68 0 2 i4.5 6| - 2.7 pg/L
vOC Xylene 77 2 0 2 3 - 10000 | pg/L
Above the Surface Water Action Level
Note Data are for surface water stations SW032, SW033, SW10295, SW50193, and SW50293. Analytes shown are those that were
detected at least once above background levels and have a Surface Water Action Level. The maximum concentration is the maximum
detected value, and the average concentration is the averagc of the data that exceed background.
‘Background exceeds the AL.
** The uranium surface water AL is for total uranium (sum of the isotopes).
BG - Background
‘| AL - Action Level

. ! This column includes the number of samples exceeding the AL but less than BG when the BG value for an analyte exceeds the AL.

é‘-j - '}4-23



T, o

Final Interim Measure/Interim Remedial Action for the Original Landfill
(Including IHSS Group SW-2; IHSS 115, Original Landfill and IHSS 196, Filter Backwash Pond)

March 10, 2005

Table 4-5b
Downgradient Woman Creek Surface Water Data Summary
(Dissolved Concentrations) '

Analyte . Analyte Total ~ | Number | Number | Average | -Maximum BG Surface Unit
Group Number of - of Conc. . Conc. Mean- | Water
v Samples: .| Samples | Samples : : “Plus AL
Analyzed above above 28D :
: | BGbut | the AL '
below .
" the AL'
Metal . Aluminum* 63 3 1 0.583 0583 | 0421 | . 0.087 mg/L
Metal Barium 65 1 0 0.123 0.123 | 0.116 0.49 mg/L
Metal - Beryllium* 57 0 1 0.09 0.09 | 0.00504 | 0.004 mg/L
Metal Cadmium* 61 0 2 | 0.00505 0.0051 | 0.00308 | 0.0015 . mg/L
Metal Copper 59 0 2 0.0315 0.04 | 0.01584 | 0.016 mg/L
Metal Mercury* 57 4 3 | 0.000353 0.00047 | 0.00026| 0.00001 mg/l |
Metal - 1 Selenium* 63 1 3 0.0127 0.015 | 0.0095 | 0.0046 mg/L
.Metal - Sitver* - 63 8 1] 00103 | 00103 { 000816 | 0.0006 | .mg/L.
Metal Zinc 66 6 0 0.0612 0.074 | 0.0499 0.141 mg/L
Radionuclide | Americium-241 12 0 1 0.44 044 0.33 0.15: pCi’'L
Radionuclide | Uranium-234** 31 5 0 3.00 5.72 1.08 10 pCi/L
Radionuclide | Uranium-238** 32 6 0 2.04 4.81 0.82 10 pC/L
Above the Surface Water Action Level
Note: Data are for surface water stations SW032, SW033, SW10295, SW50193, and SW50293. Analytes shown are those that were
detected at least once above background levels and have a Surface Water Action Level. The maximum concentration is the maximum
detected value, and the average concentration is the average of the data that exceed background.
*Background exceeds the AL.
*#* The uranium surface water AL is for total uranium (sum of the isotopes).
BG - Background
AL - Action Level
! This column includes the number of samples exceeding the AL but less than BG when the BG value for an analyte exceeds the AL.
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Final Interim Measure/Interim Remedial Action for the Original Landfill

(Including IHSS Group SW-2; IHSS 1135, Original Landfill and IHSS 196, Filter Backwash Pond) ‘ March 10, 2005
Table 4-6a
South Interceptor Ditch Surface Water Data Summary (Total Concentrations)
Analyte . Analyte |- Total ‘Number | Number. | Average | Maximum | BG Surface - Unit
- Group ~ | Number::f of . of Conc. Conc. - |7 :Mean - | Water AL o
Samples | Samples | Samples . " Plus ) ‘
Analyzed | above | above , 28D °
‘| BGbut | the AL :
below
the AL! - .
Metal Aluminum* - 81 39 4| 32636 996 | 345 0087 |- mgn
Metal Arsenic* 79 16 3] 000727 0.0094 | 0.00525 | 0.000018 mg/L
Metal Barium 81 60 1 0.189 147 | 0127 049 |  mgL
Metal Beryllium 79 0 1| 000780 0.0078 | 0.00234 | 0004 mg/L
Metal Cadmium* . m 2 1| 0.00900 0.009 | 0.00393 | 0.0015 mg/L
Metal Copper . | 80 0 2 0.075 0122 00153 | 0016 | mgL
Metal Lead* 81 0 4| o045 0084 | 000658 | 00065 | . mgn
Metal Mercury* . 74 6 1| 000053 | 000053 | 0.00041 | 0.00001 | mglL
Metal Nickel 75 3 0 0.059 0105 | 0019 | 0123 | mgr
Metal Selenium® 19 0 1| 0020] 002]000565| 00046 | mgn
Metal - | Silver* v 80 5 6 0.009 0.0133 | 0.00591 | 0.0006 mg/L
Metal Zinc* . | .1 1 2 0431 0448 | 0155 | 0.141 mg/L
Radionuclide | Americium-241 ' . 53| 5 2 0.204 10936 | 0.02 0.15 pCi/L
Radionuclide | Plutonium-239/240 - 68 5 2 0.172 0612 | 0.02 0.15 pCilL
Radionuclide | Tritium 47 0 3 1563 2990 | 494 500 pCilL
Radionuclide | Uranium-234** 54 45 2 527 13.77 | 159 10 pCilL
Radionuclide | Uranium-235**. 52 26 0 0426 .03 | 019 10 pCilL
Radionuclide | Uranium-238** 54 11 30 169 74| 122 10 pCilL
SVOC gt;(;hexyl)phmalate 23 1 2 - 18 |° pen
SVOC Diethylphthalate 23 i 0 4 - 5600 pe/L
SVOC :Jitrosodiphenylamine 23 1 0 4 4 - 5 pe/l
VOC 2-Butanone 51 2 0 1.5 12 - 21900 pg/L
VOC Acetone 52 5 0 49.54 210 . 3650 pg/L
vOC Bromoform sl 0 19 1.9 43
vOC Chloroform 59 4 0 236 4 - 5.7 . pg/L
vOoC Methylene chloride 591 10 3 3.08 7 - 47 - pg/l
vVOoC Toluene 59 2 0 2 3] - 1000 pg/L
vOC Trichloroethene . 59 1 1 4.5 8 - 27 pg/L
Above the Surface Water Action Level

Note: Data are for surface water stations INT. DITCH, SW036, SW038, SW129, and SW500. Analytes shown are those that were detected at
least once above background levels and have a Surface Water Action Level. The maximum concentration is the maximum detected value, and
the average concentration is the average of the data that exceed background.

*Background exceeds the AL. )

** The uranium surface water AL is for total uranium (sum of the isotopes).

BG - Background

AL - Action Level .

! This column includes the number of samples exceeding the AL but less than BG when the BG value for an analyte exceeds the AL.
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Final Interim Measure/Interim Remedial Action for the Original Landfill

(Including IHSS Group SW-2; IHSS 115, Original Landfill and IHSS 196, Filter Backwash Pond)

March 10, 2005

Table 4-6b
South Interceptor Ditch Surface Water Data Summary
(Dissolved Concentrations)

* Analyte Analyte Total Number | Number | Average | Maximum BG Surface Unit
Group s Number of | of Conc. Conc. Mean Water AL
. Samples | Samples | Samples ' . Plus
Analyzed above above 28D
BGbut | the AL : .
below" : :
the AL' o
Metal Aluminum* 51 3 1 46.9 469 | 0421 0.087 mg/L
Metal Arsenic* 47 7 2 0.0045 0.005 | 0.00382 | 0.000018 mg/L
Metal Barium 53 36 0 0.145 0178 | 0.116 0.49 mg/L
Metal Beryllium* 53 1 1 0.09 0.09 | 0.00504 [ 0.004 mg/L
Metal . Cadmium* 47 1 2 0.0042 0.0048 | 0.00308 | 0.0015 ~mglk
Metal Copper 51 0 1 0.101 0.101 { 0.0158 | -0.016 mg/L
Metal .. Lead 52 1 2 0.0327 0.072 { 0.00459 0.0065 mg/L .
Metal ‘Mercury* 48 1 -3 0.0007 0.001 | 0.00026 | 0.00001 “mg/l -
Metal Nickel 51 1 0 0.063 0.063 | 0.0186 0.123 mg/L
Metal - Zinc 51 3 2 0.298 1] 0.0499 0.141 mg/L
Radionuclide | Uranium-234** 26 20 1 3.18 _11.8 1.08 10 pCi/L
Radionuclide | Uranium-238** 26 15 4 7.47 259 0.82 10 pCi/L
Above the Surface Water Action Level
Note: Data are for surface water stations INT. DITCH, SW036, SW038, SW129, and SW500. Analytes shown are those that were detected
at least once above background levels and have a Surface Water Action Level. The maximum concentration is the maximum detected
value, and the average concentration is the average of the data that exceed background.
*Background exceeds the AL.
** The uranium surface water AL is for total uranium (sum of the isotopes).
BG - Background
AL - Action Level
! ThlS column includes the number of samples exceeding the AL but Iess than BG when the BG value for an analyte exceeds the AL.
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Final Interim Measure/Interim Remedial Action for the Original Landfill
(Including IHSS Group SW-2; IHSS 115, Original Landfill and IHSS 196, Filter Backwash Pond)
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Table 4-7
. Sediment Data Summary
Analyte Total Number Number | Average | Maximum | Bkg- Wildlife Unit

Number. | . of - of” . Conc: | .~Conc. | Mean Refuge :

Samples Samples - | Samples Plus Worker

Analyzed { above.BG -|. above the 2SD - AL

but below AL
the AL
Aluminum 4 1 0 17400 17400 15713 228000 mg/kg
Antimony 3 1 0 36.5 36.5 13.01 409 mg/kg |
Cadmium 4 1 0 2.8 2.8 1.88 962 mg/kg |
Copper 4 1 0 125 125 273 40900 - | mg/ke
Mercury 4 1 0 3.8 3.8 0.34 25200 mg/kg |
Nickel 4 1 0 213 213 17.9 © 20400 mg/kg |
Silver- 4 1 0 1.7 1.7 2.28 5110 mg/kg
Zinc 4 2 0 513.5 681 104 307000 mg/kg ]
Above the Wildlife Refuge Worker Action Level

Note: Analyt&s s<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>