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SECTION 2

INTRODUCTION

This report presents a geologic and hydrogeologic characterization of the
Present Landfill. The landfill at the Rocky Flats Plant was first identified as a
RCRA regulated unit in the fail of 1986 when the facility Part B application was in
preparation. At that time, it was determined that certain waste streams being
disposed at the landfill were RCRA hazardous wastes. Shortly thereafter, it was
determined that continued disposal of hazardous wastes at the landfill would cease.
Hence, a closure plan for interim status closure of the landfill is required pursuant to
Part 265 of the Colorado State Hazardous Waste Regulations (6 CCR) and Title 40,
Part 265 of the Code of Federal Regulations (40 CFR). The goal of the closure plan

is to meet closure performance standards as follows:

o The owner or operator must close the facility in 2 manner that: a)
minimizes the need for further maintenance; and b) controls, minimizes
or eliminates, to the extent necessary, to protect human health and the
environment, post-closure escape of hazardous waste constituents,
leachate, contaminated rainfall, or waste decomposition products to the
ground or surface waters or to the atmosphere (6 CCR and 40 CFR
265.111). '

o The owner or operator must provide a detailed description of the steps
needed to remove or decontaminate all hazardous waste residues and
contaminated containment system components, equipment, structures,
and soils during partial and final closure including, but not limited to,
procedures for cleaning equipment and removing contaminated soils,
methods for sampling and testing surrounding soils, and criteria for
determining the extent of decontamination necessary to satisfy the
closure performance standard [6 CCR at 40 CFR 265.112(b)(4)].

o The owner or operator must provide a detailed description of other
activities necessary during partial and final closure period to ensure
that all partial and final closure satisfy the closure performance
standards, including, but not limited to, ground-water monitoring,
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- leachate collection, and run-on and run-off control [6 CCR and 40 CFR
265.112(b)(5)).

o During the partial and final closure periods, all contaminated
equipment, structures and soil must be properly disposed of, or
decontaminated unless specified otherwise in 265.228 or 265.310 (6 CCR
and 40 CFR 265.114).

0 If the owner or operator does not remove all the impoundment materials
(standing liquids, waste and waste residues, liners, underlying and
surrounding contaminated soil), he must close the impoundment and
provide post-closure care as for a landfill under Subpart G (6 CCR and
40 CFR 265.110-265.120 and 265.310; 6 CCR and 40 CFR 265.228 (a,b,c)).

o] At final closure of the landfill or upon closure of any cell, the owner or
operator must cover the landfill or cell with a final cover designed and
constructed to provide long-term minimization of migration of liquids
through the closed landfill; function with minimum maintenance;
promote drainage and minimize erosion or abrasion of the cover;
accommodate settling and subsidence so that the covers’' integrity is
maintained; and have a permeability less than or equal to the
permeability of any bottom liner system or natural subsoils present (6
CCR and 40 CFR 265.310).

A closure plan was submitted on November 28, 1986, for the landfill as part of

‘ ' the RCRA Post Closure Care Permit Application for the Rocky Flats Plant (Rockwell

International, 1986a). It was prepared in accordance with 6 CCR and 40 CFR 265.
Interpretations and conclusions incorporated in this report supersede those in the 1986

Post Closure Care Permit Application.

2. REPORT QVERVIEW

This report provides results of the 1986 and 1987 site characterization
investigation performed at the Present Landfill at Rocky Flats Plant. Historical
acrial photographs and previous investigations were also sources of information for

this report.
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Presented in this introduction are site location and description, objectives of
this étudy, and a summary of previous investigation resuits. The introduction is
followed by a regional setting chapter (Section 3) which describes climatology,
physiography, geology, ground-water hydrology, and surface water hydrology in the
vicinity of Rocky Flats Plant. Section 4 describes the site hydrogeology, including
site geologic setting, ground-water flow paths, and water quality. Section 5
characterizes the surface water pathway including descriptions of surface water flow

and surface water chemistry.

Appendices A through D contain supporting data. The sampling plan for the
1987 field work is presented in Appendix A. Appendices B and C contain the
hydrogeologic data and analytical data, respectively. Finally, Appendix D contains

historical analytical data.

2.2 SITE LOCATION AND DESCRIPTION

The Rocky Flats Plant is located in northern Jefferson County, Colorado,
approximately 16 miles northwest of Denver (Figure 2-1). The Plant consists of
‘approximately 6,550 acres of federally owned land in Sections 1 through 4 and 9
through 15 of T2S, R70W, 6th Principal Meridian. Major buildings are located within
the Plant security area of approximately 400 acres. The security area is surrounded

by a buffer zone of approximately 6,150 acres (Figure 2-2).

This site characterization report addresses the Present Landfill located on the
north side- of the Rocky Flats Plant (Figure 2-2). This site was identified as a
regulated unit because materials contaminated with listed hazardous wastes were

disposed at the landfill.
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Figure 2-1: Location of Rocky Flats Plant




‘ The Present Landfill was placed in operation on August 14, 1968 after a study
determined that a landfill operation would be the most efficient and economical

means to dispose of the Plant nonradioactive solid waste. A number of available sites

- within the Plant’s boundaries were evaluated. The site selected is located on the
western end of an unnamed tributary to North Walnut Creek. The west end of this

unnamed tributary to North Walnut Creek was filled, with on-site soils from a borrow

area, to a depth of 5 feet across the width of the channel. Aerial photographs from

August, 1969, show that landfill operations had commenced by that time.

In 1974, the landfill had expanded in surface area to approximately 300,000
square feet. Two geotechnical studies were undertaken for tﬁc future expansion of
the landfill including the construction of two pond embankments east of the landfill
and ground-water, surface water, and leachate collection systems. The pond

embankments and collections systems were constructed in 1974 (Figure 2-3).

‘ The west pond (Pond No. 1) embankment was constructed approximately 500
feet east of the 1974 position of the landfill’s advancing face. The east pond (Pond
No. 2) embankment was constructed approximately 1,000 feet east of the west pond
embankment. A cutoff trench, set in bedrock, was constructed in the east pond
embankment to reduce seepage through the embankment foundation. The
embankments and ponds were built to collect and evaporate ground water, surface

water, and leachate from the collection systems.

The collection systems consist of a surface water interceptor ditch and a
combined leachate and ground-water interceptor system. The surface water

interceptor ditch was constructed around the exterior of the landfill to direct surface
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' . water run-of f Trom outside of the ditch around the landfill. The ditch is V-shaped

and approximately three feet deep with steep side slopes (Figure 2-4).

In 1977, another geotechnical study (Lord, 1977) was conducted for the
expansion of the landfill and for the location of a new borrow arcaAnorth of the
landfill. The field investigation consisted of drilling seventeen test borings; ten at
the proposed landfill extension site, f'ivc in the proposed borrow area, and two in the

existing borrow area.

The west embankment and' pond were removed in 1981 to allow eaﬁtward
expansion of the landfill. Between 1977 and 1981, the leachate collection system was
covered with waste as the landfill expanded beyond the limits of the system. Two
slurry trenches were constructed in 1981 extending eastward from the ends of the
north and south ground-water interceptor ditches. These slurry.trenches vary in
depth from 10 to 25 feet and were designed to be seated in bedrock. The leachate

‘ pond (Pond No. 1) can no longer be seen on aerial photographs beginning in the year
1982. \

Since beginning operations in 1968, the landfill has occupied a total volume of
approximately 120,000 cubic yards based on aerial photographs and geotechnical
studies; (Colorado Aerial Photo Service 1968, 1970, 1972, 1974-1985; U. S. Geol.
Survey, 1971; Scharf & Assoc, 1986; Agricultural Stabilization and Conservation
Service, 1969; Woodward-Clevenger, 1974; Zeff et al, 1974; and Lord, 1977). Of the
120,000 c;;bic yards, approximately 17,000 cubic yards are estimated to be soil utilized
as cover. The volume of covers is based on two 6-inch layers extending over an area

approximately 230,000 square feet. The total volume, as of November 1986, of
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compacted waste was estimated to be 103,000 cubic yards (Rockwell International,

1986a).

2.3 OBJECTIVES

The objectives of this study are to characterize site geology, hydrology, and
the extent of contamination. This information will be used to support closure
activities and develop post closure care and monitoring programs. Post closure care
activities and monitoring programs are preser;tcd in the Post Closure Care Permit
Application, Specifically, it is the objective of this study to evaluate the
effectiveness of the ground-water intercept system, the leachate collection system, and
the slurry trenches. In addition, an evaluation of the ground-water quality and

hydrogeology are presented along with recommendations for additional field work.

24 SUMMARY QF PREVIQUS INVESTIGATIONS

A series of investigations have been conducted at the Plant to characterize
ground water, surface water, and soils. A summary of investigations performed at the

Present Landfill is presented below.

Two geotechnical investigations (Woodward-Clevenger, 1974; and Zeff et al,
1974) were conducted for the 1974 expansion of the Present Landfill. Woodward-
Clevenger drilled 47 test holes in the existing landfill. In addition, a total of six
borecholes were drilled in three other sites to examine their suitability for landfill
construction. The study concluded that all but one location was acceptable .for
landfill expansion/construction and that a ground-water monitoring system should be

installed.
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) The geotechnical investigation undertaken by Zeff et al, (1974) proposed

‘ renovation plans for the existing landfill. Plans were developed to construct an
impervious ring around the landfill to intercept and divert ground and surface water

away from the landfill. In addition, structures were designed to sample and impound

all drainage effluent from the landfill. The Zeff et al. (1974) proposals were

implemented in 1974.

Another geotechnical study was conducted in 1977 by Lord and Associates.
This report discussed the suitability of the claystone bedrock to serve as the landfill
liner. The claystone bedrock was determined adequate to serve as a liner, and the

overburden materials were determined adequate for daily landfill cover.

Hydro-Search, Inc. (1985) presented a hydrogeologic characterization of the

Rocky Flats Plant. This report describes the hydrogeologic and ground-water quality

.conditions at the Plant based on data existing at the time. The ground-water

‘ monitoring system was described and evaluated, and recommendations were made for

a new monitoring program.

In 1.986, R.L. Henry (Rockwell International) submitted a report summarizing
trends observed in the surface water monitoring at Rocky Flats Plant. The report
discusses the surface water control system (SWCS) completed in 1980, which is
designed to divert flow around Plant site and collect surface runoff and store it
temporarily for monitoring before discharge. Henry also discusses non-radioactive

and radioactive trends in the surface water quality.

Chen and Associates (Rockwell International, 1986a) prepared a closure plan
for the Present Landfill at Rocky Flats Plant. This plan describes the construction

and operation procedures at the landfill including disposal policies and procedures;
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‘ ’ the leachate collection system; waste inventory; treatment and disposal of solid waste

and hazardous waste; and collection, removal, and treatment of leachate.

Chen and Associates (Rockwell International, 1986b) also prepared a
preliminary prioritization of sites at Rocky Flats Plant. The prioritization of sites
was based on review of previous investigations and historical aerial photographs. The

Present Landfill was considered a priority site at that time.

Four ground-water monitoring wells, two upgradient and two downgradient of
the landfill, were installed in 1986 according to the procedures outlined in Rockwell
International (1986¢). These wells were installed to characterize the hydrogeology in
the vicinity of the landfill and to evaluate whether the landfill pond was aﬁ
imminent threat to the public or the environment. The work plan for the 1986 field
program is presented in Rockwell International (1986d), and Plate 2-1 presents

monitor well locations at Rocky Flats Plant.

‘ ' Traccr_Research (1986) conducted a shallow soil-gas investigation at the Rocky
Flats Plant. Ninety-five soil-gas and shallow ground-water samples were collected and
analyzed. Another soil-gas survey was performed in 1987 by Chen and Associates
using the.Petrex method. Two grids were set up around the Present Landfill on 120

foot centers. A total of 140 samples were collected from these areas.

In 1987, seventeen additional ground-water monitoring wells were installed for
characterization of the Present Landfill. Sixtceh alluvial wells and one bedrock well

were installed.

Rockwell International (1975, 1976, 1977, 1978, 1979, 1980, 1981, 1982, 1983,

1984, 1985, 1986e, and 1987a) are annual environmental monitoring reports. These
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reports summarize annual monitoring, data collection, analyses, and evaluations of

programs at the facility.
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’ ‘ ' SECTION 1

CONCLUSIONS AND RECOMMENDATIONS

Hydrogeologic investigation results of the Present Landfill suggest landfill
may not be completely isolated from ground water exterior to the landfill by the
ground-water intercept system. However, ground-water quality impacts from the
landfill are within natural variations observed in ground-water in the vicinity of the

landfill.

Hydraulic assessments for specific areas on the west, north, and south sides of
the ground-water intercept system indicate ground water does not m_igrate into the
landfill at all locations along intercept system. However, water balance calculations
indicate ground water inflow probably occurs around the landfill. The intersection

of the ground-water intercept system and the slurry walls may be the location of this

' inflow.

Based upon an examination of alluvial water quality data from wells within
and surrounding the landfill it appears the landfill may be contributing calcium,
bicarbonate, and to a lesser extent sodium, sulfate, iroh, manganese, and strontium to
the ground water. However, ground water to the north of the north slurry wall
(presumably not influenced by the landfill) has similar concentrations of these
analytes. This implies that even jl‘ the landfill contributes these constituents to the
ground water, the resulting concentrations are within natural variations for the area.
With respect to the public health significance of the water quality directly
downgradient of the landfill (well 42-87), only iron (0.40 mg/1) ahd manganese (0.57

mg/1) exceed the ground-water quality criteria (0.3 and 0.05 mg/l, respectively).
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However, manganese also exceeds the criterion (maximum concentration of 0.63 mg/l)
in upgradient ground water, and it is not elevated with respect to upgradient

conditions.

It is concluded that the landfill does not alter alluvial ground-water quality
relative to the natural «variations in the vicinity of the landfill and relative to public
health-based water quality criteria, Hvigh salt concentrations further down‘thc
drainage (wells 6-86 and 5-86) appear to result from another yet unidentified and

presumably natural source.

Bedrock ground-water quality is conjectured to be.influenced largely by
mineral dissolution within the sandstones and claystone. High salt concentrations

observed in bedrock wells are not seen in alluvial ground water within the landfill.

An impermeable cap will be placed on the Present Landfill area during closure
to eliminate precipitation infiltration. This cap will aid in removing water currently
present by reducing recharge to the landfill. However, Athe effectiveness of this plan
is dependent upon the ability of the in-place ground-water collection system to
effectively divert ground water away from the landfill. Therefore, the following
future actions are recommended to evaluate the performance of the collection system.
These activities will be completed within one year.

1) Well 59-87 should be abandoned because the borehole penetrates the
clay surface seal of the ground-water/leachate collection system. This
well should be replaced by another alluvial monitoring well located
approximately 80 feet northeast of well 59-87 along cross-section line E-
E’. This new well will allow continued monitoring of water levels
within the landfill waste.

2) An addition alluvial monitoring well will be installed approximately
100 feet north of well 72-87. By installing this well, a well pair will be
established straddling the south slurry trench . Single hole pump tests
will then be.performed on well 68-87 and the proposed new well, with
67-87 and 72-87 serving as the observation wells during these tests. The
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3)

4)

3)

6)

7)

effectiveness of the slurry trenches will then be assessed based on the
response of these observation wells to the pumped wells.

A bedrock monitor well will be installed adjacent to well 64-87 and
completed in the sandstone unit subcropping in this area. An additional
bedrock well will also be installed approximately 350 feet east of well
64-87 and completed in the same sandstone unit. This sandstone should
be encountered approximately 43 feet below ground surface based on a
seven degree casterly dip. A comparison can then be made between
bedrock water quality inside and outside of the Present Landfill.

Single hole pump tests should be conducted in wells 63-87, 64-87, and
the replacement well for 59-87 with wells 62-87, 65-87, and 58-87
serving as the observation wells, respectively. These tests will serve to
establish if a hydraulic connection exists between alluvial ground-water
inside and outside of the landfill at these locations.

The valves present along the ground-water collection system outside
pipe drain will be exposed to determine where the water is being
diverted. .

The areas where the north and south slurry trenches are keyed into the
outside pipe drain will be uncovered and examined to determine if a
blockage of the drain occurred during this constriction.

Monthly monitoring of ground-water levels within the landfill will
continue to establish seasonal variations in water levels.

Additional bedrock monitoring well be installed and field tests will also be

performed to further characterize the bedrock hydrogeology at the Present Landfill

The following recommendations are provided to meet this objective.

D

2)

An additional bedrock monitor well will be installed approximately 170
feet ecast of well 8-86 to verify the sandstone unit subcrop beneath the
landfill pond. The unit should be encountered at approximately one to
five feet below ground surface and should extend to a depth of
approximately 21 feet below ground surface. The lithology of this
sandstone will be compared to the description of the completion
sandstone of 41-87BR to verify the correlation.

A bedrock well will be installed approximately 75 feet east of well 72-
87 (along Cross-section line C-C’) to verify the thickness of the
subcropping sandstone present in wells 70-87 and 72-87. The
subcropping sandstone should be encountered at approximately eight
feet below ground surface. The borehole will fully penetrate the
sandstone unit to determine the thickness of the bed, and the well will
be screened across the entire sandstone thickness.
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3

4)

Two additional bedrock monitor wells will be installed near well 41-
87BR. One of these wells will be completed in the uppermost sandstone
unit encountered in 41-87BR (approximately 33 feet below ground
surface). The second well will be completed in the middle sand found
in 41-87BR approximately 48 feet below ground surface. These
additional wells will help formulate an assessment of the bedrock
ground-water quality leaving the present landfill area.

Slug tests will be conducted in all newly installed wells as well as in
wells 40-87 and 42-87 to .determine the hydraulic conductivity of the
valley fill alluvium.

Finally, additional sampling programs for both surface water and ground

water are recommended for continued monitoring as follows.

1)

2)

3)

4)

5)

Continue sampling and measuring flow rates of leachate discharging
from the landfill toe to assess water quality and water balance.

Monitor spray rates from the landfill pond.

Continue monitoring flow rates and water quality from the ground-
water interceptor outlets.

Conduct a full year of ground-water sampling to confirm analytical
results.

Conduct quarterly sampling and flow measurements at surface water
stations LFP,SW13, SWI14, and SWI15 (Plate 5-1) to evaluate temporal
variations in water quality and flow rates.
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‘ ' SECTION 3

REGIONAL SETTING

This section presents the regional setting of Rocky Flats Plant, inciuding
discussions of climatology, physiography, geology, ground-water hydrology, and
surface water hydrology. Site-specific discussions of hydrogeology and surface water

hydrology at the Present Landfill are presented in Sections 4.0 and 5.0, respectively.

31 IMATOLOGY

The area surrounding the Rocky Flats Plant has a semiarid climate typical of
the Rocky Mountain region. However, the elevation of the Plant and the nearby

slopes of the Front Range slightly modify the regional climate.

‘ Winds at Rocky Flats Plant, although variable, -are predominantly from .the
west-northwest. Stronger winds occur during the winter, and the area occasionally
experiences Chinook winds with gusts up to 100 miles per hour because of 'its location
near the Front Range (DOE, 1980). Figure 3-1 shows the wind direction, frequency,

and average velocity for each direction as recorded in 1985.

Temperatures are moderate; extremely warm or cold weather is usually of

short duration. On the average, daily summer temperatures range from 55 to 85
degrees Fahrenheit (F) and winter temperatures range from 20 to 45 degrees F.
Temperaiurc extremes recorded at the Plant have ranged from 102 degrees F on July
12, 1971 to -26 degrees F on January 12, 1963. The 24-year daily average maximum

temperature for the period 1952 to 1976 was 76 degrees F, the daily average minimum
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(after: Rockwell International, 1987a)

Figure 3-1:
1986 Annual Wind Rose for the Rocky Flats Plant




was 22 degrees F, and the average annual mean was 50 degrees F. Average relative

humidity was 46 percent (DOE, 1980).

Avéragc annual precipitation at the Plant is 15 inchés. Approximately 40
percent of the precipitation falls during the spring season, much of it as snow.
Thunderstorms from June to August account for an additional 30 percent of the
precipitation. Autumn and winter are drier seasons, accounting fo.r 19 and 11 percent
of the annual precipitation, respectively. Snowfall averages 85 inches per year,

generally occ‘urring between October and May (DOE, 1980).

3.2 PHYSIOGRAPHY

The Rocky Flats Plant is located at an clevation of approximatcly 6,000 feet
above mean sea level. The site is on the western margin of the Colorado Piedmont
section of the Great Plains Physiographic Province (Fenneman, 1931). The Colorado
Piedmont ranges in elevation from 4,000 feet on the east to 7,000 feet on the west.
The Piedmont merges to the east with the High Plains section of the Great Plains.
Province and is terminated abruptly on the west by the Front Range section of the

Southern Rocky Mountain Province (Figure 3-2).

The Colorado Piedmont i; an area of dissected topography and denudation
where Tertiary strata ‘undcrl)'/ing the High Plains have been almost completely
removed. In a regional context, the piedmont represents an old erosional surface
along the: eastern margin of the Rocky Mountains. It is underlain by gently dipping
sedimentar§ rocks (Paleozoic to Cenozoic in age), which are abruptly upturned at the
Front Range to form hogback ridges parallel to the mountain front. The piedmont

surface is broadly rolling and slopes gently to the east with a topographic relief of
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only several hundred feet. This relief is due both to resistant bedrock units that
locally rise above the surrounding landscape and to the presence of incised stream
valleys. Major stream valleys which transect the piedmont from west to east have
their origin in the Front Range. Small local valleys have developed as tributaries to
these major streams within the piedmont. In the area of the Plant, a series of
Quaternary pediments have been eroded across this gently rolling surface (DOE,

1980).

The ecastern margin of the Front Range a few miles west of the Plant is
characterized by a narrow zone of hogback ridges and flatirons formed by steeply
east-dipping Mesozoic strata (such as the Dakota Sandstone and the Fountain
Formation). Less resistant sedimentary units were removed by erosion (Figure 3-2).
The Front Range reaches elevations of 12,000 to 14,000 feet above mean sea level 15
miles farther west. The range itself is broad and underlain by resistant gneiss, schist
and granitic rocks of Precambrian age. The resistant nature of these rocks has
restricted stream erosion so that deep, narrow canyons hgve developed in the Front

Range.

Several pediments have been eroded across both hard and soft bedrock in the
area of the Plant during Quaternary time (Scott, 1963). The Rocky Flats pediment is
the most extensive of these, forming a broad flat surface south of Coal Creek. The
broad pediments and more narrow terraces are covered by thin alluvial deposits of
ancient streams draining eastward into the Great Plains. The sequence of pediments
reflects repetitive physical processes associated with cyclic changes in climate. Each
erosional surface and stratigraphic sequence deposited on it probably represents a
single glacial cycle. The oldest and highest pediment, the Subsummit Surface (Scott,

1960), truncates the hogback ridges of the Front Range. Three successively younger
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ped.iments, veneered by alluvial gravels, extend eastward from the mountain front.
Erosion of valleys into the pediments followed each depositional cycle so that, near
the mountain front, stratigraphically younger geologic units occur at topographically
lower elevations as narrow terrace deposits along the streams. From oldest to
youngest, the three pre-Wisconsin deposits are the Rocky Flats Alluvium, the Verdos
Alluvium and the Slocum Alluvium (Scott, 1965). A series of Wisconsin and post-
Wisconsin terrace debosits are present at lower clevationﬁ along streams that have
incised the older pediments (east of the Plant). These alluvial deposits are described

in Section 3.3.3, Surficial Geology.

The Rocky Flats Plant is located on a relatively flat surface of Rocky Flats

Alluvium. The pediment surface and overlying alluvium (generally 10 to 50 feet

. thick, aithough the alluvium is as much as 100 feet thick west of the Plant) have been

eroded by Walnut Creek on the north and Woman Creek on the south so that terraces
along these streams range in height from 50 to 150 feet. The grade of the gently
eastward-sloping, dissected Rocky Flats Alluvium surface varies from 0.7 percent at

the Plant to approximately 2 percent just east of the Plant.

3.3 REGIONAL C

3.3.1 logj i hic Hi

This section describes the regional geologic and stratigraphic history in the
vicinity of the Plant, including the Denver Basin. Section 4.0 describes the site

specific geology and stratigraphy of the Present Landfill.

The Rocky Flats Plant is located on the northwestern flank of the Denver

Basin and is underlain by about 12,000 feet of Paleozoic and Mesozoic sedimentary
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‘ - rocks (Hurr, 1976). The Denver Basin is an asymmetric syncline that formed during
the Late Cretaceous Laramide Orogeny. The western limb of the basin dips steeply to

the east, and the eastern limb dips gently to the west (Figure 3-3).

The gcologic_ history of northeastern Colorado involves several episodes of
mountain building and oceanic transgression and regression, resulting in the
deposition of thousands of feet of sedimentary rock on top -of the Precambrian
basement. This section describes the geologic history beginning with Precambrian
time.- Geologic descriptions of the various units are provided within this context.

More detailed descriptions of the units present on site are providedv in Section 5.0.

Early Precambrian tectonic, metamorphic, and plutonic igneous activity

created a complex fabric in the basement rock of Colorado (Grose, 1972). The

Precambrian units were covered by marine and continental sedimentation during the

lower Paleozoic (carbonate and siliciclastic rock units were deposited unconformably

‘ on the Precambrian basemént). Most of these units were later eroded by multiple
Paleozoic diastrophisms, thus removing Cambrian to Missiésippian rocks from the

Denver Basin area (Kent, 1972).

_ Middle Pennsylvanian orogenic activity formed the Ar_:cestral Rockies, and the
Fountain Formation was deposited unconformably on the uplifted Precambrian
basement (Figure 3-4). The Fountain Formation contains coarse clastics derived
from the -erosion of the Ancestral Rockies and deposited as alluvial fans along a
continental margin (Martin, 1965). The result was nonmarine sedimentation that
occurred iln northeastern Colorado from the Triassic to early Cretaceous. This

sedimentation deposited a sequence of aeolian, fluvial-deltaic, and lacustrine units
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known as the Lyons, Lykins, Ralston Creek, Morrison, and Dakota Formations (Figure

3-4) (Kent, 1972).

The Pierre Shale, consisting of more than 5,600 feet of shales and siltstones,
was deposited in the final phases of oceanic sedimentation. The sedimentation
resulted from the last oceanic transgression occurring 100 million years ago during
the late CrétaccOus. ~ This transgression formed an epicontinental sea called the
Cretaceous Seaway that covered the eastern portions of New Mexico, Colorado, and

Wyoming.

Following deposition of the Pierre, the écean began to regress and deposition
of the Upper Cretaceous Fox Hills and Laramie Formations occurred. These
formations contain sandstones, siltstones, claystones, and coals deposited in- fluvial-
deltaic and lacustrine environments (Weimer, 1973). Deposition of the Laramie was
influenced and then stopped by the Laramide Orogeny, a major mountain building
event that began in the late Cretaceous and caused uplift of the Colorado Front

Range Mountains and the eastward tilting of the Denver Basin.

The Upper Cretaceous Arapahoe Formation was deposited on an erosional
surface ma-rking the end of deposition of the Laramie. Major uplift of the Front
Range and downwarp of the Denver Basin continued during deposition of the
Arapahoe Formation. Coarse pebble conglomerate lenses deposited in alluvial fans
commonly occur in the Lower Arapahoe; however, conglomerate lenses have not been
found at Rocky Flats Plant. Claystone and sandstone units flank and top the alluvial

fan deposits (Weimer, 1973).
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The Denver Formation was deposited above the Arapahoe and is over 600 feet
thick. This formation contains a variety of lithologies including siltstones, arkoses,

conglomerates, and basalt flows (near Golden, Colorado) (Robson, 1984).

The Dawson Formation was deposited above the Denver in a similar geologic
environment during the late Cretaceous and early Tertiary. . Robinson (1972)
described the Dawson Formation as a stratigraphic  equivalent to the Denver
Formation in southern portions of the Denver Basin. However, Robson (1984) mapped
the Dawson as a separate, younger (Tertiary) formation occurring above the Denver,
The Dawson is up to 600 feet thick and consists of conglomerates, sandstones, and

shales (Robson, 1984).

The Tertiary Green Mountain Conglomerate was deposited unconformably on
the Denver Formation, and consists of conglomerates, sandstones, siltstones, and
claystones deposited by a local fluvial system that occurred only in the Golden,
Colorado, area. This unit is only found capping Green Mountain, approximately 15

miles south of Rocky Flats Plant (Costa and Bilodeau, 1982).

The Rocky Flats Alluvium was deposited on top of a major erosional surface
that developed in late Tertiary time. Before deposition of the Rocky Flats Alluvium,
both the Dawson and Denver Formations were completely removed by erosion. The
Green Mountain Conglomerate may never have been deposited at the site, but if it
was, it also was removed by erosion. The Rocky Flats Alluvium contains boulders,
cobbles, gravels, sands, silts, and clays deposited in alluvial fans at the base of the
Colorado Front Rar;gc Mountains (Hurr, 1976).

Following deposition of the Rocky Flats Alluvium, the material was partially

removed by erosion and the resulting drainages repeatedly infilled with more recent
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sediments. The Verdos Alluvium and the younger Slocum Alluvium are the result of
drainage infilling associated with glacial activity. Similar processes are occurring
now with an active valley fill alluvium in the stream channels and a recent but stable

terrace above the valley fill.

3.3.2° Plant Bedrock Geology

Bedrock units mapped at the Plant consist of the Laramie and Arapahoe
Formations (Rockwell International, 1986a). These are shown in cross section in
Figurc 3-5. Because of the thickness (750 to 800 feet) and low permeability of the
Upper Laramie, it is considered to be the base of the hydrologic system which could
be affected by Plant operations (Hurr, 1976). The Upper Laramie and overlying

Arapahoe Formations are described below.

Laramje Formation

The Laramie Formation is a fluvial sequence of> sandstones, siltstones,
claystones, and coals, which is subdivided into two major lithologic units: a lower
sandstone unit and an upper claystone unit. The lower sandstone unit is expésed in
clay pits west of the Plant, and the upper claystone unit was observed in o;ntcrop and
in cores of several 1986 monitor wells west of the Plant. The descriptions presented

below are taken from Rockwell International (1986a).

Lower_Sandstone Unit: The lower sandstone unit consists of light to medium gray,
very fine- to medium-grained, well sorted, subrounded to subangular quartzose

sand with up to 25% lithic fragments. Sandstones are typically fair to poorly
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indurated and cemented with silica. Individuai sandstone beds are 5 to 15 feet
thick and are interbedded with white to light gray claystones. The
claystones are organic-rich and kaolinitic and have been mined from the clay
pits west of the plant. Individual claystone beds are 10 to 15 feet thick.
Sedimentary structures observed in outcrop include planar, angular, and trough
crossbeds, load structures, fluid escape structures, and ripple marks. Plant
fossil casts and molds of branches, stems, and leaves are concentrated along
bedding planes. The contact between the lower sandstone unit and the ubpcr
claystone unit is gradational and was selected where thick sandstone beds and

kaolinite-rich claystones are less abundant.

Upper Claystone Unit: The upper claystone unit consists primarily of dark olive gray
(5 Y 2/1) (GSA Rock Color Chart), poorly indurated claystones. Upper |
Laramie claystones generally weather to a light olive gray (5 Y 4/1) and may
have davrk yellowish orange (10 YR 6/6) iron staining along bedding planes
and secondary fractures. These claystones appear quite similar to Arapahoe

claystones in outcrop.

Thin sandstone lenses (less than three feet thick) also occur in the upper
Laramie. These sandstones are typically yellowish gray (5 Y 8/1), fine- to very
fine-grained, well sorted, subangular, and calcareous. Core data (well 50-86)
indicate that thin beds of white, kaolinite-rich claystone typical of the Lower

Laramie occur in the Upper Laramie as well.

The contact between the Upper Laramie claystones and the Lower Arapahoe
sandstones is gradational and was selected using core data. The contact was picked

below the first Arapahoe sandstone greater than five feet thick (Rockwell
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‘ _ International, 1986a). This is consistent with the stratigraphic horizon picked as the

base of the Arapahoe Formation at Rocky Flats Plant by Hurr (1976, 1985).

Arapahge Formation

~

The Arapahoe Formation consists of fluvial claystones with interbedded
lenticular sandstones and siltstones. Contacts between these lithologies are both sharp
and gradational. The claystones are olive gray (5 Y3/2) to dark gray (N 3/0), poorly
indurated, silty, and contain up to 15 percent organic material. Weathering has
penetrated from 10 to 40 feet into bedrock. The weathered claystone is light olive
gray, blocky, slightly fractured, and has iron staining as mottles and along bedding

planes and fractures (Rockwell International, 1986a).

Sandstones in the Arapahoe Formation are light gray (N 6/0) to yellowish gray

(5 YR 8/1), very fine- to medium-grained, with approximately 15 percent silt and

‘ clay. The sandstones are lenticular, discontinuous, and stratigraphically complex.
The sand grains are subangular to subrounded and are predominantly quartzose with

10 percent lithic fragments. The sandstones are poorly to moderately cemented and

exhibit ripple marks, load casts, and planar, angular, and trough crossbedding.

" Arapahoe Formation siltstones exhibit the same coloration, constituents, bedding

characteristics, and sedimentary structures as the sandstones; however, they consist

predominantly of siit-sized particles (Rockwell International, 1986a).
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3.3.3 Plant Surficial Geology

There are six distinct Quaternary unconsolidated units of surficial materials in
the vicinity of the Plant: Rocky Flats Alluvium, Verdos Alluvium, Slocum Alluvium,

terrace alluviums, valley fill alluvium, and colluvium (Figure 3-6).

The Rocky Flats Alluvium is topographically the highest and the oldest of the
alluvial deposits. The alluvium unconformab'ly overlies the Laramie and Arapahoe
Formations in the vicinity of the Plant. The deposit is a series of laterally coalescing
alluvial fans deposited by streams (Hurr, 1976). The fans were deposited on an ero-
sional surface cut into the bedrock units, including channelization around the

hogbacks of the lower Laramie.

The alluvium consists of sand, clay, silt, gravel, cobble, and occasional boulder

‘ deposits. Locally, the alluvium is cemented with calcium carbonate in the form of
caliche. Color of the alluvium is pale to dark yellowish brown. The sands range

from very fine-grained to medium-grained and poorly to moderately sorted. The

thickness of the alluvium is variable due to deposition on an erosional surface and

recent erosional processes. The alluvium is thickest to the west of the Plant, where

less has been eroded, and thinnest to the east of the Plant (Rockwelil International,

1986a).

Various alluvial deposits occur topographically below the Rocky Flats
Alluvium in the drainages and include the Verdos, Slocum, terrace, and valley fill
alluviums and colluvium (Figure 3-7). These deposits are primarily composed of
reworked Rocky Flats Alluvium with the addition of some bedrock material. Each
unit is described below.
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Figure 3-6:
Surficial Alluvial Deposits in the Rocky Flats Area
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‘ - The Verdos Alluvium occupies a topographic position about 0 to 100 feet

below the adjacent top of the Rocky Flats Alluvium. The Verdos was deposited

| “around the periphery of the present extent of the Rocky Flats Alluvium as fans and
| channel filling derived by erosion of the older Rocky Flats Alluvium. The maximum
| thickness is about 40 feet, occurring as terraces in valleys east of the Plant. The
alluvium consists of unsorted gravels, sands, and clays similar to the Rocky Fla.ts

Alluvium, but the material is whitish gray in color (Rockwell International, 1986a).

The Slocum Alluvium is a poorly sorted gravel deposit containing much sand,
silt, and clay derived from erosion of bedrock and the older gravel deposits. The
formation has a maximum thickness in the vicinity of the Plant of about 20 feet, but
is commonly 5 to 10 feet thick. It occupies a topographic pos';tion of about 150 to 300
feet below the top of the Rocky Flats Alluvium, and occurs downslope of the Verdos

Alluvium in valleys east of the Plant site (Rockwell International, 1986a).

‘ Locally, two Wisconsin-age terraces are associated with the present drainages.
The terrace alluvium occurs 5 to 35 feet above recent valley floors. The alluvium is
comprised of gravels, sands, and clays, derived from bedrock and reworking of older
alluvial deposits. The terrace alluvium can rarely occur up to 30 feet in thickness;
however, the thickness is usually around 5 feet. The alluvium occurs in valleys

surrounding the Plant (Rockwell International, 1986a).

Valley fill alluvium occurs in the bottom of the present stream valleys arouﬁd
the Plant. The valley fill ranges from dark-brown, sandy, clayey silt to moderately
sorted cobbles and small boulders, recently reworked from previously deposited
alluviums. The valley fill along streams which head on the Rocky Flats Alluvium

and have not yet cut through to bedrock tends to be coarse and have little or no fine
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material. However, where the valley fill is deposited on bedrock, 0.5 to 2 feet of
cobbly sand and gravel commonly is overlain by several feet of sandy, clayey silt
(Rockwell International, 1986a). Subsequent erosion and deposition locally may have
added more sand, gravel and cobbles on top of the silt, or cut through the valley fill

to expose bedrock along the channel bottom (Hurr, 1976).

Colluvium, produced by mass wasting and downslope creep, collects on the
sides and at the base of hills and slopes. These deposits are poorly sorted mixtures of
soil and debris from bedrock clay and sand mixed with gravel and cobbles derived
from the older Rocky Flats Alluvium. The colluvium consists predominantly of clay
with common occurrences of sandy clay and gravel. Color is yellowish brown to
dusky brown and caliche is common locally. The thickness of the colluvium ranges

from 3 to 22 feet (Rockwell International, 1986a).

3.34 Regional Bedrock Structure

The general geologic.structure of the area is north-striking sedimentary beds
with dips to ;he east away from the Front Range Monocline. Dips are quite steep
west of the Plant in the Fox Hills Sandstone and Laramie Formation (on the order of
50 degrees or greater). These units are flanked on the west by Precambrian terrain of
the Front Range Uplift and on the east by gently dipping sedimentary beds of the
Denver Basin. However, because the axis of the monocline onto the Front Range
appears to be inclined to the east, dips become iapidl_y more gentle, on the order of 7
to 15 degrees beneath the Plant itself (Rockwell‘ International, 1986a). A major
bounding fault between the Front Range and the Denver Basin, the Golden Fault,

runs north-south several miles west of the Plant at the mountain front (Figure 3-7).
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‘ _ The majority of the displacement on the Golden Fault, the uplift of the Front
Range and subsidence of the Denver Basin, occurred during the late Cretaceous to
early Eocene Laramide Orogeny about 40 to 70 million years ago (Martin, 1965).
Erosion during the Larz;mide Orogeny is believed to have kept pace with uplift and
the Front Range probably never stood very high above the Denver Basin during the
orogeny. By the late Eocene, an erosional surface of the low relief covered much of

the Rocky Mountain Region.

The present rugged topography to the west of the Rocky Flats Plant is the

result of Post-Laramide tectonics and erosion. About 5,000 to 10,000 feet of uplift

has taken place in the Rocky Mountain Region siqce the early Miocene about 25

million years ago. Late Tertiary block faulting is believed to have accompanied the

regional uplift as indicated by apparent displacements of the late Eocene erosional

surface (Scott, 1975 and Epis and Chapin, 1975). There is some evidence that block

' faulting has continued into the Quaternary (Scott, 1970; Whitkind, 1976; and Kirkham

and Rogers, 1981).

In 1981, extensive studies were done to evaluate the Quaternary history of the
Golden Fault and other faults at the Rocky Flats Plant and vicinity (Dames and
Moore, 1981). The Golden Fault studies did not produce any evidence of tectonic
activity along the Golden Fault within the past 500,000 years, and the fault does not

have surficial expressions characteristic of geologically young fault zones.

Hurr (1976) showed a fault crossing the eastern edge of the Plant, based on a
series of bedding irregularities that appeared to be an extension of the previously
mapped Eggleston Fault (northwest of the site). Further investigations of the feature

(Dames and Moore, 1981) revealed that it is probably a penecontemporaneous growth
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fault attributed to slumping of the unconsolidated Arapahoe Formation before burial
and lithification. The Denver Basin has been tectonically stable for about 28 million
years with the exception of a series of earthquakes associated with waste injection at
th/e Rocky Mountain Arsenal in the 1960s and possible surface rupture on the Golden

Fault approximately 600,000 years ago (Kirkham and Rogers, 1981).

34 REGIONAL GROUND-WAT HYDROL

There are two hydraulically connected ground-water systems at the Rocky
Flats Plant. These systems occur in the surficial material (Rocky Flats Alluvium,
colluvium, and valley fill material) and the underlying bedrock formations (Laramie-

Fox Hills Aquifer and the Arapahoe Aquifer). These are discussed individually

below.
34.1 nconfin rficial Flow m
R Di r

The shallow ground-water flow system occurs in the Rocky Flats Alluvium and

other surficial materials under unconfined conditions. The alluvium is recharged by

- infiltration of incident precipitation, irrigation, and surface water diversion canals

(primarily through the Rocky Flats Alluvium). In addition, the retention ponds in the

various drainages recharge the valley fill alluvium,

The shallow system appears to be quite dynamic, with large water level
changes in response to seasonal and other stresses. Hurr (1976) describes the rapid
response of water levels in wells completed in the Rocky Flats Alluvium to surface

flows in the irrigation ditches. Similarly, between mid-April and September 1986, the
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water levels in wells 1-86 and 4-86 at the eastern property boundary (completed in

~most recent valley fill) dropped more than four to eight feet, respectively. These

wells were dry in September, and there was no water exiting the Plant as ground-

water flow in the valley fill alluvium in either Woman or Walnut Creek.

r -W Flow Di ion

Flow directions follow topography to the east and toward the drainages. In
addition, flow directions are controlled by the configuration of the 'top. of bedrock
beneath surficial materials. The ground water in the drai.nagcs flows to the east in
the valley fill materials and discharges as subsurface flow across the eastern Plant
boundary during some portions of the year. In addition, water in all of the surficial

materials recharges the bedrock.

34.2 Bedrock Flow Systems

The Dehver ground-water basin underlies a 6,700 square mile area extending
from the Front Range on the west to near Limon, Colorado on the east and from
Greeley on the north to Colorado Springs on the south. The four major bedrock
aquifers from deepest to shallowest are the Laramie-Fox Hills Aquifer, the Arapahoe
Aquifer, the Denver Aquifer, and the Dawson Aquifer. The Pierre Shale underlies
these units and is considered the base of the Denver Basin bedrock aquifér system
due to its great thickness (up to 8000 feet) and its low permeability (Robson and

others, 1981a).

Presented below are discussions of the two Denver Basin bedrock aquifers

which occur beneath Rocky Flats Plant - the Laramie-Fox Hills Aquifer and the
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Arapahoe Aquifer. The Denver and Dawson Aquifers do not occur in the immediate

vicinity of Rocky Flats Plant.

Laramie-Fox Hills Aquifer

The Laramie-Fox Hills Aquifer is composed of the upper sandstone and
siltstone units of the Fox Hills Formation and the lower sandstone units of the
Léi'amic Formation. The thickness of the aquifer ranges from zero near the aquifer
boundaries to 200 to 300 feet near the center of the basin. 'I"he upper Laramie coals
and claystones separate the Laramie-Fox Hills Aquifer from the overlying Arapahoe

Aquifer (Robson and others, 1981b).

On a regional scale ground-water in the Laramie-Fox Hills Aquifer flows from
outcrop recharge areas toward the center of the basin and discharges to remote stream
valleys. In addition, ground water discharges to pumping wells in the basin (Robson
and others, l981b). In the vicinity of Rocky Flats Plant ground-water flow is

generally from the west to the east.

Arapahoe Aquifer

The Arapahoe Aquifer is defined as the saturated portion of the Arapahoe
Formation by Robson and others (1981a). The Arapahoe Formation consists of a 400
to 700 foot thick sequence of interbedded claystones, siltstones, sandstones, and
conglomerates with claystones and shale being more prominent in the northern third
of the basin (Robson and others, 1981a). Individual_sandstone beds are commonly
lens shaped and range from a few inches to 30 to 40 feet in thickness (Robson and

others, 1981a). Beneath the Plant the majority of ground-water flow in the Arapahoe
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is in the lenticular sandstones contained within the claystones (Rockwell

International, 1986a).

There are two primary methods of recharge to the Arapahoe Aquifer. In
outcrop and subcrop areas, it occurs from infiltfation of incident precipitation and as
infiltration of water from shallow alluvial aquifers. However, on a regional scalc- the
primary recharge mechanism for the Arapahoe Aquifer is leakage from the overlying

Denver Aquifer (Robson and others, 1981a).

Ground-water flow in the Arapahoe Aquifer is from recharge areas at the
edges of the basin toward discharge areas along incised stream valleys. Ground-water
is also discharged to pumping wells (Robson and others, »l981a). Ground-water flow
in the vicinity of Rocky Flats Plant is from west to east toward the area of regional

discharge along the South Platte River.

3.43 Ground-Water Use

Usable ground water occurs in both the Laramie-Fox' Hills and Arapahoe
Aquifers. The Laramie-Fox Hills subcrops west of the Plént but has little potential
for use in the general area because of its great depth (approximately 750 to 800 feet
deeper than the Arapahoe). Various sandstones in the Arapahoe Aquifer are used for

irrigation, livestock watering, and domestic purposes east of the Plant.
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s R WAT HYDROLOGY

3.5.1 Natural Drainages

Three ephemeral streams drain the Rocky Flats Plant with flow generally from
west to east (Figure 3-8). Rock Creek drains the northwestern corner and flows to the

northeast in the buffer zone to its of f-site confluence with Coal Creek. -

A topographic divide bisects the Plant. The divide trends east-west and lies
slightly south of Central Avenue (the approximate center line of the Plant site). An
interceptor ditch lies between the Plant and the southern drainage Woman Creek. The
South Interceptor Ditch is tributary to the "C" Ponds. Surface runoff downstream of
the interceptor ditch is tributary to Woman Creek, which flows eastward to Standley
Lake. An irrigation ditch headgate located in the northeast quarter of the northwest

‘ quarter diverts water from Woman Creek and conveys it to a small reservoir known as
Mower Reservoir. North and South Walnut Creeks and an unnamed tributary drain
the remainder of the Plant. These three‘forks of Walnut Creek join in the buffer
zone (approximately 0.7 miles downstream of the eastern edge of the Plantvsecuri.ty
area) and flow to Great Western Reservoir approximatcly one mile east of the

confluence of the forks.

3.5.2 Ditches and Diversions

The Church and McKay ditches cross the northern portion of the Plant. Both
carry water diverted from Coal Creck to Great Western Reservoir. A diversion
structure has been built in North Walnut Creek upstream of the Plant to divert
McKay ditch out of the drainage. The ditches parallel each other north of the
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Present Landfill and enter the Walnut Creek drainage downstream of the confluence

of the north and south forks.

In addition to the natural flows, there are six ditches in the general vicinity of
the Plant. The Church, McKay, and Kinnear Ditch and Reservoir Co. Ditches
(diversions of Coal Creek) cross the Plant. Church Ditch delivers water to Upper
Church Lake and Great Western Reservoir (City of Broomfield municipal water
storage). McKay Ditch also supplies water to Great Western liescrvf)ir. Kinnear
Ditch and Reservoir Co. Ditch diverts water from Coal Creek and delivers it to
Standley Lake (municipal water storage for the City of Westminster) via Woman
Creek. Woman Creek also delivers water to Mower Reservoir. Last Chance Ditch
flows south of the Plant and delivers water to Rocky Flats Lake and Twin Lakes.
Smart Ditch takes water from Rocky Flats Lake and transports it out of the area to
the east. The South Boulder Diversion Canal runs along the western upgradient edge
of the Plant diverting water from South Boulder Creek and delivering it to Ralston

Reservoir (City of Denver municipal water storage).

3.5.3 Retention Ponds and Plant Discharges

A series of dams, retention ponds, diversion structures, and ditches has been
constructed at the Plant to control surface water and limit the potential for release of

poor quality water.

The ponds are located in the drainages of Walnut and Woman Creeks and are
designated the A, B, and C series ponds. Discharges from the downstream pond in
each series are in accordance with the Plant’s National Pollution Discharge

Elimination System (NPDES) permit. Ponds A-1 and A-2 are used only for spill
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‘ —_ control, and North Walnut Creek stream flow is diverted around them through an
underground pipe. Pond A-3 receives the North Walnut Creek stream flow and Plant
runoff from the northern portion of the Plant. Pond A-4 is designed for surface

water control and for additional storage capacity for overflow from pond A-3.

Five retention ponds are located along South Walnut Creek and are designated
as B-1, B-2, B-3, B-4, and B-5, from west to east. Ponds B-1 and B-2 are reserved for
spill control, whereaé poﬁd B-3 receives treated effluent from the sanitary sewage
treatment plant. Ponds B-4 and B-5 receive surface runoff and occésionally collect
discharge from pond B-3. Pond B-5 receives runoff from the central portion of the
Plant and is used for surface water control in addition to collection of overflow from

pond B-4.

The two C series ponds, C-1 and C-2, are located along Woman Creek, south

and east of the Plant, respectively. Pond C-l receives stream flow from Woman

‘ Creck..' This flow is diverted around pond C-2 into the Woman Creek channel
downstream. Pond C-2 receives surface runoff from the South Interceptor Ditch

along the southern portion of the Plant. "Water in pond C-2 is discharged to Woman

Creek in accordance with the Plant NPDES permit.

There are many runoff control ditches in the generally vicinity of the Plant.
The largest of these is the Central Avenue Ditch which runs eastward along Central
Avenue and discharges to South Walnut Creek (Pond B-5). The other major runoff
control ditch is the South Interceptor Ditch which prevents runoff from the south
side of the Plant from entering Woman Creek. The ditch discharges to pond C-2, and
Woman Creek is diverted around pond C-2 by a diversion structure just upstream of

the pond.
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. - Another retention pond is located on the unnamed northern tributary of

Walnut Creek, downstream of the Present Landfill (see Section 2.1). Following water
quality analyses, the water from the landfill pond is spray irrigated onto an area

south of the landfill but upstream of the pond.

The permit requires monitoring of specific parameters at seven discharge

points. The permitted discharges are:

Discharge Location
| 001 Pond B-3
| 002 Pond A-3
003 Reverse Osmosis Pilot Plant
004 ' Reverse Osmosis Plant
- 005 Pond A-4
006 | Pond B-5

‘ . 007 Pond C-2

The discharges from the ponds are regularly monitored to document
cbmpliancc with NPDES permit requirements. In addition to NPDES monitoring
requirements, all discharges are monitored for plutonium, americium, uranium, and

tritium concentrations.
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SECTION 4

SITE HYDROGEOLOGY

4.1 SITE GEQLOGY

Presented below are hydrogeologic and ground-water quality data collected
during the Present Landfill investigations conducted in 1986 and 1987 as well as from
previous investigations. The scétion begins with a detailed description of the
surficial (4.1.1) and bedrock (4.1.2) geology including lithologies, thicknesses, and
extent of materials found at the landfill. Ground-water hydrology and water quality
data are discussed in Section 4.2.1 and 4.2.2 for surficial and bedro¢k flow systems,

respectively.

Information for the discussion was obtained from previous studies, aerial
photographs, 21 monitoring well borehole logs, and field mapping. Plate 2-1 shows
the locations of all monitoring wells at the Rocky Flats Plant, and Plate 4-1 presents
monitoring well locations at the Present Landfill. Geslogic logs and well completion
data sheets for the wells at the landfill are presented in Appendix B, and analytical

data are presented in Appendixes C (recent data) and D (historical data).

4.1.1 urfici ]

Surficial materials in the landfill area consist of the Rocky Flats Alluvium,
colluvium, valley fill alluvium, and artificial fill or disturbed ground which
unconformably overlie the bedrock units. In addiiion, there are a few isolated
exposures of claystone bedrock located along the side ilopes of the drainage. Plate 4-

2 presents the distribution of surficial materials based on interpretation of aerial
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photographs, field mapping, and borehole logs. The landfill is located on the western

end of the unnamed tributary to North Walnut Creek. Rocky Flats Alluvium caps the

top of the slopes on the north and south sides of the tributary while colluvium (slope
wash) covers the hillsides down to the tributary. Artificial fill or disturbed surficial
materials are present within the boundaries of the landfill; along major man-made
drainage ways surrounding the landfill; and northwest of the landfill. Valley fill

alluvium is present along the unnamed tributary chanrel.

4.1.1.1 Rocky Flats Alluvium

The Quaternary Rocky Flats Alluvium is the oldest and topographically
highest alluvial deposit at the Rocky Flats Plant. It is Nebraskan in age (Scott, 1965)
and is situated at an elevation of approximately 5,950 to 6,000 feet above mean sea
level at the landfill area. The Rocky Flats Alluvium is a series of coalescing alluvial
fans deposited by braided streams (Hurr, 1976). The erosional surface (pediment) on
which the alluvium was deposited slopes gently eastward truncating the Arapahoe

Formation at the landfill area.

Aftcr deposition of the Rocky Flats Alluvium, eastward flowing streams began
dissecting the deposit by headward erosion and lateral planation. All of the alluvium
was eroded from the unnamed tributary, and colluvium and valley fill alluvium were
subsequently deposited along the slopes and in the unnamed tributary drainage,

respectively.

The Rocky Flats Alluvium in the landfill area is described as a generally
poorly sorted, unconsolidated deposit of clay, silt, sand, gravel, and cobbles. Colors of

the alluvium range from light yellow (10 YR 5/4) ‘Geological Society of America
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‘ ‘Rock-Color Ch_art, 1984] to dark brown (10 YR 4/2). In addition shades of various
oranges, olives, grays, and pinks are interspersed throughout. Occasional reddish
brown (10 YR 4/6) oxide staining is present. The grain size of the quartz and
granitic sand encountered ranges from very fine to coarse-grained (3.0 @ - 0.5 @ on
the Wentworth Scale). Quartzite and granitic gravels, pebbles, and cobbles, found

throughout the area in thin (less than one inch) to moderately thick (greater than one

foot)_laycrs, are subangular to subrounded, indicative of materials transported short
distances. They range in size from 0.25 mm to 4.75 mm with no one size being
predominant. The Rocky Flats alluvium ranges between 6.5 (72-87) and 27.2 feet
thick (60-87) with an average thickness of approximately 18.0 feet where undisturbed.
Lenses of sand, gravel, and clay within the Rocky Flats Alluvium can be correlated
between wells in closcvproximity to each other. Depositional features such as cut and
fill sequences (Cross section E-E’), stratigraphic pinch-outs (Cross sections D-D’ and E-
E’), and lateral stratigraphic variations are evident in the cross sections (Plate 4-6)..
. These features are characteristic of braided stream deposits associated with alluvia}

fans and reflect the dynamic nature of the depositional environment.

4.1.1.2 Colluvium

Colluvial materials are pn:cscnt on the slopes descending to the unnamed
tributary (Plate 4-2)£ however, only wells 7-86 and 8-86 penetrated colluvium in the
vicinity of the landfill. Colluvium consists predominantly of clay with common
occurrences of sandy clay and gravel layers. Colluvial clay is typically poorly
consolidated and ranges from yellowish brown (10 YR 5/4) to dusky brown (5 YR

2/2) in color. The sandy intervals contain moderate yellowish brown (10 YR 5/4) to
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dark yellowish brown (10 YR 4/2) colors, and vary from very fine-grained to coarse-

grained (4.0 @ to 0.0 @), rounded to subangular quartzite sand.

4.1.1.3 Valley Fill Alluvium

The most recent deposit in the landfill area is the valley fill alluvium along
the unnamed tributary channel. This alluvium is derived from reworked and
redeposited older alluviums and bedrock material. Valley fill thickness ranges from 4
fect (5-86) to 8.0 feet (40-87) in the landfill area. The valley fill materials generally
become finer-grained downstream of the landfill. Alluvial deposits in well 42-87 are
described as predominantly gravel with abundant cobbles and pebbles, whereas well
5-86, further downgradient of the landfill in the unnamed tribﬁtary, encountered

predominantly very fine-grained sand and gravels with occasional cobbles.

The unconsolidated valley fill consists of poorly sorted sand, gravel, and
pebbles in a silty clay matrix. Colors range from brown (5 YR 5/6) to grayish orange
pink (5 YR 7/2) with areas of gray brown (5§ YR 3/2) to yellow brown (10 YR 5/4).
Quartzite, granite, and schistose gravels are generally angular to subangular and

unsorted.
4.1.1.4 Disturbed Ground

There are two types of disturbed ground at the landfill. The first is derived
from excavations of Church Ditch located northwest of the landfill and ground
associated. with the building of the dam across the tributary. The core of the east
pond embankment was constructed of compacted clay and claystones with the outer

shell being composed of clayey sands, gravels, and :obbles. These materials were
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taken from borrow areas. The disturbed ground in the Church Ditch area likely

consists of reworked Rocky Flats Alluvium.

The second type of disturbed ground consists of the material comprising the
landfill itself. It is described as a mixture of clay, gravel, coarse sand, asphalt
fragments, wire, plastics, surgical gloves, wood particles, and other materials
associated with landfilling activities. Cross-sections A-A’,B-B’, C-C’, D-D’, and E-E’
(Plates 4-4, 4-5, and 4-6) show landfill areas as disturbed ground underlain by Rocky
Flats alluvium (wells 61-87, 62-87, 63-87, 64-87, and 65-87). Thicknesses of the fiil
material where drilled ranged from approximately 1.5 feet to approximate;ly 27 feet
in the center of the landfiil (Woodward-Clevenger, 1974). Fill thicknesses are greater
in the center of the landfill according to the tes: holes drilled by Woodward-
Clevenger in 1974, Cross-sections D-D' and E-E’ show the landfill leachate
collection/ground-water diversion system which has been included in the surficial

geology map as disturbed ground.

4.1.2 Bedrock Geology

The Cretaceous Arapahoe Formation underlies surficial materials at the
Present Landfill. Six wells were completed in various zones of the bedrock during
the 1986 and 1987 drilling programs. The Arapahoe Formation beneath the landfill
consists 'of claystone and interbedded sandstones and siltstones with a thin isolated
shale layer encountered in well 8-86. The Arapahce Formation was deposited by
meandering streams flowing generally west to east off the Front Range. Sandstones
were deposited as braided stream channel deposits and overbank splays. Claystones

were deposited in back swamp and floodplain areas. Leafl fossils, black organic
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matter, and wood fragments were encountered within the claystones during drilling at

the landfill. Contacts between various lithologies are both gradational and sharp.

4.1.2.1 Arapahoe Formation Claystones

Claystone was the most frequently encountered lithology of the Arapahoe
Formation immediately below the Quaternary/Cretaceous contact (Cross-sections A-A’
through E-E’; Plates 4-4, 4-5, and 4-6). Claystones are described as massive and

blocky containing occasional thin laminae and interbeds of sands and silt.

Weathered bedrock was encountered directly beneath surficial materials in all
of the monitoring wells and test holes drilled during previous invcétigations.
Weathering penetrates approximately 2 feet (well 6-86) to 11 feet (well 9-86) into
bedrock. The weathered claystones generally range {rom pale yellowish brown (10
YR 6/2) to light olive gray (5 YR 5/6), and are moderately oxide stained, blocky and
layered. Stains may also occur as brown and red mottling. Iron oxide concretions
along with sporadic caliche and abundant black organic fragments were noted in the

zone. A few fractures were noted in the core from well 41-87 at depths of 9.5-12 feet.

Unweathered claystone is typically dark gray (N, 3/0) to yellowish gray (5 Y
7/2) and has little mottling. Vertical to subvertical fracturing in claystone was noted
in the core from well 9-86 between 42 and 60.5 feet, and again from 79.0 to 84.0 feet
below ground surface. These fractures were lined with dark yellowish orange (10 YR

6/6) to dusky purple (5 P 2/2) limonite staining.

Both weathered and unweathered claystone contains horizons of very fine silt
and sand. Typical siit and sand horizons range in color from brownish gray (5 YR

4/1) to dark yellowish orange (10 YR 6/6).
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4.1.2.2 Arapahoe Formation Sandstones

Bedrock wells 8-86, 9-86, and 41-87BR are completed in Arapaho; Formation
sandstones. In addition wells 58-87, 64-87, 65-87, 70-87, and 72-87 encountered
shallow or subcropping bedrock sandstones. These sandstones arc generally composed
of moderately to well sorted, subrounded to rounded, very fine- to medium-grained

quartz sand. Cementation increases with depth as weathering decreases. Sandstone

_ bed thicknesses ranged from approximately 2.5 feet in well 8-86 to 20 feet in well 41-

87. -Thc sandstone in wells 41-87 and 9-86 are homogeneous and contain thin beds
and !aminae of fine silt and clay. Crossbedding was also noted in 9-86. The
sandstone color ranged from light gray (N 7/0) in well 65-87 to olive black (5 Y 2/1)
in well 41-87, which contained some organics (fossilized) at approximately 68.0 feet

and again between 86.0 and 90.0 feet.

Weathered sandstone is lithologically similar to unweathered sandstone. In
well 64-87 it was dark yellowish orange (10 YR 6/6) to light brown (5 YR 5/6) from

approximately 24.5 feet to 28 feet below ground surface and weakly cemented.

Siltstones were encountered in the Arapahoe Formation associated with the
sandstones as gradational units of silty sandstone or sandy siltstone. Well 9-86
encountered relatively homogeneous layers of unweathered siltstone at 89.0 to 122.0
feet and again at 139.0 to 144.0 feet. They are described as dark gray (N 3/0) to
greenish gray (5 G 6/1), clayey, trace very fine-grained sand, very carbonaceous, and

slightly calcarcous with woody fragments and convoluted bedding.

Subcropping sandstones were encountered duriag drilling at well locations 65-

87, 72-87, and 70-87 (Cross sections F-F’ and C-C’). Subcropping is defined as
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‘ consolidated sandstone directly underlying the unconsolidated surficial material.
Subcropping sandstones were not-fully penetrated during the drilling of 70-87 and 72-

87; therefore, the thickness of the unit cannot be determined at this time. The

sandstones are described as weathered, weakly cemented, varying in color from light

gray (N 7/0) to modcfate brown (5 YR 4/4) with pale yellowish browns (10 YR 6/2).

Sand was generally fine-grained (3.5-2.5 @), subrounded to rounded, pooriy to

moderately sorted, moderately iron oxide stained, massive and blocky.

Cross-section C-C’ depicts the subcropping sandstones in wells 70-87 and 72-87
as interconnected based on their lithologic descriptions and physical proximity tb one
another. Plate 4-3 shows the cstimated areal extent beneath the alluvium of
subcropping sandstones associated with these two wells based on a 3.5 foot thick unit
and a seven degree easterly dip and the rclativcly flat topography capping the slope.
This is only an estimate since neither borehole (70-87 ér 72-87) fully penetrated the

' | sandstone unit. The seven degree dip is based on the correlation of the sandstone unit
‘ encountered in wells 9-87 and 16-87 in the 903 Pad Area. These sandstone units were
correlated on the basis of similar lithologies and therefore a seven degree dip was

established (Rockwell International, 1987b).

A second, smaller subcropping sandstone area is associated with wells 64-87
and 65-87. Approximately 3.2 feet of subcropping sandstone was encountered at well
65-87 while well location 64-87 contains a weathered clayéy sandstone at a depth of
approximately one foot below the Quaternary/Cretaceous contact. These sandstones
are similar with the exception of color; 64-87 is dark yellowish orange (10 YR 6/6) to
1igi\t brown (5 YR 5/6) while 65-87 varies frqm light gray (N 6/0) to moderate brown

(5 YR 4/4).
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A few .corrclations between sandstones of the Arapahoe Formation can be
made when an casterly dip of seven degrees is applied. Three sandstone units were
encountered during the drilling of welil 41-87BR (A-A’). The upper sandstone (32.5 to
53.0 feet below ground surface) appears to subcrop underneath the present landfill
pond. The second sandstone unit (64.7 to 73.5 feet below ground surface) pinches ox;t
up dip. The lowest sandstone unit (79.6 to 101.0 feet below ground surface) connects
with the uppermost sandstone encountered in well 8-85 and probably pinches out dip
because the bed appears to be thinning up dip. In addition, thc.lowcrmost sandstone
encountered in 8-86 (59.5 to 63.6 feet below ground surface) correlates with the

subcropping sandstone found during the drilling of 65-87.

4.2 R D-WATER HYDR

Ground water occurs in surficial materials (Rocky Flats Alluvium, colluvium,
valley fill alluvium, and disturbed ground) and in Arapahoe sandstones and
claystones at the Present Landfill. These two hydraulically connected flow systems

are discussed separately below.

4.2.1 round-water m in ficial 1al

Ground water is present in surficial materials at the Present Landfill under

unconfined conditions.

4.2.1.1 Recharge/Discharge Conditions

Recharge to the water table occurs as infiltration of incident precipitation and

from localized spraying of water from the landfill pond. In addition, intermittent
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recharge occurs as infiltration from ditches and creeks and possibly as seepage from

the landfill pond along the eastern embankment,

Discharge from the water table occurs as evapotranspiration and as seepage
into the landfill pond, creeks, and springs. In addition, ground water is discharged
from the surficial ground-water system into the underlying bedrock ground-water

system.,

The surficial ground-water flow system is quite dynamic, with large water
level changes occurring in response to precipitation events and to stream and ditch
flow. Hurr (1976) describes the rapid response of water levels in wells completed in

Rocky Flats Alluvium to surface flows in irrigation ditches.

There are also seasonal variations in the saturated thickness of the surficial
materials. Hydrographs showing saturated thickness over time are found for most
wells in Appendix B. In general, water-level data for wells completed in Rocky Flats
Alluvium, vailey fill, and disturbed ground are available from September 1986 for the
1986 wells. Data are available as early as August 1987 for 1987 wells, although for
most of these wells recorded data begins in January 1988. In view of the limited
amount of‘ data available for many wells, full analysis of seasonal variations in

saturated thickness is not possible at this time.

There are three wells completed dqwngradicnt of the Present Landfill (wells 7-
86, 40-87 in 'valley fill alluvium, and 42-87 in colluvium). Well 7-86 is adjacent to the
landfill pond, and wells 40-87 and 42-87 are downstream of the pond. Saturated
thickness in each of these wells has never been in excess of 5 feet, and all of the

wells were dry part of the year.

PRESENT LANDFILL CLOSURE CHARACTERIZATION REPORT .
ROCKY FLATS PLANT, GOLDEN, COLORADO 1 JULY 1988 PAGE 4-10




‘ Most of the wells completed in Rocky Flats Alluvium at the Present Landfill
were installed in the fall of 1987, Therefore only limited water level data are
available for these wells. Water level data are available for over 5 full year for the
two 1986 wells completed in Rocky Flats Alluvium at the landfill (10-86 and 45-86).

Both of these wells are upgradient of the landfill.

The hydrograph of well 10-86 indicates that the saturated thickness varies
sinusoidally. The maximum saturated thickness occurs during April and May, and the
minimum occurs in December. The hydrograph of well 45-86 is in rough agreement,

although the minimum occurs in October.

4.2.1.2 Ground-water Flow

Natural ground-water flow in the vicinity of the Present Landfill is eastward

through the Rocky Flats Alluvium following topography toward ephemeral streams

‘ (Plate 4-7 and 4-8). In the vicinity of the landfill the ground-water intercept system
is designed to divert the natural ground-water flow around the landfill; however, this

diversion does not appear to be working effectively at all locations. Other diversions

may also occur due to the presence of slurry treﬁches. although this cannot be

conclusively stated at this time. Within the landfi!l, ground-water flow generally

follows topography from west to east toward the landfill pond.
L -w
-- Design

In order to control ground-water flow around the landfill, a two-part leachate

and ground-water collection system was constructed in 1974. This system was
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‘ designed to collect and divert ground-water around the outside of the landfill and to

collect leachate generated in the landfill.

As shown on Plate 4-1, the two-part system is approximately 24 feet in width
at its base. The design drawings show the leachate collection trench (shown on Plate
4-1 as "landfill trench") approximately 12 feet in width at the bottom with side slopes
of 2:1. A five-foot thick gravel blanket was placed in the bottom of the system to
facilitate grater flow of leachate collected in the system. The collection system was
constructed by excavating a trench around the perimeter of the solid wastes to depths
of 16 to 25 feet. The ground-water collection portion of the system is located on the
exterior of the excavation and is separated from the leachate colicction portion of the
system by a 4.5-foot widc zone of clayey soil (clayey silt/sandy clay). The clayey soil
zone was designed to be extended 2 feet into bedrock in order to prevent ground-
water flows into the landfill. An 8-inch perforated pipe is located on the outside of
the wall immediately above the bedrock contact. Ground water flows into the pipe

’ drain and is diverted around the landfill. A series of valves determine the discharge
area for the flow. Review of the aerial photographs shows the location of the
installed interceptor ditch. In addition, the Present Landfill pond (Pond No. 2) and
leachate pond (Pond No. 1) are scen for the first time on aerial photographs from

1975.

Field reconnaissance, a review of the borehole logs, topographic maps, and
prcviéus reports has shown that the landfill wastes bury the leachate collection system
and extend beyond the system (Rockwell International, 1986a). Therefore, leachate
generated outside the landfill trench would be collected by the ground-water
collection system. In addition, the clay cutoff wall no longer extends to the surface

of the landfill; therefore, water couid enter the landfi!l if high enough.
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No conglusivc evidence has been uncovered to verify that the clay surface seal
(liner) extends into bedrock as specified in the construction diagrams. The lithologic
logs for the 1986 and 1987 boreholes encountered bedrock at approximately 25 feet
below ground surface. Design cross sections indicate that the cutoff wall and trench
invert do not always penetrate bedrock. Appendix | of the Landfiil Closure Plan
contain profiles of the landfill trench. As shown in Drawing Number 27317-2 in
Appendix 1, the trench may not extend into bedrock ir one area on the southwest side

of the landfill.

-- Conclusions

The following conclusions regarding the effectiveness of the leachate/ground-
water intercept system have been made based on water level and ground-water quality
data:

1) The ground-water intercept system is diverting ground-water away from

the west end of the landfill along cross section E-E';

2) - the ground-water intercept is not divertiag ground-water away from the
north and south sides of the landfill along cross section D-D”;

3) The clay barrier is holding degraded ground water in the landfill along
- the west and north sides;

4) The clay barrier is ineffective on the south side of the landfill and is
allowing contaminated ground water to leave the landfill;

5) The leachate collection system appears to function intermittently on the

north side of the landfill.
The efficiency of the ground-water intercept system at the west end of the
landfill is displayed in Cross section E-E’ (Plate 4-6). Three wells (10-86, 58-87, and

59-87) are screened in the Rocky Flats Alluvium west of the ground-water intercept.
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The water level in well 59-87 (immediately adjacent to the intercept) is lower that
those in wells 10-86 and 58-87 indicating the ground-water intercept is accepting
ground water at this location. No conclusion can be drawn as to the effectiveness of
the leachate collection system at this location as there is no well east of 59-87 and the

intercept system.

In contrast, the water table profiles in Cross section D-D’ (Plate 4-6) indicate
ground-water is not effectively draining into the system at the north and south ends
of the cross section. There is no appreciable difference in water levels across the

ground-water intercept system.

A comparison of water levels through time along the northern end of cross
section D-D’ suggests the clay liner and leachate collection system work
intermittently. Figure 4-1 presents water levels for wells along Cross section E-E’
plotted by date. Water levels in well 63-87 (inside the landfill) track those in wells
60-87, 61-87, and 62-87 (outside the landfill and intercept system) for three of the
four months of available data. However, in January 1988, well 63-87 is dry, while
water levels outside the landfill remain relatively constant. Tﬁis indicates the clay
liner is acting as a hydraulic barrier, and the leachate collection system is draining
intermittently. In addition, water levels in well 62-87 (outside the interceptor system)
have remained below the top of the clay liner estimated at an elevation of 5,980 feet.
This further supports the contention that the barrier is effectively separating ground

water inside the landfill from ground water outside ths landfill.

It should be noted that the above conclusions are drawn on a total of four
water levels per well. Because the only significant discrepancy occurs in the first

month of sampling,

PRESENT LANDFILL CLOSURE CHARACTERIZATION REPORT )
ROCKY FLATS PLANT, GOLDEN, COLORADO 1JULY 1988 PAGE ¢-14




19-£9 O 18-29 ©
18-19 O 18-09 O

8861
i 1dy I el 1 qo4 i ver
L 1 1 :

-.0.6S
-.086S
uonNeA’|3
(ypue)
18-€9 ybnoiyy 28-09 s|Iam 10} 9|qel 191EM O UON\BAS|T
L-v @inbyy




1 idy

1 ey

8861

LY

18-v9 O
(8-s9 O
18-99 ©

| vep

(hypue)

—-0.6S

qlllllll!lll.ll.l.lé

-,086S

uoneas|y

£8-99 ybnoiyy 28-v9 s|Iom 10} 9|qe) 19jeM jO uoljeae|3y

Z-v 9nbiy




. the possibility exists that this is due to an initially poor well development in 63-87;

however, this is not documented.

Based on water levels in wells along the southern end of Cross section D-D’, the clay
liner and leachate collectién system at this location are not functioning properly.
Figure 4-2 presents water levels through time along this cross section. Water levels in
well 64-87 (inside the landfill) fluctuated up to ten feet over the four month period,
while water levels in wells 65-87 and 66-87 (outside the landfill) remained constant.
In fact, water levels in well 64-87 exceeded those in wells 65-87 and 66-87 during
January, March, and April, 1988, when water levels in _64-87 reached elevations of
5979.83, 5980.43, and 5980.63, creating the potential for ground-water flow out of the
landfill toward the south. As shown in Cross section D-D*, well 65-87 intersected the
top of the clay liner. This clay liner is associated with the clay encountered 2.5 feet
below ground surface in this well. This places the elevation of the clay liner at this
location at 5980.58 feet. This suggests that water eievations at well 64-87 will not
‘ exceed approximately 5981 feet in elevation because at this elevation water within
the landfill will overspill the clay liner and discharge to the south across the clay
liner. Ground-water quality data, as discussed ia Section 4.24.1.6, support the
conclusion that alluvial ground-water has spilled over the clay liner and exited the

landfill at this location.

§lgr[! ! :gnghgs

A slurry trench is a curtain of low permeability material initially emplaced in
trenches as a slurry. The purpose is to impede the flow of ground water. A

description of the slurry trenches installed north and south of the landfill pond (Plate
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4-1) is provided in Section 2.2 of the Landfill Closure Plan. Design drawings for the

slurry trenches are presented in Appendix | of this closure plan.

The location of the north and south slurry trenches are shown in Plate 4-1.
The well pair 67-87 and 68-87 straddle the north slurry trench. In Table 4-1, water-
surface clevations for well pair 67-87 and 68-87 are listed. Except for January 1988,
the difference between water clevations is slight. Determination of the degree of
hydraulic continuity existing across the north slurry trench will require a pump test

at some future date.

As shown in Plate 4-1, wclls‘do not straddle the south slurry trench.
Consequently, no evaluation of the south slurry trench can be made. Well 70-87
located upgrade and south of the south slurry trench is dry January through March
1988, but has a saturated thickness of 6.82 feet in April. Ground-water flow in this

locale is limited for part of the year by unsaturated conditions.

It should be noted that a subcropping sandstone was found in wells 72-87 and
70-87. A comparison of this sandstone subcrop in Plate 4-3 and the location of the
south slurry trench in Plate 4-1 indicates that approximately 40 percent of the
southern slurry trench is underlain by subcropping sandstone. This suggests that it is
likely that some degree of hydraulic continuity may extend across the eastern end of

the southern slurry trench when saturated atluvium is present.
4.2.1.3 Hydraulic Conductivity of Surficial Materials

Hydraulic conductivity values were developed for surficial materials from

drawdown-recovery tests performed on 1986 wells during the initial site
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TABLE 4-1

ROCKY FLATS PRESENT LANDFILL
WATER LEVEL SUMMARY

67-87 68-87
WATER :
SURFACE SURFACE
DATE ELEVATION ELEVATION
01/06/88 5967.42 5960.51
02/04/88 5961.32 5961.21
03/21/88 5961.72 : 5961.51
04/11/88 5961.82 5962.11
‘ PRESENT LANDFILL CLOSURE CHARACTERIZATION REPORT
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characterization (chkweu International, 1986a) and from slug tests performed on
select 1987 wells during this remedial investigation. Drawdown-recovery tests were
analyzed using the Residual Drawdown Plot (Driscoll, 1986) and the method of
Bouwer (1978), and slug tests were analyzed by the method of Bouwer and Rice
(1976). Results of these tests are summarized in Table 4-2. Test data and analyses are

presented in Appendix B.

Hydraulic conductivity values for the Rocky Flats Alluvium range from 1.3 x
10'3 cenfimetcrs per second (cm/s) [1300 feet per year (ft/yr)] at well 60-87 to 1.6 x
107 cm/s (1.6 ft/yr) at well 58-87 with a geometric mean of 2.4 x 104 cm/s (240

ft/yr).

4.2.1.4 BASIS FOR GROUND-WATER QUALITY ASSESSMENT

This evaluation of chemical conditions is based on all data collected since 1986
when detailed ground-water investigations began at the Plant. Some of the 1986 wells
have six quarters of analytical results, i, the last quarter of 1986 (initial site
charactcrization results), four quarters of 1987, and the first quarter of 1988. Wells
completed 'in 1987 have first quarter, 1988 analytical data only. Table 4-3 lists the
analyses performed on ground-water samples, and Table 4-4 summarizes the
availability of alluvial ground-water quality data used in this report. Anélytical data
are presented in Appendix C and summary tables for alluvial wells sample results are

presented in Table 4-5.
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RESULTS OF HYDRAULIC CONDUCTIVITY TESTS

TABLE 4-2

OF SURFICIAL MATERIALS

DRAWDOWN
RECOVERY
Well No. Formation  Lithology Screened ' Test (cm/s)
45-86 . QRrE SAND AND POORLY SORTED
GRAVEL 2.1 X 1073
58-87 QRrF SAND, POORLY SORTED
GRAVEL, AND CLAYEY
SAND 1.6 X 10°°
60-87 QRrE SAND AND GRAVEL GRADING
TO CLAYEY SAND AND CLAY
61-87 QRrE SAND
62-87 QRE SAND AND GRAVEL, CLAYEY
SAND,AND CLAY
63-87 QR SAND AND GRAVEL, SANDY
» CLAY
65-87 Qrp/KAgg CLAYEY SAND, SANDSTONE
66-87 QRrE SAND AND SANDY CLAY
67-87 QRrF CLAYEY SAND
71-87 QRrF CLAYEY SAND GRADING TO SANDY
CLAY
Qg = ROCKY FLATS ALLUVIUM

KAgg = ARAPAHOE SANDSTONE

PRESENT LANDFILL CLOSURE CHARACTERIZATION REPORT
ROCKY FLATS PLANT, GOLDEN, COLORADO 1JULY 1988

SLUG
TESTS

1.3X 1073

9.9 X 1074

6.2 X 1074

6.7 X 1074
4.6 X 1074
1.8 X 1074
6.4 X 1075

6.6 X 1074
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TABLE 4-3

GROUND-WATER AND SURFACE WATER SAMPLING PARAMETERS

FIELD PARAMETERS
pH '
Specific Conductance
Temperature .
Dissolved Oxygen
INDICATORS

Total Dissolved Solids N
Total Suspended Solids

s
METALS

Hazardous Substances List - Metals

Aluminum
Antimony
Arsenic
Barium
Beryllium
Cadmium
Calcium
Cesium
Chromium (total)
Cobalt
Copper
Iron
Lead
Magnesium
Manganese
Mercury
Molybdenum
Nickel
Potassium
Selenium
Silver
Sodium
Thallium
Tin
Vanadium
Zinc
Chromium (hexavalent)
Lithium
Strontium
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GROUND-WATER AND SURFACE WATER SAMPLING PARAMETERS
(CONTINUED)

TABLE 4-3

ANIONS
Carbonate
Bicarbonate
Chloride
Suifate
Nitrate

ORGANICS

*8 g
Hazardous Substances List - Volatiles

Qil and Grease

RADIONUCLIDES
Gross Alpha
Gross Beta

Uranium 233, 234, 235, and 238

Americium 241
Plutonium 239
Strontium 90
Cesium 137
Tritium

]
For surface water samples only.

8 .
Dissolved metals for ground-water samples, total and dissolved metals for surface

water samples.

L2 24

Ground-water samples from the first, second, and third quarters of 1987, and all
surface water samples were analyzed by the Rockwell 881 Laboratory for only 9 of
the HSL volatiles. These volatiles are the chlorinated solvents historically detected in
PCE, TCE, 1,i-DCE, 1,2-DCA, t-1,2-DCE, 1,1,1-

the ground water and are as follows:
TCA, 1,1,2-TCA, CCly, and CHCl;.

Ground-water samples from fourth quarter 1987

and first quarter 1988 were analyzed for HSL volatiles with the exception of 2-

chloroethylvinyl ether.
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Table 4-4

LABORATORY BATLH MMBERS

PESTICIDES
D PCR'S

VOATILE

RGANJCS

0)87-88)-072
0287-881-038
Insutficient Sample

012)-881-097
0287-221- 082
0387-881-014
0188-881-020

168-831-02

Go10-044-021
0187-881-100
0281-881-047
0381-881-07%
04817-881-087
0168-881-01%

810¢-079-0010

0487-881-012
0188-881-017

B8210-044-00¢
8010-044-01¢
0187-881-098
0287-881-043
0387-881-084
8710-006-0050
0487-881-001
No Sasple

0188-681-00!

0188-881-002

LANDFILL ALLUVIAL WELLIS

sni-viw

ORGAICS

Ko Sasple
No Sasple
No Sample

No Sanple
No Sample
Ko Sample
Ho Sample

No Sasple

No Sample
No Sasple
No Sample
No Sample
Ko Sample
No Sample

No Sample

No Sasle
No Sasple

810-055-002
B610-055-004
No Sample
Mo Sample
o Sample
No Sasple
N0 Sample
No Sasple

No Sasple

No Sasple

No Sample
No Sasple
No Sasgle

Ho Saapie
No Sample
No Sasple
No Sample

No Samgie

No Sempte
No Sample
No Sanple
No Sasple
Mo Sample
No Sasple

No Sample

No Sample
No Saaple

8610-055-002
8610-055-004
No Sisple
Mo Sample
Mo Sample
No Sample
Ko Sample
No Sample

No Sample
No Sample

E]at

0181-881-073
0287-881-038
0387-881-069

6187-881-097
Insutficient Sample
fnsufficient Sasple

Insufficient Sasple

Insutficient Sasple

8610-044-032
0187-881-100
0287-881-047
0387-881-083
0487-881-061
0168-681-015

fnsufficient Sasple

Insufticient Sasple
0168-881-017

8610-044-007
Bo10-044-017
0187-881-038
0287-88)-043
0387-681-089
No Sasple

0481-881-005
No Sample

0188-681-00!

0168-881-002

NORGARICS

0187-881-07%
0287-681-041
0387-881-068

0187-881-0%

Insutficient Sample
Insutficient Sample
Insuthicient Sasple

Insufficient Saspie

8010-044-033
0187-881-103
02917-881-050
0387-681-08)
0487-881-053
0188-831-015

Insutficient Sasple

Insutticient Sasple
0169-881-017

8610-044-008
8610-044-018
0187-881-106
0281-881-046
0381-881-087
No Saaple

0487-881-001
Mo Sasple

0168-881-00)

0189-881-002

RAD10-
EAJSIR

0187-881-07%
0281-881-038
0287-881-040

0187-681-118

Insutficient Sasple
Insutficient Sample
Insutficient Sasple

Insulticient Ssaple

Insutticient Saaple
018)-881-105
0287-881-04)
0287-881-059
0487-881-05%
0183-881-015

Insutticient Ssaple

Insutficient Sasple
0168-881-017

1000-000- 287
1000-000- 289
0187-881-108
0281-881 043
0381-6881-005
No Sasple

0487-881-020
0187-123-013

0183-881-001

0188-881-002

al
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Table 4-5 1)

Groundwater Volatile L. _anic Results for landfill

Alluvial Wells at Rockwell (Rocky Flats)

weli field Date thloro fenyd lotat
Musber  Sasple Number Sampled  Qtr.  unils Toluene benzene benzene Styrene xylenes

Langfill Alluvial sells Upgradient

1086 610810860 10/16/80 ug/] Sy 5 v 5 S S
1086 10-86-05-14-81  05/14/87 i ug/} L] ] ] [} ]
1088 10-86-06-15-87  06/15/87 2w/l " AR ] ] ]
1088 10-86-08-10-8)  08/10/87 5wl L] MR NR [} R
1088 10-86-12-15-87  12/15/8) 4wl S U S v 5V 5 U Su
1088 10-84-02-02-88  02/02/88 | -ug/l 5u S U S u S S v
586 6458410800 10/1¢/86 vg/} S S v S S} S
4586 6458410862 10/16/8s ug/l 5V 5 U 5 2] S
4586 45-86-05-15-87  05/14/8? ! ugfl ® L LT} ¥l ]
4586 45:86-06-12-8)  06/12/87 2 gl [} R L] ] ]
4586 -86-08-14-8)  08/14/8) 3 wg/) ] ] WM [} ]
4586 45-84-09-30-87  09/%0/8) ug/l S S U 5 U S u 5V
4585 45 86-09-30-8)  08/30/8) @ i R R ] NA ]
4586 45-86-10-01-87  10/01/8] ¢ KA A NA L7} A
5831 $8-87-01-23 88 01/23/88 1 ugf} S S S U S v S
Notes: MR - Analyle not reported U > Analyzed bul not detected B : Present in laboratory blank

M Insutficient water in well for snalysis J < Present below detection limit
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Table 4- at'd.)
Groundwater Semivolatii ~ganic Results for Landfill

Alluvial Wells at Rockwell (Rocky Flats)

bi<(2-thlore

Dbate bis(2-Chioro 2-Chloro I, $-0ichloro 1, 4-Dichlaro benzy) 1,2-Dichloro 2-Bethyl 150propyl ) ¢ Methyl

vell field
benzene Alcohol benzene phenol Ether phenol

Nusber  Sasple Rusber Sampled  Qtr.  toats Phenol ethyl )Ether phenol benzene

tandf1l) Alluvial wells upgradient

1086 6108610860 10/16/86 M A A ] nA NA [ " " NA

1086 10-86-05-14-87  05/14/87 | WA A M A A A L] NA [ NA

1086 10-86-06-15-87  06/15/87 2 M NA A NA NA NA N XA M L]

1086 10-86-08-10 87 08/10/8) 3 %] L1} N KA NA L7} ("} NA NA NA

1086 10-86-42-15-81  12/15/87 ] M NA M L] NA NA [} ("] [ A

1088 10-84-02-02-88  02/02/88 1 L1} NA NA NA NA L1} Ll NA (1 NA

4586 6458610860 10/16/86 ug/l [} 0 100 0 v v 0 v o 10U 10y 10U

4586 6458610862 10/16/86 vg/l o v (1] 0w v 10 v v 0V 0 u [IT] 10 v

4586 45-86-05-15-87  05/14/87 1 L] L7} nm L] HA M M NA NA M

4586 45-06-06-12-8)  06/12/87 2 W L1} NA 1] N M HA MA NA [T

4586 45-86-08-14-8)  08/14/8) 3 L] L7} L' L7} L] L] '] L1 M Ny

4586 45-86-09-30-87  09/30/87 < MA NA NA HA M LT} [T A NA [

4586 45-86-09-30-81  09/%0/81 4 [} M NA LT} NA N L] N N NA

4586 5-86-10-04-87  10/01/8) 4 M L] NA L] [T} (7} nA NA M HA

5881 58-81-01-2)-88  01/23/88 I L] M NA L] "} M A N RA L7}
|
|

Notes: MR : Analyte not reported U : Analyred but not detected B - Present in laboratory blank

N : Insufticient water in well for analysis J = Present below detaction lisit



Table 4-5 | 1)

Groundwater Semivolatile urganic Results for Landfill

Alluvial Wells at Rockwell {(Rocky Flals)

N Nitroso A _bis(2-Chloro 1,24
Neli field bale a0 He«achlor o Nitrd PaL I Dimethyt ethoxy) 2 &binlaro iniehiaso
Musber  Saaple Nuster Sampled  Qtr. uits propylamine ethane benzene Isophor one phenol phenol Benzoic Acid PMethane phenol benzene
tangtil) Alluvial Nells Upy adient
1086 6108510860 10/16/86 L] HA KA KA NA NA KA HA [ NA
108¢ 10-86-05-14-81  05/14/87 i 1] NA N NA L1} NA N MA M NA
1086 10-86-06-15-87  06/19/82 ? NA HA L N NA NA L} NA NA NA
1086 10-86-08-10-87  08/10/87 3 L7} NA NA NA A NA NA A A MA
1086 10-86-12-15-80  12/15/87 4 [} HA ] N NA NA KA NA NA [
1086 10-86-02-02-88  02/02/88 ] L'} NA NA NA L] (1 N NA NA NA
4588 6458510860 10/16/86 ug/] (O] nu 10 v v [[IR] (] v [ 10 v ([}
4586 6458610862 10/16/86 ug/l 100 ¢ 10 v 100 10 v 10 v 10 0 U 10 v 10 v 100 v
4588 45-86-05-15-87  05/14/87 ] NA WA KA L] KA NA NA NA NA NA
4586 45-86-0¢-12-8)  06/12/81 2 NA NA L7} MA NA NA L1} [ NA MA
4586 45-86-08:14-87  08/14/87 3 ] NA NA A KA A L A NA NA
4586 45-86-09-30-87  09/%0/8? [} NA N A NA NA NA KA NA N
4586 45-86-09-30-8)  09/30/8) ] ] A A A NA NA A HA A 0]
4588 45-86-10-01-87  10/01/8) [} L] NR HA NA L1 NA A A A NA
5887 58-87-01-25-88  01/23/88 t M A NA NA NA A WA NA NA NA

MR : Analyte nol reported
NA - Insufticient water in well for analysis

Notes:

U : Analyzed but not detected B = Present in laboratory blank

J = Present below detection lisit



well
Husber

1086
1086

Table 4

Groundwater Semivolati.

nt'd.)

Alluvial Wells at Rockwell

(Rocky Flats)

danic Results for Landfilil

4-(hloro- Hexachloro
field Dite +Chlorp Hexachloror 3-sethyl 2-methyl Trichioro 2-Mitig
Sample Nusber Saspled  Qir.  Wnits Napthalene aniline but adiene phenol naphthalene pentadiene naphthalene aniline
tanatil} Alluvial wells Upgradient
610810860 10/1¢/86 L] NA HA HA NA NA HA NA NA HA
10-86-05-14-87  05/14/8? | WA NA 1] L7} LT} HA MA NA [T NA
10-86-06-15-87  08/15/8) 2 " NA NA NA ] NA NA MA ("} 1]
T 10-86-08-10-81  08/10/8) 3 (] HA XA HA MR L] [T] A NA HA
10-86-12-15-87  12/15/87 [} ] ] KA -] KA M NA NA A A
10-86-02-02-88  02/02/88 | L] HA NA L1 NA NA (1] NA M WA
6458610850 10/16/86 ug/l v 0 v [} 10 u [T} 10 v v U 10U S0 v
6458510862 10/16/86 ug/l [ ] 0 v 100 10 U 0 v [ ] 10U 1] 100 0 u
45-86-05-15-87  05/1¢/87 1 L] MR NA NA L1} NA L] NA L2) HA
45-86-06-12-87  06/12/8) 2 [ L} NA A A L7] R M HA LY
45-86-08-14-87  08/14/8) 3 ] -] A KA WA 2] A HA A KA
45-86-09-30-87  09/30/8) L] [} NA NA 1] [T N L1} NA [T}
45-86-09-30-87  09/30/87 4 L] HA NA WA L) HA N A R NA
45-84-10-01-87  10/01/8? { NA NA A A A HA WA WA KA NA
58-87-01-23-88  01/23/88 1 "} NA A A NA WA L] NA L] NA

Noles:

HR : Analyte not reported

MA ¢ Insutficient water in well for analysis

U : Analyzed but not delected
J : Present below detection iimit

8 - Present in laboratory blank



rd)

danic Results tor Landfill

Table 4-¢

Groundwater Semivolatil

Alluvial Wells at Rockwell (Rocky Flats)

el Field Date Dimethyl Ace Smtie Ae 2.4-hnitro 4-Kito Dibenzo 2,4¢-Dimitro 2,6-Dinitro Diethyl

Musber  Sample umber Saspled  Qti.  Unuts Phthalate naphthylene aniline naphthene pheno) phenol furan toluene toluene phthalate

Landtil] Alluvial wetls tpgradient |
1086 6108610860 10/16/86 [ ] L] LE] NA NA NA XA NA NA A

1086 10-86-05-14-87  05/14/87 1 ] NA NA NA NA A L NA [ [

1086 10-86-06-15-B7  06/15/8) 2 ] NA NA 1] MA NA "] ] [ M |
1088 10-86-08-10-87  08/10/8? 3 L HA NA NA A NA L3 N A A

1088 10 86-02-15-81  12/15/81 4 L NA KA A HA NA L NA HA A

108¢ 10-86-02-02 88 02/02/88 1 NA NA LE] NA A A A NA [ HA

4586 6458410860 10/16/86 v/l (1] (] 0 u [ % u % U [T (] 10 U 100 |
4586 6458410862 10/16/86 wy/l 10U [[I] S0 U {7} 0 u S0 v 0 v 0 v 0 v 10 v

4586 45-86-05-15-81  05/14/87 1 NA NA NA NA KA L] NA NA NA KA

4586 45-86-06-12 81 06/12/8? 2 ] NA NA NA L] NA (7] NA nA L]

4586 45-86-08-14-81  08/14/87 ] [} XA ] MR NA NA L1} NA NA NA

4588 45-86-09-30-87  09/%0/67 L7} N NA A NA NA NA MR NA HA

4586 45-86-09-30-87  09/30/8) [ A NA NA NA NA N NA NA A NA

4586 45-86-10-01-87  10/01/87 L} L NA KA L1 WA NA "] NA KA N

588) S8-87-01-23-88  01/23/88 | M L1} M NA NA NA "} NA HA nA

Notes: MR : Analyle not reported
NA : Insutficient mater in well for analysis

U - Analyzed but not detected
J = Present below detection limit

B : Present in laboratory blank



Table 4-5 . vd.)

Groundwater Semivolati tanic Results for Landfill

Alluvial Wells at ‘Rockuell {Rocky Flals)

+-(hloro 4.¢-Dinitro- D
ell Field Date phenyl- -NItro 2-pethyl N-Nitrosodi B1 osopheny] - Hexachloro Pentachloro
fusber  Sample Musber Saspled  Qtr.  Umits phenylether f luor ene anitine phenol phenyiamine ghenylether benzene Phenanthrene Anthr acene
tangfal] Alluvial wells Upgradient
1086 6108610860 10/16/86 WA NA NA L) HA A M A KA NA
1086 10-86-05-14-B7  05/14/87 1 > KA MR A KA A NA A A A
1086 10-86-06-15-87  0e/15/81 H M NA LT} L7} MA LT} NA WA [ NA
1088 10-86-08-10-87  08/10/87 3 L] NA NA A NA KA NA NA MA XA
1086 10-86-12-15-87  12/15/81 ] "] HA NA NA NA NA M NA [ NA
1088 10-86-02-02-83  02/02/88 i M L1 NA NA NA NA NA NA NA NA
4586 6458510850 10/16/86 ug/i 0 [} N v % U 0V 10 v 0 (1] 10U 10U
4584 6458610862 10/18/88 ug/l 10V 10 v 90 v S0 U 10U 10U 10U [} v 10U
4588 45-86-05-15-87  05/14/87 1 L] NA L N NA NA ] KA NA NA
4586 45-86-06-12-81  06/12/81 2 L] N M L7 NA L'} M L] A NA
4588 45-86-08-14-87  08/14/81 3 ] 7] L1} N KA L1} LT} NA MA NA
4586 45-86-09-30-87  09/30/87 "] NA NA NA KA L A HA NA NA
4586 45-86-09-30-87  09/30/87 4 L") NA NA MA NA 1] KA MR A NA
458 45-86-10-01-87  10/01/87 4 NA N NA NA L} NA L] HA NA NA
5881 58-87-04-23-88  01/25/68 ) M L7} NA NA L] NA HA NA NA NA
Notes: MR : Analyle not reported U - Analyzed but not detected B : Present in laboratory blank

M : Insutficient water in well for analysis

I = Present below detection himit
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Table 4 nt'd.)

Groundwater Ra..ochemistry Results

for Regulated Units at Rocky Flats Plant

well field bate
Musber Sanple Mumber Sampled Qtr. Gross Alpha Grass beta Uranius 133, 234 Uranius 235 Uranlus 218 Strontium 69. 90 Plutonius 239, 240

1andt1ll Alluvial Wells Upgranent

1086 6108610860 10716/88 » L) () () M HA "M
1084 10-86-05- 14-87 05/14/87 1 B3 ) o8 t/- 5 pcll L LS pef) 01 ¢/- 40 poii 43419 pofl 9.3 pc/l Ay M oLpeli
1086 10-86-06-15-87  06/15/87 ? M914/- 15 peifl Mmoy- 35 pafl 0.22 ¢/- 0.8 parfl 0.0 /- 0.2 paili 0.05 ¢/- 0.38 peifl 1.6 pci/i 0.0 4/ 0.64 pcu/l
1085 10-86-08-10 87 08/10/87 3 694/- 33 paifl 624/ 45  pcyl 0.4 4 1.3 prurd 26409 padl €SY-15 pafl 2.1 pifl 2324 8l peif)
1086 10-86-12-15-87 12/15/8) 4 294/-8 peifl 35413 payjl - .09 pai/) 0.00 t/- .02 pri/l 02 4- .01 pei/l d.0 pcifl 000+ .15 pcifl
1086 10-84-02-02-88 02/02/88 i 244 pci/l 9u-1 pad 0.3 4 0.6 pairl 0.4 ¢/- 0.09 peifl S5.04-05 pafl MR ©0.00 1/- 0.32 pey/)
4586 6458610860 10/16/86 200 +/- 80 peif) 140 ¢)- 30 peifl 141 peifsl MR- . 10 4/- 1 pcifl [ 0.3 t/- 0.21 i/l
1586 6458610862 10/16/86 190 +/- 100 peifl 2% /- 0 peifd 19 ¢)-2 peifl NR it 42 peift MR -0.02 /- 0.08 pci/)
4588 45-86-05-19-87  05/14/8? 1 90 pe/l 415 LSt e/l B9 pyl 1.0 4/~ 0.9 pcl 1.6l )] 14 1.8 pcjl
4586 45-84-06-12-87 0s/12/8) ? 0/ 0 peifl 18- 2 peifl 0.0 4/- 0.9 prald 0.0 ¢/- 0.36 paaft 0.0 4/- 0.35 pci/} 1.0 poi/i 0.0 ¢/- 0.68 pc1/i
4586 45-86-08-14-8) 08/14/87 3 By-u pall 204 40 prif) 2.0 4/- 1.5 pcit) 0.2¢/-06 pa1/l 98 ¢/- 2.3 pcif) 2.1 peifl (10 ¢/- 86 pc/)
4586 45-86-09-30-87 09/30/8? NA NA NA NA KA NA NA

4586 45-86-09-30-87 09/30/81 4 A5 peafl 000 ol 0.00 t/- 0.06 pcu/l 0.00 +/- 0.03 pu1/l 0.02 ¢/- 0.96 parfi .0 pci/l 000 /- 0.09 parf)
4586 45-84-10-01-8? 10/01/87 [} Nk KR 0.099 t/- 0.124 pci/i KR 0.085 +/- 0.083 pei/l L 0.106 ¢/- 0.062 pcifi
5887 58-87-01-23-88 01/23/88 ! 94 pci/l -1 pagl 0.49 ¢/- 0.2 paa/l 0.07 ¢/- 0.07 paa/l 0.48 4/- 0.20 pca/l KR 0.00 ¢/- 0.21 paafl

Noles: MR : Analyte not reported
NA = Insulficient water in well tor analysis




well field
Musber Sample Nusber

Date
Saspled

Landt1l] Abluvial Wells Upgradient

1088 6108610860

1086 10-8¢-03-14-87
1088 10-84-06-15-87
108 10-86-08-10-8)
1086 10-86-12-15-81
1086 10-B6-02-02-88
4586 6458610850

4586 6458610862

4584 45-86-05-15-07
4588 45-84-06-12-87
4586 45-86-08- 14-81
586 45-86-09-30-87
4586 45-86-09- 30-61
158 45 85 10-01 87
5687 58-87-01-23-88

10/1¢/86
05/14/81
08/15/81
08/10/87
12/15/87
02/02/88
10/16/86
10/16/86
05/14/81
06/12/8?
08/14/87
09/30/87
09/%0/81
10/01/8?
01/23/88

Notes: MR : Analyle nol reportled
WA = Insufticient water in well tor analysis

Qir.

— e N

Table ont'd.)

Groundwater K :hemistry Results

for Regulated Units at Rocky Flats Plant

Aser iCiun 41 tesiun 12} Iritia
[ A NA
00415 pfl NR <110 pc/l
0.0 4/- 1.3 peifl <110 pci/l
0.04/- 1.4 pifl [L10)] pci/l
0.00 ¢/- .10 pcif] @ peifl
] <10 pcifl

0.10 4/- 0.22 pcifel
0.13 4/- 0.22 pcifal

0.03 #/- 0.07 peifl
-0.01 ¢/- 0.08 pcif)

EEESSEEETEETTETSS

0.0 ¢ 1.4 pcfl 110 pc/t

0.0 4- 1.5 pcifi 330 pcifl

L9 4- 91 paifl T8 pci/l
L") KA

0.00 +/- 0.¢4 pcifi 4l peatl
-0.019 +/- 0.0% pci/l (]

0.00 +/- 0.4 pcifl 210 8011



well
Nuabes

0586
0586
0586
0586
0186
()
018
4087
4007
)
)
29
8l

Notes:

field
Sasple Musber

DRy
5-86-05-05-87
5-86-06-09-87
5-86-07-31-87
DRY

DRY
07-80-02-01-88
DRy

DAY

Qi8]

Ry
42-81-12-18-81
42-87-02-04-88
$9-87-01-23-68
60-87-01-23-88
61-81-01-21-88
62-87-01-2¢-68
oay
6-80-05-13-81
4-85-06-09-8
6-86-08-10-67
08-8¢-02-01-88
63-87-01-27-88
64-81-01-29-88
65-81-01-28-88
66-07-01-29-88
67-81-01-28-88
68-87-01-28-88
DRy
N-81-01-9-88
12-67-01-28-88
ORY

ORY

bate
Saapied

tandtifl Alluvial Nells (owngsadient

09/08/680
05/05/87
06/09/81
07/31/8)
09/29/86
08/10/8?
02/01/88
08/10/8?
02/01/88
06/24/81
08/10/87
12/18/8?
02/04/88
01/23/88
01/23/88
01/21/88
01/26/88
09/06/85
05/13/87
06/09/8?
08/10/8?
02/01/88
01/21/68
01/29/88
01/28/88
01/29/88
01/28/88
01/28/88
02/03/88
0%/
01/28/88
08/28/86
08/10/8?

KR : Analyte not reported
M - Insutficient water 1n weil for analysis

Q.

- e e .- e RO e G

—_—— e - RO

-

Table ont'd.)
Groundwater R. chemistry Hesulls
for Regulated Units at Rocky Flats Plant
Lross Alpha Ls0ss Beta Uranue 283, 234 uramum NS Uranua 238 Strontjus 89, W Plutoniua 219, 240
) NA NA NA [ NA )
126 /- 102 pc/i 19420 pfl 29409 pe/l 1.6 ¢/- 0.9 pc/l A9 4/ 06 pcfl 0.6 pe/i 0.74/- 10 pafh
[ MR L MR KR MR 0.0 ¢/- 0.6 “pcifl
»n AR L] ] [ ] ] 24y 9
L] [} NA A MM L) A
] NA WA HA KA L) XA
" "] NA KA L} KA L.7]
L} NA L0 HA KA NA NA
M A L0 NA L] HA KA
NA L] MR KA LT} HA NA
] HA NA A A KA NA
L] NA "] KA NA HA HA
8¢5 peifl S 13 peifl 0.08 +/- 0.11 peifl 002 /- 0.97 pai/) 0.00 +/- 0.09 pcifl R 0.02 ¢/- 0.24 pai/}
-1 pifl 54/- 12 peill 53406 pifl 0.22 +/- 0.10 peifl 4406 peifl L 0.00 t/- 0.24 pcifl
104/-8  peifl 94012 pa/l 0.00 #/- 0 11 pcifd 000 +/- 0.05 pcif) 0.01 4/ 0.09 peifl MR 0001/ 027 peafl
0t/ peifl -0 pall 0.00 ¢/- 0.00 pci/) 0.01 +/- 0.05 pcif) 0.08 +/- 0.08 pci/} L 0.00 4/- 0.24 pci/l
By-6  peifl 112 payl 0.0 #/- 0.10 pcif) 0.02 #/- 0.05 pci/i 0.0 /- 0.08 pcifl L 0.01 #- 3 19 pei/l
L] NA HA KA "] NA L'}
L] ] ] MR ] ] 0.0 1/-¢.8 parfl
] NA L) NA A NA HA
NA L1] L'} NA NA L] KA
L] XA NA NA ] N NA
141 pifl 81/- 15 paifl 6 4-0.4 pifl 018 ¢/- 0.00 prail S64/-03 paifl L 021 - 0.22 pcifl
2¢/-4  paifl 164/ it peifl 0.62 +/- 0.37 pcif) 0.02 ¢/- 0.11 pcifl 0.84 +/- 0.44 pecifl R 0.00 /- 0.40 pecifl
046 peifl 8- 11 peifl SA4- 1.9 peirl 0.27 /- 0.39 peifl 316 ifl [ 001 4/- 0.14 pcyfl
244 peifl 15 4/- 11 peyfl 0.80 #/- 0.10 peifl 0.00 #/- 0.0¢ pcifl 0.50 ¢/- 0.13 peci/) ] 0.01 +/- 0.18 pci/l
1941 peid 3-8 peif) 0.57 +/- 0.18 pcifi 0.00 ¢/- 0.05 pcifl 0.48 +/- 0.13 pcifl ] 0.02 4/- 0.14 pci/l
[IR7AN} peifi L4120 peifl 0.05 4/- 0.10 pcifl 0.00 +/- 0.04 pcifi 0.16 +/- 0.10 pci/l [} 0.00 +/- 0.16 pca/l
N L] M A L] 5] 1]
S4-8 paifl 174/-10 pci/d 0.22 /- 0.13 pci/) 0.07 ¢/- 0.08 pci/) 0.08 /- 0.10 pcifl R 0.00 #/- 0.15 par/l
ot/-5  peifl 3. 13 peifl 5.8 4/- 0.9 peift 0.21 t/- 0.15 pci/l €214/-01 peifl ] 0.00 4/ 0.19 peifi
] NA NA N ] [ A
("] ) "] L) (] ] MA
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nell
Number

field
Sasple number

Date
Saspled

Landtall Adluvial wells Upgradient

1080
1086
1086
1086
1085
108
4588
4586
4586
4586
4586
4588
4584
4986
681

6108610860

10-86-05-14-87
10-80-0¢ 15-87
10-84-08-10-87
10-86-42-15-87
10-86-02-02-83
6458610840

6458610862

45-86-05-15-87
45-86-06-12-81
45-86-08-14-87
45-86-09-30-87
45-86-09-30-87
45-60-10-01-8)
58 87-01-23-68

10/16/86
05/14/81
06/15/81
08/10/87
12/15/8)
02/02/88
10/16/86
10/16/86
05/14/87
00/12/87
08/14/87
09/30/81
09/30/81
10/01/87
01/23/88

Wotes: MR : Analyte not reported

.

— - h -

MA = Insufficient water in well for analysis

Sulfice

Table 4

Groundwater lnorg

wnt'd.)
Results for Laudfilil

Alluvial Wells at Rockwell (Rocky Flats)

Phosghate

tyanide, lotai

Heaavilent
(hromium (Uete)

lotal Dissolved Solias

Suspended Solide

v wohss

ESETEEEEETIZREEDS

ErFEETETEEETTEZSZE

U : fnalyzed but not detected

) : Present below detection liait

0.01
0.04
1.0
1.0

BEETETcccccER

0g/l
/1
89/l
0/t

a0/l
o/l
/)
0/l
%0/l

E TS ERETBEZITEE S

8 - Present in laboratory blank

Cl
»/l
o/l
89/l
g/}
/1
a/l
g/l
g/l
g/l
ag/]

L

sg/d

EE S EEEESTETITEEE

EEEETESSESEETZTSIED



well Field
Nuaber Sasple Mumber

Date
Sampled

Langf1l) Alluvial uells Downgrigient

0586 DRY

0586 5-86-05-05-87
0586 5-86-06-09-87
0586 5-86-01-31-87

0786 DRY

018 ORy

0186 07-8¢-02-01-88
408] DRY

408] DRY

2 = vl

Lre)) DRY

(¥ )] 2:87-12-16-81
LY 42-81-02-04-88
5987 59-87-01-23 88
4087 60-81-01-23-88
6187 61-81-01-2-88
6281 62-67-01-26-88
0686 DRY

1] 6-86-05-13-87
0686 6-84-06-09-87
0686 6-86-08-10-87
0686 08-B0-02-01-88
838} 83-8)-01-2)-88
48] 64-07-01-29-88
6587 65-87-01-28-88
6687 66-81-01-29-88
4181 61-67-01-28-63
6881 8-81-01-28-88
108! DRY

ns? 11-61-01-29-88
128 12-87-01-28-88
0486 DRY

0486 LY

03/08/86
05/05/81
06/09/87
07/31/8)
09/29/86
08/10/67
02/01/88
08/10/87
02/01/88
06/ 24/81
08/10/87
12/16/81
02/04/88
01/23/88
01/23/68
01721188
01/2/88
09/08/86
05/13/87
06/09/87
08/10/8?
02/01/88
01/27/88
01/29/88
01/28/89
01/29/68
01/28/88
01/28/88
02/03/88
01/29/68
01/28/88
08/28/86
08/10/8}

Notes: MR - Analyte not reported

NA : Insufficient water in well for analysis

Q.

e e e R = G = e

— e e e e e o RO e

-

Table 4-¢

Groundwater Inorg

t'd.)
Results for Landfill

Atluvial Welils at Rockwell (Rocky Flats)

Nilrate-

003: RCD3- Chloride Sulfate H fluor 1de Mtrite-Nitrogen
¥ NA NA N HA HA "]
[ ] AN g/l 150 ag/l 1780 - agrl R KR pR 1Y ayfl
] 388 og/l 264 09/l 15 ag/! ] ] 1.6 7 w9/l
[ ] 59 a9/l 210 w/l 4600 8g/! )] XR 1.20 o/l
] HA L5 KA NA NA NA
L] KA NA NA WA NA "]
] A NA NA NA L7] KA
# NA NA NA KA NA A
NA NA HA NA HA NA MA
1) A MR NA NA HA HA
] NA L") NA NA Lt NA
L") RA HA NA HA L1] KA
L] 259 a0/l 13.9 0/l n2 s/l ] ] 0.02 U wyg/l
MR 306 g/l A3 /) 318 s/l [} NR 0.02 v eg/l
L 5.7 o/l 53 /) $2.1 2yl L] MR 282 09/l
] 8.0 a9/l 8 0/l 9.2 [TH] R AR 2.58 ag/l
] B4 g 189w 1.0 syl ®» MR 255 eyl
L) NA NA HA A KA NA
] m 0/l 82 syl 1no 83/) ] ] 0.44 sg/l
L] KA KA NA ] A ¥R
"] L") L0 NA ] KA NA
NA NA NA A RA L] A
] m ag/l 2.3 0/l 54.5 ag/) L] MR 0.02 U agf!
R M gl 199 gl 84wl [ M 0.02 syl
m 208 ag/l 6.8 o/l 183 g/l R ] 2.00 s/l
] 121 0/l 59 o9/l 2.0 0/l ] L] wn wg/)
] 101 a/l [ g/l 39.8 ag/) L " 1.81 o/l
w 107 g/ 5.0 g/l 139 0/l ] ] .12 0g/]
"] NA A L") ‘M A A
L 29 e/l 2.15 8/l 8.0 Ll " R 102 ag/l
" s gyl 8.2 eyl 04 wg/l ® " 053 ag/l
M HA A KA NA NA NA
A WA L] ¥A L") NA NA

U : Analyzed but not detected

J : Present below detection 1t

6 : Present 1n laboratory blank
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Aliuvial Wells at Rockwell

Table 4-’

Groundwater Meta.

wd.)

esults for Landfill

(Rocky Flats)

well field Date Copper iron Ry Patassius Lithius Maynes 1up Manganese tolybdenus Sodiua Mickel
Nusber  Sasple Mumber Sapied  Qtr.  Units {Cu), total (fe), wotal (Hg), totsl {x ), tolal {Li}, total (Hg), total {m), total (Mo}, total (Na), total (Ni), toral
Landt1ll Alluvial Mells Upgradient

1086 6106610850 10/16/86 g/l 0.024 n2 0.0005 12.9 MR 1.88 0.634 0.100 v 2.2 0.040 U
1088 10-86-05-14-87  05/14/87 [} o/} 0.0063 0.04c9 0.0002 v S0 v R 1938 0.139 0.0220 v 13.261) g.0570 v
1088 10-86-06-15-87  06/15/81 2 g/l 0.0080 0.0481 0.0002 U 5.0 U KR MR 0.1t3 0.0220 U 9.7612 0.030 U
1086 10-86-08-10-87  08/10/8? 3 g/l 0.0063 U 0.0640 0.0002 U 5.9 L1 4.0182 0.0919 0.0220 v 13.7014 0.0310 v
1086 10-86-12-15-81  12/18/87 4 o/l 0.0086 0438 0.0002 4 0.8 [ AR 3 8% 0.0%0% 0.0220 u 12.9361 0.0370 U
1088 10-86-02-02-88  02/02/88 1 o/} 0.0020 0.0868 0.0002 v 0.6 [N I] 3.201 0.0835 0.0220 U 9.9118 0.0693
4586 6458610860 10/16/86 /] 0.020 U 0.252 0.00021 0.623 NR 5.% 0.019 0.100 v 13.4 0.040 U
4586 6458610862 10/16/86 0/l 0.020 v 0.242 0.0018 0.540 KR 5.40 0.091 0100 v 139 0.040 U
4586 45-86-05-15-87  05/14/87 i 09/} 0.0063 U 0.0948 0.0002 v 50 v M 260 0.0141 0.0220 v 1.3132 0.030 U
458 €5-86-06-12-87  0e/12/87 2 g/l 0.0063 U 0.0311 0.0002 v S0 v M 2188 0.0051 v 0.0220 U ¢ 5107 0.030 v
4586 45-86-08-14-B7  08/14/8? H o/l 0.0068 U 0.0495 0.0002 v 0.6 MR 28 0.0062 00220 v 10275 0.0870 v
4585 45-86-09-30-87  09/%0/87 WA HA NA NA NA NA NA NA NA NA
4586 45-86-09-30-87  09/30/8) ] »0/) 0.00t3 U 0.0143 0.0002 ¥ 0.0} 0y ¥ MR 0.005 b 0.0220 v 10 8487 0.0200 v
1588 45-85-10-01-87  10/01/87 [] L1} HA NA NA L} NA . A HA A HA
5887 58-87-01-23-88  01/23/88 | C 0.0432 0.099 0.0002 5.2 0.1 v 5 48% 0.5217 0.0220 U 24,6525 ‘ 0.142%

Wotes: MR : Analyte nol reported

NA = Insufficient water in well for analysis

U : Analyzed but not detected
) : Present below detection liait

B - Present in laboratory blank




Table 4- nt'd.)

Groundwater Metai esults for Landfill

Alluvial Wells at Rockwell (Rocky Flats)

tield vate lead AL isony Selentun Stiont i:a Ihalliue Yansdius hinc
(Sr), total {14), total (v ), total (In), total

well
Mumbei  Sample musber Saspled  Qu.  Uunts (), total (Sp), total (Se), totai

tandh ll Alluvial kells bpgrsgient

ECE

1086 6108010860 10/16/86 o/l 0.005 v 0.05 v 0002 v V.28 0.010 v 0.057 0.0%%
1085 10-86-05-14 87 05/14/8) i a9/l 0.005 b 0.0600 U 0.005 U 0.1292 0.01 v 00240 v 0.02 v
1088 10 86-06-15-87  06/15/87 2 g/} 0.009 0.06 U 2.005 U 0.1014 001 v 0.0240 v 0.0295
1086 10-86-08-10-87  08/10/87 3 wmg/l 0.005 U 0.02 v 0.005 v 0.114% 0.0l v 0.0240 U 0.058)
1085 10-86-12-15-80  1215/6) ¢ wg/) 0.004 ) 0.02 v 0005 v 0.097% 6.0t v 00240 U 0.0200 u
1086 10-86-02-02-88  02/02/88 1 g/l 0.005 U 002 v 0005 U 0.09n 0.01 U 0 0292 0.0884
458 6458610840 10/16/86 o/l 0.005 U 0.0 u 0.002 v 0.1% 0010 U 3.025 v 0.006
4586 6458510862 10/16/86 L 0.005 U 0.0 v 0.002 v 0.193 0.000 u 0.025 v 0.005 U
4586 45-86-05-15-81  0%/14/81 | g/l 0.0050 v 006 v 0.005 v 0.0683 v.0100 b 0.02¢0 v 0.02 ¥
4588 45-86 06-12-81  06/12/8) 2 eyl 0.011 0.06 v 0.005 U 0.0550 0.00 v 0.0240 U 0.0200 v
4586 45-86-00-14-81  08/14/80 3 mg/) 0.005 U 0.02 v, 0.005 U 0.0647 : 0.01 v 00240 v 0.0498
58 45-86-09-30-87  09/30/87 [ ] %) ] " NA

458 45-86-09-30-87  09/30/87 4 ag/] 0.002 J 0.011 ] 0005 v 0.084} 001 v 0.0334 0.0200
4588 45-86-10-01-87  10/01/8) 4 (] L7} ] MA ) N .

5887 $8-87-01-23-88  01/23/88 1 o/l 0.005 v 002 U 0.005 U 0.2213 6.0t v 0.0240 U 0.4220
Motes: MR : Analyte nol reported U = Analyzed bul not detected B : Present in laboratory biank

NA = Insutficient water in well for analysis J : Present below detection hisil
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Table 4-5’  'd.)

Groundwater Pestici B Results for Landtill

Alluvial Wells at Rockwell (Rocky Flats)

vel) fiela bate . Heptachlor Endosulfan
Wusber  Sasple Kusber Sampled  Q@r. Umite Alpha- bint Beta-bm Delta-8u( Ganas- bl Heptachlor (TN Eponice 1 Peldrin 4.4

Landfall Alluvial ells upgradient

108 6108610860 10716/86 NA LT] N A A NA ] 7] NA
! 1086 10-86-05-14-8)  05/14/87 i L] NA NA A A NA KA L1} HA
1088 10-86-06-15-B7  06/15/87 2 L) L) NA (] ] ") N nA M
1086 10-86-08-10-87  08/10/8? 3 1 N NR L) NA KA NA KA HA
1088 10-86-12-15-87  12/15/8? 4 NA NA 1] NA M NA NA NA [T
1086 10-86-02-02-88  02/02/88 [} MA 1} L] M NA M NA NA
4586 64586108450 10/16/8 ug/l 0.05 V 0.05 v 0.05 v 005 U 005 U 005 v 0.05 v 0.05 ¢ ] 0.1
4586 649861082 10/16/86 uwy/) 005 v 0.05 v 0.05 v 0.05 v 0.05 v 005 U 0.05 v 005 v 0.1 v 0.1
4586 45-86-05-15-87  05/14/8 1 [ NA NA [ NA NA NA NA (5
4586 45-86-06-12-87  06/12/8) 2 ~ L] [ A NA NA NA %] NA A
4586 45-86-08-14-87  08/14/8) 3 L} L A L] M h L") #A NA
458 45-86-09-30-81  09/30/87 ] ] NA NA NA NA [ NA NA
4588 45-86-09-30-87  09/30/8) 4 ) (] ] "] KA NA [ L] NA
4586 45-86-10-01-87  10/01/87 4 HA KA HA HA KA NA A NA A
5887 S8-8)-01-23-88  01/2:/88 ) NA M NA [ [ NA nA (] NA
Motes: MR : Analyte nol reported U : Analyzed but not detected B : Present in laboratory blank

WA - Insutficient water in well for analysis J = Present below detection himit

SEZEEs T



uell
Musber

n'd.)
B Results for Landfill

Table 4-

Groundwater Pesticic

Alluvial Wells at Rockwell {Rocky Filats)

Field Date Endosulfan indosul!an fndrin .
Sasple Muaber Sazpled  Qir.  Units Endrin 1l 44000 Sulfate 40 metnoxychlor Ketone Chlordane losaphene Aroclor - 1010
tandhall Alluvial sells upgradient
6108610860 10/16/86 L] NA ¥A A NA NA MA NA NA Mt
10-86-05-14-87  05/14/67 1 L] RA HA KA L") A A M A XA
10-86-06-15-87  06/15/8) 2 ] ] A ] L] ] ] NA L] NA
10-86-08-10-87  08/10/81 3 ] L] NA (] (] A [ [ [ N
10-86-12-15-81  12/15/8? 4 [ NA L1 NA NA A NA NA MA (7]
10-86-02-02-88  02/02/88° | [ NA L] NA NA ] WA NA A 1]
645861080 10/16/86 ug/l [N ] 010U 0.1 v 0.1 v 0.1 b 95 v [AaR] 05 v [} 05 U
6458610862 10/16/86 uyl 0.1 b 01U oL 01U 0.1 v 05 v 0.l v [RN] ('] 05 ©
45-86-05-15-87  05/14/8) | L) (] NA L'] A NA (1] NA NA [
45-86-06-12-81  06/12/8] 2 ("] ] L] 1] (] L) ] NA NA [
45-86-08-14-8)  08/14/87 ] L] KA WA KA NA L NA HA HA A
45-86-09-30-87  09/30/87 ] (] L) (] ] (] ) nA HA [
45-86-09-30-67  09/30/87 ‘ (] NA L} KA NA NA A nA NA A
45-86-10-01-87  10/01/8 4 NA NA NA NA NA NA NA NA NA HA
58 87-01-25-88  01/23/88 ! L] L] N NA NA NA - NA NA NA

Hotes: MR : Analyte not reported
KA = Insufficient water in well for analysis

U : Analyzed but not detected 8 : Present in laboratory blank

J : Present below detection limit



well
Nusber

Field
Sasple Wusber

Table 4-5( 1)

Groundwater Pesticic CB Results for Landfill

Alluvial Wells at Rockwell (Rocky Flats)

bate
Saspled  Qir.  wils Arcctar-i2? Aroclor- 1012 aroclor-1242 Aroclor-1248 fAroclor- 1254 naclor- 1260

Lanatill Alluvial Nells upgradient

1088
1086
1086
1086
1086
1086
4588
4588
4586
45686
4586
4586
4586
4586
697

Hotes:

6108610860 10/16/86 L A N nA NA NA
10-86-05-14-87  05/14/8) [} L] L} L] 7] NA NA
10-86-06-15-8)  06/15/87 2 L N NA NA NA NA
10-86-08-10-67  08/10/87 3 (] L] NA KA NA NA
10-86-12-15-8? 12/15/81 [} ] L) KA WA HA NA
10-86-02-02-88  02/02/88 ) ) NA L1} L1 WA NA
6458610800 10/16/86 vg/l [AW] 05 U [ 35 U ('} v
6458610862 10/ 16/88 w/i 0.5 v oS v 05 u 05 U (S] 1u
45-86-05-15-87  05/14/8) ] L] L} NA L] A NA
45-86-06-12-87  06/12/8) 2 NA NA NA L] [ NA
45-86-08-14-87  08/14/0? 3 L] NA NA "] A KA
45-86-09-30-81  09/30/81 L] (") NA L") A )
45 B4-09-30-80  09/30/87 ] "] HA NA ] NA NA
§-86-10-00-87  10/01/87 4 NA NA N L] NA NA
58-87-01-23-88  01/23/88 | ] NA NA (] NA MA
N
MR : Analyte not reported U : Analyzed dut not detected 8 : Present in laboratory blank
WA : Insufticient water in well tor analysis J : Present below detection liail



During the 1986 drilling program, two ground-water monitor well pairs were
installed at the Present Landfill. One pair consisting of one alluvial well (10-86) and
one bedrock well (9-86) were placed upgradient of the landfill. The second well pair
was placed downgradient of the landfill (bedrock wel: 8-86 and alluvial well 7-86) to
monitor ground-water quality. Additional alluvial wells, 6-86 and 5-86, are located

downgradient of the landfill in the unnamed tributary of North Walnut Creek.

In 1987, additional wells were installed to characterize the landfill and
determine the effectiveness of the collection systems dcscribéd in Section 4.2.1.2. An
additional upgradient alluvial well was installed immcdiatcly west of the landfill (58-
87). Eight wells were placed across the landfill collection system (59-87, 60-87, 61-87,
62-87, 63-87, 64-87,'65-87, and 66-87). Wells 67-87, 68-87, and 71-87 were positipncd to
monitor the effectiveness of the north slurry trench.'whcrcas, wells 70-87 and 72-87
were installed to determine the effectiveness of the south slurry trench. Three wells
were installed downgradient of the landfill pond embankment to monitor ground-

water quality leaving the landfill area (alluvial wells 40-87 and 42-87 and bedrock

well 41-87BR).

Two new alluvial wells, 40-87 and 70-87, were dry during the first quarter,
1988 sampling effort, therefore, no analytical data are available at this time. Three
additional wells, 64-87, 66-87, and 71-87, were sampled for volatile organic compounds
(VOC), however, the holding times expired before the samples were analyzed.

Therefore, no VOC data are available for these three wells.

PRESENT LANDFILL CLOSURE CHARACTERIZATION REPORT
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The upgradient ground-water chemistry will be the basis for assessing impacts
to ground water from the landfill. Table 4-6 provides the analyte concentration
ranges observed in ground water at alluvial and bedrock wells located immediately
upgradient of the landfill. As shown in the table, some unusually high analyte
concentrations seen in the data set have not been considered.in establishing the
upgradient analyte concentration ranges. These high values are considered outliers

that are likely not representative of upgradient alluvial ground-water chemistry.

The assessment provided here is qualitative in nature, its purpose being the
identification of obvious impacts of the landfill on ground-water quality. The reader
is referred to Section E of the Post Closure Care Permit Application for a discussion
of proposed monitoring to achieve compliance with 40 CFR 265, Subpart F. Although
the current monitoring program at the landfill was not designed specifically to satisfy
RCRA requirements, many of the analytes mcasﬁrcd are those required for routine
monitoring under 265.92(b), and assessment monitoring under 265.93(a). Parameters
for routine monitoring included in the monitoring program are the Safe Drinking
Water Act (SDWA) metals, chloride, iron, manganese, sodium, sulfate, pH, and specific
conductance. Assessment monitoring parameters are Appendix VIII hazardous waste
constituents expected in the unit. Many of the HSL volatiles are Appendix VIII
hazardous waste constituents that could have been disposed of and released from the
facility. The radionuclides, although not Appendix VIII hazardous constituents, have
been analyzed because they may be possible constituents of waste disposed at the
landfill. Other parameters analyzed are for general inorganic characterization of the

ground water.
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TABLE 4-6

UPGRADIENT GROUND-WATER CHEMISTRY
AND GROUND-WATER QUALITY CRITERIA

2
Upgradient Altuvial Upgradient Bedrock

Ground-Water Chemistry Ground-Water Chemistry Ground-Water
Pacameter Concentration Range (mg/!) Concentration Range (mg/!) Quality Criteris
METALS
|
+ Silver (AQ) .0076(.!-.0191 .0076U .05 1
Aluminum (AL). .029u-.179 .029U-.055 5 !
+ Argenic (As) .0 .01U-.015 .05
+ Barium (8a) ) .026-.340 .028-.160 1
++ Beryllium (8e) .005uU-.026 .05y A
+ Cadmium (Cd) .00Sy .005y 0 |
Cobalt (Co) .05U .022u .05
+ Chromium (Cr) .010-.02 .01y-.02 05,,
Cesium (Cs) o.2u 2U NA
Copper (Cu) .ozou-.ou.z .02u-.026 1
Iron (Fe) .031-.,252 .013-.227 .3
® Mercury (Hg) .0002V-.0016 .0002u-.0002 .002
Lithium (Li) ] v 2.5
Manganese (Mn). .00SU- .634 .013-.034 .05
Mot ybdenum (Mo) .U ] .1
++ Nickel (Ni) .037u-.142 .037v .2
e Lead (Pb) .005u-.011 .005u-.025 .05
++ Antimony (Sb) .08U . 08U NA
+ Selenium (Se) .005v .005U - .0
Strontium (Sr) .06-.24 .18-.28 NA
++ Thallium (TL) .0l .0 NA
Vanadium (V) .025U-.057 .025u-.030 .1
2inc .02U- .43 .02u- .24 5
MAJOR IONS
Calcium 9-28 21-26 NA
Magnesium 2-8 5-6 NA
Potassium 5u-13 Su NA
Sodium 7-253 53-72 NA
Chloride 4-14 8-13s 250
Sul fate 13-49 3-15 250
8icarbonate 18-97 172-205 NA
Nitrate-N 0.5-5 ) 10
Cyanide 1] W NA
Total Dissolved -
Solids 92-233 217-350 400
|
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‘ TABLE 4-6
. ‘ ' (CONTINUED)

UPGRADIENT GROUND-WATER CHEMISTRY'
AND GROUND-WATER QUALITY CRITERIA

Upgradient Alluvial Upgradient Bedrock
Ground-Water Chemistry Ground-wWater Chemistry Ground-Water

Parameter Concentration Range (mg/l) Concentration Range (mg/l) Quality Criteris
RAD[ONUCLIOES (pCi/l)

Gross Alpha MDA - 249(15) <MDA - 160(¢100) 15

Gross Beta <MDA - 250(40) <MDA - 220(60) 50

Plutonium 239, 240 <MDA - .106(.062) MDA 40

Americium 241 <MDA <MDA b eaw

Uranium 233, 234 MDA - 15¢2) <MOA - 3.0(.5) : 40,00

Uranium 238 <MDA - 16(2) <MOA - 5.3(2) 40

Strontium 89, 90 <MDA - 9.3 <MOA,;.1.03 8

Tritium <MDA - 330 <MDA 20,000

eliminating 36.6 mg/. as an outlier
eliminating 28.2 mg/{ as an outlier
eliminating 72 mg/L as an outlier
eliminating 4.7 (1.8) pCi/l as an outlier
eliminating 151 mg/L as an outlier

NN

® Based on data from wells 10-86, 65-86, and 58-87 for alluvial ground water and well 9-86 for bedrock
ground water.

** Not available.
*** Total uranium.

wee® MDA--Maximum Detectable Activity.
4+ SDWA Metal
+ Appendix VIIl hazardous constituent that is not an SDWA metal.
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A groupd-watcr protection standard is not defined for interim status regulated
units under 40 CFR 265; however, regulations at 40 CFR 264, Subpart F, have been
used as a framework to examine the ground-water quality at the landfill. The
ground-water protection standard defined at 40 CFR 264.94 specifies background
levels for hazardous constituents or SDWA drinking water standards for the SDWA
metals (which are also hazardous constituents). The SDWA drinking water standards,
as well as standards for other metals, inorganics, and radionuclides which are not
hazardous constituents are shown in Table 4-6. The concentrations for major ions and
non-SDWA metals are the Colorado Department of Health (CDH) ground-water
standards for protection of human health (or protection of agriculture if human
health standards are not available). Because the ground water in the vicinity of the
landfill has not been classified by the State, these standards are not enforceable. The
plutonium and americium concentrations are proposed drinking water standards (51
FR 34859). The uranium concentration is a CDH surface water standard [S CCR
1002-8, Section 3.8.5(3)]. All other radionuclide standards are SDWA maximum
contaminant levels. These analyte concentrations have been termed ground-water
quality criteria, and are used only to preliminarily assess the public health

significance of the ground-water quality.

Ie

As shown in Appendix C, with few exceptiors, HSL -volatiles did not occur
above detection limits. The only exceptions are the random occurrences of low
concentrations [generally less than 10 milligrams per liter (ug/l)] of methylene
chloride, acetone, methylethyl ketone, and carbon tetrachloridc(CCLd in both

upgradient and downgradient wells, For any single well, the occurrences are
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infrequent, the balance of the data showing the analytes non-detectable. Therefore,

organic contamination is not an issue at the Present Landfill and is not discussed

further.

With the exception of tritium, all radionuclide concentrations in ground water
downgradient of the landfill were within ranges established for upgradient
conditions. At well 63-87, located within the landfill, tritium was 1900(100)
picoCuries (pCi/l), wherecas upgradient ground-water tritium concentrations are below
the minimum detectable activity (220 pCi/l). This tritium concentration likely
reflects the known historical disposal of tritium in the landfill. The concentration is,
however, below the proposed ground-water quality criterion. Tritium does not occur

above the MDA eclsewhere in ground water downgradient of the landfill.

As discussed in the next section, upgradient gross alpha, gross beta, and
strontium 90 concentrations exceed the proposed ground-water quality criteria. This
only occurs for gross alpha in downgradient ground-water, and occurs infrequently
and at concentrations near the proposed ground-water quality criterion (15 pCi/l).
These are the only findings with respect to radionuclides at the Present Landfill, and
therefore, radionuclide concentrations downgradient of the landfill are not discussed

further.
4.2.1.5 UPGRADIENT ALLUVIAL GROQUND-WATER QUALITY
Maior Ion Chemi

- All major ion concentrations are below the ground-water quality criteria. The

concentration ranges suggest variability exists generally on the order of a factor of

two or three.
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Metals

With the exception of manganese, trace metal concentrations in upgradient
alluvial groun_d water are below the proposed ground-water quality criteria.
Manganese, at times, exceeds the proposed ground-water quality criteria by a factor

of ten. Concentrations can vary considerably over time for many of the metals.

Radi lid

The radionuclide concentrations in the upgradient alluvial ground water are
below the proposed ground-water quality criteria except for gross alpha, gross beta,
and strontium 90. Concentrations of gross alpha range from less than the MDA to
249(15) pCi/l. Gross beta concentrations range from less than the MDA to 250(40)
pCi/l. Strontium 90 was 9.3 pCi/l in well 10-86. The proposed ground-water quality

criteria for gross alpha, gross beta, and strontium 90 are 15, 50, and 8 pCi/l,

respectively.

4.2.1.6 ALLUVIAL GROUND-WATER QUALITY ADJACENT TO LANDFILL
Maior Ion Chemi

Well 59-87 is located at the western extent of the landfill. The well penetrates
the intervening clay of the leachate/ground-water collection system and is completed
in both the Rocky Flats Alluvium (below the clay) and fill material (above the clay).
»Although at the time of sampling, ground water occurred below the clay liner, the
possible presence of trash even further west toward the surface water intercept ditch,

and the fact that a conduit now exists between the fill and alluvium, makes it
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difficult to a§sign this well as upgradient of the landfill. Indeed, it abpears the
ground water at this location may be impacted by the landfill. Analyte
_concentrations above the upgradient ranges include calcium (78 mg/l), magnesium (14
mg/1), sodium (32 mg/l), bicarbonate (306 mg/l), chloride (24 mg/l), total dissolved
solids (406.mg/1), manganese (2.13 mg/1), nickel (0.20 mg/1), strontium (0.62 mg/1), and
zinc (0.58 mg/1). Of ‘thcsc analytes, calcium, bicarbonate, total dissolved solids,
strontium, and manganese are most clevated (factor of 2-4 higher) relative to
upgradient conditions and appear to best represent indicators of a ground-water
quality change at the landfill. Total dissolved solids and manganese exceed the
proposed ground-water quality criteria (400 mg/l and 0.05 mg/l, respectively).
However, manganese concentrations in upgradient ground water also exceed the

ground-water quality criteria.

Well 63-87 is located at the north-central edge of the landfill and is within the
landfill. Ground-water quality at this location is similar to that observed at well 59-
87. Except for nickel, zinc, and chloride, the same analytes exceed the upgradicnt.
concentration ranges. Again, calcium (123 mg/l), bicarbonate (392 mg/Il), total
dissolved solids (519 mg/1), and strontium (0.69 mg/!) §ignificantly exceed the
concentrations in upgradient alluvial ground water. Total dissolved solids exceed the

ground-water quality criterion at this location.

At wells 62-87, 61-87, and 60-87, each located progressively further north and
outside the landfill, ground water appears to represent upgradient conditions. Only
sulfate in ‘wells 60-87 (57 mg/1) and 61-87 (59 mg/l) exceeded the upper limit of the
upgradient range (49 mg/l). This is likely not a significant diffcrencc; This
information supports the hydrogeologic findings that the hydraulic gradient at this

location is into the landfill and that the clay barrier appears to function.
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At wcl! 64-87, located at the south-central edge of the landfill and within the
landfill, elevated concentrations of calcium (47 mg/l), chloride (20 mg/1), bicarbonate
(179 mg/1), total dissolved solids (255 mg/l), copper (0.057 mg/l), manganese (1.20
mg/!), molybdenum (0.35 mg/1), and strontium (0.33 mg/1) occur. However, in this
case, only bicarbonate and molybdenum are significantly eievated. The molybdenum
exceeds the proposed ground-water quality criterion (0.1 mg/1); however, this is the
only occurrence of elevated molybdenum downgradignt of or within the landfill. The

significance of this finding is unknown at this time.

At wells 65-87 and 66-87, located progressively further south and outside the
landfill, ground 'watcr contains higher concentrations of salts and trace metals.
Analytes exceeding upgradient concentrations at wells 65-87 and 66-87 are calcium (74
and 34 mg/l), sodium '(71 and 95 mg/1), magnesium {{3 mg/l (65-87 only)], bicarbonate
(208 and 127 mg/l1), sulfate [153 mg/l (65-87 only)}, total dissolved solids (491 and 405
mg/l), manganese [1.05 mg/l (65-87 only)], copper [0.054 mg/l (66-87 only)], nickel
(0.186 mg/l (66-87 only)], strontium (0.50 and 0.30 mg/l), vanadium [0.10 mg/1 (66-87

only)}, and zinc [0.47 mg/! (66-87 only)). This data supports the hydrogeologic finding

\that the hydraulic gradient is away from the landfill at this location. Analytes

" exceeding the proposed ground-water quality criteria are total dissolved solids and

manganese.

East of the landfill in the vicinity of the slurry trenches are wells 71-87, 67-87,
68-87 (north slurry wall), and wells 70-87 and 72-87 (south slurry wall). In general,
total dissolved solids (range 191-395 mg/1), bicarbona:e (range 101-276 mg/l), sulfate
(range 67-139 mg/l), and calcium (range 32-89 mg/I) in all these wells exceed the
upgradient alluvial ground-water concentrations. Strontium is only elevated in wells

71-87 and 72-87 which are outside the slurry walls (0.42 and 0.60 mg/l, respectively).
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. Manganese is only clevated in wells 67-87 and 68-87 which straddle the sturry wall

(0.67 and 1.61 mg/l, respectively). Ground water at well 68-87 also contains clevated
iron (0.95 mg/l). Well 70-87 was dry. Predicted ground;watcr flow directions do not
support a landfill impact on ground-water quality at wells 67-87 and 71-87. At these
locations, ground-water flow is from the north and east. This suggests that the
observed concentrations of salts, strontium, and manganese may represent natural
spatial variations in ground-water quality. On the contrary, ground water is
predicted to flow, at times, south from the landfill at well 64-87 toward wells 65-87
and 66-87, which could proceed east toward well 72-87. Regardless, the observed
water quality at well 72-87 does not appear unusual relative to the ground water to
the north, which is presumably unimpacted. Iron and manganese are the only

analytes which exceed the proposed ground-water quality criteria.

4.2.1.7 Downgradient Alluvial Ground-Water Chemistry

‘ Wells 7-86, 40-87, 42-87, 6-86, and 5-86 are loczted progressively downgradient

;. of the landfill. Well 7-86 is usually dry, and only organic data exist for this well.

Well 40-87 is also dry. Analytes exceeding upgradient concentration ranges for wells

42-87, 6-86, and 5-86 are as follows:

Anajvte Concentration (mg/l)

Well 42-87 We,l 6-8§ Well 5-86
Calcium 71 444 32-473
Magnesium 13 180 6.5-292
Sodium 53 301 22-1179
Bicarbonate 259 227 366-459
Suifate 75 1710 . 725-4600
Chloride 14 826 150-270
- Iron .40 .007 .0070-.42
Manganese .56 1.3 .023-.062
Strontium 1.28 5.12 .17-9.5
Nickel .037 1.40 .04-.19
Total Dissolved Solids 355 4542 3517-7363
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The analyte concentrations obscrvéd at well 42-837 may indicate an impact
from the landfill; however, as discussed in the previous section, the observed
concentrations may be due to natural variations in ground-water chemistry. Iron and
manganese cx.ceed ‘the ground-water quality critcria.v Iron occurs at high
concentrations at well 68-87 but not within landfill (wells 63-87 and 64-87). The
limited data makes it difficult to draw conclusions with respect to iron as a
contaminant of the landfill. As previously mentione;!, the manganese concentration
also exceeds the ground-water quality criterion in upgradient ground water and

ground water to the north.

The concentrations of analytes at wells 6-86 and 5-86 do not indicate a release
from the landfill. These high levels of contamination are not seen wi(vhin the landfill
ground water or immediately downgradient of the landfill (42-87). The implication is
another source of high total dissolved solids water exists downgradient of the landfill.
As no SWMUs are known to be located downgradient of the landfill, this source may

be due to natural saline mineral dissolution.

4.2.2 Bedrock Ground-Water Flow System

4.2.2.1 Recharge Conditions

Ground-water flow in the Arapahoe Formation occurs within sandstones,
siltstones, and claystones. Ground-water recharge to the Arapahoe Formation occurs

as infiltration of alluvial ground water.

Seasonal variations in saturated thickness are shown in the hydrographs for

wells 8-86, 9-86, and 41-87 (Appendix B). The smallest saturated thickness occur from
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June through :Scptcmbcr. There is a downward gradient between ground water in
‘ surficial materials and bedrock. This has been demornstrated previously at the Plant
(Hurr, 1976, and Rockwell International, 1986a, 1988a). Table 4-7 presents vertical
hydraulic gradients calculated for alluvial/bedrock well pairs 7-86 and 8-86 (bedrock
well), 10-86 and 9-86 (bedrock well), and 40-87 and 41-87BR. Calculated vertical

gradients range from about 0.2 to 0.5.

42.2.2 Ground-Water Flow Directions

Ground-watc_r flow within individual sandstones is from west to east at an’
average gradient of 0.09 ft/ft based on wells completed in the same sandstones at the
903 Pad and East Trenches Areas (Rockwell International, 1987b) and on regional
data (Robson and others, 1981a). None of the existing bedrock wells at the Present
Landfill are completed in the same sandstone. Therefore, a site-specific horizontal

‘ ’ gradicnt cannot be calculated for Arapahoe sandstone.

4.2.2.3 Hydraulic Conductivities

Hydraulic conductivity values for Arapahoe sandstones were estimated from
drawdown-recovery tests pcrformed in 1986, a slug tesi performed in 1987, and packer
tests performed in 1986 and 1987. Tables 4-8 and 4-C summarize the results of these

tests. Data, analyses, and results of each test are provided in Appendix C.

Hydraulic conductivity values in sands:ones from drawdown recovery,

slug, and packer tests arc in good agreement. The hydraulic conductivities in

sandstones vary from 4 x 108 cm/s to 3.1 x 1077 cm/s. This is in the range of the

hydraulic conductivity calculated for siltstones,
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TABLE 4-7

VERTICAL GRADIENTS

Elevation of

Elevation of

"Elevation of

Water Level Saturated Separator Downview
Potentiometric Difference Interval Saturated Thickness Vertical
well Surface (fty Midpoint Interval (ft) Gradient
7-86 5920.76 5920.40-5917.66 5919.21
18.89
56.83 0.33
8-86 5901.87 5864.73-5860.02 5862.38
10-86 5987.93 5991.73-5971.24 5979.59
20.09 113.32 0.18
9-86 5967.84 5872.66-5859.88 5866.27
40-87 5879.39 5884.19-5881.23 5886.31
38.44 85.03 0.45
41-87 5840.95 5801.57-5788.99 5795.28
Potentiometric Surface values Based on April 11, 1988 measurements
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TABLE 4-8
‘ leSULTS OF PACKER TESTS IN ARAPAHOE FORMATION

1st P 1/3 P 2/3 2nd P 1/3 Geometric
well No. Interval (ft) Lithology {cm/s) {cm/s) (cm/s) mean (cm/s)
-6 -6 .6 -6
8-86 33.50 - 43.53  Claystone  6.90 X 10 5.06 X 10 3.10 x 10 4.8 x 10
43.50 - 53.53  Claystone  Aborted 2.1 x 107 aborted 2.1 x 1077
53.50 - 63.53  Claystone 1.13 x 10°® 3.0 x 108  Aported. 1.8 x 1077
Claystone Geometric mean for 8-86: 5.7 X 10'7
9-86 87.64 - 97.67  Siltstone . 1.0 x 108 1.0 x 108
97.87 - 107.70  sSiltstone 6.0 X 10°% 3.0 x 10°8  Aborted 4.0 x 1078
107.70 - 117.93  Siltstone © o, 1.0 x 1078 1.0 x 1078
121.00 - 131.03  Sandstone 1.9 x 10 4.0 x 108 9.0 x 108
135.00 - 145.03. Sandstone/Si{tstone
Siltstone Geometric mean for 9-86: 2.0 X 1078
sandstone Geometric mean for 9-86: 9.0 x 1078
' -7 -6 .7 -7
41-878R 20.85 - 30.50 Claystone 5.7 X 10 1.71 x 10 9.9 X 10 9.9 x 10
32.50 - 42.15  Sandstone 3.5 X 1077 1.0 x 107 2.0 x10°® 9.0x 10°®
41.55 - 51.20  sandstone 9.0 X 107 2.6 x10°° 1.75x10°® 1.6 x 10°%
53.05 - 62.70  Claystone - 2.0 X 10"/ 3.9 x 107 1.0 x 107 2.0x 107
62.70 - 72.35  Sandstone 4.2 X 1077 6.6 x 107  1.70x 107 3.6 x 10°7
73.35 - 82.00 Claystone 9.1 x 1077  2.58 x 10°% 1.5 x 1078
82.00 - 91.65  sandstone 5.7 X 107 5.0 x 10°% 1.7 x 1077
) Claystone Geometric mean for 41-878R: 6.7 X 10
sandstone Geometric mean for 41-878R: 6.7 X 10 '
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TABLE 4-9
RESULTS OF HYDRAULIC TESTS IN BEDROCK
Drawdown Slug Packer
Well No. Lithology Recovery Test Test
Test (cnm/s) (cm/s) (cm/s)
8-86 Claystone - - 5.7 x 10”7
‘ Sandstone 7 x 1078
9-86  Siltstone - - 2.0 x 10”78
Sandstone 4 x 1078 9.0 x 1078
41-87BR Claystone - - 6.7 x 10”7
Sandstone - 2.78 x 1078 3.1 x 1077
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2x 10'8 cm/s, and actually less than the range of the hydraulic conductivity for the

claystone, 5.7 x 107 t0 6.7 x 1077 cmy/s.

This very low hydraulic conductivity in the sandstones may explain why the
downward gradient from the surficial flow system to the bedrock flow system in the
landfill area is not greater than 0.2 to 0.5 ft/ft. This low hydraulic conductivity
impairs the ability of the sandstones underiying the landfill area to discharge

downdip.

4.2.24 Bedrock Ground-Water Quality

Three bedrock monitor wells were installed to monitor bedrock ground-water
quality. Well 9-86 is located immediately west of the landfill; 8-86 is located
immediately east of the landfill; and 41-87BR is vdowngradicnt of the landfill
embankment in an unnamed tributary of North Walnut Creek. Table 4-10 summarizes

the availability of bedrock ground-water quality data used in this report.

4.2.2.5 Upgradient Bedrock Ground-Water Chemistry
Major Ions

Upgradient bedrock ground-water chemistry is similar to upgradient alluvial
ground-water chemistry except for some of the major ions (Table 4-11). Bedrock
ground water has higher sodium, bicarbonate, and total dissolved solids relative to
alluvial ground water. The ground-water protection criteria for major ions is not

exceeded in upgradient bedrock ground water.
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Metals

Metal concentrations in upgradient bedrock ground water are similar to
upgradient alluvial ground water. However, unlike alluvial ground water, manganese

concentrations do not exceed the proposed ground-water protection standard.

Radion

As with upgradient alluvial ground water, gross alpha and gross beta exceed
the proposed ground-water quality criteria in upgradient bedrock ground water.
Concentrations for gross alpha and gross beta are as high as 160(100) and 220(60)

pCi/l, respectively, while the standards are 15 and 50 pCi/l, respectively.
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Table 4-11 'd.)

Groundwater Volatile Organic Results for Landfill

Bedrock Wells at Rockwell (Rocky Flals)

Dibromo [ (AL 2-(hloro 11,00
ell field bate chloro Trichluto Dichlore ethylvingd 4-nethyl-2- letrachioro letrachluro
Musber  Sample Wusber Saspled A, Uts selhane elhane fenzene propene ether trosotora pentanone 2-Hexangne ethane
Langfiil Bedrock Mells upgradient
0986 6098610850 10/31/86 ug/} S U S U S U S U 0 v 5 U ov [T] S 5 v
0988 9-84-05-14-8)  05/14/81 1 wg/) L] ‘U Nk N MR L] MR ] (] K
0986 9-86-06-15-8)  06/15/8) 2 ug/) ] U " L] MR ] ] ] ] ]
0985 9-85-08-12-8? 08/12/87 3 ug/l ] S MR L R KR [1] L] Su MR
0986 9-84-01-18-88 01/18/88 4 ug/) 50 S v S U bI) L] S U 10V 10 u S v S U
0986 09-8¢-02-04-88  02/04/88 1 wy/l 5u 5 U S v Sy ] S 0u 10U S U S v
Langtat) Bearock wells Lowngradient
4487 4-81-09-21-87  09/21/81 3 ug/l [ 50 MR HR MR M R R Su NR
48! 41-87-09-21-80  09/21/8) 3 wy/l S u 5 U S S U [{1] 5 U 00 100 S U ]
08! a-81-12-0-80 1208 4w/l Su S b P 50, MR S U 0 v 10 v Sy S
418} 41-81-02-03-88  02/03/88 1 ug/l S S Su 5V MR S v 10 v [[J1] S U Su
0886 6088211860 11/13/86 ug/l SV S v 5 U 5 u 0o 5 U 10 v 10 v 5 u (]
088 9-86-04-13 87 04/13/8 1 ug/! KR [} MR L] (] NR ] [} “u K
0886 8-86-06-11-8)  0s/11/8F 2 wg/l R (] MR MR - L] MR ] ] [} R
0886 8-86-08-12-8)  08/1/8) 3 ug/l MR S u MR ] L] MR ] ] S v MR
0888 8-85-12-16-8) 12/18/81 ] ug/l S U S S U S NR b ] 10V 0wu S v 5 U
0886 08-80-02-04-88  02/04/88 1 ug/l S U S u S v Su MR 5 10U [[T] S v Su

Notes: MR - Analyte not reported

MR : Insutticient water 10 well for analycss

U : Analyred but not detected 8 : Present in labosatory blank

J = Present below detection limit
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Table 4-11

Groundwater Inorgarn

Bedrock Wells at Rockwell

desults for Landfill

(Rocky Flatrs)

uell field Date . Hitrate:

Nuaber Sample Nusber Saspled Q. 03: #ol- Chioride Sultate fluor1de Nitrite-Nitrogen
Landfi1l bedroch Mells upgradient

0986 6098610850 10/31/86 S U gl 220 a9/l i (1] 15 ag/d R NR ]

0986 9-86-05-14-8) 05/14/87 ] [ ] mn g/l 13.2 s/l 10.0 /1 (] ] 0.20 U g/l
096 9-86-06-15-81 06/15/81 2 L] 1§73 ag/l 10.5 s/l 1.80 /1 ] ® 0.20 U g/l
0986 9-86-08-12-81 08/12/81 3 (] 181 /] 10.5 8/l 8.5 /1 ] MR 0.20 U sg/l
0985 9-86-01-18-88 01/18/88 [] L] 0 0g/l 11.23 8/l 10.3 0/l )] L] 0.02 U ag/)
098 09-8¢-02-04-88 02/04/88 1 [ 205 a9/] 8.4 »y/l 151 ag/l L] NR 0.02 u g/l
tandtrl) bearock wells bowngradient

"l 4-87-09-21-80 09287 3 ] [ N w N L't [

418] 40-01-09-21-8)  09/21/8) L] ] A MA NA NA L) [

48] 4-87-12-11-8) 1211181 [} L] LE] LC] KA [} NA NA

418) 41-81-02-03-88  02/03/88 i AR 14 89/l 928 8g/l Wy (Y]] R MR 0.02 v wg/l
0885 608851180 11/13/86 50 sy/l Du eyl 12 s/l 101 0/l '] MR [}

0886 8-86-04-13-81 04/13/87 ] 1] N 0/l an o/l 200 ag/1 ] ] 210 sy/l
0886 8-86-06-11-87 06/11/87 2 12.4 sg/l bt ] 9.% 0g/1 25 89/l ] ] 0.20 v agfl
088 8-84-08-12-87 08/12/8? 3 MR 61.5 0/l 9.1 8g/l 178 89/l ] L] L]

0885 8-86-12-16-8) 12/16/81 ] ] 511 /] 1.93 09/} 151 0/} ] L] 1.47 og/l
0886 08-80-02-04-88  02/04/88 | ] 80.2 /1 8.19 89/l 125 /1 (] ] 0.3¢ o/l

Noles: MR : Analyte not reported
NA - Insutficient water in well for analysis

U = Analyzed but not detected
1 = Present below detection himit

8 : Present 10 laboratory blank
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4.2.2.6 DOWNGRADIENT BEDROCK GROUND-WATER CHEMISTRY

Well 8-86, at the west end of the landfill pond, and well 41-87 at the toe of the

landfill pond embankment, are the two downgradient bedrock wells. Analyte

concentrations in ground water at these wells exceed the upgradient conditions as

shown below:

Upgradient Concentration Ranges (mg/1)
Analvte Ran m 8-86 4]1-87
Calcium 21-26 16-91 96
Magnesium 5-6 -* 24-26
Sodium 58-72 72-177 443
Chloride 8-13 8-872 928
Sulfate 8-15 101-225 44
Nitrate .20 20-2.1 -
Total Dissolved

Solids 217-350 307-911 1880

Aluminum .0290-.055 .042-.380 .035-.070
Manganese .013-.034 - .065-.082
Molybdenum .10 04-.13 -
Selenium .0050 .0050-.010 -
Strontium .18-.28 19-1.31 1.33-1.34

® . indicated, upgradient concentration not exceeded

Relative to the ground water at well 9-86’ (upgradient), the ground water at

wells 8-86 and 41-87 is particularly enriched (more so at 4!-87‘thvan 8-86) in calcium, ~

magnesium, sodium, chloride, and strontium. These high concentrations are not

observed in alluvial ground water within, adjacent, cr immediately downgradient of
the landfill. Although it is possible the sandstones in 8-836 and 41-87 subcrop beneath
the landfill (Cross Section A-A') and thus are recharged by alluvial ground water in
this vicinity, it is likely the quality of the ground watcl; in the sandstones at these
wells simply reflects dissolution of minerals within the sandstone and claystone. The

higher salt concentration at 41-87 relative to 8-86 could be explained by the somewhat
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longer contact time and resulting mineral dissolution of water moving from the
alluvium to well 41-87. The observed lower concentrations of salts in well 9-86 may
be due to lower mineral content within the sandstone and claystone in this vicinity.
It is concluded that the apparent “degradation* .of bedrock ground water

downgradient of the landfill is not related to releases from the landfill.

4.2.2.7 GROUND-WATER QUALITY SUMMARY

Examination of water quality data for upgradient alluvial ground water and
alluvial ground water within the landfill, adjacent to and south of the landfill, and
immediately downgradient of the landfill, indicates the landfill may be contributing
calcium, bicarbonate, and to a lesser extent sodium, suifate, iron, manganese, and
strontium to the ground water. However, ground water to the north of the north
slurry wall which is not influenced by the landfill has similar concentrations of these
analytes. This implies that even if the landfill contributes these constituents to the
ground water, the resulting concentrations are within natural variations fo;; the area.
With respect to the public health significance of the water quality directly

_ downgradient of the landfill (42-87), only iron (0.40 mg/l) and manéancsc (0.57 mg/1)
exceed the -ground-water quality criteria (0.3 and 0.05 mg/l, respectively). However,
manganese also exceeds the criteria (maximum concentration of 0.63 mg/l) in

upgradient ground water.

It is concluded that any impacts the landfill Las on alluvial ground water do
not alter the quality to any significant extent relative to the natural variations in
quality observed in the vicinity of the landfill and relative to public health-based

water quality criteria. High salt concentrations further down the drainage (wells 6-86
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and 5-86) appear to result from another, yet unidentified and presumably natural

source.

Bedrock ground-water quality is conjectured to be influenced largely by
mineral dissolution within the sandstones and claystone, as the high salt

concentrations observed are not seen in alluvial ground water within the landfill.

43 PERFORMANCE OF PROPQSED CAP AND LEACHATE SYSTEM

The performance of the proposed cap and leachate system is dependent not
only on its design characteristics, but also on the effectiveness of the intercept and

slurry trenches in already place.

4.3.1 MMMM&MH and Slurry Trenches

Section 4.2.1.2 of this text discussed the effectiveness of the leachate/ground-
water collection system (including the clay liner) and of the slurry trenches. In this ‘
section a water balance approach is used to evaluate the effectiveness of the ground-
water intercept/clay liner and the slurry trenches in isolating the landfill from the.
alluvial ground-water flow system. If the intercept/slurry wall does isolate the
landfill, rates of recharge from precipitation should approximate rates of discharge

into the bedrock and into the landfill pond.
Conclusion

It appears from water balance calculations that the ground-water intercept and
slurry trenches are not completely effective in isolating the landfill from the alluvial

ground-water flow system.
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. Estimated recharge rates for the landfill from iacident precipitation vary from
24,000 to 152,000 cubic feet per year. The range is a function of precipitation rate

and percentage of precipitation estimated to recharge the water table.

Estimated discharge rates for the landfill vary from 187,000 to 392,000 cubic

feet per year. Actual discharge rates may be higher because ground-water flow in the

alluvial toe of the landfill was not estimated.

Recharge

Table 4-12 lists the annual rainfall at the Rocky Flats Plant for the years 1953
through 1987. The 35-year average annual precipitation is 15.15 inches; the maximum
recorded annual precipitation is 24.67 inches in 1969; and the minimum is 7.76 inches

in 1954,

A large fraction of this precipitation is lost as runoff and as

‘ cvapotranspiration. The percentage of annual precipitation that recharges the
ground-water system is quite low. Table 4-13 (after Sutentag, et al., 1984) compiles

these values for the unconfined High Plains Aquifer in Colorado. With reference to

this table, it is estimated that 5 to 10 percent of annual precipitation recharges the

ground-water flow system within the landfill.

The volume of ground-water recharge resulting from incident precipitation is
the product of the annual precipitation, the perceat of resulting recharge (as a
fraction), and the landfill area. The landfill area within the groyund-water intercept
and slurry trcnchés is approximately 740,000 square feet. Recharge rates for the

historical rates of precipitation are listed in Table 4-14.
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TABLE 4-12

ANNUAL RAINFALL AT THE ROCKY FLATS PLANT

Year Rainfall Year Rainfall
1953 11.26 1971 14.30
1954 7.76 1972 14.78
1955 14.77 1973 21.55
1956 13.42 1974 13.73
1957 22.67 1975 12.22
1958 18.07 } 1976 13.51
1959 19.65 1977 8.73°
1960 13.72 1978 13.53
1961 16.08 1979 19.14

1962 8.26 1980 12.96
1963 12.23 1981 13.24
1964 8.79 1982 17.95
1965 18.87 1983 21.62
1966 10.24 1984 11.32
1967 22.54 1985 14.23
1968 12.71 1986 15.13
1969 24.67 1987 18.17
1970 18.56

35-Year Average Annual Rainfall: 15.15 inches (1.26 feet: 38.5 cm)
Maximum Recorded Annual Rainfall: 24.67 inches (1959)
Minimum Recorded Annual Rainfall: 7.76 inches (1954)

Data for years 1953-1976 from DOE, 1980, Table 2.3.6-6.
Data for years 1977-1987 from rainfall measured at Building 774--Rocky Flats.
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TABLE 4-13

RECHARGE ESTIMATES FOR THE HIGH PLAINS AQUIFER

Recharge
In percentage Reference Remarks
State In inches of mean annual
per year precipitation
Colorado 0.80 to 0.95 S McGovern and Coffin (1963) Northern High Plains,
: water-budget method
0.95 S McGovern (1964) Washington County,
. water-budget method
0.82 S Reddell (1947) Northern High Plains,
county averages range
from 0.15 (Kiows) to
1.45 inches per year
(Yuma), computer:
model analysis
4.0 23 Longenbaugh and Xrishnamurthi Washington County,
(1975) sandy soils,
computer -model
snalysis - h
0.59 2 Kapple and others (1977)
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TABLE 4-14

EXPECTED RECHARGE (‘t3)
TO LANDFILL AREA (inches)

Annual Precipitation
Min Avg Max

7.76 15.15 24.67
Percent of precipitation 5% 276,000 539,000 878,000
that recharges ground-water )
system : 10% . 426,000 832,000 1,354,000
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Discharge

Ground water within the landfill is discharged by eastward flow into the
landfill pond, by secpage into the bedrock, and by possible, intermittent southward

flow across the clay liner.

The possibility of intermittent southward flow across the clay liner is
discussed in Section 4.2.1.2. There is insufficient documentation on this flow to

estimate annual discharge rates.

Ground water discharge to bedrock can be estimated from Darcy’s equation:
Q = K A (dh/dL)
Where: K = hydraulic conductivity
A = cross sectional area of flow
dh/dL = hydraulic gradient
As discussed in Section 4.2.2.1, there is a dowr.ward gradient between ground

water in surficial materials and bedrock. Calculated vertical gradients in the landfill

area range from 0.2 to 0.5 (See Table 4-6).

The cross sectional flow area for downward flow into bedrock is the surface

area of the landfill. This is approximately 740,000 square feet.

Hydraulic conductivities for the bedrock formations are summarized in Table
4-8. Because claystone underlies most of the landfill, a hydraulic conductivity
representative of claystone is used. Two hydraulic conductivities for claystone are
avanmmc;%sh;g10‘7 cm/s from well 8-86; and 6.7x10°’ cm/s from well 41-87BR. The
gcometrié:‘;mean of these values is 6.2x10°7 c¢m/s. This is a measurement of the

horizontal hydraulic conductivity. Freeze and Cherry (1979) state that in general
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‘ vertical permeabilities are less than horizontal, but that the ratio of horizontal to

vertical hydraulic conductivities is usually less than three.

As shown below, estimate discharge into the bedrock formations vary from

32,000 to 237,000 cubic feet of water per year.

EXPECTED DISCHARGE (ft3/yr) FROM LANDFILL

Hydraulic Conductivity (cm/s) Downward Hydraulic Gradient
(ft/ft)

2 5
6.2x10"7 | : 95,000 237,000
2.1x10°7 | _ 32,000 80,000

Discharge from the landfill into the Landfill Pond is composed of two
components. Ground-water flow along the thin alluvial toe at the base of the landfill,

and surface water flow from seepage at the base of the landfill.

‘ Because there is insufficient data to estimate a hydraulic gradient across the
alluvial material at the base of the landfill, this rate of discharge cannot be

estimated.

On June 16, 1988 the flow of the seepage was measured with a Baski Cutthroat
flume. The measured flow rate was 2.2 gallons per minute. Although this landfill
seepage is a recent phenomenon (first noticed in April, 1988), it is assumed this
represents a stable discharge rate. Based on this rate, the landfill is discharging

155,000 cubic feet of water per year.
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Total discharge of ground water from the landfill is estimated at a range of
187,000 to 392,000 cubic feet of ground water per year. Not included in either of

these values is the unknown discharge within the alluvium at the base of the landfill.

4.3.2 Performance of the Proposed Cap

The primary function of the proposed cap will be a reduction in the recharge
from incident precipitation. As discussed above, the estimated rate of recharge from
incident precipitation ranges from 24,000 to 152,000 cubic feet per year. This will be

reduced to the 1,000 cubic feet per year estimated in Section 4.2.8 of the closure plan.

While water levels can be expected to drop with the installation of the
proposed cap, some water will remain in the landfill. As concluded in Section 4.3.1,
the landfill is probably not hydraulically isolated from the alluvial ground-water
flow system; therefore, a component ground-water recharge can be expected.
Essential for keeping water levels low in the landfill is the ability to remove ground

water from the eastern end.

4.3.3 Performance of the Proposed Leachate Collection Svstem

The proposed leachate collection system is designed to collect leachate at the
low end of the landfill at expected rates of less than one gallon per minute (Closure
Plan, Section 5.2.4). Currently the seepage at the iow of the landfill is discharging at
2.2 gallox;s\:'per minute. This should be reduced with the installation of the proposed

cap.

PRESENT LANDFILL CLOSURE CHARACTERIZATION REPORT
ROCKY FLATS PLANT, GOLDEN, COLORADO 1 JULY 1988 ‘ PAGE ¢-96




NOTICE

This document (or documents) is oversized for 1l6mm
microfilming, but is available in its entirety on
the 35mm fiche card referenced below:

Document # Qa0 2.0 &

Titled: Ploe ¥~/ Land§)) Pirea  Nlomter Well

_A.Qc,aﬂ.n.n:_t.\ns! Collection Sg)tﬁ‘pms

Fiche location:i) -GW-M1>




NOTICE

This document (or documents) is oversized for 1l6mm
microfilming, but is available in its entirety on
the 35mm fiche card referenced below:

Document # HOQTG S
Titled: Plgre. 4 -2 - LandSll Area  Surficda)

(r&oloqu Moe
o . ']

Fiche location: (A -SW~-MM)3




NOTICE

This dooument (or documents) is oversized for 16mm
microfilming, but is available in its entirety on
the 35mm fiche card referenced below:

Document - # OOO292.

Titied: Plate 4:3 Land€ill Area  Cross Sechon :
mw&mmw'tQ Mep

Fiche location: N-S,1-MI3




NOTICE

This document (or documents) is oversized for 16mm.
microfilming, but is available in its entirety on
the 35mm fiche card referenced below: '

Document # () 0292,
Titled:.?)qﬂ« Y-Y L and€il)Arean
Cross Section A -A

Fiche location: A - Sy~ M 13




NOTICE

This document (or documents) is oversi_';w for ~1-_6r'rm
microfilming, but is available in its entirety on
the 35mm fiche card referenced below:

Document # O0O0292-

Titled: Plate ¥-5: LandGill Aren

Cros Sections B-R, & C°C’

~ Fiche location: A-SW) -~ {Y)/3




-




NOTICE

This document (or documents) is ovefsized for 16mm
microfilming, but is available in its entirety on
the 35mm fiche card referenced below:

Document # QORI

Titled: Plare 4l ‘Land 6l Area
Cross Seetion D-D* & E-F°

Fiche locati§n: A-~Sy-MIY |




NOTICE

'I;hiS document (or documents) is oversized for 16mm
microfilming, but is available in its entirety on
the 35mm fiche card referenced below:

Document # QO ORIR . R :
Titled: Plare ¥- 2/ Glarey Table, Clevations at
the Presont Lavelfit) o Junvare 1928

Fiche location: A -Gy~ ’7’




NOTICE

This document (or documents) is oversized for 1l6émm
microfilming, but is available in its entirety on
the 35mm fiche card referenced below:

Docunént # 0002892 . .
Titled: Plare H-8 | (A )atey Table Elevation ar
the. Precemt Landfil) Tor HPRIL 1933

Fiche location: A-Sw~ M 14




| ‘
|

v
|

SECTION §

SURFACE WATER CHARACTERIZATION

The Present Landfill area is drained by an eastward flowing unnamed
tributary to North Walnut Creek. A landfill retention pond, also known as the east
pond, is located downstream of thg Present Landfill on the unnamed tributary. The
pond was designed to receive surface and subsurface flow from the landfill. The
unnamed tributary joins North and South Walnut Creek approximately 0.7 miles
downstream of the eastern edge of the Plant security area befoxle flowing' into Great
Western Reservoir approximately one mile east of the confluence.

5.1 FA ER FLOW--UN D TRIBUTA WAL EEK

During August 1986, as part of the initial Rocky Flats Plant site
characterization (Rockwell, 1986a), flow rates were measured in all of the site natural
drainages and ditches using either a portable cut-throat flume or the Parshall flumes
used for NPDES monitoring. Surface water monitoring stations are shown on Plate 5-

{. Flow rates were not measured d’uring 1987 surféce water sampling.

Three surface water stations were established on the unnamed tributary of
Walnut Creek draining the area near the Present Landfill. These stations are SW-10
(upgradient of the landfill), SW-13 (upstream of the landfill retention pond), SW-14
(immediately downstream of the landfill retention nond), and SW-15 (immediately
upstream of the confluence with North Walnut Creek). There was no flow in the

tributary at these stations in late August 1986. Flow in the tributary is seasonal and
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is dependent upon precipitation and ground-water flow. The landfill pond, however,

was sampled.

The landfill pond is essentially recharged by ground water and surface runoff
from the landfill located upgradient. The potentiometric surface maps (Plates 4-7 and
4-8) indicate flow from the landfill is in an easterly direction toward the landfill
retention pond. The potentiometric surface maps also indicate the water table is at or

near the retention pond water elevation.

Ground water at the north and south hillsides of the landfill above the pond
locally flon toward the pond. Water loss from the retention pond consists of natural
evaporation which is enhanced by spraying water through i;og nozzles and spray
irrigation over the pond and on the hill to the south of the pond. The pond does not

directly discharge to the drainage downgradient.

52 WATER QUALITY

Surface water quality data collected to date consist of samples collected in
August 1986 and September 1987 from the landfill pond (Table 5-1), and historical
data (Appendix D). Historical data are discussed in Section 5.3. The 1986 and 1987
samples were analyzed for HSL volatile organics, semi-volatiles, pesticide/PCBs, major

ion inorganics, metals, and radionuclides.

Background surface water quality at the Rocky Flats Plant has not been
thoroughly characterized; however, for the purpose of characterizing surface water
downgradient of the Solar Ponds, the chemistry of the surface water quality is

compared to local alluvial groundwater quality and health based water quality
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criteria. Thc. water quality criteria examined are The Safe Drinking Water Act
(SDWA) Maximum Contaminant Levels (MCLs), and the Colorado Department of
Health (CDH) in-stream standards for tributaries to Great Western Reservoir. These
surface water quality criteria are presented in Table 5-2. Where an MCL and an in-
stream standard both exist for an analyte, it is noted that they are equivalent. It is
further noted that a discharge to the drainage is necessary for these criteria to be
considered enforceable. T.'hey are presented here merely to provide pcrspectivle for

the water quality observed at the Rocky Flats Plant.

HSL volatile organics, semi-volatiles, and pesticide/PCBs were not detected in
the 1986 and 1987 landfill pond samples. As shown in Table 5-3, ‘radionuclidc
concentrations were detected but did not exceed the water quality criteria. The only
trace metals exceeding the surface water quality criteria were manganese and iron.
Total dissolved solids (TDS) also cxceedéd the surface water quality criterion.

Elevated TDS, iron and manganese are typical of landfill leachate.

Table 5-3 also provides a comparison to surface water concentrations to
ground-water alluvial concentrations upgradient of the landfill retention pond quality
criteria. ‘Ground-water chemistry is fully discussed in Section 4. The results of this

comparison are discussed below.

The most notable difference between the. water quality in the landfill pond
and the ground water within the landfill is the‘ relatively higher concentrations of
magnesium, spdium, potassium, chloride, and TDS. This may be due to the leaching
of these constituents fron; the soils south of the pond because of the spraying
activities. Other analyte concentrations are similar in the pond and upgradie_nt

ground water. It would appear based on chemistry that interconnection of the ground
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TABLE 5-2

SURFACE WATER QUALITY CRITER!A

METALS COH Water SOWA water Quality Criteria
Quality Limited MCL (to be applied to Rocky
Analyte ... $tandard_(mg(1) L(mgLl), ...EFlats Plant site) .
Aluminum 0.95 0.95 mg/l
Ant imony NS
Arsenic 0.05 0.05 0.05 mg/!L
Barium 1.0 1.0 1.0 mg/1
Beryllium 0.1 0.1 mg/l
Cadmium 0.0% 0.01 0.01 mg/L
Chromium 111 0.05 v 0.05 mg/!\
Chromium VI 0.05 0.05 0.05 mg/t
Cobalt NS
Copper 1.0 1.0 mg/L
. " Lead 0.05 0.05 0.005 mg/L
‘ Iron 0.3 0.3 mg/\
Manganese 0.05 ' 0.05 mg/L
Mercury 0.002 0.002 0.002 mg/L
Mol ybdenum NS
Nickel 0.05 0.05 mg/L
Seleniun 0.01 0.01 0.01 mg/1
Silver - 0.05 0.05 ©0.05 mg/L
Strontium NS
Thatlium 0.015 0.015 mg/t
Vanadium NS
Zinc 5.0 5.0 mg/t
PRESENT LANDFILL CLOSURE CHARACTERIZATION REPORT
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RAD IONUCL IDES

Gross Alpha

Gross Beta
Pu238, 239, 240
Am261

W

Uranium total

Major lons

pH

Nitrate
Chioride

Sul fate
Cyanide (total)
T0S

TABLE S5-2
(CONTINUED)

SURFACE WATER STANDARDS AND CRITERIA

COH Water SOWA
Quality Limited MCL
Standard (mg/\) .(mg/),

15 pCi/l
50 pCisL
40 pCi/sL*
4 pCi/l*
20000 pCist
6.5-9.0
10.0
250
250
0.200
"y
500

Water Quality Criteria
(to be applied to Rocky

15 pCi/t

50 pci/l

40 pci/l

4 pCizt

20000 pCi/t
e

40 pCi/l

6.5-9.0
£ 10.0 mg/L
250 mg/1
250 mg/L
0.200 mg/1
Ll g
500 mg/l

* Proposed value in drinking water yielding a risk equal to that from a dose rate of & mrem/yr.

September 30, 1986 (S51FR34859).

* COH Water Quality Standard for Surface Water (SCCR 1002-8, Section 3.8.5(3))

Rw
SOWA Secondary Maximum Concentration Limit (SMCL)

NS = No standard

PRESENT LANDFILL CLOSURE CHARACTERIZATION REPORT
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‘ : - TABLE 5-3

ANALYTE CONCENTRATIONS IN LANDFILL POND
COMPARED TO SURFACE WATER CRITERIA
AND UPGRADIENT GROUND WATER CHEMISTRY

surtace
Surface Water Upgradient Ground Water
Concentration Water Concentration Quality
Analyte Range @ Range *#* Criteria
METALS (mg/1l)
Silver <0.01 <0.01 0.05
Aluminum 0.120-0.704 .029~,051 0.95
Arsenic <0.01 <0.005 0.05
Barium <0.1-.58 0.15-0.25 1.00
Beryllium <0.005 <0.005 0.1
Cadmium <0.005 <0.001 0.01
Cobalt <0.05 <0.02-.03 NS
Chromium 0.011-0.019 <0.01-.03 0.05
Cesium <0.2 <0.02 NS
Copper <0.02 <0.006-.057 1.0
Iron <0.03-2.3 0.047-.950 0.3
Mercury <0.0002~-0.00063 <0.0002 0.002
Mangenese 0.06-0.42 .64-1.6 0.05
Molybdenum <0.1 <0.02-.36 NS
Nickel <0.04 <.037-.044 0.05
Lead <0.005 <0.005 0.005
Antimony <0.05 <0.02 NS
Selenium <0.005 <0.005 0.01
Strontium 0.4-1.05 .20~-.69 NS
Thallium <0.01 <0.01 0.015
Vanadium <0.024 <0.024 NS
Zinc <0.02-~-.89 .05-.11 5.0
MAJOR IONS (mg/1l)
Calcium 40-100 32-123 NS
Magnesium 21-75 5=15 NS
Sodium 75-226 19-33 NS
Potassium 9-68 3-4 NS
Chloride 91-124 5=26 250
Sulfate 8-52 8-139 250
Bicarbonate 190-402 107-392 NS
Nitrate <0.2 <0.02-2.12 10
TDS 533-1082 226-519 500
PRESENT LANDFILL CLOSURE CHARACTERIZATION REPORT
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. . " TABLE 5-3 continued

ANALYTE CONCENTRATIONS IN LANDFILL POND
COMPARED TO SURFACE WATER CRITERIA
AND UPGRADIENT GROUND WATER CHEMISTRY

_ Surface
Surface Water Upgradient Ground Water
Concentration Water Concentration Quality
Analyte Range * Range ** Criteria
RADIONUCLIDES (pCi/1l)
. Gross Alpha 0(7)=-23(11) 1(4)-17(7) 15
Gross Beta 11(5)=27(22) -1(12)-16(11) 50
Plutonium 0.00(.97)-0.02(.05) 0.00(.16)-.21(.22) 40
Uranium ‘
233 + 234 0.0(2.0)=1.1(.2) 0.05(.10)-4.6(.4) 40
Uranium 238 0.00(.55)-1.0(.2) 0.16(.10)-3.6(.3) 40
Americium 0.00(.51)~0.04(.04) 0.00(.09)=-0.00(.71) 4
Tritium 110(220) =440 <220-1900 20,000
‘ * Based on August 1986 and September 1987 data

‘ . ROCKY FLATS PLANT, GOLDEN, COLORADO

PRESENT LANDFILL CLOSURE CHARACTERIZATION REPORT

1 JULY 1988

*k Based on January 1988 data for wells 63-87, 64-87, and 68-87
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water and sur'face water exists. Further, the potentiometric surface map indicates the
water table is at or near the retention pond elevation, and movement of ground water

from the landfill is toward the retention pond.

5.3 mmary of Historical Water lity D

Appendix D presents historical chemical data for the west and east landfill
ponds, landfill seepage, and the ground-water intercept system. The west landfill
pond was removed in 1981 to allow eastward expansion of the landfill and was

subsequently filled with waste. The east landfill pond is the pond that exists today.

5.3.1 Landfill Ponds

Comparison of the gross alpha, gross beta, tritium, nitrate, pH, total organic
carbon (TOC),-conductivity, chemical oxygen demand (COD), metals, and TDS data
that exist for the west and east ponds show the water quality to be similar. This
suggests that the leachate/ground water that entered the west pond also entered the
east pond. It is noted that both gross alpha and gross beta exceeded, at times, the
water vquality criteria in both ponds. Also tritium, at times, was elevated (on the
order of'l,OOO pCi/l) which would appear to be related to the known disposal of
tritium in the landfill. As shown in Table 5-4, tritium concentrations in the west
pond during the years 1974 through 1977 are higher than in subsequent years (they
are nevertheless below the surface water quality criterion). Gross alpha, gross beta,
and tritium were lower during the 1986 sampling of the east pond relative to the
historical data. There are inadequate data to interpret the significance of this
finding; however, in general there are no apparent historical trends in water quality
for the east landfill pond (or west landfill pond with the exception of tritium). The

absence of a trend also applies to metal concentrations in both ponds. - Lastly, the

PRESENT LANDFILL CLOSURE CHARACTERIZATION REPORT
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‘ i TABLE 5-4

TRITIUM ANALYSES - LANDFILL POND NO. 1%

1974 1975 1976 1977
(pCi/l) (pCi/l) (pPCi/l) (pCi/l)

January - 1143 1740 1365

February | - 1429 | 1733 922

March 7922 1837 1323 1303

April - 924 1431 1113

May - 1445 1121 -

June _ 5875 984 1172 -

Juiy 4797 1520 1378 -

: August | 3724 1258 1305 .-
‘ September 5056 1777 1143 -
October ' 3304 1762 869 -

November 1800 1553 1005 -

December .- 1542 1067 -

* Landfill Pond No. 1 = West Pond; Data reproduced verbatim

from a file of historical data. Source unknown.

PRESENT LANDFILL CLOSURE CHARACTERIZATION REPORT
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TDS, gross alpha, gross beta, metal, and nitrate concentrations are similar to those
observed for ground water within the landfill. It is concluded that future changes in
water quality of the east pond or ground water within the landfill are unlikely based

on this data.
Al

5.3.2 Landfill Seepage

It would appear that "seepage" from the landfill contained higher metal
concentrations and possibly volatile organic compounds that are not observed in the
west pond, east pond, or ground water within the landfill. Table 5-5, constructed
from a 1973 Dow Chemical Lab report on what was termed "landfill seepage", shows
the presence of freon, chloroform, chlorothene, carbon tetrachloride, trichloroethene,
and tetrachloroethene. The seepage also contained high concentrations of calcium,
magnesium, sodium manganese, and iron relative to that observed in the west or east
ponds, or the ground water within the landfill. It would appear this seepage is a
concentrated leachate that 'ultimately mixed with runoff and ground water in the
west (and east) ponds producing the water quality séen in the ponds. However, the

VOC’s have never been observed in the ponds or ground water at the landfill.

As discussed in Section 4, the most significant water quality change in ground
water within the landfill is elevated calcium, bicarbonate, iron, and manganesé. The
seepage has these same characteristics but these compounds are at considerably higher

concentrations than observed in the ground water within the landfill. It is

~conjectured that in the early 1970’s there was less water within the landfill and thus

current landfill ground water chemical conditions reflect a mixture of ground water

and this "leachate".

) PRESENT LANDFILL CLOSURE CHARACTERIZATION REPORT
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AN

TABLE 5-5

SANITARY LANDFILIL SEEPAGE
CHEMICAL CHARACTERISTICS#*

TE

ORGANICS

ME

Freon

Chloroform
Chloroethene

Carbon Tetrachloride
Trichloroethylene
Perchloroethylene
Pesticides

TALS
Silver
Aluminum
Barium
Cadmium
Cobalt
Chromium
Copper
Iron
Mercury
Manganese
Molybdenum
Nickel
Lead
Antimony
Selenium
Tin
Thallium
Vanadium
Zinc

MAJOR IONS

* Source

Calcium
Magnesium
Sodium
Potassium
Sulfate
Chloride
Bicarbonate
Total Solids

CONCENTRATION (mg/l)

1.2
0.1
0.05
0.005
0.50
0.05
0.001

0.005
0.4
<1l
0.001
0.018
<0.005
0.06
60
<0.001
3.4
‘1.0
0.06
0.008
<0.01
<0.01
<0.05
<0.0025
<1l.0
0.061

400
125
205
8.5
12
4.8
1670
2400

= Dow Chemical Laboratory Repoft M73-1752, 01/14/73
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5.3.3 Ground-Water Intercept Svstem

Historical gross alpha, tritium, and nitrate data exist for ground water
discharging from the north and south ground-water intercept systems (data coded as
the north and south landfill bypass). Concentrations of gross alpha and tritium are
similar to the concentrations observed for ground water within the landfill. Nitrate
concentrations ixi ground water from the north intercept system (on the order of 3-4
mg/l) are similar to ground water within the landfill; however, nitrate concentrations
.in ground water for the south interceptor system are higher (on the order of 6-10
mg/l). It is not known why elevated nitrates occur in ground water of the south
intercept system but do not occur within the landfill. As discussed in Section 4,
ground-water quality within the landfill, which is qsfensibly impacted by the landfill,
is within the ground-water quality variations observed in the general area.
Therefore, this limited data do not provide additional useful information to interpret

whether the ground-water intercept system is functioning.
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Scale 41-87 Well Identification Coltuvium Clay |
| 5931.56' Ground Surface Elevation (Surveyed)
} 50 feet — . Disturbed Ground Clayey Sand or Sandy Clay
‘ ’j—l Water Level (Measured 4:11/88) Rocky Flats Alluvium D Sand and/or Sandstone
—_—t - Geologic Contact (dashed where inferred) '
| | | | [avf] valley Filt Atluvium [T7) sand and or Grave 215 Union Boulevard
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0 CRETACEOUS - Lakewood, CO 80228
Silt and/or Siltston
50 feet D 110.00 Total Depth Drilled Arapahoe Formation (Claystone) = o R N Do (303) 980-6800
No Vertical Exaggeration ROCKWELL INTERNATIONAL
_ . . Claystone
Arapahoe Formation (Sandstone & Siltstone) Rocky Flats Plant
Golden, Colorado
; Plate 4-5
NOTE: 1986 Well locations resurveyed during 1988. Landfill Area
' This plate reflects new locations and elevations. CROSS SECTIONS B-B' & C-C
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