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EXECUTIVE SUMMARY

The U.S. Department of Energy (DOE) proposes to remove the
bulk wastes from the Weldon Spring quarry (WSQ or quarry) as a
separate operable unit of the total remedial action of the
Weldon Spring Site Remedial Action Project (WSSRAP). The
quarry, part of the Weldon Spring Site, is situated 5 miles
south-southwest of the town of Weldon Spring, Missouri, and is
contaminated with radioactive and chemical materials deposited
during Department of the Army and Atomic Energy Commission (AEC)
activities between 1942 and 1969. The Weldon Spring Site also
includes the raffinate pits and chemical plant, an area which is

not contiguous to the quarry.

The Remedial Investigation/Feasibility Study (RI/FS)
process will be used to support the proposed removal, which is
scheduled to be conducted prior to the record of decision (ROD)
for the overall remedial action. This RI report is designed to
meet one component of the documentation requirements for the
proposed action. This report summarizes and evaluates
information contained within pertinent studies completed over
the years by Army, AEC, and DOE contractors and other agencies.
An Engineering Evaluation/Cost Analysis (EE/CA) for removal and
treatment of contaminated water from a pond situated within the
quarry, an activity which must precede bulk waste removal, has
been submitted. Additional separate operable units related to
the quarry can only be addressed after the bulk wastes have been

excavated and removed from the quarry.

It is estimated that approximately 95,000 cubic yards of
contaminated waste materials, consisting of structural debris,
drummed and unconfined wastes, process equipment, sludges, and
other solid materials, have been deposited in the quarry.

Uranium, thorium, radium, and radon are the radioactive

constituents of concern. Chemical contaminants are known to




include nitroaromatic compounds, polynuclear aromatic
hydrocarbdns (PAHs), polychlorinated biphenyls (PCBs), and heavy
metals. Representative sampling of the in-place material is
complicated by the hetergoeneity of the waste. The quarry pond,
containing approximately three million gallons of contaminated
water, shows elevated levels of uranium, manganese, arsenic, and
2,4-dinitrotoluene. Groundwater in the limestone bedrock of the
quarry contains elevated concentrations of uranium, thorium,
nitroaromatic compounds, nitrate, sulfate and chlorides.

The quarry was excavated into a limestone ridge bordering
the Missouri River alluvial floodplain. The upper layers of
limestone at the quarry include a complex system of solution
channels, joints and fractures, through which groundwater
movement probably occurs. Groundwater in the vicinity of the
quarry is present within the alluvium, the limestone bedrbck,
and the deeper formations of dolomite and sandstone. A
hydraulic connection apparently exists between the quarry
groundwater and the nearby Femme Osage Slough, but there appears
to be at least a partial hydrogeologic barrier to contaminant
migration further south. The groundwater regime, however, has
not yet been fully characterized. The groundwater regime will

be futher characterized in subsequent investigations.

Wastes within the quarry, therefore, may pose a risk of
future contamination to St. Charles County drinking water supply
wells south of the quarry. To mitigate this potential risk, and
to allow further characterization necessary to support any
additional remedial activities, DOE proposes to remove the bulk
wastes and place them in temporary, secure storage at the
raffinate pits and chemical plant area. This action will permit
appropriate classification and inventory of the contaminated
materials for final disposal planning. Bulk waste removal will
accomplish one critical task in the overall remediation of the
Weldon Spring Site.




In addition to this RI report, a baseline risk evaluation

has been performed and documented in a separate companion
report. A feasibility study for the proposed bulk waste removal
has been initiated. Additional characterization will be carried

out as a separate environmental compliance component after the
bulk wastes are removed.




1 INTRODUCTION

1.1 PURPOSE OF REPORT

1.1.1 Proposed Action

The U. 8. Department‘of Energy (DOE) proposes, as a
separate operable unit of the Weldon Spring Site Remedial Action
Project (WSSRAP), to remove contaminated bulk wastes from the
Weldon Spring quarry (referred to in this report as quarry or
WSQ) and transport them approximately four miles to the chemical
plant portion of the raffinate pits and chemical plant area
(Figure 1.1). The wastes will be held in temporary storage
prior to the record of decision (ROD) for the overall remedial
action. The decision on the ultimate disposal of these bulk
wastes will be included as part of the decision for management
of the waste materials resulting from remedial action activities
at the raffinate pits and chemical plant area.

Although the extent, pathways and mechanisms of contaminant
transport at the quarry are not fully understood at this time,
it can reasonably be concluded that the quarry wastes are the
major source of contamination that has been detected in the
surface water and groundwater in the quarry area. Expedited
removal of the bulk wastes will mitigate the potential risks to
public health and the environment by eliminating the primary
source of contamination and reducing the potential for migration.

In addition, the proposed removal of quarry wastes will
permit adequate definition of residual contamination in and
around the quarry site. The need for removal of any residual
materials (e.g., sludges or sediments present within bedrock

fractures) and for groundwater remediation cannot be determined




until the removal has been accomplished and the remaining

conditions‘evaluated.

The removal will also permit consolidation of all wastes
associated with the Weldon Spring Site at one secure location,
which will accomplish one necessary step in the overall
remediation of the site. An investigation of the proposed
temporary storage area is.now underway, and study results will
be presented in a separate stand-alone report.

1.1.2 Documentation Requirements

The work plan for the overall Weldon Spring Site RI/FS-EIS
outlines the decisions made by DOE regarding the Weldon Spring
quarry operable unit (Peterson et al, 1988). Four distinct
response actions may be required at the quarry: 1) bulk waste
removal; 2) removal of any residual materials following bulk
waste removal; 3) groundwater restoration; and 4) cleanup of
contaminated vicinity properties. 1In addition before the bulk
wastes can be removed, contaminated water contained within the
pond at the quarry must be removed. Those environmental
compliance components associated with the quarry are shown in
Figure 1.2.

This RI report has been prepared to support the proposed
bulk waste removal from the quarry. Thus, the focus of this
report is on compilation of existihg data pertinent to the
removal of the bulk wastes. Therefore, the scope of this report
addresses contamination aspects only within the quarry fence
limits. Areas outside the fence are discussed in terms of
general site description and monitoring. A more comprehensive
characterization will be developed after the bulk wastes are

removed.




The purpose of this report is to satisfy the documentation
requirements for operable unit remedial investigations under the
Comprehensive Environmental Response, Compensation and Liability
Act (CERCLA) of 1980 as amended by the Superfund Amendments and
Reauthorization Act (SARA) of 1986. The information presented
will serve as input into the selection of remedial action
alternatives for the proposed waste removal.

An Engineering Evaluation/Cost Analysis (EE/CA) for removal
and treatment of contaminated water from a pond situated within
the quarry, an activity which must precede bulk waste removal
has already been submitted (MacDonell et al, 1989). In addition
a limited baseline risk evaluation has been prepared separately
for the WSQ as it now exists using information presently
available (Haroun et al, 1989). This evaluation was conducted
for the baseline case to determine potential impacts of the
quarry wastes to human health and the environment if no action
is taken. Current data are considered to be sufficient to
evaluate and justify the need for bulk waste removal. After
removal of the bulk wastes, a comprehensive baseline risk
assessment will be conducted to evaluate potential impacts to
the environment and human health from the residual conditions.

Several additional areas in the Vicinity of the quarry, but
outside of the currently fenced boundaries, are contaminated
with radioactivity. DOE proposes to clean up those vicinity
properties which present an unacceptable risk to the general
public. Vicinity properties to be remediated prior to issuance
of the ROD will be addressed in separate environmental

compliance documents.




1.2 SITE BACKGROUND

1.2.1 Site Description

The Weldon Spring Site is located near the community of
Weldon Spring, St. Charles County, Missouri, about 30 miles west
of St. Louis (Figures 1.1 and 1.3). The site consists of two
noncontiguous areas: 1) the raffinate pits and chemical plant
area and 2) the quarry. The raffinate pits and chemical plant
are about 2 miles southwest of the junction of Missouri Route 94
and U.S5. Route 40/61. The quarry is located about 4 miles
south-southwest of the raffinate pits and chemical plant area
and about 5 miles southwest of the community. Both areas are
accessible from State Route 94, and are fenced and closed to the
public.

The 9-acre quarry was excavated into a bluff which forms a
valley wall at the edge of the Missouri River floodplain. A
small pond, 0.5 acre in size, occupies the lowest point of the
quarry. The surrounding topography is rugged, heavily wooded,
and characterized by deeply dissected hills. To the south lies
the broad, flat Missouri River floodplain. The Femme Osage
Slough and the St. Charles County well field are located on the
floodplain.

An estimated 95,000 cubic yards of bulk waste are presént
within the quarry. The heterogeneous material includes rubble,
drummed waste, sludge, and soil contaminated with both
radionuclides and chemical species. The areas of highest
radioactivity are to the east and northeast of the pond.
Chemically contaminated materials are present to the east and
south of the pond. 1In addition, both pond water and groundwater
within the saturated portions of the waste materials are

contaminated.




1.2.2 Site History

The Army and the AEC used the Weldon Spring quarry for
waste disposal during their operations from 1942 to 1969.
Before 1942, limestone aggregate was mined from the quarry and
used in construction of the Weldon Spring Ordnance Works,
located about 4 miles to the northeast.

Between 1942 and 1945, the Army used the quarry for
disposal of wastes generated from manufacturing at the ordnance
works. After 1945, rubble contaminated with TNT and other
nitroaromatic compounds was dumped into the quarry until 1957.
The ordnance works, which produced DNT in addition to TNT, were
operated until 1944, and the property was declared as surplus 2
years later. By the end of 1949, most of the land around the
ordnance works and the quarry had been transferred to the state
of Missouri and the Univefsity of Missouri.

In 1956, portions of the ordnance works area were
transferred to the AEC. This agency then constructed and
operated a feed materials plant, now known as the chemical
plant, which processed uranium and thorium ore concentrates.
Two years later, in 1958, the AEC assumed custody of the quarry
for use as a disposal site for radioactively contaminated
wastes. The feed materials plant was operated until 1966.
Radioactive waste materials disposed in the quarry during this
period included drummed wastes, uncontained wastes, building
rubble, and contaminated process equipment.

In 1975, AEC contracted with National Lead Company of Ohio
(NLO) to perform environmental monitoring and maintenance at the

quarry. This responsibility was transferred to Bechtel National
Inc. (BNI) in 1981, under contract to the DOE, AEC's successor.

MK-Ferguson Company (MK-F), DOE's project management contractor

(PMC), has been active at the site since 1986. In 1987 the




Weldon Spring quarry was placed on the National Priorities List
under CERCLA.

1.2.3 Overview of Investigations

Since the 1950s, government agencies and contractors have
conducted intermittént investigations at the Weldon Spring Site
to assess the hydrogeologic and environmental setting, and to
determine the nature and extent of contaminant sources and
environmental contamination within and in the vicinity of the

quarry.

Several types of site-specific studies have been conducted
in the quarry area to achieve these objectives. Geological and
hydrogeological investigations have included field
reconnaissance and mapping, borehole logging, and sampling
programs, monitor well installation, groundwater level
measurements, pumping tests, and other aquifer tests. Water
quality sampling and analyses for radiological and chemical
parameters have been conducted in bedrock and alluvial
groundwater, and bulk wastes have been characterized.
Activities have included borehole and surface sampling of soils
and wastes with analyses for radiological and chemical
parameters. Sediment and water samples obtained from surface
water bodies in and around the quarry have also been analyzed
for radiological and chemical parameters. Environmental
monitoring of air quality has also been conducted. These
studies have confirmed the presence of both chemical and

radiological contamination at the quarry.
1.3 REPORT ORGANIZATION

This report is generally organized in accordance with the
March 1988 draft guidance document for conducting remedial
investigations/feasibility studies (RI/FS) under CERCLA (EPA,

. .




1988). Because the scope of this report is related to the
proposed bulk waste removal, discussion focuses on the
characterization of the waste materials now present in the
quarry. The study area relevant to this report is generally
confined to the area within the quarry fence. However, limited
areas outside the fence are discussed in terms of monitoring and
general site description. Topics such as groundwater, surface
water, geology, meteorology, and ecology are discussed only as
they pertain to the bulk waste removal. A thorough
characterization of the area surrounding the quarry will be
addressed in subsequent documents.

Study area investigations are summarized in Section 2;
physical characteristics are presented in Section 3; and the
nature and extent of contamination are discussed in Section 4.
Contaminant fate and transport (Section 5) are discussed in
terms of persistence and potential migration of contaminants
from the quarry. Summary and conclusions are provided in
Section 6. In addition, data relevant to the characterization
of the quarry bulk wastes, sediments, surface water and

groundwater are included in Appendices A through D.
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2 PREVIOUS STUDY AREA INVESTIGATIONS
2.1 QUARRY INVESTIGATIONS

The Weldon Spring quarry has been studied since the 1950s.
The objectives of these studies were, during the early years, to
identify changes in the radioactive contaminant levels at the
quarry, and, later, to permit suitable definition of levels of
both radioactive and chemical contaminants through an ongoing
monitoring and exploratory program.

This section briefly outlines the studies, presented by
discipline and in chronological order, which have been done at
the site under contract to the Department of the Army, AEC, and’
DOE. Because the focus of this report is the proposed removal
of bulk wastes from the quarry to provide secure temporary
storage and to permit further assessment of additional
remediation required, the contaminant source investigations
(Section 2.3) are the most pertinent to this effort. The
results of all investigations, however, and their relevance to
the bulk waste removal, are presented in Sections 3 and 4.

2.2 SURFACE FEATURES

Topographic mapping of the quarry, at 1"=100' with Z-fqot
contour intervals and at 1"=50' with l-foot contour intervals,
was completed in the mid-1980s (Surdex Corporation, 1983,
1987). Disposal areas, vegetation, roads, fences, and other
surface features are described in Section 3.1.

2.3 CONTAMINANT SOURCE INVESTIGATIONS

Numerous investigations have been conducted to determine
the sources of contamination at the quarry. The conclusions of
these studies have been compiled and the resulting waste

11




characterization is presented in Section 4.1. These

investigations are briefly summarized below:

1967

1975

1979-81

1984-85

1986

A task force formed by the Oak Ridge Operations Office
of the AEC evaluated existing data to define
management options for the quarry as a disposal
facility. Disposal history at the quarry was
summarized (Lenhard et al., 1967).

National Lead Company of Ohio, Inc. (NLO) evaluated
the quarry in terms of either decommissioning the
quarry or using it for radioactive waste disposal, and
generated descriptions of radioactive and chemical
wastes within the quarry. The potential for migration
of contaminants from the quarry wastes was also
assessed (Pennak, 1975; Huey, 1978).

Lawrence Berkeley Laboratory (LBL) completed a
characterization and history of the quarry to
determine potential environmental hazards posed by the
quarry wastes. The investigation, which was reported
by Berkeley Geoscience Associates (BGA), included
extensive waste sampling and analysis for radiological
parameters (BGA, 1984).

Bechtel National, Inc. (BNI) conducted a radiological
survey, which included a drilling program within the
quarry perimeter and extensive sample analysis.
Selected samples were also analyzed for chemical
parameters (BNI, 1985c). '

BNI, in cooperation with TMA/Eberline, performed an
extensive chemical sampling, analysis, and

characterization program, focusing on volatiles,
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semi-volatiles, PCBs, and nitroaromatics (Kaye and
Davis 1987).

1987 PMC collected and analyzed surface soil samples from
the exposed slope at the east end of the quarry for
nitroaromatics (Meyer, 1988).

2.4 METEOROLOGICAL INVESTIGATIONS

No specific meteorological data has been collected at the
quarry. Precipitation, evaporation, and wind speed and
direction have been monitored at the chemical plant site. Air
quality sampling for radon has been conducted at points along
the quarry perimeter and at several off-site locations since
1981 (Weidner and Boback, 1982; BNI, 1983b, 1984b, 1985b, 1986;
MKF and JEG, 1987, 1988a).

Section 3.2 includes data on local meteorology, based on
records from the National Climatic Data Center of the National
Oceanic and Atmospheric Administration (NOAA, 1984; 1981-1986).
Annual wind rose diagrams for the Weldon Spring Site are
available in previous annual Weldon Spring Environmental
Monitoring Reports (BNI, 1986, 1985b).

2.5 SURFACE WATER AND SEDIMENT INVESTIGATIONS

Investigations of surface water and sediments present in
the quarry are highlighted on Table 2.1, and briefly described
below. Study results are presented in Sections 3.3, 4.2, and

4.3.

2.5.1 Surface Water Investigations

Surface water investigations have focused on defining the

extent and nature of contamination due to the quarry wastes.
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TABLE 2.1 Summary of Surface Water and Sediment Contaminant Studies Related to the Heldon
Spring Quarry

Quarry Pond

Contractor Year Reference Water Sediment
MCH 1960-1965 MCW, 1960-1965 R
Task Force 1967 Lenhard et al, 1967 R
NLO 1976-1975 Pennak, 1975 R/C
NLO 1976 BGA, 1984 ) R
NLO 1977 Huey, 1978 R/C
NLO 1979-1980 Weidner & Boback, 1982 R/C
LBL 1979-1981 BGA, 1984 R/C R
USGS 1984 Kleeschulte and Emmett, 1986 R/C
BNI 1984-1985" BNI, 1985c R/C R
BNI 1986 Kaye and Davis, 1987 C
BNI 1986 Glenn, 1986 (o
MKF 1987 MKF, 1987 R/C
MKF 1987 MKF and JEG 1988a R/C
Notes:
MCH - Mallinckrodt Chemical Works R - Radiological Testing
USGS - United States Geological Survey C - Chemical Testing

.

Samples have been collected from the quarry pond as part of
ongoing environmental monitoring (MCW, 1960-1965; Weidner and
Boback, 1982; and MK-F and JEG, 1988a) and more extensive
investigations. Analyses have included radiological and

chemical parameters.

Early studies conducted for AEC by a task force (Lenhard et
al, 1967) and NLO (Pennak, 1975 and Huey, 1978) focused on
determining the potential hazards created by the quarry. These
investigations included sampling from the quarry pond. Water
samples were analyzed primarily for radiological parameters,
with limited analysis for chemical parameters.

From 1979 through 1981, LBL performed the first

comprehensive investigation of the quarry. These studies were
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performed to investigate the extent of possible radionuclide
migration from the quarry and to provide information on the
geochemical environment of the migrating nuclides. As part of
this assessment, water samples were collected from the quarry

pond and analyzed for radiological and chemical parameters (BGA
1984).

The U.S. Geological Survey (USGS) began a 3-year study
during October 1983, to determine the extent and magnitude of
surface water and groundwater contamination caused by waste
disposal at the quarry. A preliminary report was published,
which presented the results of the first year of the study.
This study summarized data already collected and outlined the
need for additional data collection and analysis. In 1984, the
USGS ccllected surface water samples from the quarry pond and \
analyzed them for radionuclides and various chemical
constituents (Kleeschulte and Emmett, 1986).

BNI conducted characterization studies of the quarry which
included sampling and analysis of pond water. The 1984-85
investigation focused on radiological parameters, priority
pollutants, asbestos, PCBs, and pesticides (BNI, 1985c). A more
extensive chemical analysis performed in 1986 included
nitroaromatics, semi-volatile and volatile organic compounds,
pesticides, and metals. (Glenn, 1986)

In March 1987, a Phase I Water Quality?Assessment was
performed by MK-F, for all water bedies asséciated with the
Weldon Spring Site. The purpose of this study was to assess the
overall water quality as well as brovide baseline water quality
information. A surface water sample was collected from the
quarry pond and analyzed for radionuclides, certain inorganic
anions, water quality indicators, and EPA Contract Laboratory
Program (CLP) metals (MK-F, 1987a).
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2.5.2 Sediment Investigations

Several of the surface water investigations also
incorporated collection and analysis of sediment samples from
the bottom or perimeter of the pond. The studies which included
sediment characterization are shown on Table 2.1 and are briefly
described below.

1979-81 LBL sampled pond sediments for uranium and radium
content (BGA, 1984).

1984-85 BNI collected samples from the pond bottom for
radiological analysis (BNI, 1985c).

1986 BNI analyzed sediment samples from the pond for
chemical constituents (Kaye and Davis, 1987).

2.6 GEOLOGICAL INVESTIGATIONS

Subsurface investigations in the quarry area have been
conducted by various contractors since 1951. Although many of
the studies were not specifically conducted to characterize the
geology at the quarry, they do provide data which can be used to
define geologic conditions. This section briefly describes
these programs, which are also highlighted on Table 2.2.

Figures 2.1 and 2.2 show the locations of boreholes drilled
during these investigations. A thorough discussion of the
current understanding of the geology of the quarry and the
monitoring well network area can be found in Section 3.4.

The first published report on the geology of the entire
Weldon Spring Site was compiled by Roberts and Theis (1951).
This investigation was conducted to determine ‘subsurface
conditions as a prerequisite to the location and design of
special structures contemplated by the AEC. Data were gathered
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on types of rock and soil, their characteristic features, and
hydrologic properties of each. Structural features of the rock
were observed and recorded.

The earliest available geological study which specifically
pertained to characterization of the quarry area was completed
by the USGS for the AEC in 1960 (Richardson, 1960a and 1960b).
A limited hydrogeological drilling program was conducted to
assess the suitability of the quarry as a radioactive waste
disposal site.

In 1976 and 1977, about eight years after the last period
of waste disposal, National Lead Co. of Ohio drilled several
test wells (TW-1 through TW-12) around the perimeter of the
quarry (Huey, 1978). The borehole logs, which were the primary
information on geologic conditions at the quarry, described
typical lithologies of the Decorah and Kimmswick Formations.

LBL (BGA, 1984) performed an extensive geological,
geophysical and hydrogeologic survey of the quarry area between
1979 and 1981. The investigation included:

1. Discussion of general geology of the quarry including
bedrock stratigraphy. Geological cross-sections
through the quarry were also prepared.

2. Mapping and characterization of joints and fractures
observed in rock cores on the quarry walls and the
bluff facing Femme Osage Slough. These features
together with lineaments observed on aerial
photographs were studied and compiled.

3. Geophysical logging to determine the extent of
fracturing and define lithologic features. Types of
logs that were run included caliper, gamma-gamma,
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neutron, and natural gamma. Borehole television
logging was also performed.

4, Drilling and sampling of hollow-stem auger alluvial
borings in the vicinity of Femme Osage Slough.
Borings comprised three series: OB-1 through OB-17;
OBS-1 through OBS-15; and O-1 through 0-10. Borings
OB-11 through OB-17 were cored 15 to 20 feet into
bedrock.

5. Drilling of auger holes within the quarry which
provided data on depth to bedrock.

The next major program of assessment and characterization
of the quarry site was undertaken by BNI under the direction of‘
DOE during the period 1982 to 1985 (BNI, 1985c and 1985d).
Geological elements of this program included: relogging
existing rock cores (TW-7 through TW-10); refurbishing several
existing monitoring wells (TW-7 through TW-10, TW-N and TW-S);
and drilling within the quarry.

Since 1986, programs have included the drilling of new
monitoring wells (Soil Consultants, Inc., 1988; MK-F and JEG,
1988a), boreholes through the quarry wastes (Kaye and Davis,
1987), and characterization holes in the quarry vicinity .
(Marutzky et al, 1988). Many of the holes were drilled into
bedrock.

2.7 GROUNDWATER INVESTIGATIONS

Groundwater investigations conducted to date in the area of
the quarry are highlighted on Table 2.3, and results and
conclusions are described in detail in Sections 3.6 and 4.4.

The most pertinent of these studies are briefly summarized below.

19




Regional groundwater studies for the entire Weldon Spring
Site area have been conducted by the USGS since the 1940s.
Fishel and Williams (1944) generated a preliminary
potentiometric surface map of the regional water table aquifer.
A second groundwater investigation conducted by Roberts and
Theis in 1951 at the request of the AEC confirmed the location
of the regional groundwater divide proposed by the 1944 study
and determined the direction of groundwater movement (Roberts
and Theis, 1951).

The first investigation to focus specifically on
groundwater at the quarry was performed in 1959-60 by R.M.
Richardson of the USGS. Two coreholes were drilled and pressure
tested to determine the hydrogeologic conditions at the quarry.
A subsequent study included periodic pumping of water from the
quarry pond into little Femme Osage Creek from 1960 to 1963.
Pumping was stopped as groﬁndwater was apparently leaching
uranium from the bulk wastes (Richardson, 1960a; 1960b).

In 1979-81, as part of the overall characterization of the
quarry area, LBL performed a detailed study of groundwater
occurrence, migration and quality. Investigations included
characterization of the fracture patterns in the limestone
bedrock, groundwater level measurements, aquifer testing in the
bedrock and alluvium in the vicinity of Femme Osage Siough, and
hydrochemical analyses of borehole water (BGA,'1984).

In 1983, USGS initiated a groundwater contamination survey
in the vicinity of the Weldon Spring Site and quarry.
Investigations include an assessment of regional and local
groundwater occurrence, groundwater quality, and surface
water/groundwater relations (Kleeschulte and Emmett, 1986;
Kleeschulte et al, 1986; and Kleeschulte and Emmett, 1987),
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Field’investigations during the water quality assessment
conducted in 1987 by MK-F included groundwater level measurement
and sampling. Groundwater was analyzed for the complete
Hazardous Substance List, nitroaromatics, certain inorganic
anions, water quality indicators, and radionuclides (MK-F,
1987a). '

Early monitoring of groundwater by MCW (1960-1965) and
AEC's task force (Lenhard, 1967) was limited to radiological
parameters. Environmental monitoring, performed at the quarry
since 1976, has included groundwater level measurements and
water quality analyses. Prior to 1987, water quality testing
was performed primarily for radionuclides, nitrate and
chloride. 1In 1987, new monitoring wells were installed which
conform with current EPA standards. In addition, water quality
testing parameters were expanded and presently include
radionuclides, nitroaromatics and inorganic anions (Huey, 1978;
BNI, 1983a, 1983b, 1984b, 1985b, 1986; MK-F and JEG, 1987,
1988a).

2.8 ECOLOGICAL INVESTIGATIONS

Available information concerning the ecology of the quarry
and its environs is based on information from the Missouri
Department of Conservation and research reported in the Weldon
Spring Draft Environmental Impact Statement (DOE, 1987a). This

information is summarized in Section 3.8 of this report.

Beginning in 1987, MK-F and JEG conducted an ecological
field investigation at the quarry. The overall purpose of this
survey was to determine possible exposure pathways of chemical
and radiological contamination to humans by ingestion of
potentially contaminated fish and gaﬁe. Results of this study
are summarized in Section 3.8 (MK-F and JEG, 1988b, 1988d).
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3 PHYSICAL CHARACTERISTICS OF STUDY AREA

3.1 SURFACE FEATURES

3.1.1 Natural Features

The 9-acre Weldon Spring quarry was excavated into a
limestone outcrop. The upper elevations at the quarry are well
above the Missouri River floodplain; the elevation of the rim
ranges from about 540 to 560 feet MSL (see Figure 3.1). The
quarry was originally excavated to a bottom elevation of
approximately 446 feet. The present quarry floor covers an area
of about 2 acres and is at an elevation of approximately 482
feet. A pond, covering about 0.5 acre, occupies the deepest
portion of the floor (BNI, 1983a). A pyramid-shaped hill of
limestone remains near the center of the quarry, northeast of
the pond. The maximum elevation of the hill is 518 feet.

The Weldon Spring quarry is situated on the northern flank
of the Salem Plateau Physiographic province. This region, with
exception of the Missouri River floodplain, is characterized by
rugged topography and narrow irregular drainage divides. The
area surrounding the quarry is drained by many short,
steep-gradient streams (Kleeschulte and Emmett, 1986). A
topographic map of the area immediately surrounding the WSQ is
shown in Figure 3.1. ' .

The Missouri River is located about 1 mile to the
southeast. Nearby streams include Little Femme Osage Creek to
the west, an unnamed tributary to the north, and Femme Osage
Creek to the southwest. Femme Osage Slough is located
approximately 700 feet south of the quarry. '

Vegetation at the site consists primarily of grasses,
shrubs, and trees. Eastern cottonwood is the predominant tree
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species (DOE, 1987a). Agricultural crops are grown on much of
the land south of the quarry. The Weldon Spring Wildlife Area,
which surrounds the WSQ, is largely undisturbed, heavily wooded,
and contains regions of heavy underbrush (Boerner, 1986).

3.1.2 Man-made Features

The quarry is adjacent to both Missouri State Route 94 and
the abandoned Missouri, Kansas and Texas (MK&T) railroad line
(see Figure 3.2). The upper and lower quarry levels are
accessible from State Route 94 by maintained gravel roads. A
railroad spur enters the lower level of the quarry from the west
and extends approximately one-third of the quarry length. This
railroad spur is overgrown with vegetation and has
deteriorated. The MK&T line itself was recently dismantled, and

only a path remains.

Access to the quarry is restricted by a 7-foot high
chainlink fence, which is topped by three strands of barbed
wire. This fence completely surrounds the site. Gates at both

the upper and lower entrances are locked.

The quarry property line generally coincides with the fence
line shown on Figure 3.2. Slight differences between the fence
line and the property line occur along the north and west.

Total area within the surveyed property line is 8.66 acres

(West County Surveying and Engineering, Inc., 1988).

With the exception of a telephone line into the quarry,
utility easements in the quarry vicinity do not-cross through
the quarry. Easements for Southwest Bell Telephone Company and
Union Electric Company generally run along Highway 94 north of
the quarry. Exploration Pipeline Company has an easement along
the southern edge of Femme Osage Slough.
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The only structures within the quarry site are a sampling
platform and a small storage shack, which are shown on Figure
3.2. The wooden pier, which extends into the quarry pond, was
probably built in the early 1960s when water from the pond was
pumped into Little Femme Osage Creek. The small, prefabricated
shack is located on the 480-foot level.

3.1.3 Data Adequacy

No further investigations of surface features are necessary

prior to removal of bulk wastes from the quarry.

3.2 METEOROLOGY

This subsection presents meteorological data to assist in
characterizing the atmospheric transport of contaminants for
risk assessment, and to determine the effect of weather patterns
on remedial action. Since meteorological data are not recorded
at the WSQ, data recorded at St. Charles and St. Louis, Missouri
are provided. The meteorological station at St. Charles
(station number 23027397) is located approximately 19 miles from
the quarry at an elevation of 467 feet MSL. Data are available
for the period 1951 to 1986 (NOAA, 1984; NOAA, 1981-1986). 1In
those cases where long-term data are not available for St.
Charles, data recorded at St. Louis-Lambert Field from 1941 to
1970 (Ruffner, 1978) are presented.

3.2.1 Local Climate

The climate in the Weldon Spring area is continental.in
nature with warm to hot summers and moderately cold winters.
Alternating warm/cold, wet/dry air masses converging and passing
through the area cause frequent changes in the weather. Table

3.1 summarizes pertinent meteorological data.
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TABLE 3.1 Summary of Climatological Data

Average Annual Precipitationa 36.51 inches

Average Days of Precipitation .10 Inch

or Greatera

64 days

Average Wind SpeedC 9.5 mph from South
Average Monthly Temperaturea 55.1F

Average Daily Maximum Temperaturea 66.2F
Average Daily Minimum Temperaturea 43.8F

Record Maximum 'I‘emperaturea 115F

Record Minimum Temperaturea -19F
Average Annual Number of Days With Minimum

Temperature Below Freezingb 111 days

a Based on data recorded at St. Charles for the period 1951
to 1986 (NOAA, 1984; NOAA, 1981-1986).

b Based on data recorded at St. Charlgs for the period 1951
to 1980 (NOAA, 1984).

c Based on data recorded at St. Louis for the period 1941 to
1970 (Ruffner, 1978).
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3.2.1.1 Precipitation

Precipitation data relevant to the WSQ area, based
primarily on climatological data for St. Charles, are presented
in Tables 3.2 and 3.3. Mean annual precipitation in the area is
approximately 36.5 inches. Between 1951 and 1986, the maximum
monthly precipitation was 12.32 inches (June 1957) and the
minimum monthly precipitation was 0.04 inches (January 1970).
The maximum daily precipitation of 4.50 inches occurred on June
15, 1957 (NOAA, 1984).

On the average, more than half of the precipitation falls
between March and July. The three winter months, December
through February, are generally the driest. The heaviest rains
generally occur in spring and summer, although intense storms
can occur during any month. Summer rains are frequently in the
form of thunderstorms, accompanied occasionally by hail and high
winds (DOE, 1987). Based on St. Louis records from 1941 to
1970, measurable precipitation (0.0l inch or more) occurs on an
average of 109 days a year with thunderstorms occurring on about
40 percent of these days (Ruffner, 1978).

Snow has fallen as early as October, and as late as May.
However, most snowfall occurs from December through March. It
is unusual for snow to remain on the ground for more than a .week
or two. Conditions sometimes fluctuate between rain and snow,
and in these situations freezing drizzle orffreezing rain occurs
(Ruffner, 1978). Based on data reforded at St. Charles from
1951 to 1986, the mean annual snowfall is about 17.2 inches.

The maximum monthly snowfall is 27.2 inches and occurred in
January 1977 (NOAA, 1984).
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TABLE 3.2 Precipitation

Total Precipitation (inches)® Snow, Sleet (inches)
Max Min Max Max Max

Meanb Mon*thlyb Monthlyb 24 hrsb Meanb Monthlyb 24 hrs®
Jan 1.74 5.47 0.04 1.89 5.0 27.2 11.2
Feb 2.26 6.33 0.23 2.81 4.3 12.2 8.3
Mar 3.07 6.15 0.75 2.95 3.8 20.0 10.0
Apr 3.72 8.29 1.26 2.40 0.2 4.0 6.1
May 3.98 8.47 1.30 2.70 0 0 T
Jun 3.93 12.32 0.45 4.50 0 0 0
Jul 4.27 10.57 0.39 3.86 0 0 0
Aug 2.66 6.62 0 10‘ 2.54 0 0 0
Sep 2.97 8.19 0.10 2.88 0 0 0
Oct 2.70 7.46 0.30 3.39 0 0 T
Nov 2.69 7.13 0.33 2.75 1.5 11.0 10.3
Dec 2.52 8.20 0.07 3.40 2.4 26.5 12.0
Year 36 .51 12.32 0.04 4.50 17.2 27.2 12.0
T: Trace
a Total precipitation includes water equivalent of snow/sleet.

b Based on data recorded at St. Charles for the period 1951 to 1986 (NOAA, 1984 and
1981-1986).
c Based on data recorded at St. Louis for the period 1941 to 1970 (Ruffner, 1978).
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TABLE 3.3 Frequency of Extreme Precipitation

Mean number of Daysa
Precipitation Equals or Exceeds
0.10 inch 0.50 inch 1.00 inch

Jan 4 1 0
Feb 4 1 0
Mar 6 2 1
Apr 7 2 1
May 7 3 1
Jun 6 2 1
Jul 6 3 1
Aug 5 2 1
Sep 5 2 1
Oct 5 2 1
Nov 5 1 1
Dec _4 1 _1
Annual Total 64 22 10
a Based on data recorded at St. Charles for the period 1951

to 1980 (NOAA, 1984)

3.2.1.2 Temperature

Missouri is subject to frequent changes in temperature.
Although winters are generally cold and summers hot, prolonged
periods of very cold or very warm to hot weather are unusual.
Occasionally mild periods with temperatures above freezing occur
almost every winter. Conversely, during summer, occasional
periods of dry, cool weather interrupt periods of heat and
humidity (Ruffner, 1978).

Temperatures are not recorded at the quarry, however, data
available for St. Charles for the period 1951 through 1986 are
generally characteristic of the site. Table 3.4 summarizes
mean, maximum, and minimum temperatures recorded at St. Charles.
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TABLE 3.4 Temperatures

Mean Temperatures (F)a Extreme Temperatures (F®

Daily Daily Record Record

Maximum Minimum Monthly Maximum Minimum
Jan 38.4 18.8 28.6 75 + -19
Feb 96.0 23.5 33.8 82 -13
Mar 56.1 32.6 43.46 88 + -7
Apr 68.2 466 .7 56.5 91 + 24

May 77.0 53.2 65.2 100 + 30 +

Jun 85.6 62.7 76.2 105 + 41 +

July 89.7 66.8 78.3 115 + 47 +

Aug 87.9 66G.1 76.1 107 46 +
Sep 81.4 56.2 68.9 106 + 31

Oct 70.0 44 .8 57.5 97 21 +

Nov 55.2 34.1 466 .6 87 + 0 +
Dec 43.2 24.3 33.8 75 + -13
Year 66.2 43.8 55.1 115 -19

a Based on data recorded at St. Charles for the period 1951 through 1986 (NOAA, 1984;
NOAA 1981-1986).
+ Occurred on two or more dates.

The frequency of temperature extremes is presented in Table
3.5. Recorded temperatures have ranged from -19F on
January 11, 1982 to 115F on July 14, 1954 The average annual
temperature is 55.1F. Average daily maximum and minimum are
66.2F and 43.8F, respectively. On the average, there are about
49 days a year when maximum temperatures are above 90F. Minimum
temperatures below 32F occur about 111 days of the year,
although temperatures below zero are infrequent (only about 5
days per year).

3.2.1.3 Wind Speed and Direction

Wind data recorded at St. Louis for the period 1941.to 1970

can be examined for long-term wind trends. ‘Wind speeds and
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TABLE 3.5 Frequency of Temperature Extremes?

Mean Number of Days
Maximum is Maximum is Minimum is Minimum is
90F and above 32F and below 32F and below OF and below

Jan 0 11 27 3
Feb 0 6 23 1
Mar 0 1 16 0
Apr 0 0 3 0
May 2 0 0 0
Jun 10 0 0 0
July 16 0 0 0
Aug 14 0 0 0
Sep 6 0 0 0
Oct 1 0 3 0
Nov 0 1 14 0
Dec _0 _6 _25 1
Year 49 25 111 5
a Based on data recorded at St. Charles for the period 1951

through 1980 (NOAA, 1984)

prevailing directions are presented in Table 3.6. Prevailing
winds are from the south during the summer and fall and from the
northwest and west-northwest during the winter and early

spring. The average annual wind speed is about 9.5 mph from the
south. Average wind speeds are about 8.5 mph for May through
November and about 10.9 mph for December through April.

Wind speed and direction were recorded at the Weldon spring

chemical plant meteorological station, which is located
. approximately 4 miles northeast of the WSQ. Limited data are

available for 1984 and 1985. The annual wind rose diagram based
on data collected during 1985 is presented on Figure 3.3. The
prevailing winds during 1985 were generally from the south
during the summer and early fall and from the northwest and
west-northwest during the winter and early spring. Average wind
speeds during the summer/fall months were about 8.7 mph and
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TABLE 3.6 Wind Speed and Direction?

Mean Maximum
Wind Speed Prevailing Wind Speed

(MPH) Direction (MPH) Direction
Jan 10.2 NW 39 W
Feb 10.8 NW 46 NW
Mar 11.7 WNW 45 NE
Apr 11.4 WNW 45 W
May 9.5 S 42 SE
Jun 8.6 ) 60 SE
July 7.7 S 40 NW
Aug 7.4 S 38 NW
Sep 8.0 S 39 SW
Oct 8.5 S 48 SW
Nov 9.9 S 41 S
Dec 10.2 WNW 44 w_
Year 9.5 S 60 SE
a Based on data recorded at St. Louis for the period 1941 to

1970 (Ruffner, 1978).

about 11 mph during the winter months which corresponds well
with St. Louis long-term trends (BNI, 1986).

3.2.1.4 Relative Humidity

Relative humidity data for St. Louis (1941 to 1970) are
presented in Table 3.7. The table also lists ‘a heat stress
factor which indicates those months in which heat stress can be
expected as a result of temperature and humidity. In general,
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TABLE 3.7 Relative Humidity and Heat Stress Factors

Relative Humidity (%)a b
Midnight 6:00 am Noon 6:00 pm Heat Stress Factor

Jan 76 81 64 68 -
Feb 75 79 60 63 -
Mar 73 80 57 58 -
Apr 70 77 54 53 -
May 75 82 56 55 0
Jun 78 84 57 56 b3
July 78 86 57 56 f
Aug 80 89 57 58 f
Sep 83 91 60 63 0
Oct 76 84 55 60 -
Nov 78 84 62 68 -
Dec 81 85 69 74 -
a Relative humidity based on data recorded at St. Louis for

the period 1941 to 1970 (Ruffner, 1978).

b Heat Stress Factors for St. Louis (Rudloff, 1981):

0 stands for occasionally: stress occurs only for a
short period during the day-time generally in the
afternoon.

f stands for frequently; stress occurs frequently; often

for several hours in the daytime.

May through September are the months when heat stress can be

expected.
3.2.1.5 Fog

Fog data for St. Louis are available from, 1940 to 1971.
Foggy conditions occur an average &f 11 days a year, causing
visibility to decrease to 0.25 mile or less. Fog generally does

not occur between May and August (Ruffner, 1978).
3.2.1.6 Extreme Storm Conditions

Between 1916 and 1958, 446 tornados were reported in

Missouri, an average of about 10 each year. About 70 percent of
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these storms occurred from March through June, and about 82
percent occurred between noon and midnight, with the greatest
activity between 4 and 6 pm (Ruffner, 1978). Tornados may occur
in the St. Louis area once or twice a year, but they usually
follow a narrow path and often dissipate after a mile or so.
From 1939 through 1979 only four tornados caused extensive
damage to the St. Louis area (DOE, 1987).

3.2.1.7 Temperature Inversions

Data on inversions in the quarry area are not available.
Temperature inversions (increase of temperature with height) are
caused by subsiding air at high levels in the atmosphere.
Topography and atmospheric circulation are important factors.
For example, at night when the air is calm and the sky is clear,
rapid cooling of the ground surface typically produces a
low-level (under 500 ft.) temperature inversion. Fall tends to
be the season most favorable for this type of inversion to
develop. Localized inversions can be caused by topographic
depressions, such as the quarry, which ﬁrevent the free mixing
of air with the surrounding area. Temperature inversions are
important since they inhibit the vertical mixing of the air
which causes entrapment of pollutants near the ground surface
(Miller and Thompson, 1975; Strahler and Strahler, 1974).

3.2.2 Climatological Effects

Atmospheric transport of contaminants, such as radon, is an
important consideration for risk assessment. Temperature
inversions can cause increased radon concentrations within the
quarry. Factors which affect temperature inversions are wind,

temperature, and topography.
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Climate can also affect personnel productivity and
construction activities during the proposed remedial action.
Heat stress is an important consideration for personnel wearing
personal protective equipment, and can significantly reduce
productivity and affect the health of the individual. Heat
stress is caused by the interaction of various factors,
including ambient temperature, humidity, and sunlight.

Wind speed and direction, precipitation, fog, weather
extremes, and other meteorological phenomena can all affect
remedial action. Certain weather conditions may necessitate
restrictions of activities. For example, ice or fog along the
transportation route may preclude or restrict transport of
contaminated materials. As shown in this section, these
phenomena are not completely random but can be generally related

to certain seasons, months, or times of day.

3.2.3 Data Adequacy

Meteorological data available from St. Charles, St. Louis,
and the chemical plant meteorological station are considered to
be adequate for definition of the general meteorological
conditions in the quarry vicinity. However, site-specific data
to define the microclimatological conditions, such as
iﬁversions, at the quarry are not available.

3.3 SURFACE WATER

3.3.1 Surface Water Features and Drainage Patterns

The quarry lies about 1 mile northwest of the Missouri
River and about 18 miles south of the Mississippi River. The
drainage divide between the Missouri and Mississippi Rivers
transects the chemical plant area north-northeast of the

quarry. Streams in the immediate vicinity of the quarry include
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Femme Osage Creek, Little Femme Osage Creek, and an unnamed
tributary to Little Femme Osage Creek (Figure 3.4). All of
these streams ultimately flow into the Missouri River. No
streams flow through the quarry. Femme Osage Slough, which is
also shown on Figure 3.4, is a stagnant body of water which was
formed between 1960 and 1963 when the University of Missouri
constructed a levee system for flood control (MK-F and JEG,
1987). The original downstream reaches of Femme Osage Creek and
Little Femme Osage Creek, which were cut off by the levee, now
form the slough. The water surface elevation of the slough
averages about 450 feet (MK-F and JEG, 1988c).

The only surface water feature within the quarry is a 0.5
acre pond, which containsAapproximately 3 million gallons of
water. The maximum pond depth is about 20 feet (BNI, 1986).

The floor of the quarry pond was originally at about 446 feet
MSL (BNI, 1983a). The average water surface elevation of the
pond during non-pumping periods is approximately 465 feet. Even
during the 1988 drought conditions the pond's water level only
dropped to elevation 464 feet (MK-F and JEG, 1988c¢). During the
1960-63 USGS pumping tests, the pond was drawn down to a minimum
elevation of 452 feet (Richardson, 1960b). 1Inflow into the
quarry is limited to direct rainfall, and subsurface inflows,
since its high rim prevents the entry of surface runoff from the
surrounding area. Drainage from the quarry is primarily through
the subsurface, with limited surface drainage from the southern

and western rims.

3.3.2 Flooding

Although R.M. Richardson observed a quarry pond high-water
mark of 467 feet MSL (Kleeschulte and Emmett, 1986); the
frequency at which this elevation has been attained or exceeded
is unknown. Due to its topographic setting, flooding within the
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quarry would result only from extreme precipitation events or
high groundwater.

In general, flooding of the WSQ by the Missouri River is
not likely because of the steep limestone bluffs immediately to
the south (see Figure 3.2). The southern rim of the quarry is
at an elevation of dbout 540 to 560 feet, which is approximately
100 feet above the Missouri River floodplain. Flooding is more
likely along the western edge of the quarry where the elevation
of the rim is considerably lower, at about 485 feet. Based on
flood profile maps for the Missouri River prepared by the U. S.
Army Corps of Engineers, the 500-year water surface elevation is
estimated to be 474 feet near the quarry (U. S. Corps of
Engineers, 1980). Although flood data for the nearby streams
are not available, flooding caused by these streams is
unlikely. Major floods on both the Missouri River and small
tributaries generally occur between April and July, caused by
prolonged periods of heavy rains. Flash flooding along minor
streams following heavy thunderstorm rains also occurs most
frequently in the spring and early summer, but may occur during
any month (Ruffner, 1987).

3.3.3 Data Adequacy

Information currently available on surface water is
considered adequate with respect to removal of bulk wastes from
the quarry.

3.4 GEOLOGY

3.4.1 Regional Setting

The surface of the Weldon Spring region is almost entirely
covered by unconsolidated materials consisting of alluvium,
glacial drift, and weathered rock. 1In the rugged hilly
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portions of the region located marginal to the Missouri River
Valley, bedrock is overlain by a variable thickness of weathered
rock, loess, and glacial drift. Numerous bedrock outcrops occur
along natural drainage channels which transect the region,
including steep massive exposures along the flanks of the
Missouri and Mississippi Rivers. Within the floodplains of the
Missouri and Mississippi Rivers, the upper weathered bedrock
surface is covered by alluvium up to 100 feet in thickness. The
bedrock underlying the soil cover consists of limestone, shale,
sandstone, and dolomite.

The bedrock in the Weldon Spring Area has a regional strike
of N 60 W with a regional dip of approximately 0.5 to the
northeast. The strata of the region have been broadly uplifted
by the Ozark doming that resulted in a northeast sloping
monoclinal structure (BNI, 1987). Roberts and Theis (1951)
identified two major joint sets in the Weldon Spring area: one
set trending between N 30° E and N 72° E and a second set
trending between N 30° W and N 65° W. The joint planes are

nearly vertical.

Table 3.8 presents a generalized description of the
regional geologic formations. Kleeschulte and Emmett (1986) and
the Missouri Geological Survey (1977) are the primary sources
for the rock descriptions.

3.4.2 Geologic Units at the WSQ

The bedrock in the quarry area is predominantly limestone
and dolomite overlying sandstone and shale. Bedrock exposures
exist on the quarry walls and on the steep bluffs along the
Missouri River. The bedrock is overlain in upland areas by 10
to 40 feet of silty clay, derived primarily from wind-deposited
glacial debris and glacial fill (BGA, 1984). 1In the monitoring
well network area outside the WSQ on the Missouri River
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TABLE 3.8 Generalized Stratigraphic Column for the Weldon
Spring Quarry Area

Thickness
System Formation ' (feet) Description
Quaternary Alluvium and Residual 15-100 . Predaminantly silty clay grading
Soils to sands and gravels near the

Missouri River.

Mississippian Chouteau Limestone 25 Fine grained, thin to medium bedded,
gray dolomitic limestone.

Devonian Bushberg Sandstone 5-8 Fine- to medium-grained, friable,
reddish-brown quartz sandstone.

Ordovician Kimmswick Limestone 70 Medium- to coarsely crystalline,

massive bedded, white to light gray
limestone; contains large voids due
to fossiliferous, solution effects

along vertical fractures.

Decorah Formation 20-40 Green to brown shales with numerous,
thin, interbedded limestone layers
layers in lower part that grade
upward into a medium to thinly
bedded limestone containing thin
shale partings.

Plattin Limestone 100-120 Gray to dark gray, fine- to medium-
' grained, thin-bedded fossiliferous

limestone.
Joachim Dolomite 100 Yellowish-brown, thin to massively

bedded dolomite. Contains many thin

shale layers. Grades into

siltstone and sand near the base.
St. Peter Sandstone 100-120 Yellowish white to white, fine- to
medium-grained, friable, massive to
cross-bedded quartz sandstone.
This formation is.a regional
aquifer that yields moderate water
flows (10-140 gpm).

Py

Powell Dolomite 50-60 :Medium to finely crystalline
v - dolomite, often sandy, occasionally
cherty or shaley.
Cotter Dolomite 200-250 Light gray to light brown, medium to

finely crystalline, cherty,
argillaceous dolomite interbedded
with green_shale.

Sources: Missouri Geological Survey (1977), Kleeschulte and Emmett (1986) and BGA (1984).
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floodplain, the bedrock is overlain by as much as 100 feet of
alluvium deposited by the Missouri River (LWC, 1986).

The primary surface rock unit in the vicinity of the quarry
is the Kimmswick Limestone of Ordovician age. The Kimmswick is
underlain by other Ordovician strata which include, in
descending order, the Decorah Formation (shale and limestone),
the Plattin Limestone, the Joachim Dolomite, and the St. Peter
Sandstone. The original floor of the quarry was excavated about
15 feet into the Decorah. The strata overlying the Kimmswick
are generally eroded in the vicinity of the quarry, but remnants
of the Devonian Bushberg Sandstone and Mississippian Chouteau
Limestone may cap the Ordovician rock at higher elevations
(Missouri Geological Survey, 1977).

Figures 3.6 through 3.9 are cross sections drawn through
the quarry area or parallel to Femme Osage Slough. The
locations of these cross sections are shown on Figure 3.5.
Figure 3.10 is a bedrock surface contour map and Figure 3.11 is
an elevation map of the top of Decorah Formation. These figures
illustrate current geological knowledge of the site. Of
particular interest are the sloping bedrock surface at the
alluvium-bedrock contact and the nature of the soils adjacent to
Little Femme Osage Slough. The base of the Kimmswick and most
of the Decorah Formation, which contain the primary pathways for
contaminant migration from the quarry, are in contact with
fine-grained soils, silty clay, and organic silt and clay, in
the slough area. An underlying soil layer consisting of silty
sand is present below a depth of about 20 feet at the slough and
farther to the southeast. Data for the cross-sections were
obtained from drill logs of the boreholes noted on the

cross-sections.
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3.4.3 Discontinuities at the WSQ

The results of fracture and lineament mapping
investigations performed by LBL are shown in Figure 3.12.
Fracture and joint orientations are summarized in the rosette
diagram, which shows that the predominant set is oriented about
N 70° W. Joints in this set are vertical and have an average .
spacing of about 30 feet along the limestone bluffs facing the
slough (BGA, 1984). Two secondary vertical joint sets are also
present; their orientations are N 60° E and north-south.

As part of the fracture mapping program, LBL also
identified potential conduits for fluid flow in the quarry
limestone. Most of the joints are open with apertures that vary
from 1 inch to several feet. Clay fillings are present in many
of the joints. Three zones of closely spaced fractures south
and east of the quarry are indicated on Figure 3.12. These
zones coincide with gullies in the bluffs and probably represent
areas of more intense weathering and solution activity. The
joint surfaces along the bluff and on the quarry walls are
typically etched with patterns which indicate that most of the
joints have been in contact with groundwater at some time (BGA,
1984). Field observations and borehole infiltration tests
indicate that the joints become increasingly tighter as the
Kimmswick/Decorah contact is approached from the surface.

3.4.4 Data Adequacy

In general, bedrock geologic conditions at the WSQ are
sufficiently characterized for the initial task-of bulk waste
removal. Therefore, no further investigations are planned prior
to the proposed remedial action.

Further geologic characterization will be necessary,
however, before final site remediation can commence.
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Conventional investigative techniques, such as drilling or
geophysical surveys are not feasible because of the nature of
the bulk wastes in the quarry. 1In addition, such investigations
could pose environmental risk in and of themselves. For
example, even if boring through the wastes could be conducted
successfully, it is possible that contaminants could migrate
from the quarry via this new pathway. For these reasons, prior
removal of the bulk wastes is essential in order to completely
characterize the geologic conditions at the quarry in a safe and

effective manner.

3.5 SOILS

3.5.1 Soil Characteristics

Two distinct soil types are present in the quarry area.
Loess deposits and residual soils cover the upland regions,
while river alluvium is found along the Missouri River and its

tributaries.

As described by BGA (1984), the principal surficial deposit
on the tops of bluffs and on the upland surfaces is a silty clay
soil developed from loess and deposited during and following the
Wisconsin glaciation. This soil is a brown to yellow-brown
silty clay loam of the Winfield and Menfro soils. A residual
soil from weathering of the limestone is present in some areas
between the silty clay and bedrock. The upland soils near the
quarry are generally not saturated. Boreholes drilled under the
direction of National Lead Co. of Ohio intersected up to 30 feet
of silty clay on the ridge bordering the quarry- to the southeast
(Huey, 1978). Soil is not present where the weathered surface
of the limestone is exposed on the steep quarry walls and on the
steep slopes of bluffs along the abandoned MK&T right of way.
Small talus fans of slope debris (weathered limestone and clay)
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are found at the foot of these slopes and within reentrants in
the bluffs (BGA, 1984).

The principal surficial deposit along the Missouri River
floodplain to the south of the quarry is river alluvium, with a
maximum depth near the quarry of approximately 100 feet. The
alluvium extends from the base of the bedrock bluffs along the
abandoned railroad right of way to the Missouri River. Along
the first 1,000 feet south of the cliffs, the alluvium thickness
increases dramatically until it levels off at a maximum
thickness of about 100 feet in the St. Charles County well field
area. The primary sediments between the bluff and the Femme
Osage Slough are silts and clays with minor amounts of sand.

3.5.2 Data Adequacy

Additional information concerning soils in the quarry
vicinity is not necessary to assess the feasibility of removing
the bulk waste. Soils or soil-like materials present within the
quarry are considered part of the bulk waste to be removed. The
characteristics of these soils are discussed in Section 4.0.

3.6 HYDROGEOLOGY

3.6.1 Geologic Aspects

Two lithologically distinct aquifers comprise the
near-surface groundwater regime in the quarry area. A
predominantly limestone bedrock aquifer carries groundwater at
the quarry. Groundwater also occurs in an alluvial aquifer
between the quarry bluff and the Missouri River. Details of the
geology at the quarry are discussed in Section 3.4. '
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3.6.1.1 Bedrock Aquifer

Near-surface groundwater occurs at the site in the
Kimmswick Limestone, Decorah Formation, and Plattin Limestone.
This groundwater is potentially affected by contamination from
the quarry (Kleeschulte and Emmett, 1986). Kleeschulte and
Emmet concluded in their 1986 report that water in the quarry
has a large uranium concentration. Movement of water in the
quarry area is southward toward the Missouri River.

A typical limestone possesses three types of porosity
(Mifflin and Hess, 1979): intergranular porosity; fractures,
joints, and bedding planes; and solution-enlarged cavities.
Studies conducted to date on the nature of the limestone at the
quarry agree that the major pathways for groundwater movement
are joints and fractures (Richardson, 1960a; Huey, 1978; BGA,
1984). 1In the formations where groundwater occurs at the site
(the lower 10 feet of the Kimmswick and below), porosity from
fractures, joints and bedding planes seems to predominate.
.Solution-enlarged cavities do occur in the near-surface
weathered portions of the Kimmswick Formation (BGA, 1984), but
these are generally above the current groundwater table.

LBL conducted a fracture mapping program, geophysical
borehole logging, and core logging of fractures and joints
between 1979 and 1981. The details of the study are summarized
in Section 3.4.3. The fracture patterns observed on the surface
were found to extend through the Decorah Formation and probably
into the Plattin Formation. It was concluded that the
Kimmswick, Decorah, and probably the Plattin, can be considered

as one continuous hydrologic system in the quarry area (BGA,
1984).

The Decorah Formation, which contains shale beds, is
considered to be a leaky confining layer on a regional scale
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(Rleeschulte and Emmett, 1986). However, there are two factors
which may reduce the confining effect of the Decorah, locally at
the quarry. First, the presence of pervasive vertical joints
and fractures constitute pathways that hydraulically connect the
formations. Second, since the quarry was excavated about 15
feet into the Decorah, the horizontal permeability of the
Decorah may be more significant in regard to hydraulic
connection to the quarry wastes and surrounding area than the

vertical permeability.

The vadose zone at the quarry rim generally consists of a
few feet of silty clay loess deposits and the underlying upper
weathered portion of the limestone (Kleeschulte and Emmett,
1986). The solution-enlarged features of the weathered upper
portion of the bedrock create pathways through which recharge

from precipitation can readily flow.
3.6.1.2 Alluvial Aquifer

The geology of the alluvial aquifer consists of Missouri
River deposits overlying the limestone bedrock. The thickness
of the alluvium is about 40 to 60 feet at the Femme Osage
Slough, and typically consists of silt and clay with variable
thickness of fine sand at its base. The concentration of finer
grained material increases in the northerly and westerly
direction at the slough and along the edge of the rock bluff to
the south of the quarry. Effective porositi in the alluvium is
intergranular and increases where the alluviai materials become
coarser. LBL's sampling of alluvial materials south of the
slough indicated a grain size coarsening with depth (BGA,‘1984).

The vadose zone in the alluvium occurs generally in the upper 10
feet of silt, since the water table elevation lies within
approximately 10 feet of the surface. Depth to water varies
with the season. Pumpihg and river stage significantly affect
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groundwater levels. The aquifer is readily recharged by
precipitation through the vadose zone and by flood water.

3.6.2 Hydraulic Aspects

3.6.2.1 Bedrock Aquifer

Aquifer tests have been conducted within the bedrock and
alluvial materials in the WSQ vicinity. Aquifer test locations
are shown on Figure 3.13.

Pumping tests were performed at the quarry by R.M.
Richardson (1960b) of the USGS. 1In July 1960, the quarry pond
was pumped for 41-3/4 hours. The initial water surface
elevation of the pond was at 455.25 feet. At the end of the
test, the water surface elevation had dropped to 452.50 feet for
a total drawdown of 2.75 feet. The total volume of water pumped
during the test was 551,000 gallons. Rate of recovery was about
8 gpm for the first 24 hours, decreasing to about 3 gpm.
Richardson reports the higher rate was duie to water draining
into the pond from the silt covering the quarry floor, while the
lower rate represents groundwater inflow. Additional pumping
tests were performed on August 4 and August 11, 1960. Total
discharges for those tests were 86,200 gallons (after 12 hours)
and 82,800 gallons (after 8 hours), respectively. Richardson
also concluded that the pond is hydraulically connected to the
bedrock; that the natural groundwater gradient at the quarry
slopes toward the alluvium of the Missouri River floodplain; and
that the potential exists for migration of contaminants from the
quarry toward the alluvium.

Richardson also conducted two pressure tests on the 3-inch
diameter boreholes used as observation holes during the pumping
tests. At an injection pressure of 50 pounds per square inch,
the upper interval above 470 feet elevation accepted 35 to
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50 gpm while the bedrock between 470 feet and 430 feet accepted
0.5 to 1.5 gpm at the same pressure. According to geologic
logs, the interval from 470 to 430 feet elevation encompasses
the lower 10 feet of the Kimmswick and the upper 30 feet of the
Decorah. This and results from the pressure testing indicate
that the permeability in the bedrock decreases with depth
(Richardson, 1960b). '

LBL conducted pumping tests in wells OB-11 through OB-15, a
point dilution test at well OBS-13, and a tracer test at wells
OBS-13 and OBS-14 (see Figure 3.13) in order to ascertain the
hydraulic properties of the limestone aquifer around the WSsQ.
The values obtained for various aquifer parameters are presented
in Table 3.9. The formation in which the tests were performed
was not identified. However, based on current knowledge of
local lithology and with an understanding of the depth at which
the tests were performed, it can be concluded that the pumping
tests were conducted in the upper portion of the Plattin
Formation and possibly a few feet of the lower Decorah
Formation. The point dilution test was most likely conducted in
the Plattin Formation.

The aquifer tests performed by LBL characterize the bedrock
below the alluvium as a fracture flow system with predominantly
horizontal flow paths. This conclusion, though, may not
specifically characterize the flow at .the quarry itself, where
the groundwater flow influencing contaminant transport is
predominantly in the lower Kimmswick and Decorah Formations.
Also, the test locations may not necessarily be representative
of the fracture flow system as a whole. The hydraulic
properties indicated in Table 3.9 are highly influenced by
fracture interconnection and frequency, which can vary widely
with location. Additional tests will be conducted, as
necessary, to further characterize site conditions during
subsequent RI activities.
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TABLE 3.9 Hydraulic Properties of Bedrock Aquifer

Aquifer Parameter Value
Transmissivitya 139 gpd/ft
Effective Porosity? 0.001 to 0.002 (dimensionless)
Storativity? 1x 10'4(dimension1ess)
Natural Groundwater VelocityC 0.2 ft/day

a Based on pump tests in wells OB-11 through OB-15.
b Based on tracer test at wells OBS-13 and OBS-14.
c Based on point dilution test at well OBS-13.

Source: BGA, 1984

3.6.2.2 Alluvial Aquifer

The hydraulic properties of the alluvial aquifer are
extremely variable, depending on the thickness and grain size
distribution of the material at a given location. The area from
Femme Osage Slough north to the limestone bluffs is considered
separately from the coarser and thicker portion of the aquifer,

which occurs in the monitoring area south of the slough.

A qualitative characterization of the hydraulic properties of
the alluvium between the quarry and Femme Osage-Slough was based
on observations made during the drilling of the OB-1 to OB-17
series wells. The alluvium in that area consists of very
fine-grained clays and silts which extend to the limestone
bedrock. When wells were pumped in this area, the well bores

emptied with very long projected recovery times. It was
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concluded that detailed hydrologic testing was not necessary
because of the limited areal extent and apparent low hydraulic
conductivity of this portion of the alluvium (BGA, 1984).
However, additional tests will be conducted, as necessary, to
further characterize conditions during subsequent investigations.

Pumping tests (wells 0-2, 0-3, 0OBS-14 and OBS-15), tracer
test (well 0-2) and point dilution tests (wells OBS-11, OBS-16,
and OBS-19) were conducted in the alluvium south of Femme Osage
Slough to characterize the alluvial aquifer. Except for OBS-19,
all the wells where testing was performed are located in the
monitoring network area (see Figure 3.13). The aquifer
characteristics determined by the tests are presented in Table
3.10. 1In general, it was found that the aquifer becomes thicker
and more permeable with higher groundwater velocities further
south of the slough. The groundwater velocity at the slough was

TABLE 3.10 Hydraulic Properties of Alluvial Aquifer South of
Femme Osage Slough

Aquifer Parameter Value
Transmissivitza 6957 gpd/ft
Permeability b 174 gpd/ft?2
Effective Pgrgsity 0.25 to,0.29 (dimensionless)
Storativity®® 5 x 10 (dimensionless)
Natural Groundwater Velocity 0 ft day

a Based on pumping tests at well 0-2 with 0-3, OBS-14 and
OBS-15 used as observation wells. '

b Based on tracer test at well 0-2.

c The storativity value is probably low because steady state
conditions were reached in a short time and thus did not
allow enough time for complete drainage of stored water.

d Based on point dilution tests at wells OBS-11 and OBS-16.
Velocity was less than the resolution of the test. Test in
well OBS-19 indicated a velocity of 0.8 ft/day.

Source: BGA, 1984
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lower than the resolution of the point dilution tests. This
negligible groundwater velocity and generally lower permeability
of fine-grained material suggests that the clay and silt
alluvium at the slough may act as a groundwater barrier.
However, there may be groundwater flow underneath this clayey
and silty material through the fractured bedrock. The point
dilution tests in the allﬁvium were performed within 40 feet of
the surface, while the depth to bedrock at the slough is about
60.5 feet (BGA, 1984).

3.6.2.3 Groundwater Levels and Flow Characteristics

In the immediate vicinity of the quarry, details of
groundwater flow direction in the bedrock have not been
completely defined. Richardson (1960a) concluded, on the basis
of information from wells TW-N and TW-S, that groundwater flow
in the bedrock through the quarry was from north to south.
Groundwater levels obtained in 1980 by Lawrence Berkeley
Laboratory also show a southerly flow of groundwater through the
quarry. However, measurements taken in 1987 (see Appendix D for
water level data) during the MK-F and JEG environmental
monitoring of the site indicate flow from the quarry toward both
the north and south (Figures 3.14, 3.15 and 3.18). This
indicates a possible mounding of groundwater caused by recharge
through the quarry pond and vicinity. Since only one well is
available for measurement north of the quarry, such conclusions
must be considered tentative. 1In general, the groundwater
levels at the quarry are above 460 feet. To the west of the
quarry, the bed of Little Femme Osage Creek is at about 450
feet. This implies a westward gradient toward Little Femme
Osage Creek from the quarry. The vertical extent of groundwater
flow in the bedrock has not been defined at this time.

The groundwater flow direction from the south rim toward
Femme Osage Slough has been well established. Groundwater
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levels in the bedrock at the south rim consistently measure
about 10 feet higher in elevation than in the alluvium near the
slough. The abrupt change in groundwater elevation at the
interface of the two groundwater regimes indicates poor
hydraulic connection between the bedrock aquifer and the
alluvium and creates a relatively steep gradient toward the
south of about 0.05. Suspected pathways for the groundwater
flow within the bedrock are the fractures in the Kimmswick and
Decorah Formations. Details of the groundwater pathways from
the bedrock to the alluvium are unknown at this time.

Groundwater flow in the alluvium near the slough is not
well defined. Between the abandoned MK&T right of way and the
slough, the gradient is southward toward the slough (Figures
3.14 and 3.15), although south of the slough, the groundwater
flow direction may vary. The water level contour map presented
by Kleeschulte and Emmett in 1986 (Figure 3.16) shows a
groundwater high southwest of the slough generating a flow
northward toward the western end of the slough. Recent
groundwater level data obtained by MK-F and JEG indicates a
southeast gradient across the slough (Figures 3.14 and 3.15).
Groundwater flow direction at the western end of the slough
seems to vary depending on the stage of the Missouri River. At
low river stages, the slough may act as a drain for groundwater
while at other times, groundwater in the slough vicinity may be
virtually stagnant or may flow southeast across the slough. A
recent study performed by PMC on drought coﬁditions and the

. groundwater regimes around the WSQ.demonstrétes further evidence
of isolation of the slough from the alluvial aquifer. Figures
3.17 and 3.18 are water level contour maps drawn from data
obtained under drought conditions in June 1988. The groundwater
slough indicating poor hydraulic connection between levels in
the alluvium immediately south of the slough are about 5 to 8
feet lower than the elevation of the water within the the slough
and the alluvial aquifer (MK-F and JEG, 1988c).
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In any case, the amount of water passing through the
alluvium in the vicinity of the slough is minimal. The
negligible groundwater velocity, mentioned in Section 3.6.2.2,
indicates that flow conditions are virtually stagnant in the
fine-grained materials. These low velocities, coupled with the
tightness of the material and resultant low transmissivity,
severely retard flow of alluvial groundwater in any direction at
the slough.

3.6.2.4 Mechanisms of Recharge/Discharge

At the quarry, surface recharge to the bedrock is limited
to precipitation or storm runoff contributions. Discharge may
occur as springs, seeps, evapotranspiration, underflow, flow to
pumping wells, flow to gaining streams, and flow to the alluvium
of the Missouri River floodplain.

A hydraulic connection apparently exists befween the quarry
groundwater and the Femme Osage Slough (Marutzky et al, 1988).
Current levels of contamination in the slough are believed to be
due primarily to discharge of contaminated groundwater
originating at the quarry; but low permeability sediments at the

slough appear to impede further migration.

Pumping and river stage significantly affect discharge/
recharge relationships in the alluvial aquifer. Recharge to the
alluvial aquifer occurs from precipitation and possibly as flow
from the underlying and adjacent bedrock. Discharge also occurs
as evapotranspiration.

3.6.2.5 Interaction Between Groundwater Bearing Units
Within the bedrock aquifer, the Kimmswick and Decorah are

interconnected by vertical joints and fractures. However, the

interconnection between the Decorah and Plattin is uncertain.
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At the base of the bluff south of the quarry, the alluvium abuts
the truncated beds of the bedrock aquifer, and groundwater tends
to migrate from the bedrock into the alluvium. It is assumed
that there is a degree of connection between the bedrock below
the alluvium (primarily the Plattin Formation) and the alluvium.
The magnitude and direction of flow at this interface is unknown

at this time.

Some evidence of interconnection is found in the water
level measurements in the paired bedrock/alluvial wells between
the quarry and the slough. In this area, two sets of paired
wells (MW-1013/MW-1014 and MW-1015/MW-1016) were constructed:
one well of each pair is completed in the alluvium, the other
monitors the bedrock. Water levels (see Appendix D) in the
paired wells, as measured by MK-F (1987a), are within a few
inches of each other. This suggests a high degree of
interconnection between the bedrock and alluvium in this area.
The hydrologic complexity of the bedrock/alluvium interface is
further illustrated by the uranium concentrations detected in
the paired wells. At the MW-1013 and MW-1014 locations (see
Figure 2.1), uranium concentrations in the limestone and
alluvium were 650 pCi/1l and 600 pCi/l, respectively. Further
east at the MW-1015 and MW-1016 locations, the concentrations
were 292.5 pCi/l in the bedrock and 21 pCi/l in the alluvium.
This implies a locally varying interconnection between the
alluvium and the bedrock (MK-F, 1987a), which may be a result of
bedrock aquifer heterogeneity due to fracture flow.

3.6.2.6 Seasonal Variation in Groundwater

A comparison of seasonal variations in groundwater
conditions (Figures 3.14 and 3.15) shows that water levels in
the bedrock differed by about 5 feet between fall 1987 and
spring 1988. It is reasonable to expect higher water levels in

spring and early summer when heavy rains generally occur. Water
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elevations in the alluvium also vary seasonally with changes in
the stage‘of the Missouri River. The highest stages of the
river generally occur in spring and early summer. During rain
and floods the alluvial aquifer is recharged. When the river is
low and there is no precipitation, water is lost to
evapotranspiration and discharge to the river. Pumping is also
a significant form of discharge affecting water levels in the
alluvial aquifer.

Surface water and groundwater levels obtained during summer
1988 drought conditions are depicted on Figures 3.17 and 3.18.
Comparison with Figures 3.14 and 3.15 demonstrate that
groundwater levels in the bedrock and alluvium around the slough
dropped a few feet in drought conditions. Water levels in the
alluvial aquifer further south of the slough (in the County Well
field) exhibited much greater reductions due to pumping and
greater evapotranspiration. These results further indicate the
limited interaction between the aquifers north and south of the
slough. (MK-F and JEG, 1988c).

3.6.3 Data Adequacy

The current geohydrological information generated by
various studies is considered to be adequate with respect to
bulk waste removal from the quarry. No further investigations

are necessary prior to the proposed action.

Detailed characterization of the groundwater transport
mechanisms and pathways will be necessary prior to final quarry
remediation. However, good understanding of the nature and
extent of fractures and joints can be developed only after the
bulk wastes have been removed and the limestone walls and floors
exposed for study. The residual wastes (i.e., within bedrock

fractures) and the groundwater will be managed as additional
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separate operable units. These operable units will be

investigated in a subsequent RI.

3.7 DEMOGRAPHY AND LAND USE

3.7.1 Population

The Weldon Spring quarry is situated within the
metropolitan St. Louis area, in St. Charles County (see Figure
1.2). Numerous municipalities are located within a 30-mile
radius of the quarry, and range in size from small towns to the
City of St. Louis. The nearest community, Defiance, is located
about 3 miles from the quarry and has a population of about
100. The closest residence is 0.5 miles west of the quarry.

Table 3.11 indicates population trends over a 26-year
period for local populations in the vicinity. With the
exceptions of the City of St. Louis and portions of the St.
Louis Metropolitan Area, all of these population centers are in
St. Charles County.

Population groups near the quarry include persons who spend
a significant amount of time in the vicinity of the site and
those who are in the vicinity for only a short time. The first
group consists of residents in the immediate vicinity of thg
quarry. The second category includes visitors to the

neighboring wildlife areas and people driving near the quarry.
3.7.1.1 Institutions

Francis Howell High School is located about 4.5 miles
northeast of the quarry on State Route 94. Student enrollment
has increased from 500 in 1955 to more than 2,000 in the 1980s.
In addition to regular classes, a preschool program (150-200
students) and a parenting class (80 parents) are also held at
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the school, It is estimated that 2,300 people are on campus on
a daily basis (Meshkov et al, 1986). The St. Charles County
Extension Center is located adjacent to the high school.

Other institutional facilities in the area include a State
of Missouri highway maintenance facility, located on Highway 94
just west of the school and immediately northeast of the

chemical plant, and the Army Reserve and National Guard Training‘ .

area approximately 2 miles north of the quarry. An active water
treatment plant is located about 1 mile northeast of the quarry,
adjacent to State Route 94.

3.7.1.2 Neighboring Wildlife Areas

The Missouri Department of Conservation operates three
wildlife areas in the quarry vicinity; the August A. Busch
Memorial Wildlife Area, the Weldon Spring Wildlife Area, and the
Howell Island Wildlife Area. These wildlife parks are dedicated
to a range of recreational uses. The Weldon Spring Wildlife
Area is immediately adjacent to the quarry (see Figure 1.1).

Most of the visitors to the wildlife centers are from the
St. Louis metropolitan area. Annual attendance at the Busch
Area is approximately 700,000 people (Meshkov et al, 1986), but
no data are available for the other areas. The average duration
of each visit to the Busch Area is 4 hours,_ and use is heaviest
in the spring and summer, ranging from 102,000>to 130,000
visitors per month (Meshkov et al, "1986).

3.7.2 Land Use

The quarry is in a relatively remote location. The rugged
topography precludes extensive agricultural or industrial use,
except along the Missouri River floodplain. Currently, most of
the land surrounding the quarry is wildlife habitat, under the
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jurisdiction of the Missouri Department of Conservation. Much
of the land to the south, along the Missouri River floodplain,
is devoted to agricultural use. The University of Missouri,
which operates the St. Charles County Extension Center adjacent
to the high school, owns 740 acres of land 5 miles east of the
WSQ. The majority of this land is used for pasture (BNI, 1984),
but a portion (about 250 acres) is being developed as a
high-technology research park and remains under University
ownership.

3.7.3 Use of Surface Waters

The only surface water feature at the quarry is the pond.
The pond is not used for drinking water supply, recreation, or
fishing, and access is restricted by a fence surrounding the

quarry.

3.7.4 Use of Groundwater

The St. Charles County well field, approximately 3,000 feet
downgradient and south of the quarry, is a source of water for
county residents. The larger communities of St. Charles,
O'Fallon, and St. Peters rely primarily on their own water
sources. Public Water District #2, Missouri Cities Water
Company, Francis Howell High School, the Army, and many of the
outlying county residents rely on this well field for all or
part of their water supply. These wells service many of the
communities, institutions, and facilities surrounding the Weldon
Spring Site.

As shown on Figure 3.17, there are thirteen wells in the
County well field which extend approximately 100 feet to
bedrock, although not all are in use. The wells draw water from
the Missouri River alluvium. Several private wells in the site
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area draw water from the Burlington-Keokuk aquifer and lower
aquifers.

3.7.5 Data Adequacy

The available demographic and land use data are adequate
with respect to the proposed action of bulk waste removal from
the quarry. No further investigations are necessary prior to
the proposed action.

3.8 ECOLOGY

3.8.1 Fauna and Flora

Much of the area surrounding the quarry is state-owned
wildlife areas. The Weldon Spring Wildlife Area, located
immediately adjacent to the quarry, is actively managed for
wildlife. A variety of habitat types (forest, agricultural
fields and old fields and pasture) occur in the area which
support a wide diversity of plant and animal species (Haroun et
al, 1989).

The quarry area is primarily forest, with some old-field
habitat. The quarry rim and surrounding area consist primarily
of slope forest and bottomland forest, and the predominant tree
species are eastern cottonwood and sycamore. Much of the qﬁarry
floor is old-field habitat characterized by a variety of
grasses, herbs, and shrubs. The Missouri Department of
Conservation (Dickneite, 1988) reports 25 amphibian, 47 reptile,
29 mammal species, and 299 bird species may inhabit or utilize
the quarry area. The terrestrial habitat present at the quarry
may be used by a variety of small mammals such as squirrels,
raccoons, and mice. The quarry pond, the only aquatic habitat
within the quarry site, may provide suitable habitat for some
waterfowl and amphibians.
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In addition to the quarry pond, aquatic habitats in the
vicinity of the quarry include the Missouri River, Little Femme
Osage Creek, Femme Osage Slough, and numerous small, unnamed
creeks, drainages, and ponds throughout the Weldon Spring
Wildlife Area. The Missouri Department of Conservation
(Dickneite, 1988) lists more than 105 species of fish as having
been recorded for St. Charles County and many of these may be
found in the various aquatic habitats in the Weldon Spring
area. Common fish in these habitats include carp, channel
catfish, buffalo, suckers, bass, sunfishes, crappie, shad,
freshwater drum, white bass, and a variety of minnows, shiners,
and darters.

3.8.2 Critical Habitats

Several species classified as rare or endangered are known
to occur in the area (i.e.; St. Charles County, Weldon Spring
Wildlife Area, August A. Busch Memorial Wildlife Area, and
Howell Island Wildlife Area). These species are listed in Table
3.12. No designated critical habitat for any of these species
is known to exist at the quarry. The nearby Howell Island
Wildlife Area south of the quarry provides an important night
roost for overwintering bald eagles (a federally endangered
species), and two Category 2 fish species are known to occur in
the Missouri River south of the quarry (Category 2 means
candidate for federal listing as endangered or threatened). The
Missouri Department of Conservation (Gaines, 1988) reports 17
state endangered, 17 state rare, and 8 state '"special concern"
species in the vicinity of the quarry (Table 3.12). Of these
species, the Cooper's hawk (Accipiter cooperii,- state
endangered) and the wood frog (Rana sylvatica, state rare) have
been reported to occur at the Weldon Spring Wildlife Area, and
these species could make use of the habitats present at and
around the quarry. Several natural communities of high quality
have also been identified in the area of the Weldon Spring site
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(Gaines, 1988); however, none of these communities occur at or
near the quarry (Haroun et al, 1989).

3.8.3 Biocontamination

The quarry is presently fenced, and direct human exposure
to contaminants could only occur if an individual deliberately
trespassed on the site. It is possible that small animals that
have migrated from the quarry may be ingested by humans, but the
probability of this is considered to be low.

In 1987, MK-F and JEG conducted a special study on
bio-uptake of contaminants for the entire Weldon Spring Site,
including the quarry area. Collection of fish specimens from
the quarry pond and trapping of small mammals in the quarry area
were unsuccessful (MK-F and JEG, 1988d). The extent of or
potential for biocontamination is currently not known, but will
be determined in subsequent investigations.

3.8.4 Data Adequacy

The available ecological information appears adequate to
aid in assessing the feasibility of bulk waste removal from the
quarry.

61




TABLE 3.12 Threatened, Endangered, or Special Concern Species Reported from St. Charles
County, Missouri, and Potentially Occurring at the Weldon Spring Quarry Area

62

Status b
Species Federala State
Plants
Starwort (variety) Cc2
Forbes saxifrage C3 Watch list
Rose turtlehead C3 Endangered
Arrow arum - Rare
Star duckweed -- Rare
Bugseed (variety) -- Watch list
Adder's tongue fern (variety) - Undetermined
Salt meadow grass (variety) -- Undetermined
Fish
Pallid sturgeon c2 Endangered
Pugnose minnow - Endangered
Sturgeon chub c2 Rare
Sicklefin chub Cc2 Rare
Alligator gar - Rare
Brown bullhead -- Rare
Alabama shad - Rare
Starhead topminnow - Wateh list
Western sand darter -- Watch list
Reptiles and Amphibians
Hestern fox snake -- Endangered
Rattlesnake -- Endangered
Western smooth green snake -- Endangered
Wood frog -- Rare
Northern crawfish frog - Watch list
Birds T
Bald eagle Endangered Endangered
Peregrine falcon Endangered Endangered
Least tern c2 Endangered
Cooper's hawk -- Endangered
Northern Harrier -- Endangered
Sharp-skinned hawk -= Endangered
Osprey -- Endangered
Barn owl -- Endangered
Double-crested cormorant -- Endangered
Snowy egret -- Endangered
Bachman's sparrow - Endangered




TABLE 3.12 (Continued)

a Status b
Species Federal State
American bittern - Rare
Yellow-headed blackbird -- Rare
Red-shouldered hawk - ’ Rare
Black-crowned night heron -- Rare
Little blue heron - : Rare
Mississippi kite - Rare
Upland sandpiper - Rare
Henslow's sparrow - Rare
Sedge wren - Watch list
Mammals
Long-tailed weasel ~-= Rare
a C2 = federal candidate for listing as a threatened or endangered species.
b C3 = former federal candidate species.
Watch list = species of possible concern for which the Missouri Department of

Conservation is seeking further information; this listing does not imply that these
species are imperiled.

Undetermined = possibly rare or endangered but insufficient information is available
to determine the proper status.

Sources: Dickneite, 1988; Gaines, 1988; as cited by Haroun et al, 1989.
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4 NATURE AND EXTENT OF CONTAMINATION
4.1 QUARRY WASTE CHARACTERIZATION

The chemical and radiological contamination within the
Weldon Spring quarry, caused by early disposal activities at the
site, has been documented to varying degrees. Portions of the
disposal history for the quarry are well documented; while other
portions are not. In addition, radiological contamination has
been documented much more extensively and defined in greater
detail than chemical contamination. Because of this and the
relative importance of the radiological contamination compared
to the chemical contamination, much more detail is provided on
the radiological characteristics of the quarry bulk wastes.

A number of hazardous contaminants, both drpmmed and
uncontained, are present within the quarry. Excavation and
temporary storage of these wastes is critical to restoration of
the site and further characterization and possible remediation
of groundwater which is known to be contaminated. For this
reason, this subsection focuses primarily on the nature and
extent of the contaminated wastes which are the target of the
proposed bulk waste removal. The status of surface water,
groundwater, and air presented in other subsections is described

only insofar as it relates to the proposed removal.

4.1.1 Disposal History

The waste materials deposited in the quarry are the main
source of contamination in the vicinity of the WSQ. The quarry
was originally mined for limestone aggregate used in
construction of the Weldon Spring Ordnance Works (WSOW), and was
used for intermittent disposal of chemically and radiologically
contaminated materials from 1942 to 1969. Table 4.1 summarizes
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the known disposal history. Figure 4.1 is a generalized cross-
section through the quarry, showing the presumed locations of
the wastes.

From 1942 to 1945, the Army used the quarry for disposal of
TNT and DNT wastes generated during explosives production (MK-F
and JEG, 1988a). It is believed that the greatest amount of TNT
and DNT waste was disposed in the vicinity of the pond. The
total volume of waste disposed of during this period is unknown.

At the end of World War II, the ordnance works was closed and an
extensive decommissioning effort was begun. 1In 1946,
approximately 90 tons of explosives were disposed of in the
quarry (MK-F, 1987a). The exact location is not documented.

Between 1946 and 1957, the Army also disposed of TNT-
contaminated process residues and building rubble from the
ordnance works decommissioning. It is reported that more than
200 buildings were destroyed (MK-F, 1987a), and a portion of the
wastes is believed to have been dumped in the deepest part of
the quarry and over the high rim at the northeast corner
(BGA,1984). Photos taken about 1960 indicate that the rubble in
the northeast corner underlies the 500-foot elevation level, and
consists primarily of large-diameter pipe and corrugated steel
roofing material (PNL Photography, undated).

In 1959, the AEC dumped drummed thorium residues, containing
about 3.8 percent Th-232, near the hill in the middle of the
quarry (Lenhard et al, 1967). Some drums were dumped at the
510-foot level. These thorium wastes totalled approximately 185
cubic yards of material (MK-F and JEG, 1988a). The Th-232
radiocactive decay series is the principal source of radiation in
this material; the Ra-228 content of the waste is approximately
0.25 curie. This waste is currently below the water level in
the pond and is presumed to be water-saturated (Figure 4.1).
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TABLE 6.1 HWaste Disposal at the Weldon Spring Quarry

Date Material Quantity
1942-1945 NITROAROMATICS AND RESIDUES7 unknown
Quarry used for TNT/DNT waste disposal.
1946 NITROAROMATICS AND RESIDUES6 90 tons
Quarry used for TNT/DNT waste disposal.
4,5,6
1946-1957 TNT RESIDUES unknown

Residues and rubble dumped in deepest part of
Quarry and in northeast corner.
1959 THORIUM RESIDUESLZ'S'S'7 185 yd3
Disposal of drums containing 3.8% thorium residues.
Estimated Ra-228 content of 0.25 Ci.
Early 60's BUILDING RUBBLE, EQUIPMENT, SOILSI'Z'"”’(”S'&7 50,000 yd3
Demolition rubble from Destrehan Street Plant.
Covers approximately one-acre to 30-ft deep in the
deepest part of the Quarry. Contains uranium and
radium contamination with less than 1 Ci Ra-226.
4751617
1963-1965 THORIUM AND URANIUM RESIDUES unknown
Several thousand drums containing thorium and rare
earths from Granite City Arsenal. Initially intended

for disposal. Much of waste later removed for
reprocessing.
1966 THORIUM RESIDUES5 unknown

Drums and residues from shutdown and cleanup of
Weldon Spring Chemical Plant process equipment.
1966 THORIUM RESIDUESI’Z'S’Q'S'7 555 yd3
Hundreds of drums brought from Cincinnati by rail.
Contain 3% thorium with estimated 1 Ci Ra-228.
Placed above water level.
1,5,7
1966 TNT/DNT RESIDUES unknown
Contaminated stone and earth dumped in northeast
corner of Quarry covering the Cincinnati thérium

residues.
1968-1969 URANIUM AND THORIUM RESIDUESZ’3’%75:6:7 5,560 yd>
Contaminated building rubble and process equipment
from Weldon Spring Chemical Plant. Principal sources
of radioactivity are Ra-226 and Ra-228.
Sources: 1. Lenhard et al, 1967 3. BNI, 1983a . 5. Kleeschulte and Emmett, 1986

2. Pennak, 1975 9. BGA, 1984 6. MK-F, 1987a
7. MK-F and JEG, 1988a
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Photographs taken of the dumped drums indicate that between
one-fourth and one-half of the drums ruptured during disposal
(PNL Photography, undated).

In the early 1960s, approximately 50,000 cubic yards of
building rubble, process equipment, and soils from the
demolition of the Mallinckrodt Chemical Works Destrehan Street
feed plant were deposited in the quarry (Lenhard et al, 1967).
Available documentation is unclear about the date of disposal.
The Task Force Report states that it was done in 1963 and 1964
(Lenhard et al, 1967), while LBL states that disposal took place
between 1960 and 1962 (BGA, 1984). The waste is contaminated
with uranium and radium, containing less than 1 curie Ra-226,
and covers approximately 1 acre of the quarry floor to a depth
of about 30 feet. Waste was initially dumped in the eastern
portion and moved into the pond area by bulldozer, and waste now
covers TNT-contaminated rubble and Th-232 wastes. It is
estimated that about one-third of the waste is below the average

water level in the pond.

Between 1963 and 1965, the AEC granted permission for
disposal of several thousand barrels of low-level radioactive
wastes from the Army's Granite City Arsenal. These materials,
containing up to a few percent thorium and up to a few tenths
percent uranium, were the residues from the processing of
euxinite ore for the recovery of niobium and tantalum.

Continued storage of these wastes at the arsenal was judged
inadvisable because of storage drum corrosion. The upper east
end gate in the quarry's security fence was installed at this
time to allow trucks to enter and.dump the barrels over the high
rim at the northeast end. After disposal began, a local company
purchased the entire quantity of material for recovery of rare
earths. Dumping was suspended and the purchaser removed as much
of the dumped material as was practical. It is not known how
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much of this material is left in the quarry (Kleeschulte and
Emmett, 1986; BGA, 1984).

In 1966, drums and contained thorium residues from shutdown
and cleanup of the Weldon Spring feed materials plant were
disposed of in the quarry. No records regarding waste volume or
disposal location are available (Kleeschulte and Emmett, 1986).

Also in 1966, several hundred drums, or approximately 555
cubic yards, of thorium residues from Cincinnati, Ohio were
dumped into the quarry. Dumping began in the northeast corner
of the quarry at the 480-foot elevation level and proceeded to
the west. Although the wastes were originally placed above the
water table, investigations by LBL (BGA, 1984) indicate that the
drums may be below the present quarry pond water level. The
source of radiation is the Th-232 radioactive decay series, and
this 3-percent thorium waste contains an estimated 1 curie of
Ra-228. Stone and earth contaminated with TNT and DNT were
later dumped over these thorium residues (Lenhard et al, 1967;
MK-F and JEG, 1988a).

In 1968 and 1969, several buildings at the chemical plant
were decontaminated and approximately 5,560 cubic yards of waste
materials were dumped in the quarry. These materials included
process equipment and building rubble from a thorium nitrate
processing plant. The wastes, contaminated with thorium and
uranium, were placed on the main quarry flo&r and also dumped
over the rim at the northeast corn&r of the quarry. The extent
of radioactive and chemical contamination of this material is
not known (BGA, 1984; MK-F and JEG, 1988a).

At about this time, barium sulfate residues stored at the
St. Louis-Lambert Airport Storage Site were scheduled for
disposal at the quarry as a part of the storage site
decontamination. Approximately 8,700 tons of leached and 1,500
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tons of unleached barium sulfate cake had been stored at the
airport site. These wastes were once believed to have been
deposited at the WSQ in 1969 (ORNL, 1979), although,
investigations by NRC concluded that they were disposed of at
the West Lake Landfill (Booth et al, 1982; NRC, 1988).

4.1.2 Waste Characteristics

The quarry wastes can be described in terms of physical,
radiological, and chemical characteristics. Cleanup criteria
for the quarry have not yet been established. Thus, guidelines
and background levels developed for soils, which are discussed

in subsection 4.2, are used here for comparison purposes.
4.1.2.1 Physical Characteristics

The wastes deposited in the quarry consist of a
heterogeneous mixture of rubble, soils, sediments or sludges,
and interstitial water. Rubble consists of concrete and steel
building materials, drums, and process equipment. Many of the
drums are ruptured and corroded. Water in the quarry pond is
also contaminated, but is not considered to be part of the bulk
wastes. An estimated 40,200 cubic yards of contaminated rubble,
50,700 cubic yards of contaminated soil and clay, and 4,100
cubic yards of contaminated pond sediment are thought to be
present within the quarry. The total volume of waste within the
WSQ is estimated to be about 95,000 cubic yards (DOE, 1987a).

Most of the rubble is believed to be on the quarry floor in
the 40-foot region, as shown on Figure 4.2 (DOE, 1987a). The
density of the wastes in this area, which include cement and
steel rubble, was estimated to be 4,400 pounds per cubic yard
(BNI, 1984a). Waste density in the other areas was estimated to
be 3,100 pounds per cubic yard, which is the assumed value for
soil, clay, and sludge'in the quarry (BNI, 1984a). The physical
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characteristics of these waste components are summarized in
Table 4.2.

Data describing the physical characteristics of the
sediment are unavailable, but it is assumed that sediment will
also weigh approximately 3,100 pounds per cubic yard (BNI,
1984a).

Before the contaminated materials at the quarry can be
excavated, the water within the pond must be removed. It is
estimated that the quarry pond contains approximately 3,000,000
gallons of water (BNI, 1984a) and contamination in the pond is
clearly a result of the wastes stored in the quarry as discussed
in Section 4.3.3. An additional increment of water from
groundwater inflow and precipitation will also require removal

during pond dewatering operations.
4.1.2.2 Radiological Characteristics

The greatest quantity of contaminat}on in the quarry bulk
waste is radiological. A majority of the quarry bulk waste is
known to contain above-background concentrations of U-238,
Th-232, and daughter radionuclides of the uranium and thorium
decay series (see Figures 4.3 and 4.4), often exceeding DOE
guidelines for residual radioactive material in soils (BNI,
1985c; BGA, 1984). Gamma exposure rates above background levels
- have been recorded at the quarry and are a direct result of
these radiologically-contaminated wastes (BNI, 1985c; BGA, 1984;
MK-F and JEG, 1987, 1988a). Radon and airborne radionuclide-
containing particulates are expected to be the most important
occupational and potential off-site exposure hazards during bulk
waste removal. For these reasons and to provide radiological
data necessary for subsequent environmental documents, this
section discusses in detail the known radiological
characteristics of the quarry bulk wastes.
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TABLE 4.2 Weldon Spring Quarry Physical Characteristics of
Quarry wastes?

Volumef Density Weightf

Regionb (yd3) (1b/yd3) " (tons)
40-ft 64,200° 4,400 141,000
Pond? 742 4,400 1,650
25-ft 4,060 3,100 6,290
14-ft 17,240 ) 3,100 26,700
7-ft 7,320 3,100 11,400
0.5-ft 1,240 3,100 1,930
Total/Average 95,000 4,000e 189,000

a Source: modified from DOE, 1987a.

b Regions of waste with corresponding depth are indicated on
Figure 4.2.
c Increased by 9,000 yd3 of material to give a total waste

volume of 95,000 yd> (BNI, 1985c). It is believed by
staff of BNI that 95,000 yd3 is a better estimate thén~
the sum of volumes, 86,000 yd3, because the amounts of
material under the pond and in the 40-ft region are

uncertain (Hickey, 1986).

d Depth of contaminated waste below the pond is assumed to be
one foot (DOE, 1987a). .

e Average density of quarry wastes.

£ Volumes and weights are rounded.
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The basic data utilized to describe the nature and extent
of radiological contamination in the bulk wastes are surface and
subsurface soil radionuclide concentrations, borehole gamma
logging data obtained by BNI (1985c) and LBL (BGA, 1984), and
depth to quarry bedrock data determined during a chemical
characterization performed by BNI (Kaye and Davis, 1987). The
purpose, scope, procedures and analytical methods employed in
the BNI and LBL radiological surveys as well as soil
radionuclide concentrations and borehole logging data are
discussed in this section. An interpretation of the
distribution of radiological contamination in the bulk waste is
also presented.

LBL Radiological Survey

LBL performed a radiological survey of the quarry
intermittently during the years 1979 through 1981. The purpose
of this study was to investigate the radiological hazards posed
by the site, develop capabilities to predict the potential for
migration of radionuclides in groundwater, perform a preliminary
investigation of the effects of proposed engineering options for
the site, and to provide preliminary information on the waste
inventory. The scope of the LBL study, as it relates to the
bulk waste characteristics, was as follows: drill 22 boreholes
(19 of which reached bedrock), perform 81 gamma exposure rate
measurements, gamma log 20 boreholes, collect 57 surface and 93
subsurface soil samples, and collect 4 sediment and 1 core
sample from the quarry pond (BGA, 1984). Gamma logging and soil
radionuclide concentration data necessary to determine the
nature and extent of the radiological contamination are

discussed below.

Borehole gamma logging was used by LBL as a quick method of
identifying areas and volumes containing above-background
concentrations of gamma-emitting radionuclides. The type of
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gamma logging employed by LBL provided qualitative information
of Ra-226 and Ra-228 subsurface soil concentrations in the area
around the borehole. LBL gamma logged 20 of the 22 boreholes
shown as open circles in Figure 4.5. Gamma logging results in
16 of these 20 boreholes indicate above-background
concentrations of Ra-226 and/or Ra-228.

Fifty-seven surface soil samples (zero-to-6-inch depth)
were collected within the quarry by LBL at the locations shown
as open circles in Figure 4.6. Ninety-three subsurface soil
samples were collected from 20 of the 22 boreholes (Figure 4.5)
using split spoon samplers driven on 5 foot depth intervals.
The amount of soil recovered in split spoon samples varied from
0 to 18 inches and averaged 8 to 9 inches. The surface and
subsurface soil samples were analyzed with sodium iodide (Nal)
and high-purity germanium (HpGe) detection systems. Ra-226 and
Ra-228 concentration results for surface and subsurface soil
samples are detailed in the BGA report and summarized in Table
4.3.

LBL analyzed borehole gamma logs and laboratory surface and
subsurface soil samples for the radionuclides Ra-226 and
Ra-228. LBL did not directly analyze for U-238 and Th-232, two
important components of the radiological quarry waste, because
these parent radionuclide concentrations were inferred by
assuming secular equilibrium with daughters Ra-226 and Ra-228,
respectively. The secular equilibfium assumption, however, is
not valid with respect to the quarry waste. If parent
radionuclides are not chemically removed from a substance and
sufficient time is allowed to permit the ingrowth of daughter
radionuclides with half-lives much shorter than the parent
half-life, then the assumption of secular equilibrium is valid.
If such a condition existed, Ra-226 activity concentrations
could be determined analytically and the result assigned to both
Ra-226 and U-238 activity concentrations with very small
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TABLE 4.3 Range of Ra-226 and Ra-228 Concentrations Detected in
the Quarry Wastes

Concentration Range

Radionuclides Soil Sample Type (pCi/g)
Ra-226 Surface 0.4 - 2780
Ra-228 Surface 0.1 - 813
Ra-226 Subsurface 1.0 - 701
Ra-228 Subsurface <1.0 - 2200

Source: BGA, 1984.

resulting error. This same scenario is valid for determining
Th-232 activity concentration from Ra-228 analytical results if
the two assumptions above are true.

This is not the case for the quarry wastes however. As
stated in the BGA report, much of the radioactive waste in the
quarry contains chemically separated uranium, as well as uranium
and thorium series radioactive decay products which are not in
equilibrium with the parent (U-238 and Th-232) radionuclides.
Since uranium and Th-232 were chemically separated from the ore
and subsequent waste handled at the Weldon Spring and Destrehan
Street plants, the locations where most of the quarry waste
originated, testing for Ra-226 and Ra-228 and assigning the
activity concentrations to U-238 and Th-232 respectively is
incorrect. Because of this inconsistency the U-238 and Th-232
activity concentrations reported by BGA are?not quoted in this
report. However, the Ra-226 and R5:228 activity concentrations
obtained by laboratory Nal and HpGe detection are valid and are
helpful in determining the extent of radiologicél contamination

within the quarry.

An interesting aspect of the BGA report involves a limited
gamma ray spectrum from one quarry surface soil sample

suggesting the presence of Th-227 in concentrations above that
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found in natural uranium ore (BGA, 1984). According to the
physics of secular equilibrium, the existence of Th-227 in this
sample would require the presence of similar activity
concentrations of Ac-227 and possibly Pa-231, the long-lived
parent radionuclides of Th-227, though neither the BGA or BNI
reports provide evidence of this. BGA states that the higher
concentration of Th-227 in these wastes could be indicative of
an abundance of U-235 relative to natural equilibrium conditions
(enriched uranium). However, they further state that the Th-227
concentrations are not sufficiently high to indicate the
presence of enriched uranium in these waste piles. BGA also
states that Ra-226 and its daughters, chemically separated
uranium, and Th-230 in concentrations far exceeding that
associated with the equilibrium U-238 decay series are found in
this and other surface soil sample analyses.

To investigate this occurrence the PMC obtained one surface
(zero-to-6-inch depth) and two subsurface (6-inch depth
intervals) soil samples from the waste pile material where LBL
previously collected their sample. These samples, collected on
November 14, 1988, were analyzed by gamma spectroscopy. The
gamma spectrums revealed high concentrations of Th-230, lower
concentrations of Ra-226 and daughters, U-238 out of equilibrium
with its long-lived daughters and higher concentrations of
Th-227 than parent U-235. These data correspond well with the
LBL qualitative information discussed above (Fleming, 1989a).

Based on the limited information in the BGA report and the
PMC sample data this surface material probably results from
disposal of raffinate; the waste ﬁroduct of the uranium and
thorium purification processes. Raffinate from the Weldon
Spring Site raffinate pits has been sampled extensively and is
known to contain concentrations of Th-230 far exceeding those of
accompanying U-238 decay series isotopes. Th-227 concentrations
in excess of parent U-235 concentrations are also found in
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raffinate, along with Ra-226 and daughters. Both the LBL and
PMC data support this hypothesis (Fleming, 1989a).

BNI Radiological Survey

BNI conducted an extensive radiological characterization in 1984
through 1985. The purpose of the BNI survey was to acquire data
necessary to perform an engineering evaluation assessing the
alternatives for decontaminating and decommissioning the Weldon
Spring Site. The quarry radiological survey provides
information regarding the vertical and areal extent of
contamination. The scope involved surveying the entire area
within the quarry fence and identifying areas and volumes
exceeding DOE guidelines for residual radioactive material in
soil (BNI, 1985c).

During this study BNI established a 50-foot-by-50-foot
survey grid system within the quarry; performed 1,686 beta-gamma
dose rate measurements, 55 gamma exposure rate measurements, and
29 radon flux measurements; gamma logged 75 boreholes; and
collected 184 systematic and 73 biased surface soil samples, 90
'subsurface soil samples and 3 sediment samples from the quarry

pond.

BNI gamma logged 75 6-inch boreholes using a 2 inch-by-2
inch NaI gamma scintillometer. Gamma count rate measurements
were typically made at 1-foot depth intervals. BNI discovered
25 contaminated boreholes on the basis of both gamma loging and
subsurface soil sample analysis, and 19 contaminated boreholes
on the basis of gamma logging alone.

BNI collected 257 surface soil samples (zero-to-6-inch
depth) at the borehole locations shown on Figure 4.6. Biased
surface soil samples, those not falling on intersecting grid

points, were collected in areas of suspect contamination to
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better define areal contamination limits. The 257 samples were
analyzed for Ra-226, U-238, and Ra-228 using a HpGe gamma
spectroscopy detection system. Eighty-five of these samples
were also analyzed for Th-230 by radiochemical analysis.

A total of 90 subsurface soil samples exéluding borehole
spoil samples, which are samples collected from borehole soil .at
undetermined depths, were collected from the 28 boreholes shown
on Figure 4.7. Fifty-five of the subsurface soil samples were
radiochemically analyzed for Th-230; 39 of these samples were
also radiochemically analyzed for U-234, U-235, U-238, Ra-226,
Ra-228, Th-232 and Pb-210. Fifty-one subsurface soil samples
were analyzed by HpGe gamma spectroscopy for U-238, Ra-226 and
Ra-228. Radionuclide concentration results for surface and

subsurface soil samples are summarized in Table 4.4.

Analysis of BNI's radiological soil sample data shows low
concentrations of uranium contamination slightly enriched in the
U-235 isotope. Fifteen of the 42 samples radiochemically
analyzed for U-238, U-234, and U-235 showed U-235 concentrations
greater than the 0.72 weight percent (Connolly, 1978) found in
natural uranium. These U-235 concentrations range from 0.77 to
2.3 weight percent of the total uranium present in the sample.
Twelve of the fifteen samples showing slightly elevated levels
of U-235 were found in 3 boreholes as shown in Figure 4.7.

Slightly enriched uranium may.also be present in the quarry
pond sediment based on BNI results discussed in Section 4.2.3.1
of this report. The existence of slightly enriched uranium in a
small portion of the quarry wastes is possible since the Weldon
Spring Uranium Feed Materials Plant received 842 metric tons of
slightly enriched (typically 1 weight percent) uranium, of which
8.6 metric tons have not been accounted for (DOE, 1986b).
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TABLE 4.4 Range of Radionuclide Concentrations in Soil Samples

- at the WSQ

Surface Sample Subsurface Sample
Concentration Concentration
Radionuclide Range (pCi/g) Range (pCi/g)
U-238 <1.0 - 1,600 1.4 - 2,400
Ra-226 <1.0 - 1,200 0.5 - 1,100
Ra-228 <1.0 - 250 1.0 - 806
Th-230 <1.0 - 1,300 <1.0 - 6,800

Source: BNI, 1985c.

The risk associated with exposure to natural uranium comes
mainly from the U-238 and U-234 isotopes. Uranium enriched to
the levels described above does not contain sufficient
concentrations of U-235 to outweigh the risks from the U-238 and
U-234 also present (DOE, 1985d). Waste containing enriched
uranium will be included in the bulk waste removal.

BNI analyzed a total of 301 surface.and subsurface soil
samples for Th-232 by HpGe gamma spectroscopy. Because of the
nature of the quarry waste, this form of analysis will not
always be valid for Th-232 activity concentration results. The
Th-232 decay series radionuclides contained in the quarry wastes
may be found as either the entire decay series in its natural
secular equilibrium state, or as Th-232 chemically separated
from Ra-228 and subsequent daughters. Since Th-232 is a pure
alpha emitter, it cannot be directly detected by gamma
spectroscopy. However, the activity concentration of its
gamma-emitting daughters can be determined by HpGe gamma
spectroscopy and this value accurately assigned to the Th-232
activity concentration, providing Th-232 is in secular
equilibrium with its daughters.
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Chemically separated Th-232 found in the quarry wastes can
be detected by HpGe gamma spectroscopy accurately because
sufficient time has elapsed following disposal to allow at least
87 percent of secular equilibrium to have occurred between
Th-232 and its daughters, based on the last disposal date of
1969. However, quarry wastes containing chemically separated
Ra-228 and subsequent daughters, (with no parent Th-232) will
not yield accurate Th-232 concentrations when analyzed by HpGe

gamma spectroscopy.

Th-232 was chemically separated from its daughters at the
Weldon Spring Uranium Feed Materials Plant. Residue and debris
containing chemically separated Th-232 and/or chemically
separated Ra-228 and subsequent daughters are present in the
quarry. Therefore the assumption of secular equilibrium between
Th-232 and its daughters with respect to quarry waste is not
valid. Ra-228 concentrations can be determined accurately with
HpGe gamma spectroscopy, but only radiochemical analysis will
yield reliable Th-232 concentrations from quarry waste samples.
Therefore, this report regards all BNI HpGe gamma spectroscopy
Th-232 concentrations as Ra-228 concentrations; Th-232
concentration obtained by radiochemical analysis will be the

only Th-232 concentration data quoted in this section.

Distribution of Radiological Contamination

The depth-specific areal extent of radiological
contamination is shown on Figures 4.8 through 4.16. These
figures were developed by combining the radionuclide
concentration data at each sampling location for the
representative contaminants: U-238, Th-232, Th-230, Ra-228 and
Ra-226. Although other radioactive daughter products are
present in the waste in varying degrees of secular equilibrium,
cleanup of material containing the representative radionuclides
will assure removal of all radioactive daughter products. This
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is because one or more of the representative contaminants will
always be present at any given location within the quarry at
concentrations comparable to the concentrations of any
radioactive daughter products which were not specifically
measured (Fleming, 1989b; BNI, 1985c).

Figure 4.8 shows the areal extent of radiological
contamination for the zero-to-0.5 foot depth interval. Figures
4.9 through 4.16 show the areal extent of radiological
contamination for successive depth intervals in five foot
increments to a maximum depth of 40 feet. The zero to 0.5 foot
interval was chosen to be representative of surface soil. The
subsequent five foot intervals characterize radionuclide
distributions with depth and indicate anticipated waste

conditions during excavation.

The figures were generated by averaging
radionuclide-specific concentrations at each sampling location
over the specific depth interval. These average values were
then used to define the extent of contamination for each depth
interval. Depth-specific minimum and maximum radionuclide
concentrations are provided in Table 4.5. The boundaries on
each figure reflect surface concentrations greater than 5 pCi/g
and subsurface radionuclide concentrations greater than 15 pCi/g
for Th-232, Th-230, Ra-228, and Ra-226. For U-238, both surface
and subsurface boundaries were drawn based on a minimum
concentration of 15 pCi/g. Department of Ehergy residual
radiocactive material in soil guideZXines have been set at 5 pCi/g
and 15 pCi/g for radium and thorium (DOE, 1987b). Since no such
guideline has been established for uranium the value of 15 pCi/g

was chosen for comparative purposes.

The extent of surficial contamination shown in Figure 4.8
is very accurate because of the extensive surface (zero to

6-inch) sampling and analysis performed. The figures showing
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TABLE 4.5 Minimum and Maximum Radionculide Concentrations by Depth at the Weldon Spring

Quarry
Radionuclide Concentration (pCiZg)

a Ra -226 Th-230 U-238 Ra-228 Th-232
Depth Min Max Min Max Min Max Min Max Min Max
0.0 - 0.5 0.4 2780.0 0.7 1300.0 3.0 1600.0 0.1 813.0 l1:4- 8.0
0.5 - 5.0 0.2 340.0 3.2 6800.0 1.4 394.0 0.5 86.6 0.9 36.0
5.0 - 10.0 0.9 1100.0 1.3 1300.0 5.0 2400.0 0.5 1413.0 0.9 7.0
10.0 - 15.0 0.9 701.0 0.2 560.0 33.0 1500.0 0.4 2200.0 0.7 6.0
15.0 - 20.0 0.9 146 .0 1.2 110.0 16.0 55.0 0.8 123.0 7.0 7.0
20.0 - 25.0 0.9 52.2 1.1 1.0 3.0 12.0 0.2 149.0 0.7 1.0
25.0 - 30.0 0.5 22.7 - - - - - - - - 0.1 85.0 - - - -
30.0 - 35.0 0.9 3.8 - - - - - - - - 0.7 18.6 - - - -
35.0 - 60.0 0.7 20.0 - - - - - - - - 0.5 12.4 - - - -

- No data available for this radionuclide at this depth interval.
a See Figures 4.8 through 4.16 for corresponding areas of radiological contamination.

SOURCES: BGA, 1984 and BNI, 1985c
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the subsurface extent of contamination become less accurate with
increasing depth due to progressively fewer samples, the
heterogeneity of the waste material, and auger refusal which

limited sample collection with increasing depth.

A summary of radionuclide-specific and depth-specific
average concentrations is provided in Table 4.6. These averages
relate only to quarry areas where sufficient data were available
to estimate these parameters.

TABLE 4.6 Average Concentration by Depth at the WSQ

Depth Average Radionuclide Concentrationa (pCi/g)
(ft) Ra-226 Th-230 U-238 Ra-228 Th-232
0.0 - 0.5 105.0 150.1 174.1 19.7 - -
0.5 - 5.0 54.2 1457 .3 123.3 35.9 25.7
5.0 - 10.0 195.9 502.8 422.8 259.5 - -
10.0 - 15.0 189.6 318.6 342.2 598.7 - -
15.0 - 20.0 67.3 94.2 46.0 51.0 - -
20.0 - 25.0 36.3 16.0 - - 61.2 - -
25.0 - 30.0 20.7 - - - - 44 .2 - -
30.0 - 35.0 - - - - - - 18.6 - -
35.0 - 40.0 18.3 - - - - - - - -
TOTAL WGT AV 108.8 327.9 198.0 96 .4 25.7

a Individual and total averages weighted by area
- - no data available for this radionuclide at this depth
interval

Sources: BGA, 1984 and BNI, 1985c

Areal average radionuclide concentrations shown in Table
4.6 for an entire depth interval were calculated using a
computer-generated grid model whereby a grid was constructed in
each area containing above-guideline radionuclide
concentrations. Each grid quadrant was assigned a radionuclide
concentration extrapolated from known sample concentrations

within the gridded area. The average concentrations therefore
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represent a weighted average over the entire area of
above-guideline radionuclide concentration, at the given depth.

Depth of contamination is based on radiological analysis
results and depth to bedrock data. Boreholes were drilled by
LBL and BNI to determine the radiologic characteristics of the
bulk wastes (BGA, 1984 and BNI, 1985c). Depth to bedrock data
are also available from boreholes drilled by BNI (Kaye and
Davis, 1987) as part of a chemical characterization survey.

By combining the information in Table 4.6 with historical
records of waste disposal and the quarry topography, the quarry
can be divided into four zones to facilitate analysis and
comparison of the data. These are: (1) the haulway; (2) the
sump; (3) the northeast corner; and (4) the rim. The four zones
are identified in Figure 4.17. The haulway zone includes the
area surrounding the gravel road and adjacent railroad spur
which enter the quarry at the lower gate. The sump zone
includes the pond and the area directly east. The northeast
corner zone includes the bench area near the upper quarry gate
and the northeast section of the present quarry floor. The rim
zone includes the upper gate plateau area encompassing a section
of the upper haul road in the extreme northeast corner of the
quarry rim, and five small areas of contamination; three on the
southeast rim and two on the north rim. Estimated areas for
each zone are provided in Table 4.7.

The volume of radiologically contaminated material in each
zone is summarized in Table 4.7. The total volume of 83,200
cubic yards compares favorably with a previous estimate of
95,000 cubic yards (see Table 4.2, Section 4.1.2.1) which
included a 9,000 cubic yards contingency (DOE, 1987a). Details
on how the volume estimates for each zone were made are provided
in the following subsections.
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Haulway Zone - The haulway zone generally contains the lowest

radiologicél contaminant concentrations. Contamination is
likely due to accidental spills from dump trucks and railroad
cars, or from tires spreading contamination during hauling
operations. Maximum representative contaminant concentrations
in this zone are: 312 pCi/g for U-238, 2,305 pCi/g for Ra-226,
15 pCi/g for Ra-228 and 150 pCi/g for Th-230 (BGA, 1984 and BNI,

1985c). Th-232 concentrations in this zone were not obtained.

TABLE 4.7 Summary of Estimated Areas and Volumes of
Radiological Contamination at the Weldon Spring

Quarry

a 2 3

Zone Area (ft°) Volume (yd~)
Haulgay 48,300 6,600
Sump 58,900 55,100
Northeast Corner 52,800 21,300
Rim 11,000 . 200
TOTAL 171,000 83,200

See Figure 4.17 fqr zones.
Includes 4,100 yd~ of sediment in pond.

o ]

The depth of contamination in this zone was characterized
by seven subsurface boreholes as summarized in Table 4.8.
Bedrock was reached at six locations at an average depth of 3.7
feet. Radionuclide analyses were performed on samples from only
three boreholes. At two of these boreholes the maximum depth of
contamination was 0.5 foot. At the other location the
contamination extended deeper than 1 foot, the depth where auger
refusal occurred.

Because of the limited amount of data on contamination
depth, it is assumed that contamination extends to bedrock at

the average depth of 3.7 ft. This yields an estimated volume of
6,600 cubic yards for this 48,300 ft2 area.
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Sump Zone - The sump zone comprises the deepest mined area of
the quarry and includes the existing pond. It was probably the
first area within the quarry where disposal of wastes occurred.
Maximum representative contaminant concentrations in this zone
are: 2,400 pCi/g for U-238, 486 pCi/g for Ra-226, 2,200 pCi/g
for Ra-228, 1,300 pCi/g for Th-230 and 8.0 pCi/g for Th-232
(BGA, 1984 and BNI, 1985c).

TABLE 4.8 Summary of Contaminant Depths for the Haulway Zone

Depth To Depth Of
Location Bedrock Contamination

Identification* (ft) (ft)

Sl 3.5 0.5

cv AR 1.0+

S2 4.0 0.5

Bl 2.0 NR

B2 6.0 NR

B9 3.5 NR

B10O 3.0 NR

AR - Auger refusal.
NR - No radiological analyses (these boreholes were drilled

to determine chemical characteristies of the bulk wastes).
+ - Contamination extends beyond this depth.

* See Figure 4.5 for borehole locations.

Sources: BGA, 1984; BNI, 1985c; and Kaye and Davis, 1987.

This zone contains the greatest volume of radioactively
contaminated rubble. This area was the main dump area for the
Destrehan Street Plant rubble. Ra-226, U-238, and Th-230
contamination located in the southern half of this zone extends
to depths of 40 feet.

There is also a significant volume of Ra-228 contamination
near the limestone hill in the northern section of the sump

zone. The origin of this contamination is believed to be from
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drummed thorium residue dumping in 1959. Undated photographs
taken befofe the Destrehan Street dumping period show drums
resting on a slope next to the east edge of the limestone hill
(PNL Photography, undated). This slope extended to the deepest
section of the sump zone, where the Destrehan Street rubble was
placed.

The depth of contamination in the sump zone is inferred
from sample results from 20 boreholes. Fourteen of the 20
boreholes reached bedrock. At 5 borehole locations
contamination did not extend to bedrock. However, the only
radionuclides analyzed for at these 5 locations were Ra-226 and
Ra-228. Contamination from other radionuclides may extend to
bedrock. Six boreholes were not completed to bedrock due to
auger refusal which occurred at an average depth of 13.4 feet.
This information is summarized in Table 4.9 for the locations

shown on Figure 4.5.

A reasonable estimate of the volume of radiological
contamination in the sump zone can be made from the information
presented in Table 4.9. For all boreholes where no radiological
data was collected or where analysis was not performed for all
representative radionuclides, the contamination was assumed to
extend to bedrock. For boreholes where auger refusal occurred
before the maximum depth of contamination was reached, the
average measured depth to bedrock was assigned. This resulted
in an average contaminant depth of 36.7 feeé. Using the
disposal area of 37,500 ft2 the volume of céntamination is
estimated to be 51,000 cubic yards.

Both BNI and LBL data indicate that the sediments in the
quarry pond are contaminated, but no definitive depth of
contamination is available. BNI samﬁling data indicate
contamination deeper than one foot (BNI, 1985c). LBL data
indicate contamination deeper than 1.5 feet (BGA, 1984). A
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TABLE 4.9_ Summary of Contaminant Depths for the Sump Zone

Location Depth To Depth Of
Identification ** Bedrock Contamination

B3 36.8 NR
B4 39.5 NR
BS5 34.0 NR
B6 37.5 "NR
B7 40.5 NR
B8 31.0 NR
S3 AR 12 +
S4 AR 12 +
S5 . AR 22.5 +
S6 AR 7.5 +
S7 AR 1.5 +
S8 AR 25 +
0-0 39.5 39.5
1-1 21.5 21.5
1-3 39.3 20.5 *
1-5 37.0 30.5 *
2-2 38.8 25.0 *
2-4 39.5 39.5
3-1 38.5 10.0 *
4-1 40.0 0.0 *

AR Auger refusal.

NR No radiological analysis (these boreholes were drilled to
determine chemical characteristics of the bulk wastes).
Not used in computing average depth of contamination
because analysis was not performed for all representative

Yo

radionuclides.
+ Contamination extends beyond this depth.
*%  See Figure 4.5 for sample locations.
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prior estimate made by BNI indicated that 4,100 cubic yards of
radiologicélly contaminated material is in the pond (BNI,
1985c). This volume would result from an average contaminant
depth of approximately 5 feet for the 21,400 ft2 pond. A
volume of 4,100 cubic yards will be assumed for the purposes of
this report.

Northeast Corner - Waste in the northeast corner zone was

deposited on an existing rock bench. Waste materials presently
resting on the bench may have been dumped from the quarry upper
gate on the northeast quarry rim and/or hauled up an incline
extending from the present floor of the quarry to the top of the
bench. Other wastes in this zone were either dumped from or
pushed up against the bench and rest on the present quarry
floor. This zone is therefore comprised of 3 man-made waste
piles; the upper pile which extends 40 feet from the upper gate
plateau of the rim zone to the top of the waste pile on the
bench, the pile on the bench, and the lower pile extending 20
feet from the bench to the quarry floor.

Maximum contaminant concentrations in the northeast corner
zone are: 420 pCi/g for U-238, 2,780 pCi/g for Ra-226, 806
pCi/g for Ra-228, 6,800 pCi/g for Th-230, and 56.0 pCi/g for
Th-232 (BGA, 1984 and BNI, 1985c) . The U-238, Ra-226, and
Th-230 concentration data in this zone indicate levels similar

to those found in the sump zone.

The origin of the radiological contamination in this zone
is likely due to dumping during the period 1963 through 1969.
Debris consisted of uranium and thorium contaminated residues as
well as rubble and equipment from cleanup and shutdown of the
Weldon Spring Chemical Plant. This would account for the
similar concentrations of Ra-226, U-238, and Th-230 in the sump

and northeast corner zones.
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Evidence locating the 1966 dumping of drummed thorium
residues could not be inferred from either the BNI or LBL data.
These drums, containing 3% thorium residues, were reported to
have been dumped in this zone and covered with TNT-contaminated
earth. High Ra-228 concentrations similar to those found in the
sump zone near the limestone hill would identify this debris
because the Ra-228 would have attained approximate secular .
equilibrium with the parent Th-232. Such levels of Ra-228 were
not found by BNI or LBL.

The depth of radiological contamination in the northeast
corner is inferred from the results of 3 boreholes drilled in
the lower waste pile, 27 boreholes drilled in the bench pile,
and 6 boreholes drilled in the upper pile. A summary of these
boreholes is presented in Table 4.10.

One of the three holes drilled in the lower pile reached
bedrock at a depth of 6.0 feet. No radionuclide analyses were
performed on samples from this location. Auger refusal occurred
at the two other borehole locations where radioactive

contamination extended to greater than 3 feet and greater than
10 feet.

Twelve of the boreholes on the bench pile reached bedrock
at the average depth of 9.7 feet. For 4 of these 12 boreholes
no radionuclide analyses were performed. For the remaining 8
boreholes, contamination extended to bedrock. Auger refusal
occurred at the remaining 15 boreholes on the bench at an

average depth of 6.4 feet.

Each of the 6 boreholes drilled in the upper pile reached
bedrock at an average depth of 26 feet. At two of. these

locations no radionuclide analyses were performed. At one
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TABLE 4.10 Summary of Contaminant Depths for the Northeast
Corner Zone

Depth To Depth Of
Waste Location Bedrock Contamination
Pile Identification¥* (ft) (ft)
Lower Bl1l 6.0 NR
S9 AR 3.0 +
S10 AR 10.0 +
Bench B12 6.5 NR
B13 10.2 NR
Bl4 12.1 NR
B15 10.8 NR
S1l1 AR 0.0
S12 AR 6.0 +
S13 AR 3.0 +
S14 AR 6.0 +
S15 AR 3.0 +
Sle AR 3.0 +
S17 AR 2.0 +
s18 AR 8.0 +
S19 AR 6.0 +
S20 AR 7.0 +
521 AR 9.0 +
S22 AR 8.0 +
S23 AR 6.0 +
S24 AR - 12.5 +
S§25 AR 6.0 +
B-0 14 14.0
Bl-1 9.5 9.5
B1-2 11.1 11.1
B1l-3 10.7 10.7
Bl-4 11.4 11.4
C-MID 8.7 8.7
Cl-3 5.2 5.2
D1-1 5.7 5.7
Upper T-1 29.0 29.0
T-2 26.0 26.0
T-3 24.0 24.0
T-5 21.0 12.0 *
Ble6 30.5 NR
B17 25.5 NR

AR - Auger refusal.
NR- No radiological analyses (these boreholes were drilled to
determine chemical characteristics of the bulk wastes).

+ - Contamination extends beyond this depth
* - Analysis was performed for only Ra-226 and Ra-228.
*¥%-  See Figure 4.5 for sample locations.

Sources: BGA, 1984; BNI, 1985c; and Kaye and Davis, 1987.
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location the maximum depth of contaminated material, occurred at
12.0 feet. At this location, however, samples were analyzed for
only Ra-228 and Ra-226. Contamination from other radionuclides

may extend to bedrock.

A volume of 11,000 cubic yards on the 30,400 £ft2 bench is
estimated by assuming that radiologicai contamination extends to
bedrock (average depth 9.7 feet). An average depth of
contamination of 10 feet for the lower pile is estimated by
assuming a constant pile slope from the present quarry floor
(elevation 480 ft) to the top of the bench pile (elevation 500
ft). Applying this depth over the entire lower pile area of
16,800 ft? yields a volume of 6,200 cubic yards. By assuming
a constant pile slope from an elevation of 515 feet to the upper
gate plateau elevation of 555 feet (average contaminant depth of
20 feet) over an area of 5,550 ftz, the volume of the upper
pile is estimated to be 4,100 cubic yards. The total estimated
volume contained in the northeast corner zone is the sum of the

three piles described above, which is 21,300 cubic yards.

Rim Zone - The rim zone is divided into 6 areas of
contamination not included in the major zones; i.e., the upper
gate plateau and 5 small areas along the southeast and north

quarry rim, shown on Figure 4.17.

The upper gate plateau area includes approximately 11,000
ft2 and extends from the upper gate to the edge of the upper
hill of the northeast corner zone, and about 150 feet down the
roadway running along the northeast fence. The existence of
contamination in this area is mosﬁ likely due to accidental
spills from trucks dumping waste over the northeast rim during
the 1963 through 1969 dumping period. Maximum represehtative
contaminant concentrations of surface soil samples
(zero-to-6-inch depth) in this area are: 109 pCi/g for Ra-226,
250 pCi/g for Ra-228, 14 pCi/g for U-238, and 180 pCi/g for

91




Th-230 (BGA, 1984 and BNI, 1985c). Th-232 concentrations are
not available for this zone. No subsurface soil samples were
taken in this area. Since the assumed mode of contamination was
truck spills, the depth of radiological contamination was
assumed to be 0.5 foot. This gives an estimated volume in this
area of 200 cubic yards.

The five remaining areas of the rim zone, identified as R1
through R5 on Figure 4.17, each include a single BNI surface
soil sample exceeding DOE soil cleanup guidelines. Each area
contains only 1 contaminated surface sample with all neighboring
surface samples being below guidelines, and each area is also
near a road (State Route 94 or the haul road along the quarry
rim). A possible explanation of the origin of this
contamination would again be accidental spills from trucks
during hauling operations. No subsurface soil samples were
taken at these locations. The volume of radiologically
contaminated material at these locations is considered

negligible.
4.1.2.3 Chemical Characteristics

In 1984, as a part of the radiological characterization,
BNI collected six subsurface and one surface sample for chemical
analysis. The samples were analyzed for Resource Conservation
and Recovery Act (RCRA) characteristics, extraction procedure
(EP) toxicity, priority pollutants, pesticides; polychlorinated
biphenyls (PCBs), and asbestos. Subsurface Sampling was
accomplished with split-spoons driven in advance of an auger.
Analyses were performed on a composite of the entire soil column
at each location shown on Figure 4.7. The samples were
reportedly collected, packaged, preserved and analyzed in
accordance with EPA procedures identified in the July 1984
edition of 40 CFR 136 (BNI, 1985c).
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Detected concentrations of metals, cyanide, organic
priority pbllutants, and other organic pollutants are summarized
in Table 4.11. Complete data are provided in Appendix A. All
extraction procedure (EP) toxicity results for the samples were
below regulatory guidelines, which suggests that metals found
within the quarry wastes are not readily leachable (Kaye and
Davis, 1987). Most organic pollutants analyzed were below
detection levels. Positive results were obtained for benzene
hexachlorides; PCBs (Aroclor 1254), up to 46 mg/kg; polynuclear
aromatic hydrocarbons (PAHs), up to 75 mg/kg; and diacetone
alcohol, up to 14 mg/kg (BNI, 1985c).

It was reported that the presence of PCBs prevented the
detection of certain pesticides and that a dilution factor was
applied to radiologically contaminated samples to avoid
contaminating the analytical equipment; however, no specific
information regarding data quality or QA/QC procedures was
reported. The results of this study indicate, in general terms,
which of the analyzed constituents are present. However, due to
the limited number of samples, the degree of compositing and the
variability of the waste material, it was decided that
additional information regarding the chemical composition of the
material was needed to characterize the waste and to aid in

preparing remedial action plans.

Based on the results of the 1984 study, BNI conducted a
more extensive chemical characterization survey in 1986 (Kaye
and Davis, 1987) in order to determine the presence and areal
extent of selected chemical compounds including volatile
organics, base-neutral and acid extractable organics
(semi-volatiles), PCBs, trinitrotoluene (TNT), dinitrotoluene
(DNT), and TNT breakdown products. A total of 88 samples were
analyzed from 17 borings (see Figure 4.18) including 26 for
volatiles, 68 for semi-volatiles, 67 for nitroaromatics, and 65
for PCBs. Borehole locations were selected based on historical
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TABLE 6.11 Chgmical Constituents Detected in Quarry HWastes During 1984-1985
Chemical Analysis

Concentratgons (mg/kg)

Subsurface Samples Surface
Parameter Range Average Sample
Priority Pollutant Metals and Cyanide '
Antimony <20° <20° 71
Arsenic 73 - 120 100 100
Beryllium 0.45 -~ 0.83 0.62 0.61
Cadmium 1.8 - 98 19 2.0
Chromium 19 - 49 30 26
Copper 38 - 160 100 140
Lead 130 - 410 280 950
Mercury 0.18 - 6.3 2.0 0.7
Nickel ' 19 - 120 43 300
Selenium 17 - 28 23 22
Silver 5.8 - 8.3 7.0 7.5
Thallium 3.0 - 6.2 6.7 5.1
Zinc 68 - 870 340 39
Cyvanide 0.2 - 0.6 0.38 0.2
Organic Priority Pollutantsd’®
Alpha-benzene hexachloride 0.0051 - 0.0053 0.0052 . ND
Delta-benzene hexachloride 0.019 - 0.095 0.045 0.0035
Gamma-benzene hexachloride 0.0013 0.0013 ND

(lindane)
PCB Aroclor 1254 0.56 - 46 12 1
PCB Aroclor 1260 . 9 9 ND
Other Organic Pollutants P
2-Pentanone-G-hydroxy-4-methyl 2 - 6 6.6 149
(diacetone alcohol)

2-Methylnaphthalene 0.67 0.67 <0.06 €
a All compounds that gave one or more positive results (above detection limits) are

listed in this table. Concentrations are generally rounded to two significant
figures. Samples were taken in the last quarter of 1984 from six boreholes in the
quarry wastes and one surface sample. (see Figure 4.7)

b Constituents were detected in all 6 samples except for; PCB Aroclor 1254,
2-pentanone-4-hydroxy-4-methyl, and cvanide in 5 samples; delta-benzene hexachloride
and silver in 3 samples; alpha-benzene hexachloride in 2 samples; and gamma-benzene
hexachloride in 1 sample.

c Lower limit of detection. .

d The 29 volatile priority pollutants measured for were not detected at a sensitivity
level of 1 ppb. The presence of PCBs increased the detection limit of most pesticides.

e Thirteen semi-volatile organic compounds were also detected at one borehole. These

compounds are indicated with an asterisk .on Table 4.12. Concentrations detected were
within the range indicated on the table.

f Concentrations for diacetone alcohol are estimated concentrat:ons

ND not detected.

Source: BNI (1985¢) and DOE (1987a).
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data, including types of materials disposed, disposal locations,
past characterization data, and topography. Samples were
collected as the boreholes were advanced using split-spoons, or
double tube core barrels if rubble was encountered. According
to Kaye and Davis, water introduced into the boreholes to cool
and lubricate the bit may have resulted in some leaching of
chemicals from the solid soil matrix. .0Only those portions of
the samples that were soil or soil-like materials were analyzed,
and each borehole sample was divided into incremental (3 feet or
less) samples.

As determined by Kaye and Davis (1987), 7 volatile
compounds, 20 semi-volatiles, 5 nitroaromatic compounds, and 2
PCBs were detected. Table 4.12 summarizes the constituents
detected in the survey (see Appendix A for additional data).

The averages shown represent the average of detected values and
do not necessarily represent the average concentration for the
entire waste material. The concentrations of volatiles are
somewhat questionable, since volatiles were also present in
method and field blanks, suggesting the inadvertent introduction
of some of these chemicals during field collection or laboratory
extraction. Also, holding times were exceeded for essentially
all of the samples. However, trichloroethene was not detected
in the blanks and the detected concentrations of acetone,
2-butanone and toluene in the blanks were sufficiently low that
these compounds may be present in the quarry. The detected:
semi-volatiles consisted primarily of'PAHs, phthalates and a
furan; phthalates are plasticizers commonly found in
environmental samples. PAHs may be present in the quarry as a
result of previous burning operations. Maximum observed
concentrations of the PAHs were 150, 190, 110, énd 170 mg/kg for
phenanthrene, fluoranthene, benzo(b)fluoranthene, and pyrene
respectively. Nitroaromatics detected included 2,4-DNT,
2,6-DNT, 2,6-diamino-4-nitrotoluene, 2,4,6-TNT, and
2,4-diamino-6-nitrotoluene.
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Table 4-12 Organic Compounds, PCBs, and Nitroaromatics Detected in Quarry Wastes During 1986 Chemical Analysis

Number of Boreholes
Where Chemical was

Borehole Where

Concentration (mg/kg) Maximum Val

Range Averagee Detected Was Detected
Volatiles’®
Acetone 1.4 - 52 13 6 B6
2-Butanone 0.86 - 1.7 1.4 2 Bé
E thylbenzene 0.68 - 1.8 0.99 8 B5
Methylene Chloride 0.79 - 6.4 2.9 8 Bl6
Toluene 0.75 0.75 1 B3
Total Xylenes 0.66 - l.4 0.95 2 B17
Trichloroethene 0.90 0.90 1 B7
Semi-Volatiles®
Acenaph thene 1.7 - 18 7.6 4 B7
Dibenzofuranx 1.4 - 3.6 2.5 2 B8 -
Fluorenex 6.6 - 19 13 2 B7
Phenanthrene* 0.73 - 150 26 6 Bé
Anthracenex 0.3¢ - 37 9.7 6 Bé6
Fluoranthenex 0.78 - 190 24 6 Bé
Pyrenex 0.68 - 170 23 6 Bé
Benzo( a JAnthracene* 0.53 - 86 15 6 Bé6
Chrysenex 0.46 - 89 13 [ Bé6
Benzo(b )F luoranthenex 0.62 - 110 17.2 6 Bé
Benzo(K )F luoranthenex 0.78 - 0.98 0.88 2 B7
Benzol a )Pyrene* 0.46 - 68 11 6 Bé6
Indenol(1,2,3~-cd)Pyrene 0.45 - 49 9.3 6 Bé
Dibenz(a,h)Anthracene 0.33 - 17 2.9 4 B7
Benzo(g,h,1)Perylene 0.41 - 50 10 6 Bé6
2,4-Dini trotoluene® 1.7 - 10 6.3 1 Bl6
2,6-Dinitrotoluene 0.53 - 3.7 1.6 1 Bl6
Di-n-butylphthalatex 0.47 - 0.58 0.53 2 B7
Bis(2-ethylhex]l )Phthalates 0.66 - 1.6 1.0 3 B3
Naphthalenex 1.3 1.3 1 B4
peBs”
Aroclor 1256x 0.46 - 120 21 9 B8
Aroclor 1260% 9.1 - 12 11 1 B3
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Table 4-12 Organic Compounds, PCBs, and Nitroaromatics Detected in Quarry Wastes During 1986 Chemical Analysis

(Continued)
Number of Boreholes Borehole Where
Concentration (mg/kg) . Where Chemical was Maximum Val
Range Average Detected Was Detected
Nitroaromatics
2,6-Diamino-4-Nitrotoluene 0.33 - 0.58 0.47 3 B7
2,4,6-Trinitrotoluene 0.38 - 1,600 260 6 Bl17
2,4-Dinitrotoluene 0.46 - 33 8.1 3 Bl6
2,6-Dinitrotoluene 0.36 - 68 9.5 3 Blé
2,4-Diamino-6-Nitrotoluene 1.3 - 7.3 4.8 2 B17

a Chemical constituents that were detected above the detection limits are presented. Concentrations are rounded
to two significant figures. Samples were collected in the last quarter of 1986 from 17 boreholes in the
Quarry wastes (see Figure 4.18).

b Six of the seven volatile compounds detected in the samples were also found in method blanks. Only
Trichloroethene was not detected in method blanks.

c Analyses for volatile organics, semi-volatile organics, and PCBs were performed in accordance with the EPA
Contract Laboratory Program.

d Analyses for nitroaromatics were performed according to the U.S. Army Toxic and Hazardous Materials Agency
(USATHAMA) Method 4B, using high pressure liquid chromatography.

e Averages are for detected values only and do not necessarily indicate the average concentration for the entire
waste material.

f Detection of a chemical indicates that the species was detected in at least one incremental sample from a
borehole. Each incremental sample was not necessarily tested for all chemical species.

g Also see concentrations under "Nitroaromatics" category for analyses by USATHAMA Method 4B.
* These compounds were also detected during 1984-1985 analysis by BNI (1985c).

Source: Kaye and Davis, 1987.
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The highest concentrations of nitroaromatics were found in
the easterh portion of the quarry (borings B16 and Bl7, shown on
Figure 4.18). The maximum concentration of 2,4,6-TNT was 1,600
mg/kg, detected at boring Bl7. Two PCBs, Aroclors 1254 and
1260, were detected. The maximum PCB concentration was 120 mg/kg
for Aroclor 1254 at boring B8 (see Figure 4.18). Aroclor 1254
was detected at nine boreholes, while Aroclor 1260 was detected
only at boring B3, with a maximum concentration of 11.8 mg/kg
(Kaye and Davis, 1987).

Quality control measures instituted include chain-of-
custody documentation, generation of QC samples for blanks and
duplicates, and matrix spiking. Field blanks were analyzed a
minimum of once every six samples. The results indicate the
presence of volatiles and nitroaromatics. Method blanks were
analyzed a minimum of once every ten samples and detected the
same volatile organics observed in the field blanks. Table 4.13

TABLE 4.13 Contamination of Blanks

Method Blanks (mg/kg) Field Blanks (mg/kg)
Contaminant Range Averagea Range Averagea
Methylene Chloride 0.005-7.4 2.1 0.50 -12 3.8
Acetone 0.01 -3.2 3.6 0.99 -25 10
2-Butanone 0.01 -1.2 1.1 - . 0.99 b 1.0 1.0c
Toluene 0.005-1.1 ) 0.82 ND NA
Ethylbenzene 0.005-1.1 -~ 0.83 0.50 -1.0 0.77
Styrene 0.005-0.5 50.55 ND NA
Total Xylenes 0.005-1.4 0.92 . 0.49 -1.4 d 0.95
2,6-Dinitrotoluene ND NA 0.0646-49.30 3.1

a Average of those above detection limit.
b None above detection limit.

c Not applicable.

d Units = ug/l.

Source: Kayve and Davis, 1987
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shows the range and average concentrations present in the
blanks. Matrix spikes and matrix spike duplicates were
analyzed, with matrix spikes analyzed once in every ten
samples.

Table 4.14 summarizes the results for matrix spikes.
Recovery values for volatiles and semi-volatiles were within or
near the range of values generally accepted as part of the EPA
Contract Laboratory Program (CLP). No generally accepted
recovery range is provided by CLP for nitroaromatics; however,
the values are believed to be reasonable. PCB recovery values
were poor. The unusually low values shown in Table 4.14 were

TABLE 64.164 Matrix Spike Results

Number of Range of Mean of Range of Accepted
Parameter Analyses Recoveries (%) Recoveries (%) Recovery (%)
Volatiles 6 26 - 133 96 59 - 172
Semi-volatiles 7 9 - 128 68 17 - 142
Nitroaromatics 8 20.9 - 127.2 88.8 b
PCBs 0 - 3° , 1 °© b

a Reference (EPA, 1985).
b None currently established.
c This value was calculated using 5 samples since 3 were out of control due to the low

concentration of the spike compared to the concentration in the sample.

Source: Kaye and Davis, 1987
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reported as matrix interference. Holding times were exceeded
for 83 percent of the volatiles, 93 percent of the
semi-volatiles, and 100 percent of both nitroaromatics and PCBs
(Kaye and Davis, 1987).

Both BNI surveys involved analysis for volatiles, semi-
volatiles, and PCBs. No volatiles were detected in the first
study, which suggests that the volatiles detected in the second
analysis are probably laboratory artifacts; however, differences
could also be due to sampling method variations between
studies. The PAHs were found in the same general location by
both studies. PCB Aroclors 1254 and 1260 were also detected in
both analyses.

In May 1987, PMC collected three surface samples from the
northeastern corner of the quarry, where surficial discoloration
suggested the presence of nitroaromatics. The sampled materials
consisted of a soil and limestone aggregate mixture with an

"

"oily" brown staining. Analytical results confirmed the
presence of high nitroaromatic levels in this area. Maximum
concentrations detected were 20,000 mg/kg for 2,4,6-TNT;

29 mg/kg for 2,4 DNT; 8.6 mg/kg for 2,6 DNT; 130 mg/kg for
nitrobenzene; 280 mg/kg for 1,3,5-trinitrobenzene; and less than

0.8 mg/kg for 1,3-dinitrobenzene (Meyer, 1988).

The areal distribution of the chemicals found within the
WSQ is shown on Figure 4.18. Results indicate that chemical
contamination is present throughout the quarry, and that the
distribution of the various contaminants is very heterogeneous.
In general, however, the combustion products are found near the
pond, while the nitroaromatics are more in the eastern end of
the WSQ. This distribution is consistent with the disposal
history, specifically the burning of waste near the pond and the
disposal of nitroaromatic waste in the eastern portion of the
site. Although the PCBs and phthalates did not show a defined
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distribution, the highest concentrations were detected in the
area near the pond, which is also the region where the majority
of the wastes are deposited (Kaye and Davis, 1987).

The vertical distribution of chemicals is controlled by
previous disposal practices, geologic conditions, and
physical-chemical factors of the individual compounds which

determine transport and deposition. PCBs were generally limited

to near-surface depths (0-6 feet) while nitroaromatics and
semi-volatiles were detected at greater depths. The bulk of the
chemical contamination is found at depths of less than 12 feet,
which is in general agreement with the vertical distribution of
radiological parameters (Kaye and Davis, 1987). Table 4.15
summarizes the cumulative vertical distribution of chemicals
found, and bar charts in Figure 4.19 show the vertical
distribution at select locations. Additional bar charts for all
borings are provided in Appendix A. Borings from the eastern
end of the quarry (B1l6) and from the area near the pond (B7)

TABLE 4.15 Vertical Distribution of Chemicals at the
Weldon Spring Quarry

Depth Percent of Total Detected Mass

(ft) PCBs Volatiles Semi-Volatiles Nitroaromatics
0-6 93 38 8 57

0-12 100 61 64 : 98

0-18 100 64 94 99

0-36 100 100 100 ' 100

Source: Kaye and Davis, 1987
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show the extreme variability in concentrations with depth. The
charts also indicate the shift in chemical predominance in soil
from nitroaromatics at the eastern end of the quarry to

semi-volatiles in the area near the pond.

Although the analytical data from the two chemical
characterization studies can not be validated in entirety, the
general types of compounds identified are consistent with the
past disposal practices. Given the extreme variability of the
waste material and the relatively few samples taken, completely
correlatable analytical data would not be anticipated. However,
these chemical characterization data are considered sufficient

for purposes of the planned bulk waste removal.

4.1.3 Additional Characterization

Current data provide an understanding of the contaminants
present and their general location. However, because of
sampling difficulties caused by the types and placement of the
wastes, an accurate assessment of the tétal quantities and exact

distributions of the contaminants is not possible.

Investigations confirm the presence of radiological and
chemical constituents in general agreement with past disposal
practices at the quarry. Collection of additional
characterization data prior to the proposed bulk waste removal
will not substantially increase current knowledge concerning the
quarry wastes. In addition to the difficulty of drilling
through the types of materials present and obtaining
representative samples, the lubricating fluid required for
drilling tends to wash and dilute the resultant samples.
Trenching studies also would not permit complete
characterization of the wastes. For the proposed bulk waste
removal, the existing data are considered sufficient. Only as
wastes are removed can a more definitive account of the material
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be accomplished. Once the wastes have been excavated and
transported to temporary storage, they can be more fully

characterized prior to final disposition.

Saturated material such as soils, pond sediment, and
uranium and thorium residues below the water table will also be
removed from the quarry.. It will be important to minimize the
free water present in these materials to preclude spills of the
liquids during transport and to minimize leachate af the
temporary storage area. The characterization of wastes has not
determined the moisture content and physical properties of the
pond sediment or saturated residues. This type of information
will be necessary to design a system to remove free water from

sludge and saturated soil, as appropriate.
4.2 SOILS AND SEDIMENTS

4.2.1 Background Measurements

Background radionuclide concentrations and radiation levels
measured in soils near the quarry are summarized in Table 4.16.
These values are based on measurements taken by BNI (BNI,
1985c), ORAU (Boerner, 1986), UNC-Geotech (Marutzky, 1988), and
WSSRAP (MK-F and JEG, 1988b). BNI collected soil samples from
five locations within 1 to 7 miles of the quarry. Figure 4.20
shows the eight UNC-Geotech sampling locations. ORAU also made
background measurements at six locations within 25 miles of the

quarry, as shown in Figure 4.21.

A soil sample collected and analyzed near monitoring well
TW-N, north of the WSQ (see Figure A.l) was assumed to represent
background conditions. BNI measured volatile organics,
semi-volatile organics, PCBs, and nitroaromatics in 1986. Two
volatile organics were detected (ethylbenzene at 0.88 mg/kg and
methylene chloride at 2.4 mg/kg), but these may be laboratory
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TABLE 4.16 Background Radiation Levels and Radionuclide

Concentrations in Soil in the Vicinity of the WSQ

Level or Concentration®
Range Average
Gamma Exposure Rate at
3 ft. (uRoentgens/h)2 5-11 8.7
Surface Beta-Gamma Dose Rate
(mrad/h)P 0.03-0.05 0.04
Radionuclide Concentrations (pCi/g)
Uranium as U-2382 0.6-2.0 1.3
Ra-2262 0.3-1.5 0.9
Th-230P 0.1-0.3 0.2
Th-2322 0.3-1.5 1.0
Lead-2102 0.5-2.0 1.3
a Based on values reported in: BNI, 1985c; Boerner, 1986;
Marutzky et al, 1988; and MK-F and JEG, 1988b.
b Based on values reported in BNI, 1985c.

Sample locations are shown on Figures 4.20 and 4.21.

.

artifacts. Bis(2-ethylhexl)phthalate was detected at a
concentration of 1.8 mg/kg. No other constituents were detected.

To assess radiological contamination in sediments, ORAU
(Boerner, 1986) measured background radionuclide concentrations
in sediments in the quarry vicinity. U-238 concentrations
ranged from less than 0.60 to 1.44 pCi/g, with an average
concentration of about 0.95 pCi/g. Concentrations of Ra-226 and
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Th-232 ranged from 0.35 to 0.92 pCi/g and from 0.24 to 1.02
pCi/g, respectively. These values were based on sediment
samples collected from five locations within 25 miles of the
quarry. Sample locations are shown on Figure 4.21.

4.2.2 Guidelines and Criteria

DOE has established guidelines for radionuclide
contamination in soil and sediment for Surplus Facilities
Management Program (SFMP) and Formerly Utilized Sites Remedial
Action Program (FUSRAP) sites. The guidelines for residual
concentrations of Th-232, Th-230, Ra-228, and Ra-226 are 5.0
pCi/g, averaged over the first 15 centimeters of soil below the
surface; and 15 pCi/g, averaged over 15-centimeter-thick layers
of soil more than 15 centimeters below the surface (DOE,
1987b). These values represent the level of residual
radioactivity that is acceptable for unrestricted use of a
site. Concentrations of radionuclides are to be specified as
above background concentrations averaged over an area of 100
square meters. Uranium and chemical contamination guidelines
for this site are currently not available. Site specific
guidelines will be established prior to the final remediation of
the quarry.

4.2.3 Sediment Characteristics

4.2.3.1 Radiological Contamination

As part of BNI's radiological survey (BNI, 1985c), three
sediment or sludge samples were taken at different locatiéns
from the quarry pond. Sediment samples were analyzed by basic
radiochemical techniques for U-234, -235, and -238; Ra-226;
Th-230 and -232; and Ac-228. The radionuclide concentrations
detected in the three sediment samples are shown in Table 4.17.
Results indicate elevated concentrations of U-234, -235, -238,
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TABLE 4.17 Radionuclide Concentrations in Sediment from the
Quarry Pond

Concentration (pCi/g)a

Radionuclide Sample 1 Sample 2 Sample 3 Average
U-234 765 770 1180 905
U-235 31 227 62 107
U-238 762 735 1170 889
Ra-226 11 6.9 3 7
Th-230 405 220 323 316
Th-232 3.9 2.7 0.2 2.3
Ac-228 2.3 2.6 2.7 2.5

per BNI, 1985c

Ra-226, and Th-230. Sample 2 in Table 4.17 also indicates
enriched uranium, the implications of which were discussed

earlier in Section 4.1.2.2.

LBL also analyzed pond sediment samples for U-238 content.
Four samples were collected from mud and organic sediments, and
showed U-238 concentrations of 129 pCi/g and 198 pCi/g in the
organic sediments, and 25 pCi/g and 63 pCi/g in the mud
sediments (see Table B.2 in Appendix B). The particularly high
U-238 concentrations in the organic sediments suggests
precipitation of the transported uranium in the reducing
environment provided by decaying organic matter at the bottom of
the quarry pond (BGA, 1984). '
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Actual depths of sediment contamination have not been
established. However, LBL concluded that uranium concentrations
generally decreased with depth, based on their analysis of an
18-inch continuous core sample taken from the south edge of the
quarry pond. Concentrations ranged from 20.7 pCi/g near the top
to about 0.9 pCi/g at depth (BGA, 1984).

4.2.3.2 Chemical Contamination

As part of their chemical characterization study in 1986,
BNI collected five sediment samples from the quarry pond using a
Ponar Grab Sampler{ Analyses for semi-volatiles,
nitroaromatics, and PCBs were completed for all samples while
analyses for volatiles were completed for two samples. All
results are provided in Appendix B. Three volatiles, 13
semi-volatiles, one PCB, and one nitroaromatic were above the
detection limit. It is important to note that all three
volatiles were also found in the field and method blanks, and
that two of the three volatiles were found at a background
location. These observations strongly suggest that the presence
of these volatile organics at concentrations above the detection
limit is a laboratory artifact. The semi-volatile compounds in
pond sediment are consistent with the distribution of these
compounds in the bulk wastes. The maximum observed _
concentrations of the PAHs in sediment included 18, 18, and.
13 mg/kg for phenanthrene, fluoranthene, and
benzo(b)fluoranthene, respectively. These PAHs are the same
compounds for which maximum concentrations were observed in
soils from the quarry. TNT was the only nitroaromatic observed
in sediment from the pond, and was detected at a concentration
of 0.33 mg/kg in the southernmost portion of the pond. Only one
sediment sample, taken along the eastern portion of the quarry
pond, indicated the presence of PCBs. Aroclor 1254 was detected
at a concentration of 4.8 mg/kg. (Kaye and Davis, 1987)
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4.2.4 Additional Characterization

The radiological and chemical characteristics of the
sediment at the quarry have been sufficiently defined for the
bulk waste removal. Once these materials have been excavated
and transported to temporary storage, they can be more fully
characterized prior to final disposition.

4.3 SURFACE WATER

4.3.1 Background Measurements

Water in the Missouri River near St. Charles is moderately
mineralized (Missouri Geological Survey, 1977). Calcium,
magnesium, sodium bicarbonate, and sulfate are the predominant
chemical constituents, and the content of dissolved solids
varies depending on the amounts of these constituents.
Turbidity is relatively high, although upstream regulation has

resulted in decreases over recent years.

BNI has measured background radionuclide concentrations in
surface water (1985c). Surface water samples were collected
from three locations within 1 to 7 miles of the quarry, and were
analyzed for total uranium; U-234,- 235, and -238; Ra-226;
Th-230; and Ac-228. Resultant radionuclide concentrations
(range and average) are presented in Table 4.18. Gross alpha
and gross beta concentrations were measured by ORAU (Boerner,
1986) and are also provided in Table 4.18. ORAU collected water
samples from six locations near the quarry, as shown in Figure
4.21.
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TABLE 4.18 Background Radiological Measurements in Surface

Watera’b
Concentration (pCi/1l)
Range Average
Gross Alpha 0.48 - 4.09 1.78
Gross Beta 3.50 - 7.39 4.94
Total Uranium <1l.5 <1.5
U-234 0.3 - 1.4 0.9
U-235 <0.1 <0.1
U-238 0.3 - 1.4 0.9
Ra-226 0.1 - 0.2 0.1
Th-230 <0.2 <0.2
Ac-228 <5.0 <5.0
a Gross alpha and gross beta concentrations are based on six

water samples (Boerner, 1986). Sample locations are shown
on Figure 4.21

b Radionuclide concentrations are based on three water
samples (BNI, 1985c).
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4.3.2 Guidelines and Criteria

Water quality standards and criteria can be used to assess
the extent of water contamination and potential hazard due to
radiological and non-radiological contaminants from the WsQ.
Since water at the quarry is not a source of drinking water,
standards and criteria presented here are for comparison
purposes only.

Radiation protection standards and associated Derived
Concentration Guides (DCGs) for drinking water have been
established by DOE (DOE 1986a). Based on radiological toxicity,
the maximum permissible concentrations for radionuclides are
presented in Table 4.19. These concentrations are based on an
annual radiation protection standard of 100 mrem/yr (MK-F and
JEG, 1988a).

Water quality standards for various chemical species have
been established for drinking water supply and irrigation water
by the state of Missouri (Missouri Water Quality Standards: 10
CSR Part 20-7 as revised on December 12, 1987). The criteria
for drinking water in Missouri are presented in Table 4.20, and
are as stringent as the EPA Primary Drinking Water Standards (40
CFR Part 141.11). Criteria for irrigation water in Missouri are
0.1 mg/l for arsenic, beryllium, and chromium, and 2 mg/1l for
boron (10 CSR Part 20-7, December 12, 1987). The EPA Secondary
Drinking Water Standards (40 CFR 143.3, Febfuary 1988) also
limit total dissolved solids (TDS)-to 500 mg/l and the pH range
from 6.5 to 8.5.
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TABLE 4.19‘ DOE Derived Concentration Guide For Radionuclides in
Drinking Wwater?

{ DOE
i Derived Concentration
i Radionuclide ‘ Guide (pCi/l)b
U - 238 600
1 U - 235 600
‘ U - 234 500
1 U - Natural 550°
Th - 232 50
Th - 230 300
Ra - 228 1009
Ra - 226 | 1009
a MK-F and JEG, 1988a
b Based on a radiation protection standard of 100 mrem/yr.
c MK-F and JEG, 1987
d The DOE DCGs for Ra-228 and Ra-226 exceed the EPA Primary
Drinking Water Standard for combined Ra-228 and Ra~226‘of 5
pCi/1 and for gross alpha particle activity (including
Ra-226 but excluding radon and uranium) of 15pCi/l
. (40 CFR 141.15).
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TABLE 4.20

State of Missouri Regulatory Limits on

Concentrations of Chemical Species in Drinking Water

Concentration?

Chemical Species (mg/1)
Antimony 0.146
Arsenic 0.05
Barium 1
Cadmium 0.01
Chromium 0.05
Copper 1.0
Iron 0.3
Lead 0.05
Manganese 0.05
Mercury 0.002
Selenium 0.01
Silver 0.05
Thallium 0.013
Zinc 5
Chloride 250
Fluoride 2.2
Nitrate (as N) 10
Sulfate 250

a These values are based on the Missouri Water Quality

Standards (10 CSR, Part 20-7 as revised on.December 12,
1987) and are at least as stringent as the EPA Primary and
Secondary Drinking Water Standards (40 CFR Parts 141.11 and
143.3) with the exception of fluoride for which the
Secondary Standard is 2.0 mg/l. The Primary Standard for
fluoride is 4.0 mg/1.
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EPA has established water quality criteria for certain
toxic polldtants, which were published in the Federal Register
on November 28, 1980 (v. 45, F.R. 79318). Criteria for selected
pollutants are 14.3 mg/l for toluene, 15 mg/l for
bis(2-ethylhexl)phthalate, 34 mg/l for di-n-butyl phthalate, and
350 mg/1 for diethyl phthalate. These criteria were established
for the protection 6f human health from the toxic properties of
the pollutant ingested through water and contaminated aquatic
organisms. Because of potential carcinogenic effects, the
ambient water quality criteria for 2,4-dinitrotoluene (0.11
ug/l) is based on an increased lifetime cancer risk of 10-6.
The proposed maximum contaminant level guideline (MCLG) for
asbestos is 7.1 X 10% fibers/liter (MacDonell et al, 1989).

4.3.3 Surface Water Characteristics

4.3.3.1 Radiological Contamination

The pond is the only surface water feature within the
quarry, and contamination in the pond is clearly a result of the
wastes stored in the quarry. Studies have shown that uranium
concentrations in the pond water are above DCG limits.
Historical values of uranium are presented in Table 4.21. Very
little uranium was present in the quarry pond before water was
pumped out between 1960 and 1963 (Kleeschulte and Emmett,
1986). When water was removed, the pond responded as a
large-diameter well, and uranium values increased significantly
as water moved through the wastes toward the pond (Richardson,
1960b). The high concentration in 1967 (16,000 pCi/l) was
detected in a sample collected from the bottom of the pond and
suggests that stratification may occur. The much lower 1974
value (1500 pCi/l) was observed in a sample collected 3 inches
below the water surface (Pennak, 1975). Depths associated with
other data are not available. Since 1974, uranium activity has

remained relatively stable. Changes of several hundred pCi/l
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TABLE 4.21 Historical Uranium Activities for WSQ Pond water?

Number of Total Uranium Concentration (pCi/l)b
Year Samples Range Average
1960 1 2 2
1961 8 60 - 4500 1680
1962 12 290 - 8000 3670
1963 6 2100 - 12500 8350
1964 6 30 - 4100 2200
1967°€ 1 16000 16000
19749 1 1500 1500
1976 1 3200 3200
1977 6 2800 - 4300 3600
1979 3 3100 - 3200 3170
1980 2 2200 - 2500 2350
1981 1 2000 2000
1984 1 1400 ' 1400
1985 1 1240 1240
1987 1 2100 2100

a Sources: 1960 - 1964 data, Mallinckrodt Chemical Works
(1960-1964); 1967 data, Lenhard et al (1967); 1974 data,
Pennak (1975); 1977 data, Huey (1978); 1976, 1979-1981
data, BGA (1984); 1984 data, Kleeschulte and Emmett (1986);
1985 data, BNI (1985c); and 1987 data, MK-F (1987a).

b Uranium data in the references are given in units of uCi/cc
(1960-1964 data and 1967 data), ppm (1976-1981 data), pCi/l
(1974, 1985, and 1987 data), and ug/l (1984 data). The
data given in units of mg/l or ppm were converted to pCi/l
total uranium using the conversion factor of 1 mg/1 = 1
ppm = 668 pCi/l.

Sample collected from the bottom of the Quarry pond.

Sample collected 3 in. from surface.

o
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TABLE 4.22 Radionuclide Concentrations Observed in Quarry

Pond Water
| . _a
Concentration
Radionuclide Range (pCi/1l)
Ra-226 0.2 - 3.9
Ra-228 0.45 - 3
Th-230 0.3 -2
Th-232 0.5 -2
Pb-210 4 -5

a Based on data presented in Table H.4 of the Draft EIS (DOE,
1987a), March 1987 sampling and analysis by WSSRAP (MK-F,
1987a) and composite sampling and analysis by BNI (1985c).
Concentrations observed in a sample collected from the

bottom of the Quarry pond are not included (see text).

may represent seasonal variations or differences between

sampling methods or locations.

In 1985, BNI took composites from the quarry pond and had
them analyzed for isotopic uranium. Those analyses indicated
average concentrations for U-234, -235, and -238 of 600, 30, and
610 pCi/l, respectively (BNI, 1985«). |

Water samples from the quarry pond have also been analyzed
for other radionuclides. Table 4.22 summarizes the observed
concentrations of Ra-226, Ra-228, Th-230, Th-232, and Pb-210.
Compared to background levels, slightly elevated concentrations
have been detected. A sample collected from the bottom of the
pond in 1967 showed considerably higher concentrations of Ra-226
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(30 pCi/1), Ra-228 (140 pCi/l), and Th-232 (less than 100 pCi/1l)
which further provides evidence of stratification (Lenhard et
al, 1967). However, all concentrations have been below the
established DOE DCGs for the ingestion of drinking water.

4.3.3.2 Chemical Contamination

As part of the preliminary chemical characterization survey
in 1984, BNI collected grab samples from the quarry pond at two
locations. The samples from each location were combined to make
composites that were analyzed for the presence of priority
pollutants, pesticides and PCBs, and asbestos. Results are
provided in Appendix C. Organic priority pollutants,
pesticides, and PCBs were not detected. Low levels of chromium,
mercury and zinc were detected at 0.02, 0.0006, and 0.02 mg/1,
respectively; but did not exceed drinking water standards (BNI,
1985c). These data plus other data described below are included
in Table 4.23. Asbestos fibers were measured at a concentration
of 1.9 X 10° fibers/liter (BNI, 1985c). This concentration is
less than the proposed MCLG of 7.1 X 106 fibers/liter.

In 1986, BNI contracted Envirodyne Engineers, Inc. and
TMA/NORCAL to perform more detailed chemical analysis on two
additional pond water samples. Organic compounds detected in
the samples are presented in Table 4.24. Results of this
analysis indicated that, of the organics analyzed, only
2,4-dinitrotoluene exceeds the EPA water quality criteria for
107% risk of 0.11 pg/1 (Glenn, 1986).

A single grab sample was collected in March, 1987 from the
pond surface and analyzed for radiological parameters, metals,
inorganic anions and water quality parameters (MK-F, 1987a).
All constituents analyzed, with the exception of nitrate, were
within the range of previous measurements as presented in Table
4.23. The suspect nitrate value of 546 mg/l (as N) exceeds the

116




drirking water standard of 10 mg/l (as N) and is outside of the
historical concentration ranges presented in Table 4.14.

Subsequent sampling support the earlier nitrate values in Table
4.23.

A comparison of measured concentrations in Table 4.23 with
the Missouri drinkirng water limits indicate that only the
average concentrations for arsenic and manganese have exceeded
the drinking water standards for the inorganic constituents

shown.

An Interim Response Action (IRA) has been proposed for the
construction and operation of a water treatment system for the
quarry. Water will be collected, treated, and then discharged
to the Missouri River to reduce the risk of contaminant
migration and to facilitate future remedial action at the
quarry. A feasibility report for the water treatment plant was
completed in May 1987 (MKE, 1987), and an Engineering
Evaluation/Cost Analysis (MacDonell et al, 1989) has been
prepared.

4.3.4 Surface Water Monitoring

An Environmental Monitoring Program Plan (EMPP) is being
developed for 1989 which will describe the location, frequency,
and chemical and radiological analytical parameters to be
analyzed. To monitor potential migration of contaminants from
the quarry, surface water sampling at the locations shown on
Figure 4.22 will continue. Samples will be analyzed for
radionuclides, inorganic anions, and metals. Currently, surface
water samples are collected on a quarterly basis and results are
published in the Annual Environmental Monitoring Reports for the
Weldon Spring Site (e.g., MK-F and JEG, 1988a).
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TABLE 4.23 Chemical Constituents in the Quarry Pond and Drinking Water Limits

. ) . .. ©
Missouri Drinking

Concentration (mg/l)a Concentrationb Water Limit
Range Average (mg/1) Concentrations (mg/1)

Aluminum <0.1 - 0.08 .045 0.17
Antimony - - <0.06 0.146
Arsenic <0.001 - 0.15 0.075 <0.01 0.05
Barium 0.06 - 0.36 0.11 0.05 1
Beryllium <0.001 <0.001 <0.005
Boron 0.52 - 0.60 0.56 -
Cadmium <0.001 - 0.01 <0.006 <0.005 0.01
Calcium 70 - 100 86 83
Chromium <0.001 - 0.02 0.013 0.051 0.05
Cobalt <0.01 <0.01 <0.05
Copper <0.001, 10.02 <0.01 0.013 1
Cyanide <0.02 <0.02 -

Iron 0.003 - 0.33 0.068 0.071 0.3
Lead 0.002, 0.05 <0.05 <0.005 0.05
Lithium <0.01 - 0.036 0.025 -
Magnesium 16 - 26 22 ' 17
Manganese 0.003 - 0.26  0.07 0.038 0.05
Mercury 0.0001- 0.0006 0.0004 <0.0002 0.002
Molybdenum <0.01 - 0.07 0.035-
Nickel <0.001 - 0.02 <0.01 <0.04
Phosphorus

(as PZOS) <0.5 <0.5 -
Potassium 11 - 18 15 10
Selenium <0.05 <0.05 ) <0.005 0.01
Silicon

(as Siﬂz) 13 - 21 16 -
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TABLE 4.23 Chemical Constituents in the Quarry Pond and Drinking Water Limits (Continued)

. . R
Missouri Drinking

Concentration (mg/I)a. Concentrationb Water Limit
Range Average (mg/1) Concentrations (mg/1)
Silver - - 0.015 0.05
Sodium 14 - 29 22 15
Strontium 0.37 - 0.54 0.47 -
Thallium - - <0.010 0.013
Tin <0.05 <0.05 -
Titanium - - <0.01
Vanadium - - <0.05
Zinc 0.005 - 0.31 0.068 0.007 5
Chloride 14 - 200 44 8 250
Fluoride 0.9 - 1.1~ 1.0 0.43 2.2
Nitrate (as N) <1 - 9 3.7 e 10
Sul fate 150 - 240 200 202 250
Bicarbonate 190 - 220 210 -
pH (in units) 7.3 - 8.2 7.7 - 6.5 - 8.5d
a Per DOE, 1987a; samples were collected in 1979-1981, 1984 and 1985.
b Per MK-F, 1987a; sample was collected 3/11/87.
c These values are based on Missouri Water Quality Standards (10CSR, Part 20-7 as

revised on December 12, 1987) and are at least as stringent as the EPA Primary and
Secondary Drinking Water Standards (40 CFR Parts 141.11 and 143.3), with the
exception of fluoride where the Secon&ary Standard is 2.0 mg/l. The Primary Standard
for fluoride is 6.0 mg-/l.

d From EPA Secondary Drinking Water Standards (40 CFR Part 143.3)

e Detected concentration of 546 mg/l (as N) has been disregarded; see text.
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TABLE 4.24 Cyanide and Organic Compounds Present in the
Quarry Pond

Compound Concentration?

(ng/1)

Cyanide

Toluene

Bis (2-ethylhexl) phthalate
Di-n-butyl phthalate
Diethyl phthalate
2-amino-4, 6-dinitrotoluene
2, 4, 6-trinitrotoluene
4-amino-2, 6-dinitrotoluene
2, 4-dinitrotoluene

2, 4-diamino-6-nitrotoluene
2, 6-diamino-4-nitrotoluene
6-amino-hexanoic acid

N
woaoULVANWND LW

N
(%]
Fol

a per MKE, 1987 (after Glen, 1986)

4.3.5 Additional Characterization

Additional surface water characterization to initiate the
bulk waste removal is not needed. The surface water monitoring
program described in subsection 4.3.4 will be sufficient to
monitor potential surface water problems associated with the
bulk waste removal.

4.4 GROUNDWATER

4.4.1 Background Measurements

A comprehensive aquifer-wide characterization of background
groundwater quality has not been performed, although LBL
performed a specific ion analysis at the quarry which provides
some localized information. Their analyses indicate that
bedrock groundwater at the quarry is enriched in calcium,

magnesium, carbonate, and sulfate, and displays low levels of
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iron. The presence of the first three constituents is likely a
reflection of the chemistry of the limestone bedrock. It is not
clear whether the elevated sulfate levels are due to leaching
from the contaminants in the quarry, natural conditions, or
inflow of groundwater containing elevated sulfate levels from
offsite (BGA, 1984; MK-F and JEG, 1987).

Between 1960 and 1964, Mallinckrodt Chemical Works tested
groundwater samples from Test Well 1 (TW-N) for uranium
concentrations. The range cof average yearly values was 5 to 22
pPCi/1l, which, at the time, were believed to be background
levels. However, because TW-N may be affected by contaminant
migration from the WSQ, these values are no longer considered
background. Although levels have not been established for the
bedrock aquifer at the quarry, the USGS has determined that
background uranium concentrations in the shallow bedrock aquifer
to the north range from less than 0.3 to 2.5 pCi/l (Kleeschulte
and Emmett, 1987). This range is fairly typical of areas which

are not influenced by uranium mines.

4.4.2 Guidelines and Criteria

To assess potential hazards due to radiological and
chemical contaminants, the water quality standards and criteria
discussed in subsection 4.3.2 can be used. It is not intended
to address groundwater contamination in the area of the quarry
in this report since complete characterization\will be

accomplished in subsequent compliarice documents.

4.4.3 Groundwater Characteristics

4.4.3.1 Radiological Contamination

Groundwater in the quarry bedrock has been tested for
radiological parameters since 1960. Tables D.1 and D.2 in
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Appendix D show the results of monitoring for total uranium,
Ra-226, and Th-230 between 1960 and 1986. None of the wells
were sampled on a consistent basis over the entire 26-year
period. Well locations are shown on Figure D.1.

Table 4.25 summarizes the range of concentrations detected
in the groundwater. Results show that bedrock groundwater is
contaminated with uranium; highest concentrations have generally
been found in the southeast region of the WSQ. A high uranium
concentration of 18,700 pCi/1 was detected in well TW-8 in
1977. Uranium concentrations detected in 1987 are shown on
Figure 4.23. Although elevated levels of Ra-226 and Th-230 have
been detected, concentrations have all been below the DCG
established by DOE (see Table 4.19).

In 1986, wells MW-1001, MW-1002, and MW-1003 were

constructed to replace TW-S, TW-7, and TW-8. After
installation, uranium concentrations detected in the new wells

TABLE 4.25 Radionuclide Concentrations Detected in Groundwater

at the WSQ
Radionuclide Concentration Range (pCi/l
Total Uraniuma’b 3 - 18,700
Ra-2262 0.1 - 31.6
Th-230°€ <0.1 - 43

a based on data provided in Table D.1 in Appendix D.
b detection limits varied throughout the sampling period
c based on data provided in Table D.2 in Appendix D.
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were significantly lower than values previously detected at the
same locations (Table D.1 in Appendix D). It is believed that
the new wells were sealed off from the groundwater regime during
grouting of the old wells and that concentrations detected at
these new replacement wells are not representative (MK-F and
JEG, 1988a).

Neither the vertical flow of groundwater in the bedrock nor
the extent of vertical contamination in the bedrock has been
defined. It is known that the contamination in the bedrock
around the quarry extends from the lower portions of the
Kimmswick to the Decorah Formation. The upper Plattin below the
alluvium north of the Femme Osage Slough may also be
contaminated. The existence or extent of groundwater
contamination below these strata have not been evaluated to
date. A more detailed assessment of groundwater contamination
will be addressed as a subsequent compliance component.

4.4.3.2 Chemical Contamination

Prior to 1987, annual monitoring of groundwater was
restricted to radiological parameters and selected inorganic
ions (chloride and nitrate). Special investigations, however,
did include more rigorous testing of groundwater chemistry.
Chemical characterization was greatly expanded during the 1987
monitoring program. Tables D.3 through D.6 in Appendix D
present the concentrations of chemical species detected in
bedrock groundwater at the quarry.

From 1979 to 1980, LBL and the University of Missouri
conducted specific ion analyses on samples from the TW series
and OB series wells for the presence of Ca, Mg, Na, K,
bicarbonate, sulfate, Cl, nitrate, B, Ba, F, Fe, Li, Mn, P,
silica, Sn, Sr, and Zn. The purpose of the analyses was to use
ions as potential tracers of groundwater movement and to
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determine soil sorption properties. 1In general, it was found
that water samples high in uranium also tended to be high in
total dissolved solids (TDS) except bicarbonate, suggesting that
other ions in addition to uranium are being leached from the
quarry materials and transported via groundwater. However, only
sulfate has been conclusively correlated with the presence of
high uranium levels (BGA, 1984).

The Phase I Water Quality Assessment (MK-F, 1987a),
performed from sampling in March 1987, provided the first
comprehensive chemical groundwater evaluation. Ten monitoring
wells in the quarry area, four of which were completed in
bedrock, were sampled and analyzed for radiological parameters
(discussed in pre#ious subsection), priority pollutants,
pesticides, PCBs, nitroaromatics, CLP metals and inorganic
anions. Pesticides, PCBs and semi-volatiles were not detected
in any groundwater samples. No elevated concentrations of CLP
metals were observed. Elevated concentrations of nitroaromatics
and inorganic anions were detected in several wells. Nitrate
levels in excess of drinking water standards were observed in
wells MW-1004 and MW-1005. Elevated sulfate concentrations were
observed in numerous wells at the WSQ. Elevated levels of
chloride were also found, but their concentrations were well
below state drinking water limits. Low concentrations of
nitroaromatic compounds were observed in Quarry rim wells. This
contamination originated as waste material deposited in the WSQ
(MK-F, 1987a).

Additional sampling and analyses at the quarry continued as
part of the WSSRAP annual environmental monitoring program.
Quarterly groundwater samples were analyzed for nitroaromatics
and inorganic anions, as well as for radionuclides discussed
previously. Results are provided in Appendix D. These analyses
confirmed the presence of low levels of nitroaromatics plus

nitrate and sulfate levels above drinking water standards.
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Chloride levels were elevated but still below drinking water
standards. Figures 4.24 and 4.25 illustrate the average
concentrations of nitrates and sulfates detected in bedrock
groundwater at the quarry during 1987. Nitrate levels in excess
of drinking water standards (10 mg/l as N) were detected along
the south quarry rim. Elevated sulfate levels (greater than 50
mg/1l) were observed-in all wells at the WSQ (see Figure 4.25).
Average chloride concentrations were below 50 mg/1l at all wells
except at MW-1012, where the average chloride concentration was
125 mg/1. Nitroaromatic compounds were detected in wells
MW-1002, MW-1004 and MW-1012 (see Table A.4). The highest
average concentration noted at the quarry for 1987 was 3.45 ug/l
for 2,4,6 TNT at MW-1002. (MK-F and JEG, 1988a)

4.4.4 Groundwater Monitoring

Twenty-eight DOE monitoring wells currently exist at the
WSQ and vicinity. Eleven of these wells monitor bedrock
groundwater quality at and very near the quarry. The remaining
seventeen wells are completed in the alluvial aquifer.
Completion information for all DOE WSQ monitoring wells is
presented in Table 4.26. Monitoring well locations are shown in
Figure 4.26. As mentioned previously, MW-1001, MW-1002, and
MW-1003 may be isolated from the groundwater regime by grout
from the abandonment of the corresponding TW-series wells at
each site. Wells MW-1020 through MW-1028 were installed
recently and monitoring at them began in late 1988. The four
St. Charles County monitoring wells (RMW-1, -2, -3, and -4) are
also monitored by DOE.

This monitoring network will be routinely sampled before,
during and after bulk waste removal to establish baseline
conditions and evaluate the effects of bulk waste removal on
groundwater quality. The Environmental Monitoring Program Plan

describes the location, frequency and analytical parameters to
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TABLE 4.26 MWeldon Spring Quarry Monitoring HWell Construction Details

Screen

Elevation Total Interval Screen

Well 0ld HWell Top of Casing Depth Elevation Length
Number Number (ft. msl) (ft.) (ft. msl) (ft.)
+%MW-1001 TW-S 548 .29 114.0+ 463.5+ - 638.5+ D 5.0
+XMW-1002 TH-7 558.12 121.6+ 4467 .5+ - 642.5+ D 5.0
+¥MW-1003 TH-8 543.82 108.0+ 455.9+ - 450.9+ D 5.0
+X%XMW-1004 TH-9 538.21 100.5+ 451 .9+ - 466.9+ D 5.0
+%MW-1005 TH-10 5640.96 105.0+ 645.6+ - 640.4+ D 5.0
MW-1006 0B-6A 656 .37 11.0 650.3 - 4645.3 A 5.0
MW-1007 0B-6B 456 .86 11.5 445.6 - 442.6 A 3.0
MW-1008 O0B-10A 456 .09 10.0 468 .5 - 44645.5 A 3.0
MW-1009 0B-10B 456 .99 15.0 466.1 - 641.1 A 5.0
MW-1010 OBS-16A 457 .42 27.5 437.64 -~ 632.4 A 5.0
MW-1011 0BS-16B 457 .97 17.5 445.7 - 440.7 A 5.0
X MW-1012 TW-N 532.25 91.3 652.8 - 6442.8 D 10.0
¥ MW-1013 NEW 660.39 35.0 432.9 - 6422.9 D,P 10.0
MH-1014 NEW 460.30 21.2 462.1 - 437.1 A 5.0
¥ MW-1015 NEW 662.17 30.5 666.0 - 629.0 D 15.0
MW-1016 NEW G61.55 15.5 669.2 - 644.2 A 5.0
MW-1017 NEW 660.16 55.5 622.1 - 402.1 A 20.0
MW-1018 NEW 462.10 49.0 431.5 - 411.5 A 20.0
MW-1019 NEW 466.11 68.0 . 413.5 - 393.5 A 20.0
MW-1020 NEW G62.93 37.9 663.3 - 623.3 A 20.0
MK-1021 NEW G61.26 78.3 401.5 - 381.5 A 20.0
MW-1022 NEW 660.62 42.5 640.8 - 420.8 A 20.0
MW-1023 NEH 460.42 37.5 440.7 - 620.7 A 20.0
MW-1024 NEW 606.29 38.8 386.2 - 366.2 A 20.0
% MW-1025 NEW 528 .82 80.2 665.7 - 445.7 K,D 20.0
MW-1026 NEHW 483.73 80.5 422.0 - 402.0 A 20.0
% MW-1027 NEW 488 .21 45.0 660.1 - 440.1 D 20.0
¥ MW-1028 NEW 467 .77 67 .0 437.5 - 617.5 P 20.0

Wells completed in bedrock

Construction data for wells MW-1001 through MW-1005 are from 1984 completion records;
those wells were rebuilt in 1986. Completion records for the rebuilt wells are not
available.

Screened in Alluvium/Soils above bedrock

Screened in Kimmswick Formation

Screened in Decorah Formation

Screened in Plattin Limestone

+

Vo X >

See Figure 64.26 for well locations.

Source: Maher, 1989 and unpublished PMC files.
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be analyzed in groundwater. This plan will be revised
annually. Current groundwater monitoring parameters include:
uranium, Ra-226, Th-230 and -232, nitrate, sulfate, chloride,
fluoride, and nitroaromatic compounds. Groundwater monitoring
results are presented in the Annual Environmental Monitoring
Reports of the Weldon Spring Site (e.g., MK-F and JEG, 1988a).
Data from bedrock monitor wells at the-quarry are included in
Appendix D of this report.

4.4.5 Additional Characterization

Additional groundwater characterization beyond that
described above will not be needed to design the bulk waste
removal. There may, however, be the need for the installation
and monitoring of one or two bedrock wells west of the quarry
and one southeast of the quarry and south of the slough (between
MW-1020 and MW-1023) to detect potential excursions of

contaminants in bedrock during the bulk waste removal.

4.5 AIR

4.5.1 Background Measurements

Both Rn-222 and Rn-220 are present at the quarry, although
Rn-222 predominates. Rn-220 is produced by the decay of Ra-224,
while Rn-222 is produced by the decay of Ra;226. The term radon
as used in this report refers to all isotopés of radon. U-238
and Th-232, the long-lived parent radionuclides of Ra-226 and
Ra-224, respectively, are natura}ly present in soil. The
background concentration of radon fluctuates with both soil
conditions and meteorological dispersion conditions. ~Background
levels of average annual radon concentrations have ranged from
about 0.2 to 0.5 pCi/l, based on data collected between 1983 and
1987. From 1983 to 1985, radon measurements taken at

Florissant, Missouri were considered by BNI to be background
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levels and ranged from 0.2 to 0.5 pCi/1 (BNI 1984b, 1985b,
1986). Since 1986, background levels (0.47 pCi/l in 1986 and
0.3 pCi/1 in 1987) have been measured at the Busch Wildlife Area.

Background levels of gamma radiation are due to radioactive
materials in the earth and cosmic radiation throughout the
atmosphere. Based on a radiological characterization survey
performed in 1987, WSSRAP and UNC personnel determined that the
average background gamma radiation exposure rates for the Weldon
Spring area range from 78 to 96 mR/year with an average of
85 mR/year and a statistical error (two sigma) of 12 mR/year.
There is good agreement between these measurements and previous
studies which indicated the background exposure rates ranged
from 60 to 105 mR/year (MK-F and JEG, 1988a).

4.5.2 Guidelines and Criteria

Radiation protection guidelines for radon have been
established for DOE installations. Above-background Rn-222
concentrations in the atmosphere above facility surfaces or
openings shall not exceed (1) 100 pCi/l at any given point, (2)
an annual average concentration of 30 pCi/l over the facility
site, and (3) an annual average concentration of 3 pCi/l at or
above any location outside the facility site (Gilbert et al,
1989). The air immersion derived concentration guideline for
Rn-220 is 3 pCi/1 (DOE Order 5400.XX).

4.5.3 Air Contaminants

4.5.3.1 Radon Gas

LBL made borehole and soil gas radon concentration
measurements using Terradex track etch detectors enclosed in
plastic cups. The cups were placed in PVC borehole casings

about 8 inches below the ground surface and in shallow holes
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about 8 inches deep. The PVC casings were covered with
polyethylene sheeting and the shallow holes covered with 2 foot
diameter garbage can lids to minimize atmospheric gas exchange.
The cups were left in the boreholes and shallow holes for 2 to 3
weeks and then sent to Terradex, Inc. for analysis. (BGA, 1984)

Track etch detector cups must be fitted with a special
membrane seal provided by Terradex prior to field use. This
membrane allows the passage of radon gas to the track etch
detector, but stops particulate-borne radon daughters and
radioactively-contaminated dust particles from entering the cup,
interacting with the detector and invalidating the radon
concentration measurements. The BGA report does not clearly
state that the membrane was correctly fitted to all track etch
detector cups used.

To perform accurate radon concentration measurements in
soil gas, special care must be taken to refill the shallow holes
containing the track etch detector cups completely with the
excavated soil. 1If care is not taken to refill the holes
completely, the point of measurement (thé shallow hole) may no
longer accurately represent the media in which the measurement
is taken (soil). This situation would result in radon
concentration data that is not representative of the actual
radon concentrations in soil gas. The BGA report does not
clearly state whether the shallow holes were completely refilled
once the track etch detector cups were in place. Because of the
uncertainties in LBL's data collection methodé discussed above,
borehole and soil gas radon concentration data prov1ded by BGA
are not quoted in this report.

LBL also performed atmospheric radon concentration
measurements. Results of these measurements ranged from 0.8 to
18 pCi/1, with an average of 14 pCi/1 (BGA, 1984).

129




BNI measured surface radon flux during their 1984-85 survey
at 29 locations. Charcoal canisters were placed in direct
contact with the ground surface at these locations and exposed
for 2 days before undergoing gamma spectrometry analysis.
Results ranged from 0.06-42.9 pCi/m%/s (BNI, 1985c).

Six measurements of Rn-222 and Rn-220 working levels were
taken by the PMC in February 1987. These measurements were made
in the northeast corner zone between 7:30 and 10:30 a.m., when
atmospheric inversion conditions would most likely produce the
highest radon concentrations on the quarry floor. Results of
these measurements ranged from 0.003 to 0.13 Working Levels for
Rn-222 and from 0.002 to 0.039 Working Levels for Rn-220.

A radon gas monitoring program has been in place at the
quarry since 1980. Terradex Type-F Track-Etch detectors, which
sum the contributions of all radon isotopes, are housed in
protective plastic cups and mounted (inverted) on posts, and are
collected on a quarterly exchange basis and returned to Terradex
for analysis (MK-F and JEG, 1988a). Six detectors are installed
along the perimeter of the quarry fence, as shown on Figure
4.27. Monitoring has also been performed offsite (see Figure
4.28) to establish background levels. Currently background
concentrations are measured at the Busch Wildlife Area (location
RN-4001).

Average radon concentrations measured around the quarry are
summarized in Table 4.27. Monitoring results show that radon
levels above background, but still within the DOE concentration
guideline for uncontrolled areas, have been detected.

The highest concentration was detected at the quarry fence
near the upper gate (location RN-1002) in 1987. This
concentration was 2.6 pCi/l, which is 2.3 pCi/l1 above background
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TABLE 4.27 Radon Concentrations in the Vicinity of the HWSQ

Average Annual Radon Concentration (pCi/l)a

Year 1980 1981 1982 1983 - 1984 1985 1986 1987
Quarry
RN-1001 0.90 0.49 0.76 0.83 1.24 1.0 0.85 1.5
RN-1002 ——— ——— - ——— ———— -——— ——— 2.6
RN-1003 0.81 1.15 1.31 0.68 0.68 0.7 0.60 1.5
RN-1004 0.78 0.56 0.41 0.36 0.28 0.2 0.46 0.6
RN-1005 0.50 0.549 0.49 0.464 0.79 0.4 0.43 0.6
RN-1006 -——- —-———- - - ——— ———- —-—— 0.5
6 0.23 0.49 0.36 0.39 0.22 0.4 0.24 ———=
8 0.87 1.00 0.89 1.22 0.90 1.3 1.30 -—=-
Offsite °©
RN-4001 0.23 0.29 0.21 0.25 0.22 .2 0.36 0.3¢
15 -—-- 0.38 0.28 0.44 0.57 .3 0.67% ----
169 -—-- ——-- -—-- 0.29°  0.20° 5% -—-- -—--
a All measurements include background. Sources: 1980 data (Weidner and

Boback, 1982); 1981-1985 data (BNI, 1983a, 1983b, 19864b, 1985b, 1986); 1986-1987 data
(MK-F and JEG, 1987, 1988a). '

b For locations see Figure 4.27. Monitoring at locations 6 and 8 was discontinued in
1987.
For locations see Figure 6.28

d Located in Florissant, Missouri.

e These concentrations were assumed to represent background concentrations.

-=-=- Not measured
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and equals 77 percent of the DOE Rn-222 average annual guideline

for concentration uncontrolled areas (3 pCi/l).

Radon values around the WSQ are measurably above background
levels. Much of the contaminated quarry wastes contains
significant quantities of radium with its associated decay
products. Radon produced from the waste can diffuse to the
surface, thus raising the ambient air concentration in the
surrounding area. During meteorological inversion conditions,
usually nocturnally in the summer and fall, there is a tendency
for radon to be trapped within the quarry perimeter.

Radon concentrations also vary seasonally. Winter
concentrations generally are only 30 percent of the annual
average, while the fall concentrations are abouf 30 percent
higher than the annual average (MK-Ferguson, 1988a). There is
little year-to-year variability, since meteorological conditions
are similar from year to year and since potential underground
areas of significant radium contamination have not been
disturbed.

4.5.3.2 External Gamma Exposure Rates

LBL performed 81 gamma exposure rate measurements within
the quarry using a 3-inch by 3-inch Nal gamma scintillometer.
Exposure rates ranged from 1.5 to 625 uR/hr. No beta-gamma dose
rate measurements were made by LBL (BGA, 1984).

BNI performed 1,686 beta-gamma dose rate and 55 gamma
exposure rate measurements during their 1984-1985 radiological
survey. Beta-gamma dose rate measurements were made at
12.5-foot intervals along the ground surface using a thin-window
Geiger-Mueller probe. The detector was calibrated with a
5r-90/Y-90 beta source and an uranium slab source. Beta-gamma
dose rate measurements ranged from 0.02-38.5 mrad/hr (BN1,
1985c¢c).
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Gamma exposure rate measurements were taken at 55 locations
within the quarry using a pressurized ionization chamber (PIC)
and a 2-inch by 2-inch Nal gamma scintillometer placed 3 feet
above the quarry floor. Gamma scintillometer count rates were
correlated to PIC exposure rates at 11 of the 55 measurement
locations and the correlation was used to estimate gamma
exposure rates at the 44 locations where only the Nal
scintillometer was used. PIC gamma exposure rates 3 feet above
the quarry floor ranged from 8 to 286 uR/hr (BNI, 1985c).

External gamma exposure rates have also been monitored since
1982, using Eberline spherical environmental thermoluminescent
dosimeters (TLDs). The TLDs are exchanged quarterly and returned
to Eberline for processing (MK-F and JEG, 1988a). The monitoring
locations are the same as for the ambient radon monitoring

locations shown on Figures 4.27 and 4.28.

Average external gamma exposure rates recorded during 1982-
1985 by BNI and 1986-1987 by PMC are shown in Table 4.28. As
discussed in subsection 4.5.1, the normal average background
exposure rate is 85 mR/year. Annual average exposure rates
measured at the quarry have ranged from 62 mR/year to
158 mR/year; This maximum exposure rate is 73 mR/year above
normal background and assuming full time occupancy, the
subsequent dose rate would be about 73 percent of the DOE
radiation protection standard of 100 mrem/year.
The results of previous years' areE'TLD monitoring have shown
consistent values. Two detectors consistently measure higher
exposure rates (TD-1001 and 8). The interpretation is that
these two detectors are located fairly close to deposits of
Ra-226 or Th-232, both of which have significant gamma-emitting
daughters. It is not coincidental that these two locations also
show elevated Rn-222 levels significantly above background
(MK-F, 1987b). '
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TABLE 4.28 External Gamma Exposure Rates in the Vicinity
of the WSQ

Average External Gamma Exposure Rate (mR/yr)a’f
Year 1982 1983 1984 1985 1986 1987
Quarry b
TD-1001 105 117 158 149 105 110
TD-1002 --- --- --- --- --- 110
TD-1003 73 92 127 115 98 102
TD-1004 89 74 106 112 94 106
TD-1005 72 88 : 114 115 81 62
TD-1006 --- --- --- --- --- 77
6 78 78 98 107 93 ---
8 95 123 144 142 102 ---
Offsite °©
TD-4001 65 66 103 107 87 73¢
15 72 80 109 105 80°¢ ---
169 --- --- 107¢ 99¢ --- ---
a All measurements include background. Sources: 1982-1985

data (BNI, 1983a, 1983b, 1984b, 1985b, 1986); 1986-1987
data (MK-F and JEG, 1987, 1988a)

b For locations see Figure 4.27. Monitoring at locations 6
and 8 was discontinued in 1987.

c For locations see Figure 4.28.

d Located in Florissant, Missouri.

These values were assumed to represent background exposure
rates.
b For gamma radiation, 1 mR = 1 mrad = 1 mrem. Also, 1 year
| is assumed to have 8,760 hours.

--- Not measured.
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4.5.3.3 Particulates

From 1961 through 1965, when disposal activity was highest,
Mallinckrodt Chemical Works monitored uranium concentrations in
air at the south edge of the quarry. Measured uranium
concentrations are summarized in Table 4.29. Values are quite

14 | ci/cc to a high

variable, ranging from a low of 0.3 X 10
of 40.0 X 10—14 pCi/cc. All concentrations were less than the
maximum permissible concentration (MPC) of 200 X 10'14 pCi/cc

in effect at that time (MCW, 1959-1965; 1960-1964). However,

TABLE 4.29 Air Concentrations of Uranium at the Weldon Spring

Quarry
Number Uranium Concentration (uCi‘/cc x 10+14 arcy Percentb
of Samples Minimum Maximum Average of MPC
1961
Jan-Mar 1 -- - 5.5 2.8
Apr-Jun 3 0.3 6.0 3.4 1.7
Jul-Sept 2 1.2 2.7 1.9 0.9
Oct-Dec 2 3.3 13.0 8.2 4.1
1962
Jan-Jun 5 0.9 6.6 2.4 1.2
Jul-Dec 6 0.4 2.7 1.3 0.6
1963
Jan-Jun 6 0.7 7.0 2.6 1.3
1964
Jan-Jun 5 6.0 16.0 8.0 4.0
Jul-Dec 2 0.3 8.0 6.2 2.1
1965
Jan-Dec 2 30.0 60.0 35.0 17.5
a Source: Mallinckrodt Chemical HWorks, 1959-1965 and 1960-1964
b Based on average uranium conceQIEation and a maximum permissible concentration (MPC)
for uranium in air of 200 x 10 -Ci/cc in effgct at that time. (MCH, 1959-1965
and 1960-1964). The current MPC is 0.95 x 10 -Ciz (Haroun, 1989).
c Detected uranium concentrations are multiplied by 10 to give the magnitudes
presented in the table; e;fﬁ' a magnitude of 5.5 in the table represents a uranium
concentration of 5.5 x 10 -Ci/cc.
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the current MPC for natural uranium is 0.95 X 10_13

pCi/cc
(Haroun, 1989). No data are available after 1965, since
subsequent monitoring programs have not included measurements

for uranium in air.

4.5.4 Air Quality Monitoring

An ongoing monitoring program for radon and external gamma
dose rates is in place at the WSQ, using the monitoring
locations shown on Figure 4.27. Currently, air monitoring is
conducted by the PMC on a quarterly basis. Results are provided
in the Annual Environmental Monitoring Reports for the Weldon
Spring Site (e.g. MK-F and JEG, 1988a). 1In early 1989, the PMC
plans to initiate gross alpha air particulate monitoring at two
locations along the quarry perimeter and at one background
station. Routine air monitoring is addressed in the annual EMPP.

4.5.5. Additional Characterization

Additional characterization of air contaminants at the
quarry are not required prior to bulk waste removal. The
potential for air particulate transport may increase during the
proposed removal action. The air quality monitoring network
described above will be able to record any potential contaminant

excursion to the atmosphere.
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5 CONTAMINANT FATE AND TRANSPORT
5.1 CONTAMINANT FATE AND TRANSPORT

Investigations and studies completed to date by numerous
DOE, Army, and AEC contractors strongly suggest that the nature
of the hydrogeological system in the vicinity of the quarry may
allow migration of chemical and radiological contaminants to
surface water bodies and drinking water aquifers beyond the
quarry boundaries. Migration by other pathways appears to be
less likely. The contaminants known to be present within the
quarry as a result of earlier disposal practices are persistent,
and their removal will eliminate a major source of contamination
in the area, and permit further characterization of the nature
and extent of transport through evaluation of the hydrogeologic
regime. During the proposed bulk waste removal, extensive
monitoring of personnel and equipment, surface water and
groundwater, and air quality will be used to minimize potential
worker health and environmental problems. Monitoring of surface
water, groundwater, and air quality will indicate whether
migration of contaminants from the quarry is being aggravated so
that necessary mitigating measures can be implemented in a

timely fashion.
5.2 CONTAMINANT PERSISTENCE

Persistence, the measure of the length of time over which a
compound or substance will continue to exist in a given medium,
is affected by numerous processes. The materials deposited in
the quarry are accessible to these processes. Key '
transformation processes influencing persistence include
chemical hydrolysis, biological transformation, photolysis,
oxidation-reduction, and radiological decay. Volatilization and
plant processes can also affect persistence. Therefore,

accurate definition of a particular substance's persistence is

137




inherently difficult. Given the heterogeneous nature of the
bulk waste, it is not possible to quantify the persistence of

individual chemical species.

Persistence of a radionuclide can be described in terms of
its half-life in a given medium due to decay processes.
Half-lives can vary from less than a second to billions of
years. The half-lives of the U-238 and Th-232 decay series
radionuclides can be found in Figures 4.3 and 4.4.

5.3 POTENTIAL ROUTES OF MIGRATION

Potential pathways for contaminant migration at the quarry,
especially as they relate to the proposed bulk waste removal,
have been discussed. These pathways include air, surface water,
groundwater, and transport by man and fauna. The most probable
routes of migration are through the subsurface and by air
transport, although transport by the surface pathway cannot be

©

ruled out.

The security system in place at the quarry should preclude
human transport of contaminants. The quarry is fenced at this
time to prevent unauthorized entry, and personnel and vehicles
leaving the site are mcnitored for radioactive contamination.
Migration via fauna is expected to be insignificant (Haroun et
al, 1989).

Although air transport of contaminants, which includes wind
movement of contaminated particles and movement of airborne
contaminants of near-molecular size is possible, it is expected
to be minimal for several reasons. No materials are currently
being processed on site, vegetation is extensive, and the more

highly contaminated materials are located well below the quarry

138




rim. However, radon concentrations are already elevated at the
east end of the quarry. In addition, during the remediation or
under extreme weather conditions, there is potential for air

transport.

Radon monitoring through 1987 (MK-F and JEG, 1987, 1988a)
along the perimeter of the quarry (see Figure 4.12) has detected
levels above background but within DOE guidelines for radon
levels in uncontrolled areas. Levels for 1987 were less than 3
pCi/1 above background. Rn-222 and Rn-220 produced by decay of
Ra-226 and Ra-224 in the wastes can diffuse to the surface,
raising ambient concentrations at the quarry boundaries.
Comparison of measured levels with background measurements do
indicate elevated levels at the quarry edge, particularly at the
eastern edges. Table 4.27 includes a summary of radon

measurements over a period of several years.

Contaminant migration over the surface, promoted by storm
runoff, is possible. However, most runoff from precipitation
within the quarry fenceline will flow to the pond, and it is
only runoff along the western and southwestern boundaries of the
quarry area which could drain away from the quarry. These
particular locations represent only about 10 percent of the
overall area. The quarry's surface outlet to the west is at
approximately 484 feet MSL, a vertical distance of about 19 feet
above the normal pond level. Therefore, essentially all runoff
from precipitation falling on the rest of tﬁe quarry would stay
within the quarry confines. This »runoff, héwever, could be
available for infiltration and migration along the subsurface
pathways. The area along the western and southwestern edges of
the quarry is reported to be uncontaminated, with the exception
of shallow contamination within the upper 6 inches of surface
along the access road and the abandoned railroad right of way
(BNI, 1985c). 1Intense rainfall of significant duration in this
particular area could lead to some migration from the quarry to
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the west, but typical precipitation would probably not pose a

risk of migration.

The most likely migration route is via the subsurface.
Contaminants from the surface could move downward through the
vadose zone to the saturated zone and then flow laterally or
continue downward through permeable geologic strata. Data
presented in Section 4.4 show that groundwater in the bedrock of
the quarry is contaminated. The potential for further lateral
migration will be defined after the bulk waste removal is
completed and the site has been fully characterized. The DOE
monitoring well network, described in Section 4.4.4, will be
used to detect possible movement of contaminants from the quarry

as a result of the removal.

5.4 CONTAMINANT MIGRATION

Migration of contaminants from the quarry is likely, given
the nature of the hydrogeologic system and the presence of
persistent contaminants in the wastes. These points are
addressed in more detail in Sections 3 and 4. Until the bulk
wastes have been removed from the quarry, however, detailed
characterization of the site, which will include an evaluation

of the extent of migration, cannot be conducted.
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6 SUMMARY AND CONCLUSIONS
6.1 SUMMARY

The information presented in this report is focused on the
proposed bulk waste removal from the Weldon Spring quarry. The
extent of residual and groundwater contamination cannot be
completely investigated until after the bulk wastes have been
removed. For this reason, the information contained within this
report is limited to contaminant characteristics, discussion of
the physical characteristics of the quarry area, the general
types and nature of the wastes, and potential migration
pathways. The environmental setting at the quarry is described
in terms of its surface features, meteorology, hydrology,
hydrogeology, and ecology. To assist in assessment of potential
exposure risk, demographic and land use information is also
supplied. The data represented within the report are based on
investigations conducted by various agencies or firms contracted

to the DOE, its predecessors, or to the Department of the Army.

6.1.1 Nature and Extent of Contamination

From 1942 through 1969, the AEC and the Army disposed of
chemical and radiological wastes in the quarry, which is now the
main source of contamination in the vicinity. The quarry is
estimated to contain 95,000 cubic yards of contaminated waste
materials (DOE, 1987), the bulk of which is situated on the
quarry floor, east of the pond. The heterogeneous mixture
contains building rubble, process equipment, drummed and
unconfined residues, sediments, and soils. Uranium, radium, and
thorium are the primary radiologic contaminants of concern. The
principal chemical contaminants include nitroaromatic compounds,

polynuclear aromatic hydrocarbons, PCBs, and metals.
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The quarry pond, containing an estimated 3 million gallons
of water, is also contaminated. Uranium is the principle
radiological contaminant, and arsenic and manganese are the only
chemical contaminants detected which exceed current drinking
water standards. However, elevated concentrations of
2,4-dinitrotoluene have also been confirmed. Removal and
treatment of the pond water will be conducted as an IRA and
documented in an EE/CA.

Groundwater in bedrock at the quarry has been shown to
contain elevated concentrations of uranium, thorium,
nitroaromatics, nitrate, and sulfate, all of which can be linked
to quarry wastes. Elevated chloride levels have also been
found. Based on groundwater studies, it is possible that this
contaminated groundwater may be migrating southward from the
bedrock to the alluvium. Movement of contaminants in other
directions is uncertain at this time. Removal of residual
material, remediation of groundwater, and any other necessary
quarry remedial efforts will be managed as subsequent compliance
components of the WSSRAP. )

6.1.2 Contaminant Fate and Transport

Groundwater appears to be the primary pathway for
contaminant transport from the quarry. Contaminated leachate
from the wastes, including those wastes which are in contact
with groundwater, provide the sources for contaminant
migration. Although it is likely that contaminated groundwater
moves from the quarry through fractures and discontinuities
within the limestone bedrock, a detailed characterization cannot
be conducted prior to the bulk waste removal. Results of
previous investigations indicated that migration is generally
southward, although it may also occur in other directions. Some
surface transport westward from the western edge of the quarry
may also take place. )
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A monitoring network has been installed at the site to
detect migration of contaminants, if it occurs, especially
during the bulk waste removal. The current monitoring program
encompasses groundwater, surface water, and air quality
monitoring. Baseline water and air quality data are available
in published Annual Environmental Monitoring Reports prepared
for the Weldon Spring Site. '

6.2 CONCLUSIONS

Removal of the bulk wastes with transport to a temporary
storage area prior to final disposal will accomplish one step in
the overall remediation of the Weldon Spring Site, and will
expedite the planning, design, and implementation of long-term
remedial action of the quarry. The environmental documentation
process for the quarry bulk wastes can be completed on the basis

of the information currently available.

6.2.1 Remedial Action Objectives

The bulk wastes present in the quarry pose a potential risk
to the health of the local population and to the environment.
Removal of these wastes will reduce that potential risk by
eliminating the primary source of contamination in the area,
thereby reducing the potential for further contaminant
migration. Once the wastes have been.removed and consolidated
in a secure location, additional characterization of the quarry
can be conducted safely and effectively.

The wastes will be consolidated in the chemical plant
portion of the raffinate pits and chemical plant area. This
will enable DOE to better control access, prevent accidental
releases, and fully characterize and inventory the wastes prior
to their final disposition, and will also allow continuous
environmental monitoring.
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6.2.2 Data Limitations and Recommendations for Future Work

The information and data currently available, which have
been summarized in this report, are considered to be sufficient
to properly assess the feasibility of the proposed bulk waste
remedial action and to develop a limited baseline risk
evaluation. Data limitations which impact final site
remediation can be resolved following completion of the proposed
removal operation.

Considerable historical documentation of waste disposal
practices, including analytical data regarding the heterogeneity
of the wastes, has been reviewed. Characterization studies of
the quarry confirm the presence of radiological and chemical
contaminants, which is generally consistent with the types of
materials disposed of in the quarry. It is likely that
additional in-situ characterization will not significantly
increase the understanding of the wastes, and it is therefore
proposed to assess the feasibility of removal and develop the
baseline risk evaluation on the basis of the existing data.

Data concerning the actual site characteristics of the
quarry, such as bedrock geologic conditions, are adequate for
evaluating the feasibility of bulk waste removal. Information
on the nature and extent of contamination will be considerably
expanded as the quarry is studied after the completion of the
removal program.

Groundwater flow and quality in the bedrock to the north,
east and west of the quarry have not yet been adequately
characterized. Details of groundwater flow in the alluvium and
bedrock at Femme Osage Slough, and the mechanics whereby
contamination is apparently limited to the vicinity of the
slough, are also undetermined. However, this information is not

necessary for the proposed remedial action, and further
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characterization of local groundwater will be addressed in
detail after the wastes have been removed. Recent additions to
the monitoring network will augment the understanding of bedrock
water quality and the mechanics of groundwater flow in the
vicinity of the quarry. However, additional bedrock monitor
wells to the west and southeast of the quarry should be
installed before initiation of waste removal to monitor

contaminant migration in bedrock, should it occur.
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A.l
RADIOLOGICAL CHARACTERIZATION DATA
FROM BERKELEY GEOSCIENCES ASSOCIATES, 1984
AND BECHTEL NATIONAL, INC,, 1985¢c




TABLE A.l (Sheet 1 of 5)

WELDON SPRINGS QUARRY SITE
SURFACE SAMPLES - BECHTEL NATIONAL, INC. (BNI)

SAMPLES NORTHING EASTING

A 7500.000 13200.000
AA 7450.000 13550.000
AB 7500.000 13550.000
AC 7675.000 13550.000
AD 7700.000 13550.000
AE 7439.000 13600.000
AF 7450.000 13600.000
AG 7500.000 13600.000
AH 7550.000 13600.000
Al 7575.000 13600.000
AJ 7700.000 13600.000
AK 7725.000 13600.000
AL 7550.000 13625.000
AM 7437.000 13650.000
AN 7450.000 13650.000
AP 7500.000 13650.000
AQ 7550.000 13650.000
AR 7675.000 13650.000
AS 7700.000 13650.000
AT 7725.000 13650.000
AU 7450.000 13700.000
Av 7500.000 13700.000
AW 7550.000 13700.000
AX 7600.000 13700.000
AY 7700.000 13700.000
AZ 7739.000 13700.000
B 7525.000 13200.000
BA 7500.000 13750.000
BB 7600.000 13750.000
BC 7650.000 13750.000
BD 7700.000 13750.000
BE 7475.000 13800.000
BF 7550.000 13800.000
BG 7600.000 13800.000
BH 7650.000 13800.000
BI 7700.000 13800.000
BJ 7732.000 13800.000
BK 7525000 13825.000
BL 7600.000 13825.000
BM 7625.000 13825.000
BN 7650.000 13825.000
BP 7675.000 13825.000
BQ 7700.000 13825.000
BR 7475.000 - 13850.000
BS 7550.000 13850.000
BT 7650.000 13850.000
BU 7700.000 13850.000
BV 7745.000 13850.000
BW 7525.000 13875.000
BX 7650.000 13878.000
BY 7525.000 13900.000
B2 7550.000 13900.000
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TABLE A.l (Sheet 2 of 5)

WELDCN SPRINGS QUARRY SITE
SURFACE SAMPLES - BECHTEL NATIONAL, INC. (BNI)

SAMPLES NORTHING EASTING
R T T S N E T S EE S EESEEE SN EECTEEECSEEEEEEERERIX IR S IR I I EE R
c 7525.000 13225.000
CA : 7650.000 13900.000
) ' 7700.000 13900.000
cc 7525.000 13925.000
cD . 7575.000 13950.000
cE 7700.000 13950.000
CF 7525.000 13975.000
cG 7600.000 ' 13975.000
cH 7650.000 13975.000
cI 7725.000 13975.000
cJ , 7625.000 14000.000
cx 7600.000 14022.900
CL , 7625.000 14050.000
cM 7650.000 14050.000
cN 7675.000 14050.000
cp 7650.000 14070.000
cQ 7675.000 14075.000
CR 7750.000 . 14075.000
cs 7725.000 14100.000
CT 7700.000 | 14113.000
cu 7725.000 14125.000
cv 7600.000 13354.000
CH 7488.000 13565.000
cX 7700.000 ‘ 13650.000
cY 7550.000 13667.000
cz 7525.000 13700.000
D 7475.000 13250.000
DA 7550.000 13748.000
E 7500.000 13250.000
F 7525.000 13250.000
G 7525.000 13300.000
H 7550.000 13300.000
I 7550.000 13325.000
J 7600.000 13325.000
K 7525.000 ‘ 13350.000
L 7600.000 13350.000
M 7650.000 13350.000
N 7650.000 13375.000
P 7700.000 13375.000
Q 7625.000 A 13400.000
R 7675.000 13400.000
s 7700.000 13400.000
s1 7800.000 : 13054.000
S10 7550.000 13153.000
$100 7400.000 13750.000
$101 7419.300 13750.000
5102 7450.000 _ 13750.000
$103 - 7550.000 13750.000
5104 7737.000 13750.000
$105 | 7770.000 13750.000
$106 . 7450.000 13775.000
5107 7475.000 13775.000
$108 7500.000 13775.000
$109 ~ 7525.000 13775.000
s11 7550.000 13175.000
S110 | 7401.000 13800.000
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TABLE A.]
WELDON SPRINGS QUARRY SITE

(Sheet 3 of 5)

SURFACE SAMPLES - BECHTEL NATIONAL, INC. (BNI)

SAMPLES NORTHING
s111 7427.000
s112 7500.000
$113 - 7769.000
S114 7475.000
S115 7500.000
S116 7550.000
s117 : 7575.000
5118 ~7450.000
S119 7417.600
s12 7550.000
$120 7450.000
s121 7456.000
$122 7500.000
$123 7525.000
s124 7600.000
$125 7768.000
s126 7475.000
s127 7500.000
s128 7450.000
S129 ~ 7454.000
s13 7600.000
5130 7500.000
$131 7600.000
$132 7745.000
5133 7766.000
S134 7450.000
5135 7500.000
S136 7550.000
$137 7513.000
5138 7550.000
S139 7600.000
s14 7650.000
$140 | 7737.000
s141 7764.000
5142 7500.000
S143 7500.000
S144 7575.000
$145 7625.000
S146 7750.000
$147 7550.000
S148 7650.000
5149 7863.000
S15 7700.000
$150 7700.000
S151 7763.000
$152 7550.000
$153 7700.000
S154 7725.000
5155 | 7750.000
5156 7763.000
S157 7750..000
s158 7761.700
S159 7700.000
S16 7750.000
$160 7750.000
s161 7750.000

A 4

EASTING
13800.000
13800.000
13800.000
13825.000
13825.000
13825.000
13825.000
13836.000
13850.000
13200.000
13850.000
13850.000
13850.000
13850.000
13850.000
13850.000
13875.000
13875.0°°
13900.000
13900.000
13200.000
13900.000
13900.000
13900.000
13900.000
13919.900
13925.000
13925.000
13950.000
13950.000
13950.000
13200.000
13950.000
13950.000
13962.000
13975.000
13975.000
13975.000
13975.000
13988.400
14000.000
14000.000
13200.000
14000.000
14000.000
14001.500
14050.000
14050.000
14050.000
14050.000
14100.000
14100.000
14125.000
13200.000
14125.000
14137.000




TABLE A.!l (Sheet 4 of 5)

WELDON SPRINGS QUARRY SITE
SURFACE SAMPLES - BECHTEL NATIONAL, INC. (BNI)

SAMPLES NORTHING EASTING
-'.--‘.8.-""-'...--...-.-.---.'-..--‘---' E 2 3 2 == -
8§17 7800.000 13200.000
S18 7450.000 13204.000
S19 7500.000 13225.000
s2 7700.000 13100.000
820 7400.000 13250.000
s21 7450.000 13250.000
§22 7550.000 13250.000
823 7600.000 13250.000
S24 7650.000 13250.000
§25 7700.000 13250.000
§26 7798.000 13250.000
827 7350.000 13257.000
s28 7500.000 13275.000
829 7300.000 13300.000
83 7750.000 13100.000
8§30 7350.000 13300.000
8§31 7400.000 13300.000
8§32 7450.000 13300.000
8§33 7500.000 13300.000
8§34 7600.000 13300.000
8§35 7650.000 13300.000
836 7700.000 13300.000
8§37 7750.000 13300.000
s38 7787.000 13300.000
S39 7250.000 13314.000
sS4 7800.000 13100.000
§40 7650.000 - 13325.000
S41 7252.000 13350.000
S42 7300.000 13350.000
S$43 7350.000 13350.000
S44 7400.000 13350.000
§45 7450.000 13350.000
S46 7500.000 13350.000
S47 7550.000 13350.000
S48 7625.000 13350.000
S49 7675.000 13350.000
S5 7650.000 13103.000
$50 7700.000 13350.000
S§51 7750.000 13350.000
§52 7781.000 13350.000
S53 7269.000 13400.000
S54 7300.000 13400.000
§55 7350.000 13400.000
8§56 7400.000 13400.000
S§57 7500.000 13400.000
s58 7600.000 13400.000
859 7650.000 13400.000
S6 7600.000 13150.000
5§60 7750.000 13400.000
S61 7779.000 13400.000
S§62 7300.000 13450.000
S§63 7350.000 13450.000
S64 7383.000 13450.000
865 7650.000 13450.000
S66 7725.000 13450.000
§67 7778.000 13450.000
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TABLE A.l (Sheet 5 of 5)

WELDON SPRINGS QUARRY SITE
SURFACE SAMPLES - BECHTEL NATIONAL, INC. (BNI)

SAMPLES NORTHING EASTING
568 - 7305.000 13500.000
$69 7355.000 13500.000
s7 7650.000 13150.000
$70 7381.600 13500.000
s71 7675.000 . 13500.000
5§72 7746.000 13500.000
5§73 7777.000 ' 13500.000
$74 7350.000 13550.000
$75 7383.300 13550.000
876 7550.000 13550.000
877 7650.000 . 13550.000
578 7725.000 13550.000
$79 | 7777.000 13550.000
s8 7750.000 13150.000
$80 7350.000 | 13600.000
s81 7390.000 13600.000
582 7395.000 13600.000
s83 7600.000 13600.000
S84 7625.000 13600.000
85 7650.000 13600.000
S86 7743.000 13600.000
587 7776.000 13600.000
588 7354.000 13650.000
$89 - 7390.000 13650.000
s9 7800.000 13150.000
$90 7600.000 13650.000
s91 7650.000 13650.000
592 7747.000 13650.000
593 | 7774.000 13650.000
594 7370.200 13700.000
595 7400.000 13700.000
$96 7434.000 13700.000
597 7650.000 13700.000
598 7772.000 ' 13700.000
599 7386.000 13750.000
T 7725.000 13400.000
v 7675.000 13450.000
v 7700.000 13450.000
W 7750.000 13450.000
X 7760.000 _ 13500.000
Y 7725.000 13500.000
z 7429.000 13550.000




TABLE A.2

WELDON SPRINGS QUARY SITE
SUBSURFACE SAMPLES - BECHTEL NATIONAL, INC. (BNI)

SAMPLES NORTHING EASTING

D 7475.000 13250.000
D1 7659.000 13341.000
D10 7689.000 13847.000
D11 7550.000 13850.000
D12 7595.000 13854.000
D13 7650.000 13878.000
D14 7550.000 13900.000
D15 7650.000 13900.000
D16 7700.000 13900.000
D17 7724.000 13903.000
D18 7715.000 13928.000
D19 7563.000 13938.000
D2 7721.000 13483.000
D20 7600.000 13950.000
D21 7650.000 13950.000
D22 7700.000 13950.000
D23 7727.000 13950.000
D24 7683.000 13963.000
D25 7641.000 13984.000
D3 7494.000 13550.000
D4 7488.000 13565.000
D5 7453.000 13700.000
D6 7525.000 13700.000
D7 7594.000 13724.000
D8 7550.000 13748.000
D9 7656.000 13800.000
DA 7550.000 13748.000




TABLE A.3

WELDON SPRINGS QUARRY SITE
SURFACE SAMPLES - BERKELEY GEOSCIENCES ASSOCIATES (BGA)

SAMPLES NORTHING EASTING

WSQ-10 7525.000 13185.000
WSQ-11 7525.000 13170.000
WSQ-2 7485.000 13220.000
WSQ-20 7710.000 13950.000
WSQ-21 7685.000 13960.000
WSQ-22 7720.000 13930.000 "
WSQ-23 7650.000 13900.000
WSQ-24 7665.000 13890.000
WSQ-3 7560.000 13315.000
W3Q-40 7600.000 13715.000
WSQ-41 7515.000 13650.000
WSQ-42 7565.000 13530.000
WSQ-43 7640.000 13760.000
WSQ-44 7710.000 14060.000
WSQ-45 7720.000 14065.000
WSQ-46 7580.000 13420.000
WSQ-47 7620.000 13530.000
WS5Q-48 7500.000 13225.000
WSQ-52 7675.000 13930.000
WSQ-53 7440.000 13880.000
WSQ-54 7610.000 14015.000
WSQ-55 7460.000 13710.000
WSQ-57 7640.000 13760.000
WSQ-64 7730.000 14075.000
WSQ-7 7680.000 13710.000
WSQ-70 7485.000 13700.000
WSQ-74 7720.000 13635.000
WSQ-8 7615.000 13440.000
WSQ-87 7445.000 13475.000
WSQ-88 7510.000 13435.000
WSQ27-39 7640.000 13760.000
WSQ58-63 7720.000 14050.000




TABLE A.4

WELDON SPRINGS QUARRY SITE
SUBSURFACE SAMPLES - BERKELEY GEOSCIENCES ASSOCIATES (BGA)

SAMPLES NORTHING EASTING
0-0 i 7619.000 13700.000
-1 ) 7611.000 13720.000
7542.000 13655.000
7483.000 13580.000
7500.000 13650.000
7483.000 13700.000
7590.000 13690.000
7572.000 13740.000
7715.000 13940.000
7692.000 13930.000
7689.000 13960.000
7666.000 13935.000
7648.000 13960.000
C-MIDDLE 7653.000 13890.000
7583.000 13875.000
7683.000 13880.000
7695.000 14030.000
7714.000 14015.000
7715.000 14025.000
7716.000 14040.000
7716.000 14080.000
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A.2
CHEMICAL CHARACTERIZATION DATA
FROM BECHTEL NATIONAL, INC., 1985¢c

(Sample locations for this portion of the Appendix
are shown in Figure A.1; numbered locations on
Figure A.l correspond to Customer or Client L.D.
number in Appendix A.2)
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EP TOXICITY RESULTS ON SOIL SAMPLES FRON THE wsQ

TABLE A.10

EP TOXICITY RESULTS

Cacdraur

ATSENAC barium Chremow
AL Custozer mg/L mg/L ag/L mng/.
B R EENEEEECESEEEEEEEESIRERS I-I.II‘.'..SI.II-'..C8'............'.8......S..I
1777=-59-19 C5=57 <0.1 1.0 <0.01 0.02
1777-89-20 Q03-58 Composite <3.1 0.7 <0.01 0.04
1777=59=-21 (B=59 Composaite <.t 2.4 <C.01 0.9z
1777-59-22 QB-G0 Corposite <. f.2 <0.01 <0.81
1777-59-23 E13722 17633 <C.1 c.4 <0.01 0.05
1777-59=24 Qb=64 Composite <0.1 0.8 0.01 0.C2
1777-5%=25 Qb-€8 Composite <0.1 0.5 0.25 ¢.0¢

Lead Fercury Selenyum Siiver
EAL Custorer mc/L mg/L mg/L g/
L2 = % 3 ....l.‘t."-'.CI.S'."....'.C’.‘.I.C..‘..l.....--I-.S.'.I.......“’..‘.S. L 2 3
1777-59-19 QE~57 <0.05 €0.004 <0.1 <0.C1
1777-59-2C Qb-58 Composite <0.05 <0.004 <0.1 <0.01
1777-59=-21 ¢E-59 Corposite 0.16 <0.004 0.14 <0.01
1777=-59-22 QB-60 Composite <0.0S5 <0.004 €0.1 €0.01
1777-52-23 E13782 7533 <0.0% <0.004 0.15% <L
1777-59-24 3-64 Composite  <0.US 0.cc9 <0.1 . “¢L. 21
1777-5%-2 Cb-6B Comzosaite <0.05 0.01 <0.1 <C.(1
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TABLE A.10 (continued)
EP TOXICITY RESULTS ON SOIL SAMPLES FRON THE WsSQ

EP TOXICITY RESULTS

A - 33

. Lndran Lancane Futnexye:.ley
> Customer mg/L ng/L ng/.
--..88.38.IISI.88.88.......8..388'.II'..'l.l......'..‘....-.I...--..-....-... a=
1777=-55-19 Ob=57 <0.001 <0.001 <0.C2
1777-59-20 CE-58 Composite <0.001 <0.001 €0.62
1777-59-21 QB-59 Composite“’ €0.091 <0.001 <0.02
1777-59=-22 C5-60 Conmposite €<0.001 €0.061 <0.02
1777-59-23 21378z K7633 €0.001 €0.021 €0.02
1777-89-24 © ©B-64 Composite €0.C%1 €0.0C1 <0.C2
1777-59-25% CE-66 Composite <0.001 <0.001 <0.02
-0OXa; .Chie f.4=0 2,4,5=TF =:1lvex
EAL Cuszoner mc/L neg/. mg/.

. -IQ.ICIIIQI.I888'83'388838..8388!83.8.l8.88'8.3'.-..t:..l.st:tt:s:...‘...8888.8
1777-59-19 wb=5%7 <0.1 <0.0C1 <0.00G1
1777-59-20 QB=-58 Composite <0.1 <0.001 <C.0C1
1777-53-21 Qu-59 Composite 0.1 <0.0C1 <95.001
1777=59-22 QB-60 Corposate <0.1 <0.001 <0.0051
1777=-59-23 E13782 K7633 <0.1 <0.001 <0.0C1
1777-5%=24 Cl-6d Composize <0.1 <0.001 <0.021
1777-59=25 QB-68 Composite <0.1 €0.001 <0.001




TABLE A.11
PESTICIDES AND PCBs CONCENTRATIONS IN
SOIL SAMPLES FROM THE WSQ

clerlare ) Date: Apral 10, 19sd
e 3D Ko.: 1777’59"26
Client 1.D.: £4b=57

Ccaapour.c vg/kg(pzl) Corgournd vg/rg(p;t)
.-.-............-.s--.-ss-----ss.-------.--.---.z......----.--ss------a--ssnsg
a~-3iC S.1 pPp=0DT (4,4°')

@=84HC tndrinlAldehyde

B-LEil Lracsulfar Sulfaze

Hertachlor Chlordane :_ €2€5
D=B&C 19 Toxaphene <1,800
Aldr:in PTL's

heptaci.lor izoxide PCL~-1218

8=-incosulian PCi-1221

DeP-LIZ (4,3%) PCBE-1232

bielérin _ FCi=1242

gndran <28 PCBE-1248

P.P-DLL (4,4") - PCD-125¢ | 562
B-Lndcsulfan - PCB=~1260

1,2,3,4-7CDD PC3-1262

Note: The presence of PCB prevents the detection of the remaining pesticices.
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. TABLE A.11
PESTICIDES AND PCBs CONCENTRATIONS IN
SOIL SAMPLES FROM THE WSQ

Licrlaine Date: &a;ral 16, 1985

LAL Lal No.: 1777-59-27

Client 1.D.: QB-58 Composite
Compourc ug/kg(zplb) Compourna vg/xc(j.or;
...-I....t‘-...‘tl-8....--....----...3. t % 3 --.I..................‘.'

a=bHC S.3
g=-5HC

b=L5C

hepracnlcy

D=-3iiC 95
Aldran

heptacrlor Lpoxide
a-gEndosulian

P.p=LLL (4,4"')

Dieldran

Erdrin <130
E.pP=DDD (4,4')

B-Endosulfan

1,2,3,4-TCCD

pp=DDT (4,4')
Endrin Aldehyde
Endosclfan Sulfate
Chlerdane . <€1,202
Toxaphéﬁe <5,200

PCB's

PCb-1016
PCz-1221
PC3-1232
PCB-1242
PCb-1248
PCB-1254 *
PCb-1260
PCL-1262

9,20C

i">te: The rresence of PCB prevents the detection of the reraining peszicides.
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TABLE A.11
PESTICIDES AND PCBs CONCENTRATIONS IN
SOIL SAMPLES FROM THE W$SQ

Eberlane ‘ Date: hApral) 16, 19853
EAL Lab lo.: -1777-89-28
Clienz 1.D.: QB-59 Composite

Cempound ug/xg(ppdb) Corpound ug/kgizgzt)
R S S R N S S RS R RN S S sE N s s EAS s R aE s a e
a=-EHC . . ppP=DDT (4,4"')

g=8HC 1.3 Endrin Aldehyde

B=GHC ‘ Endosulfan Sulfate

He;:achlor" Chlordane <100
D=54C : Toxazhene <590
Aldrin PCB's

heptachlor rpoxide PC3-1016

a-indosulfar PCB-1221

PP=OlC (4,4') FCb-1232

Cieldran PCB=1242

Endran : <11 PCl~1248 )

P.p-DDD (4,4') PCB-1254 1,000
B-Trndosulfan . PCB~-1260

1,2,3,4=-7CDD PCb=-1262

Note: The presence of PCB prevents the detection of the reraining pestacades.




TABLE A.11
PESTICIDES AND PCBs CONCENTRATIONS IN
SOIL SAMPLES FROM THE WSQ

Ebevrlane Date: Apral 16, 1985

EAL Lak lu.: 1277-5%=29

Cliert I.D.: Qu-60 Composite
Coapound ug/kg{peh) Congpound ug/rgizzt)

a=u:4C

g=5HC

b=-3HC

khe_tachlor

D=35C

Aidran

Heptachlor Ezcxide
a-cndcsultan
Lp=2D2 (4,4")
Lieldran

Ercran <22
P.p=DCD (4,4')
B-Cncdosulfan

1'2‘3"-TCDD

pp-DDT (4,4°')

kndrin Aldehyde

Erdosulfan Sulfate

Chlordane . <2035
Toxazrere <1,200

PCS's

PCB-101%
PCz-1221
PC5-1232
PCB-1242
PCH-1248
PCB-1254 ‘ 1,00C
PCE-1260
PCB-1262

Nole: The presence of PCH prevents the detection of the Tenaining pesticides.
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TABLE A.11
PESTICIDES AND PCBs CONCENTRATIONS IN
SOIL SAMPLES FROM THE WSQ

Lberlane A Date: April 16, 1985
EAL Lab No.: 1777-59-31
Client 1.L.: (B-64¢ Composite"

-

Comgpound us/kg(ppb) Congournd ug/ka(pg)
..:::....g........-........-..-....a-..-..............-....-.s-:-.-.-.----saas
a=bsl PpP=2DT (4,5')

Q=BHC ' Enjtin Aldehyde

b=pHC _ Endosulfan Sulfate

heptachlor . Chlecrdane €10,000
L=5EC Toxaphene <60,000
Aldran . PC2's

Heptacrnlor zpox;de FC3-1016

a-Incosuifan PIE-1221

Pep=2lL (4,4') FC5-1232

Dieidr: . PC2-1242

Endrin <1,100 PCB=-1248

P.p=DLD (4,4"') PC3=1254 ‘ v 46,000
E-Zndcsulfan ' © PCE-1260

1,2,3,4-7CL0 PCB-1262

Fote: Tne presence of PCB prevents the detectaion of the remaining pesticides.
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TABLE A.11
PESTICIDES AND PCBs CONCENTRATIONS IN
SOIL SAMPLES FROM THE WSQ

Lberlane . . Late: Apral 1¢, 19t
EiL Lab lic.: 1777-59-32
Client 1.D.: (35-68 Composite

Conpound | ug/kg(ppb) Conmpound uG/kgippt)
B
a=-3KC pp-DDT (4,4°')

g-BHC ' Endrin Aldehyde

B=Eil ' Lndosulfan Sulfate

Heztachlor Chlorcane <1,100
D-BHC 22 Toxaphere €6,430
Aldran PC3's

Heptachlor Epcxade 2Cs~-101€

a-Zndosulfan PCE-1221

PP=DLZ (4,4') PCB-1232

Dieldran PCB-1242

Endran <120 PCE-124E

P.p=DDD (4,4') PCB~1254

b-Erndosul fan PCB-1260 9,000
1,2,3,4-TCDD PC3-1262

Note: The presence of PCB prevents the detection of tne vremairing pesticidec.
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TABLE A.11
PESTICIDES AND PCBs CONCENTRATIONS IN
SOIL SAMPLES FROM THE WSQ

Eberline . Date: A;ral 1€, 1935
EAlL Lab Nu.: 1777-59-30
Client 1.U.: E13782 N7633

Compour.c ' ug/kg({ppb) Com;ound ug/kglgpzz)
.......................g..................................q.....-..-.-......--
a-3HC Pp-DDT (4,4")

g=-BHC Endrin Aldehyde

B=i:iC Endosulfan Sulfate

Eeptachlor Chlordane <190
D=BHT 3.5 Toxaphene €1,100
Aldrin ’ PCE's

Heptachlor Epoxide PCB-1016

a-gndosulfan PCE-1221

Pp=DoE (4,4') PC5-1232

Lieldrin PCB=1242

Lndrin <20 PCB-1248

P.p-LDD (4,4') PCB~-1254 _ ' - 1,000
E-Lndosulfan PCB-1260

1,2,3,4-7CCD PCB-1262

Note: The presence of PCE prevents the detection of the remaining pesticides.
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Eberline lInstrument Corp.~

TABLE A.12

PRIORITY AND NON-PRIORITY POLLUTANT
. CONCENTRATIONS IN SOIL SAMPLES FROM THE WSQ

Date: April 18, 1985
EAL Lab No.: 1777-59-33
Client 1.D.: QB - $7

(REVISED)

PRIOFITY POLLUTANT DATA SHEET

VOLATILES

na/g(podb) VOLATILE no/c{pdk)
benzene <1 trans-1,3-dichloropropene <1
carbon tetrachloride <1 c€is-1,3-dichloropropene <1
chlorobenzene <1 ethylbenzene < 1
1.,2-dichloroethane <1 methylene chloride <1
1,1,1=trichloroethane < 9 chloromethane <1
1,1-dichloroethane < 1 bromozethane < 1
1,1,2-trichloroethane <1 broroform <1
1,1,2,2=tetrachloroethare <1 bromodichloromethane <1
chloroethane < 1 fluorotrichloromethane < 1
é-chloroe:hylvinyl ether < 1 dichlorodifluoromethane <1
chloroform <1 chlorodibromomethane <1
1,1=dichloroethene < tetrachloroethene <1
trans-1,2-dichloroethene < 1 toluene ' < 1
1,2=dichloropropane < 1 trichloroethene < 1
vinyl chloride < 1
NON=PRIORITY POLLUTAM
cardbon disulfide < 9 acetone <10
4-methyl-2-pentanone <10 2-butanone €20
styrene <1 2=hexanone <10
vinyl acetate < 2 xylenes < 1
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Eberline lnstrument Corp.

TABLE A.12
PRIORITY AND NON-PRIORITY POLLUTANT
CONCENTRATIONS IN SOIL SAMPLES FROM THE wsSQ

Date: April 18, 1985
EAL Lad No.: 1777-59-34

Client 1.D.:

(REV1SED)

PRIORITY POLLUTANT DATA SHEET

QB 58, Composite

VOLATILES ng/a(pob) VOLATILE ng/a(ppk)
benzene <1 trans-1,3-dichloropropene <1
carbon tetrachloraide < 1 €is-1,3-dichloropropene < 1
chlorobenzene < 1 ethylbenzene ' < 1
V.2=dichloroethane < 1 methylene chloride <1
1,%,1=trichloroethane < chloromethane <
1,1=dichloroethane <1 bromomethane < 1
1,1,2=trichloroethane <1 bromoform <1
1,%,2,2-tetrachloroettane < bromodichloromethane < 1
chloroethane <1 fluorotrichloromethane <1
2-chloroethylvinyl ether < 1 dichlorodifluoronethane < 1
chlorzoform < 1 chlorodibromomethane <1
1,1=dichloroeshene < 1 tetrachloroethene <1
trans-1,2-dichloroethene <1 toluene <1
1,2-dickloroprogane < trichloroethene <1

vinyl chlo;}de' <1

NON=PRIORITY POLLUTANT
€arbon Qisulfide < 1 acetone <10
4-methyl-2-pentanone <10 2-butanone <20
styrene < 1 2=-heranone <10
vinyl acetate < 2 xylenes < 1
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TABLE A.12
PRIORITY AND NON-PRIORITY POLLUTANT
CONCENTRATIONS IN SOIL SAMPLES FROM THE wsQ

Lﬁerline Instrument Corp. Date: Arril 18, 19et
EAL Lab No.: 1777-59-35
Client 1.D.: (B-%9 Composite

(REVIS:D)
. PRIORITY POLLUTANT DATA S=it™
VOLATILES ng/a(ppb) VOLATILE na/ol{ept)

benzene o < 1 trans~-1,3-dichloropropene <1
cartbon tetrachloride < 1 €is-1,3-dichlorojropene < 1
chlotobenzene < ethylbenzene <1
1,2-dickloroethase < methylene chlevide <
1,1,1=trichloroethane <1 chloronethane <1
‘1,1=dichloroethane < 1 bromomethane <1
1.1.2-trich1c?oe:hang < 1 brormoform <1
1.1.2.2-:etrachloroeihane < 1 Eromocdichloromethane <1
chloroethane : < 1 tlu;rotr;chlorometbane < 1
2=chloroethylviryl ether < 1 dichlorodifluocromethane < 1
chlorofom < 1 chlorodibromonethane < 1
1,1=dichloroethene < 1 tetrachloroethene <1
trans-1,2-dichloroezhene < foluene <1
1,2-dichloropropane < 1 trichloroethene <1

vinyl chloride < 1

NOL=PRIORITY PCLLUTALT

cavbon disulfide < 1 acetone ’ <10
4-methyl-2-pentanone <10 2-butanone <20
styrene ' < 1 . 2=hexanone <D
vinyl acetate < 2 xylenes <
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TABLE A.12

PRIORITY AND NON-PRIORITY POLLUTANT
CONCENTRATIONS IN SOIL SAMPLES FROM THE WSQ

Eberline Instrument Corp.

Date: April 18, 1985
EAL Lab No.:

Client I.D.:

(REVISED)

PRIORITY POLLUTANT DATA SHEET

1777-59-36
0B-60 Composite

VOLATILLS no/g(pob) VOLATILE _ na/alpzt)
benzene <1 trans-1,3-dichloropropene <1
catbon tetrachlorade <1 €is-1,3~dichloropropene <1
chlorobenzene < ethylbenzene <1
Y.2-dichloroethare < 1 methylene chloride <1
1,1,1=trichloroethane < chloromethane <1
1,1=dichloroethane <1 bromozethane <1
1,1,2-trichloroethane < 1 brocoform < i
1.1,2,2-tetrachloroethane < 1 bromodichloromethane <1
chloroethane < 1 fluorotrichloromethane < 1
2=chloroethylvinyl ether < 1 dichlorodifluoromethane < 1
chloroform < 1 chlorodibrononethane <1
1,V=dicltloroethene < 1 tetrachloroethene < 1
trans-1,2-dichloroetnene < toluene <1
1,2-dichloropropane < 1 trichloroethene <

vinyl chloride < 9

NON=PRIORITY POLLUTANT
carbon disulfide <1 acetone <10
4-methyl-2-pentanone " <0 2-butanone <20
styrene < 1 2=-hexanone <10
vinyl acetate < 2 xylenes < 1
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iberline Instrument Corp.

TABLE A.12

. PRIORITY AND NON-PRIORITY POLLUTANT
- CONCENTRATIONS IN SOIL SAMPLES FROM THE WSQ

Date: 18, 198S

1777=-59-27

April
EAL Lab No.:
Client 1.D.:

(REVISED)

PRIORITY POLLUTANT DATA SHSET

QB-64 Cooposite

VCOLATILES ng/a(ped) VOLATILE ng/q{ppdb)
benzene <1 trans=-1,3-dichloropropene < 1
carbon tetrachloride < 1 cis-V,)~dichloropropene <1
chlorobenzene <1 ethylbenzene ' <1
1,2=dichloroethane < 1 methylene chloride < 1
1,1, V=trichloroethane < 1 chloronethane <
1,1=dichloroethane < bromonethane <1
1,1,2=trichlorocthane <1 bromoform | <1
1.1,2,2=tetrachloroethane < 1 bromodichloromethane <1
chloroethane <1 fluorotrichloromethane <1
2=chloroethylvinyl ether < 1 dichlorodifluoronethane <1
chloroform <1 chlorodibronoosethane <1
1,V=dichloroethene < 1 tetrachloroethene <1
trans~1,2-dichloroethene < toluene <1
1,2=dichloropropane < 1 trachloroethene < 1

vinyl chloride < 1

NON-PRICRITY POLLUTANT
carbon disulfide <1 acetone <10
4-pethyl-2-pentanore <10 2=-butanone <20
styrene < 9 2-hexanone <10
vinyl acetate < 2 xylenes <1
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Eberline Instrument Corp.

.-

S

TABLE A.12

PRIORITY AND NON-PRIORITY POLLUTANT
CONCENTRATIONS IN SOIL SAMPLES FROM THE wsSQ

Date: April 18, 1985
EAL Lab No.: 1777-59-39
cli‘nt I.D.:

(REVISED)

PRIORITY POLLUTANT DATA SHEET

VOLATILYS

na/al{pat)

VOLATILE

QB-68 Composite

ne/o(ppt)

benzene

carbon tetrachloride
chlorobenzene
Y,2-dichloroethane
1,1,%=trickloroethane
1,1=dachloroethane
1,1,2-trickloroethare
1,1,2,2-tetrachloroethane
chloroethane
2-chloroethylvanyl ether
chloroform

1, V=dichloroethene
trans-?.Z-d;chlcroéthene

1.2-Cichloropropane

carbon disulfide
4-methyl-2-pentanone
styrere

vinyl acetate

A A A A A A A
- b @ B B b

A A A
- -

trans=1,3~dichloropropene
cis-l.a-dichloropropene
ethylbenzene

®ethylene chloride
chloromethane
bromomethane

bromofornm
brooodichlorozethane
fluorotrichloromethane
dichlorodifluoromethane
chlorodibromomethane
tetrachloroethene
toluene

trichloroethene

vinyl chloride

NON-PFIORITY POLLUTANT

< 1
<10
<1
< 2

acetone
2-butanone
2-hexanone

xylenes
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TABLE A.12

PRIORITY AND NON-PRIORITY POLLUTANT
CONCENTRATIONS IN SOIL SAMPLES FROM THE wsQ

Eberline Instrument Corp.

s

Date: April 18, 1985
EAL Lab No.: 1777=-5%9-38
Client 1.D.:

(REVISED)

. PRIORITY POLLUTANT DATA SHEET

E13782 %7633

VOLATILES ng/g(ppb) VOLATILE ng/a(ppt)
benzene . <1 tr‘ns-l.3-dichloropropene <1
carbon tetrachloride < cis-1,3-dichloropropene < 1
chlorobenzene <1 ethylbenzene <
1,2-3ichloroethane < 1 methylene chloride < 1
1,1,1=trichloroethane <1 chloromethane < 1
1,1=dichloroethane <1 bromomethane <1
1,1,2-trichloroethane < 1 bromoform <1
1,1,2,2-tetrachloroethane < brooodichloromethane <
chloroezhane < fluorotrichloromethane < i
2=-chloroetlylvinyl ether < dichlorodifluoromethane <1
chloroform <1 chlorodibromomethane _ <1
1,1=dichloroethene < 1 tetrachloroethene <1
trans-1,2-dichloroethene <1 toluene <1
1,2-dichloropropane <1 trichloroethene < i

<

carbon disulfide
4-methyle2-pentanone
styrene '

vinyl acetate

vinyl chloride

NON=-PRIORITY POLLUTANT

< 1 acetone
<10 2=butanone
< 1 _2=hexanone
< 2 xylenes
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TABLE A.13

PRIORITY AND NON-PRIORITY POLLUTANT COMPOUND
CONCENTRATIONS IN SOIL SAMPLES FROM THE wsQ

Eberline

Date: &zral 15, 198S
EAL Lab ko.: 1777=5%=-26
Cllel‘.t I-Do H Qb'57

PRIORITY POLLUTANT COMPOUNDS

CC..FOUCS ue/ke CONPLUNLS ue/rn3
2,6,6=trichlorophencl <900 hexachlorobutadiene 141449
p-chloro-m=-cresol <990 hexachlorocyclopentacdiene <90l
2=chiloroghenol <900 isophorone <900
2,4-dacnlorophencl <900 narhthalene <900
2,4-dimethylphenol €900 nitrobenzene <900
2=nitrophenol <900 N-nitrosodiphenylanine <900
4=nitrophencl <€4,500 N-nitrosodipropylarine <9CC
2,4~dinitrophenocl <§,500 bis(2-ethylhexyl )pghthalate <9Cd
4,é-dinitro-2-methyiphencl <4,500 tenzyl butyl phthalate <90y
pentachloropherol <4,500 di-n-butyl phthalate <90y
phenol <200 di-n-octyl phthalate <€9Co
acenaghthene <9GC dieznyl phthalate <S0G
benzidine €4,500 dimethyl phthralaze 143414
t,2,4=trachlorober.zene <900 b:nzc(a)anthracene &C,C.7
hexachlorobenzere © <€90C cenzo(a)pyrene 6E,0L.
hexachloroethane <900 benzo(b)fluonntheneJ 75 006
Eis(2-cihiloroethyl)etners <900 benzo(k)fluoranthene '
2-chloronagphthalene <900 chrysene 36,000
V-2-dichlorobenzene <900 acenaphthylene <e(?e
1,3=dichlorobenzene <900 anthr.racene 11,0035
1,4=-dachlorobenzene <900 benzo(gha)perylene <900
3,3'=dichlorobenzidane <1,800 fluorene <ece
2,4-dinitrotoluene <90¢C phenanthrene 41,000
1,2-diphenylhydrazine <900 dibenzo(a,h)anthracene <900
4-chlorophenyl phenyl ether <900 indeno(1,2,3-cd)pyrene <c00
bis(2-chloroisopropyl)ether <900 pyrene 63,000
fluoranthene 72,000 2,6-dinitrotoluene <900
bis(2-chloroethoxy)methane = <900 4-bromophenyl phenyl ether <¢G0

NON=PRIORITY POLLUTANT COMPOUNDS
benzoaz acad <4,500 anilane <Sul
2-nethylphenol <900 benzyl alecohol €Yl
4-methylphenol 14117 4-crloroaniline <9CC
2,4,5=trichloro;henol <900 dibenzofuran <93)
2=methylnapthalene <900 2-nitroaniline €4,30°7
3-nitroanilane €4,500 4-n:troarilane €4 ,0ud
2=pentanore-4-hydroxy=- sulfur Tl
&-methyl *6,009

Dilution factor of 900.
®¢stimazed concentrations

A - 48




TABLE A.13
PRIORITY AND NON-PRIORITY POLLUTANT COMPOUND
CONCENTRATIONS IN SOIL SAMPLES FROM THE wsSQ

Eberline

Date: April 15, 19gs

LhL Lab No.: 1777«54-29

Client 1.L.:

PRICRITY POLLUTANT COMPOUNDS

QB-58 Composite

CONMPOUNDS ma/kg(pom) COMPOUNDS ma/kal{zne)
2,4,6-tricklorophencl - <3 hexachlorobutadiene <3
p-chloro=-mecresol <3 hexachlotocyclopentadiene <3
2=chlorophenol <3 isophorone <3
2,4-3ichloropnenci . <3 naphthalene <3
2,4=damethylrhenol <3 nitrobenzene <3
2=nitroshenol <3 N-ritrosodiphenylamine <3
4-nitroptenol <15 N-nitrosodipropylamine <3
2,4=~diratrophenol <15 bis(2-ethylhexyl)phthalate <3
4.6-d;n1tro-2-me:nylpnenol <15 benzyl butyl phthalate <3
pentachlorogher.ol <15 di-n-butyl phthalate <3
phencl <2 €i-n-octyl phthalate <3
acenaphthene _ <3 cdiethyl phthalate <3
bernzidine <1% iimetrnyl phthalate <3
1,2,4~trichloroberzene <3 benzo(a)anthracene <3
hexachlorotenzene <3 benzo(a)pyrene <3
hexachlorocethane <l beazo(b)fluoranthene <
bis(2-chloroethyl)ether <3 benzo(k)fluoranttene <3
2-chlotonaphthalene <3 chrysene N
1=2-dichlorobenzene <3 acenaphthylene <3
1,3-dichlorobenzene <3 anthracene <3
1,4-dichlorobenzene <3 benzo(ghi)perylene <3
3,3'-dicllorobenzidine {3 fluorene _ <3
2,4=dinitrotoluene <3 phenanthrene 60
1,2=diphenylhydrazine <3 didbenzo(a,h)anthracene <3
4-chloropnenyl phenyl ether <3 indeno(1,2,3-cd)pyrene <3
bis(2-chloroisoprosyl)ether <3 “yrene g _ L1
fluorarthene 6e 2,6=canitrotoluene <3
bis(2-chloroethoxy)methane <3 4-bromcpher.yl phenyl ether <3

NON-PRIORITY POLLUTANT COMPOUNIDS
benzoic acad <15 arilane <«3
2=methylphensl <3 be:zyl aleoho) <3
4é-methivlphenol <3 4-chlorcaniline <3
2,4,5-trachlorophenol <3 dabenzofurasn <3
2-rethylnapthalere <3 2-n1tToaniline <15
3=natroanilanc <15 é-nitrocaniline <12
“ution factor of 3.
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TABLE A.13
PRIORITY AND NON-PRIORITY POLLUTANT COMPOUND
CONCENTRATIONS IN SOIL SAMPLES FROM THE WSQ

theriare vate: Apral 15, 1985
EAL Lab Lo.: 1777=-59-23
” Client 1.L.: (L-59 Composite
. PRIORITY POLLUTANT COMPOUNDS
COPOUNLSE ua/kag CCPCULDS vz/ks
2,4,6-trichlorophencl <60 hexachlorobutadiene <60
p-chloro-m-cresol <60 hexachlorocyclopentadiene <60
2-chlorophenol <60 isophorone <60
2,4~dichlorophencl <60 - naphthalene <60
2,4-dimethylphenol <60 nitrobenzene <60
4=nitrophenol <60 N-nitroscdighenylamine <€D
4-ritrophenol <300 Nenitrosodapropylazine <cl
2,4-daratrophensl <300 bis(2-ethylhexyi)phzhalate <60
4,6~-dinitro-2-methylphencl <300 benzyl butyl ph:halate <60
pentachlorophenol <300 di-n-butyl phthalate <50
phencl <CO €i=n=octyl phthalate <&0
acenaghthene <L diethyl phthalaze <EC
benzidine <30L dinethryl phthalate <50
1,2,4-trachlorobenzene <60 benzofa)anthracene <EC
hexachlorobenzene <60 benzo(a)pyrene <60
hexachloroethane <60 benzo(b)fluoranthene <60
bis(2-chloroethyl)ether <60 terzo(k)fluoranthene <EC
2-chloronaphthalene <60 chrysene <60
1-2-dichlorobenzene <80 acenaphthylene <60
1,3-dichlorobenzene <60 anthracene <63
1,4-dichlorobenzene <60 benzo(ghi)perylene <6C
3.3'=dichlorobenzidine <120 fluorene <€D
2,4-dinatrotoluene <o0 Phenanthrene <60
1,2-diphenylhydrazine <60 dibenzo(a,h)anthracene <60
4-chlorophenyl phenyl ether <60 indeno(1,2,3~-cd)pyrene <60
bis(z-chloroisopropyl)e:her <60 Fyrene <6C
fluoranthene <60 2,6=danitrotoluene <6°C
bis(2-chloroethoxy)methane <60 4-bromophenyl phenyl ether <60
NON-PRIORITY POLLUTANT COMPOUNDS
benzoic acid <300 anilane <6C
2-methylphensl <ed benzyl alcorel (-
4-metnylphencl <60 4-chloroanilaine <6C
2,4,5-tracrlorophenocl <60 dibsnzofuran <6¢s
2-methylrarthalene <60 <-nitroar:larne <33°
3-nitroanilaine ) <300 4-nitroaniline [ &3C
2-pentanone=é-hydroxy=4=
nethyl *2,000
Oiluticn factor of 60.
®estiratec concertration
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TABLE A.13
PRIORITY AND NON-PRIORITY POLLUTANT COMPOUND
CONCENTRATIONS IN SOIL SAMPLES FROM THE wsSQ

Eberlane Date: April 15, 1945
EAL Lab Nn.: 1777-59-29
Client I.D.: (B-G0 Composite

. PRIORITY POLLUTANT COMPOUNDS
COi“FSUNDS va/ka COMFOUKDS

ue/kc
2,4,6-trichlorophencl <80 hexachlorobutadiene <60
p-chloro-m=-cresol <60 hexachlorocyclopentadiene <60
2=chlorophenol <60 isophorone <60
2,4~-dichlororhencl <60 naphthalene <60
2,4-dimethylphenocl <60 nitrobernzene _ <60
2=-natrophenol <60 N-nitrosocdiphenylamine <60
4-r.atrophenol €300 N-nitrosodiprozylanine <60
2,4-dinitrophencl <300 bis(2-ethylnexyl)phthalate <6l
4,6-dinitro-2-methylphencl €300 benzyl butyl phthalate <60
pentachloroghenol <300 dien=-butyl phthalate <6C
phenol <80 d:-n-octyl phthalate <60
acenaphthene <Eo dietryl phthalate <60
benzidine ' <300 dimethyl phtnalate <60
1,2,4-trichlorobenzene <60 benzo(a)anthracene <60
hexachlorobenzene <60 benzoc(a)pyrene <60
hexacnloroethane <60 benzo(b)fluoranthene <€0
Eis(2-criorocethyl)ether <60 benzo(k)fluoranzhene <&l
2-chlororaphthalene <60 chrysene <00
1=2-dichlorvbenzene <50 acenaphthylere <60
1,3=dichlorobenzene <60 anthracene <6C
1,4=dichlorclenzene <60 benzo(ghi)perylene <60
J.3'=dicklorobenzidine <120 fluorene <60
2,4~dinitrotoluene <60 phenanthrene <60
1,2-daphenylhydrazine <60 dibenzo(a,h)anthracene <60
4-chlorophenyl phenyl ethev <60 indeno(1,2,3-cd)pyrene <63
bis(2-chloroasopropyl jether <60 pyrene <60
fluoranthene <60 2,6-dinitrotoluene <€O0
bis(2-chloroethoxy)methane <60 4-bromophenyl phenyl ether <6C
NON=PRIORITY POLLUTANT COMPOUNDS
ber.zoiac acad €326 aniline <&l
2-metrylphenol <60 benzyl alconol <60
d4-methylpnenol <60 4-chlovoanilare <60
2.4,5-trachlorophencl <60 dibenzofuran s
2-methylnapthalene <50 2-n1trToan:lane €300
3-nitroaniline €390 4-nitroaniline <3ce
2-pertanone-é-nydroxy=-4-
methyl *4,0Cy

Diluticn factor of €0.
®esiirmazed CONCentTasic
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TABLE A.13
PRIORITY AND NON-PRIORITY POLLUTANT COMPOUND
CONCENTRATIONS IN SOIL SAMPLES FROM THE WSQ

Lberlane Date: April 15, 19uS
Liv. lLab No.: 1777-59-31
- Client l1.b.: EL-64 Composite
. PRIORITY POLLUTANT COMPOUNDS
CCLiPOUNDS ug/ka COMPOLIT ug/rg
2,4,6=trichlorophencl €300 hexachlorobutadiene €300
p-chloro-m=cresol <300 hexachlorocyclopentadiene <300
2=chloruphenol <300 isophorone <300
2,4-dichlorophenol <300 naphthalene <300
2,4=-damethylphencl €300 nitrobenzene <390
2=nitrophenol <300 K-nitrosodiphenylamine <300
4=-nitrophenol <1,50C K-nitrosodipropylamine €390
2,4=dinitrophenocl €1,500 bis(2-ezhylhexyl)phthalate <300
4,6-diritro-2-nethylphenol <1,5%00 benzyl butyl phthalate <300
pentachlorophenol <1,500 di=-n-butyl phthalate <300
phenol <300 di-n-octyl phthalate <300
acenaphzrene <300 diethyl phthalate <300
benzidine <1,500 cimethyl phthalate <300
1,2,4-trichlorobenzene <300 benzo(a)anthracene €300
hexachlorobenzene <300 benzo(a)pyrene <300
hexachloroethane <300 benzo(b)fluoranthene <300
bis(2-chloroethyl Jetter <300 benzo(k)fluoranthene €300
2=chloronaphthalerne <300 chrysene <300
1=2-dichlorobenzerne <300 acenaphthylenc <300
1,3-dichlorobenzene <300 anthracene <300
1,4~dichlorobenzene <300 benzo(ghi)perylene €300
3,3'~dicrlorobenzidine <600 fluorene <300
2,4-diritrotoluene €3¢0 phenanthrene - 16,000
1,2-dipherylhydrazine <300 dibenzo(a,h)anthracene - €309
4-chlorophenyl phenyl ether <300 indéno(1,2,3=-cd)pyrene €300
bis(2-chloroisopropyl)ether <300 pyrene 30,000
fluoranthene 15,000 2,6-dinitrotoluene 3L
bis(2-chloroethoxy)methane <300 4-bromophenyl phenyl ether <300
NON=PRIOR1I7Y POLLUTANT COMPOUNDS
Ler.zoic aca3 <1,500 aniline <330
2=methylpherncl <300 benzyl alcohol <3¢
4-methylrhenol <300 4-chloroaniline <350
2,4,5-trichlorophensl <300 dibenzofuran <€30°
2-mezliylnapthalene <300 2=nitroaniling <1,5C0
3=nitvoaralan <1,5C0 4-nitroarilaine <1,500
2-perntancne~4-hydvory=4- sulfur *4,20¢C
metnyl *4,900

Dilution factor of 300.
®estimated concentration
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TABLE A.13
PRIORITY AND NON-PRIORITY POLLUTANT COMPOUND
. CONCENTRATIONS IN SOIL SAMPLES FROM THE WSQ

Lberline Date: Apral 15, 1965
EAL labk lho.: 1777-59-32 .

Client I.L.: (z=-6C Compusaite

. PRIORITY POLLUTANT COMPOUNDS
COMPOUNDS ve/ko COMPCULDS uc/rc

2,4,6-trachlorophencl <60 hexachlorobutadiene <60
p-chloro-nm-cresol <60 hexachlorocyclopentadiene <60
2=-chlcrophenol <60 isophorone ) <60
2,4-dachlorophencl <60 naphthalene : 740
2,4-cimethylphenol <60 nitrobenzene . <60
2=-nitrophenocl <60 N-nitroscdiphenylamine <69
4-nitrcphenol <300 N-nitrosodipropylanire <€6
2.4=-danitrophencl <300 bis(2-ethylhexyl)phthalate <60
4,6=dinitro-2-nethylphenol <300 benzyl butyl phthalate <60 -
pentachlorophenol <300 di-n-butyl phthalate 1,200
phenol <60 di-n-octyl phthalate <60
acenaphthene <60 diethyl phthalate <60
benzicine <300 aimetnyl phtralate ey
1,2,4-trachlorclenzene <60 benzo(a)anthracene. <t
hexachlorcberzene <60 benzo(a)pyrene <o0
hexachloroethare <60 benzo(b)fluoranthene} 5. 320
bis(2-chloroethyl)ether <62 benzo(k)fluoranthene !
2-chlorocnaphthalcne <60 chrysene <60
1=2-dachlorober.zene <60 acenaphthylene <60
1,3=cichlorober.zene <60 anthracene , 3,200
1,4~dichlorober.zene <60 benzo(ghi)perylene <6C
3,3'~dichlorobenzicine <120 fluorene : : 2,600
2,4-danitrotoluene <50 phenanthrene 13,000
1,2=31phenylhydrazine <60 dibenzo(a,h)anthracene <60
4-chlorophenyl phenyl ether <60 indero(1,2,3-cd)pyrene <60
bis(2-chloroisofpropyl)lether <60 pyrene ' 14,0CC
fluoranthene 15,000 2,6-danitrotoluene <&l
bis(2-chloroethoxy)methane <0 4-bromophenyl phenyl ether <60

NON-PRIORITY POLLUTANT COMPOUNDS

benznac acad <3CC aniline <ES
2=tethylntenol <6C benzyl alcohol {1
4-methyliter.ol <60 4-chloroanalain2 <&d
2,4,5~trichlorophenol <60 dibenzofuran 1,800
2-ncthylnasthalere 67V 2-natvoaniline €33
3-nitroariline <302 4-nitroaniline 184
2-pertanone=-4-tydrory=3$- sulfar *34,022
methyl ’ *o, 00V

Dilution factor of 60.
Testiinactecd cencentirations
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TABLE A.13
PRIORITY AND NON-PRIORITY POLLUTANT COMPOUND
CONCENTRATIONS IN SOIL SAMPLES FROM THE wsQ

&beriine Date: April 15, 1985
LAL Lab Ko.: 1777=59=3¢
-~ Client 1.D.: E13782 K7633
. PRIORITY POLLUTANT COMPOUNDS
CC-POLNDS va/ka COM.POLDS ve/ke
2,4,6-tricnlorophencl ) <60 hexachlorobutadiene <60
F~chloro-m=cresol <60 hexachlorocyclopentadiene <60
2=chlorophenol <60 isophorone <60
2,4-dicrlororhencl . <60 naphthalene <60
2,4-dinethylphenol <6C nitrobenzene <80
2-nitToghernsl R )] N-nitrosodiphenylamine <60
4=nitro herol <30C N-nitrosodipropylamine <60
2,4-d:n:trophenol <300 bis(2-ethylhexyl)phthalate <60
4,6-diritro-2-methylphenol <300 benzyl butyl phthalate <60
pertachlorophenol - <300 di-n-butyl phthalate <60
shenol <60 di-n-octyl phthalacze <60
acena;nthene <60 dietlyl prthaiate <60
benziaine <300 dimethyl phthalate <60
1,2,4-tTachlorobenzene <60 benzo(a)anthracene <60
hexachlorobenzene <60 benzo(a)pyrene <60
hexachlioroethane <60 benzo(b)fluoranthene <60
bis(2-chloroethyl)ether <60 benzo(k)fluoranthene <62
4-chlovonaphthalene <60 chrysene <60
i=2=dichlorober.zene <60 acenaphthylene <6C
1,3=cichlorobenzene <60 anthracene <60
1,4-dichlorobenzene <60 benzo(ghi)perylene <60l
3,3'=dichlorobenzadine €120 fluorene <60
2,4-dinitrotoluene <60 phenanthrene <60
1,2-diphenylhydrazine <60 dibenzo(a,h)anthracene <60
4-chlorophenyl phenyl ether <60 indeno(1,2,3-cd)pyrene <60
bis(2-chloroisopropyl)ether <60 ‘pyrene <60
fluordnthene <60 2,6-dinitrotoluene <€D
bis(2-cnloroethoxy)methane <60 4-bromophenyl phenyl ether <60
NON=PRIORITY POLLUTANT COMPOUNDS
benzoic acad <300 aniline <eU
2-methylphenol <€D benzyl alcohel X
s-nethylrnencl : <60 4=chloroanilane <ot
2,4,5-trachlorophenol <60 dibenzofurar <60
2-methylnapthalene <60 2=nitroaniiine <30¢C
3-nitroaniline <300 4-nitrcaniline <3C9
é-periarore=4-hysdroxy=4= - sulfur *18,000
mezhyl *14,000

Dilution factor of €0.
®*estimated concer.tvation
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. TABLE A.14
PRIORITY POLLUTANT METALS IN SOIL SAMPLES FROM THE WSQ

Silver beryllaux Cadrmaum
EAL Customer re/kg mg/kg ng/kg
SESESEEEASSEREERS l-lII....8...'8-8.88'.8'...88...8.‘8..'.8.‘. ESEssSs=
1777-59-26  @b=57 €0.2 0.45 2.5
1777-59-27 Qb-58 Composate 5.8 0.65 6.4
1777-59-28 Q5-%9 Composaite <C.2 0.54 1.k
1777-59-29 Q=60 Composite €.9 0.863 2.3
1777-59-30 [ 13782 N7633 7.5 0.61 2.0
1777-5%-31 Q=64 Cozposate <0.2 0.56 3.2
1777-59-32 (CEB-68 Corposite 8.3 0.69 98
Chromium Copper Nickel
EAL Custonmer ma/kqg mg/kg mg/kg
S S S e S E S S S E S E R T e E S E S E S R R NS S S E S S A NS S AT A S PSS SESEESES S SEEEREEERRES RS
1777-59-26 QE-57 19 33 19
1777-59-27 . QB-58 Composite 49 169 24
1777-5%-26 QB-5% Composite 19 110 120
1777-59-29 (5-6C Ccmgosaite 33 s2 23
1777-59-30 E 13782 u7¢€33 24 14C 300
1777-59-31 (B-64 Composite 29 92 . 45
1777-59~32 Q5~-66 Composite 30 150 29
Lead Antamony Zinc ATsenac
EAL Cusioner mg/kg mg/kg ng/kg mg.’'k¢
=8 8.....‘8.88‘.:.88'C.CISI-..-.8..'...I.l’....-I.-...-..-....‘i....'.l".‘...'-
1777-59-26 ge=57 136 20 . 170 e
1777-59-27 (i-5y Composite 29¢ <20 ; 490 Yo
1777-23-28 Q5-%9% Composite 330 <20 68 150
1777-59=-29 £3-60 Composatc 1860 €20 200 120
1777-59-30 L 13782 N7633 es0 71 39 10C
1777-59-31 uB=6&é Composite 280 <20 270 73
1777-89-32 £B-L8 Compcsate 410 <20 870 120
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TABLE A.14 (continued)
PRIORITY POLLUTANT METALS IN SOIL SAMPLES FROM THE wsQ

Selenaur. Nevoury Thallaux
LAL Customer -° mg/kg ng/kg .me/kg
....-..Il....l8IIt.....I’...'I..'S.".....S.C..C BBS SEaSEESEE
1777-5%-26  @b=57 17 0.18 3.0
1777-59-27 (3-58 Composite 28 2.9 4.9
1777-59=28  (35-53 Corpusite s 0.41 6.2
1777-59=22  ©3-60 Composite 26 6.2¢ 4.0
1777-59-30 L 13762 N7633 22 0.7 5.1
1777-59-31 Qb-64 Composite 26 a1 5.1
1777-59=32 ¢B=-68 Composite 21 6.3 S.1

pH _

Cyanide . {Corrosivity! Asbestos
A Custorer mng/kg L3
EESESEFTEESESEEEREESEEERERR BmE = ssas .- EmEss
1777-59-26 ¢B=57 0.2 8.2 <1
1777-59-27 (QB-%B Composite 0.4 9.5 <1
1777-59-28 QB=-59 Composite <0.2 8.3 <1
1777-59-29 Q3-60 Cooposate 0.2 7.5 <1
1777-59=-30 E 13782 N7633 0.2 8.2 <
1777=-59=31 B-84 C.6 6.C <1
1777-59-32 ©B3-66 Composite 0.5 ?.5 <1

Keactavaty Igriatabilizy

1777-59-26
1777-59-27
1777-59-28

1777-59-29

1777-59-30

1777-59-31

1777-13-32

(1)

¢B=-57

QB-58 Composite
QEBE~59 Composite
QBb=-60 Composite
E 13782 N7633
wb-€4

C2-tb Corposate

(1)
(R
(n
(1)
(n
(1)
n

(2)

(2)

(2)
(2)
(2)
(2)
(2)

“hese soil samrles do not reac: with watcr or with alkali. Tre samrles

S S SRS S S SR T EE NS EE SRS S S SN EE S ESEESE SR RSN

¢

erit carbon dioxide whern treated wath acad, but do not emit any hvdrogun
As such, trese samrles are not cliars:fied

sulf.dc or hyarogen cyanide.

as Teaclive.

(2)

or open flam., and a3 such are not classified as ignitable.

A - 56
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A.3
CHEMICAL CHARACTERIZATION DATA
FROM KAYE AND DAVIS, 1987

(Exception is Table A.21 which is from Meyer, 1988)
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TABLE A.15
SAMPLE ANALYSIS SCHEDULE

Depth Volatiles Semi- Nitro-- .
Boring (ft) ) volatiles aromatics PCBs
Bl 0-1 X X X
B2 0-3(1) X
2-3(1) X X X
3-4(1) X X X
B3 0-3 X X X
3-6 X X X
6-9 X X X
8-9 X
9-12 X X X
11-12 X .
27-30(1) X X X
33-35(1) X X X
B4 0-3 X X X
2-3 X
3-6 X X X
6-9(l) X X X
BS 0-3(1) X X X
6-9(1) X X X
21-22,23-2¢(1) X X X
24-27 X X X X
27-30 X X X
28-29 X
30-31 X
30-22 X X : X
B6 0-1 X
1-2 X
2-3 X
0-3 X X X
3-4 X
4-5 X
3-6 X X X
6-9 X X
15-16 X X X X
25-26(1) X
20-30(1) X
27-30(1) X X X
32-33(1) X X X
33-34(1) X
34-35 X
33-36 X X X X
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TABLE A.15
SAMPLE ANALYSIS SCHEDULE

(continued)

Depth Volatiles Semi- Nitro-
Boring (ft) - volatiles aromatics | PCBs

B7

MO
]
O oW
N~~~ .
L e o I
= bt et e
N NP N

9-1
12-15
13-14
15-18
18-21(1)

19-20 X
21-24(1)
24-27(1) X
27-30(1)

30-33

33-36

36-38

I - - -

D DC DX XX N I - -

B8 - 0-3

M DX NN XN
T MMM NN M MK XM

>

B9 0-2

>
xX

'B10 0-1(1)

>

Bl1 0-3(1)

Bl2 0-3
3-5

x X
> > % > > >
> X

Bl3 7-8

>

Bl4 0
3

B15S 0-
3
6

Bl6 0-
3-

v W

9-12
12-15
15-18
18-21
21-24
24-25(1)
24-25,26-27(1)
27-2a(1)

M OE KM XK b -
2 D¢ D X XX X K ] ® %

¢ D¢ X X XX X >

X
X
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TABLE A.15
SAMPLE ANALYSIS SCHEDULE

(continued)
Depth Volatiles Semi- Nitro-
Boring (ft) . volatiles aromatics PCBs
B17 0-2 X X X
3-6 X X X
5-6 X )
6-9 X X . X
9-12 X X X X
12-15 X X X
15-18 X X X
18-21 X X X
21-24 X X X X
24-25 X X X
™H-N 0-3 CX X X X
Sediment
Sl surface X X X
S2 surface X X X
S3 surface X X X X
S4 surface X X X
SS surface X X X X

(1)part or all of the sample was cored.
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TABLE A.16
PARAMETERS ABOVE AND BELOW THE DETECTION LIMIT (DL)
IN SOIL BORINGS AND AT SEDIMENT SAMPLING LOCATIONS
AT WHICH ANALYSIS WERE COMPLETED

Locations at

At or Which Analyses
Parameter Above DL - Below DL Were Completed

Soil Sediment Soil Sediment Soil Sediment

Volatiles
Acetone 6 0 2 2 8 2
2-Butanone 2 o] 6 2 8 2
Ethylbenzene 8 2 0 0 8 2
Methylene Chloride 8 2 0 0 8 2
Toluene . 1 0 7 2 8 2
Total Xylenes 2 2 6 0 8 2
Trichloroethene 1 0 7 2 8 2
Semi-Volatiles
Acenaphthene 4 1 12 4 16 S
Dibenzofuran 2 1 14 4 16 5 -
Fluorene 3 0 13 5 16 S
Phenanthrene 6 1 10 4 16 S
Anthracene 6 1 10 4 16 5
Fluoranthene 6 2 10 3 16 5
Pyrene 6 1 10 4 16 5
Benzo(a)Anthracene 6 1 10 4 16 S
Chrysene 6 1 10 4 16 S
Benzo(b)Fluoranthene 6 2 10 3 16 S
Benzo(k)Fluoranthene 2 0 14 5 16 5
Benzo(a)Pyrene 6 1 10 4 16 5
Indeno(1,2,3-c¢d)Pyrene 6 1 10 4 16 5
Dibenz(a,h)Anthracene 4 0 12 5 16 5
Benzo(g,h,i)Perylene 6 1 10 4 16 L)
2,4-Dinitrotoluene 2 0 14 ] 16 5
2,6-Dinitrotoluene 1 o 15 5 16 S
Di-n-butylphthalate 2 0 14 5 16 5
Bis(2-ethyhexyl)Phthalates 3 0 13 5 16 5
Naphthalene 1 1 15 4 16 5
Nitroaromatics
2,6-Diamino-4-Nitrotoluene 3 o 14 5 17 5
2,4,6-Trinitrotoluene (TNT) 6 1 11 4 17 5
2,4-Diamino-6-Nitrotoluene 2 0. 15 5 17 5
2,4-Dinitrotoluene (2,4-DNT) 3 0 14 S 17 S
2,6-Dinitrotoluene (2,6-DNT) 3 0 14 5 17 5
PCBs
Aroclor 1254 8 1 8 4 16 5
Aroclor 1260 2 0 14 L] 16 5
A - 61
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TABLE A.19
SUMMARY OF NITROAROMATIC CONCENTRATIONS

(4D
NITROAROMATICS CONCENTRATIONS (ug/kg)

Depth  2,6-DIemino- 2,4,6- 2,4~ 2,6- 2,4=Dlamino-.
Locstion (ft) 4-Nitrotoluene Trinitrotoluene Dinitrotoluens Dinitrotoluene 6-Nitrotoluene

8! 01 no(2) 3,160 N ND ND

8s 27-30 540 N ') ND ND
30-32 376 ND ND ND

87 9-12 $40 ND NO ND
24-27 330 ND ND NO N
30-30 80 ND ND ND

88 0-3 ND 1,230 ND ND [

810 0-1 ) 1,550 903 1,160 N

811 0-3 N 42,200 N - ND ND

BI6 0-3 ND 688, 000 9,610 19,100 3,110
3-5 332 690,009 . 22,900 68,000 4,580
9-12 ND 1,478,000 " 12,800 12,000 1,280
12-15 560 27,100 33,100 4,220 %)
15-18 ND 8,250 15,400 3,650 ND
18-21 ND 4,900 10, 500 2,330 N
21-24 ND 2,390 620 ND ND
24-25 ND 850 ND ND ND
26-27 ND 850 ND N NO
27-29 ND 940 ND ND ND

817 0-2 ND 414,000 1,140 362 7,020
3-6 ND 1,600,000 910 ' 1,240 ND
6-9 ND 681,000 459 557 s, 280
9-12 ND 370,000 600 465 7,270
12-15 ND 1,440 N ND ND
15-18 ND 968 ND ND ND
18-21 ND 375 ND N ND
21-24 ND 8,220 2,780 . 404 ND
24-25 ND 2,380 1,330 T ND

TW-N(3) -3 ND NO ND ND ND

Notes: (1) Ay nitrosromatics that were detected at levels sbove the detection limlt are presented.
Depths et which samples were analyzed but nitroaramatics were not detected ere no+
presented. See Table 5-6 for s complete semple analysis schedule.

(2) Np = Not Detected at or above detection Iimit.
(3) Twen = Assumed background location for soil.
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TABLE A.20
SUMMARY OF PCBs CONCENTRATIONS

-

PCBs CONCENTRATIONS (ug/kg)(l)‘

Depth Aroclor Aroclor

Location (ft) 1254 1260
B3 0-3 Np(2) 9,100
3-6 ND 11,800
6-9 4,200 ND
27-30 460 ND
B4 6-9 7,400 ND
BS 0-3 19,000 ' ND
B6 0-3 18,000 - ND
3-6 34,000 ND
6-9 6,500 ND
87 0-3 22,000 ND
B8 0-3 120,000 ND
B9 0-2 5,000 ~ND
Bl2 0-3 8,400 ND
B14 , 0-3 4,400 ND
Tw-n(3) 0-3 ND ND
Note: (1) All PCBs that were detected at levels

above the detection limit are
presented. Depths at which samples
were analyzed but PCBs were not
detected are not presented. See
Table 5-6 for a complete sample
analysis schedule.

(2) ND = Not detected at or above
detection limit.
(2) TW-N = Assumed background location
for soil. . :
A - 72




TABLE A.2!
SUMMARY OF NITROAROMATICS CONCENTRATIONS DETECTED
IN THE SURFACE SAMPLES COLLECTED FROM
THE NORTHEASTERN CORNER OF THE wsSQ

Concentration 2 (ug/g)

Defection
Quarry Quarry Quarry Method Limit

Top Middle Bottom Blank (ug/g)

2, 4, 6-TNT 20055 15127 4907 - 1.0
2, 4-DNT 18.1 28.9 6.6 - 0.4
2, 6-DNT - 8.59 5.9 - 1.2
Nitrobenzene 93.4 133 8.4 -- 1.2
I, 3, 5 - Trinitrobenzene 110 277 18.0 - 0.06
l,3- Dinitrobenzene. - - -- - 0.8

-- Concentration less than detection limit.
@  Three samples were collected from the northeast corner of the quarry on 5/20/87.

SOURCE: Meyer, 1988.
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TABLE B.2
URANIUM CONCENTRATIONS IN SEDIMENT SAMPLES
COLLECTED FROM THE QUARRY POND

Ge-Detector - Nal-Detector
63-Kev 93-Kev >1000 Kev
Sample Uranium (ppm) Uranium (ppm) Uranium (ppm)
Quarry Pond
SED 8-1 (mud) 84 87 3.2
SED 8-2 (organics & mud) 430 430 7.6
SED 8-3 (mud, soil 210 200 5.4
previously covered
by water)
SED 8-4 (organics, gravel, 660 630 9.3
mud) )
Quarry Pond (Core)
WSQ-874A | 69 74 4.3
wSQ-87B 3.0 3.5 2.3
wSQ-87¢C 14 15 2.4
wsSQ-87D 10 9.3 - -
WSQ-87E 4.3 : 5.1 --
WSQ-87F 3.3 3.8 2.6

e e o v aeas e

Note: Conversion to radiometric units may be made using
1 ppm Uranium = 0.3 pCi/g Uranium. N

i
L
7

=3

SOURCE: BGA, 1984




TABLE B.3
SUMMARY OF ORGANIC CONCENTRATIONS IN SEDIMENTS

Concentration (mg/kg) at

53 _s5_
Acetone ND ND
2-Butanone ND ND
Ethylbenzene | 3.4b 2.7b
Methylene Chloride 12b 7.8b |
Toluene ND ND
Total Xylenes : ‘ 4,6b 3.6b

Trichloroethene ND ND

a. Only samples from S3 and S5 (see Figure B.]) were analyzed.

b. Constituent was also present in field and method blanks at or above
limit of detection.

ND = Not detected at or above detection limit.

SOURCE: Kaye and Davis, 1987.
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TABLE B.4
SUMMARY OF SEMI-VOLATILE CONCENTRATIONS IN SEDIMENTS

Concentration (mg/kg) at
s S5

Napthalene ND 3.5
Acenaphtene ND 3.0
Dibenzofuran ND 1.7
Phenanthrene ND 18

Fluoranthene 9.0 18

Pyrene ND 14

Benzo(a)Anthracene ND 8.2
Chrysene ND 7.2
Benzo(b)Fluoranthene 9.8 13

Benzo(a)Pyrene ND 6.2
Indeno(1,2,3-cd) Pyrene ND 4.8
Dibenz(a,h)Anthracene ND ND
Benzo(g,h,l)Perylene ND 6.0
2,4-Dinitrotoluene ND ND
2,6-Dinitrotoluene ND ND
Bis(2-ethylhexyl)Phthalate ND ND
Benzo(k)Fluoranthene ND ND
Fluorene ND ND
Di-n-buthyl-Phthalate ND ND

ND = Not detected at or above detection limit.

SOURCE: Kaye and Davis, 1987.




TABLE B.5
SUMMART OF NITROAROMATICS CONCENTRATIONS IN SEDIMENTS

Concentration (mg/kg) at S5

2,6-Diamino-4-Nitrotoluene ND
2,4,6-Trinitrotoluene 0.33
2,4-Dinitrotoluene ND
2,6-Dinitrotoluene " ND
2,4-Diamino-6-Nitrotoluene ND

ND = Not detected at or above detection limit.

SOURCE: Kaye and Davis, 1987.




TABLE B.6
SUMMARY OF PCBs CONCENTRATIONS IN SEDIMENTS

Concentration (mg/kg) at S3

Aroclor 1254 4.8

Aroclor 1260 ND

ND = Not detected.

SOURCE: Kaye and Davis, 1987.
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TABLE C.1
PESTICIDES AND PCBs CONCENTRATIONS IN QUARRY POND WATER

tberline : Date: Apral 16, 1985
EAL Lal No.: 1777-59-13
Client 1.D.: Pond N7600 E13500

Composite
Corpound ug/L{pgb) Compound ug/L(pgz)
B SR T E SRS EEE RS RSN ENS AR SSANEASRANEESEEEEEEEEERESRSEREEEEEEEEE
a=BAnC <0.2 pp-LOT (4,4') <0.2
g=35!l <0.2 tnérin Aldehyde €0.2
B=bhC <G.2 Endosulfan Sulfate  <0.2
Heptachlor <0.2 Chlordane <0.5
D=-BEC <0.2 Toxaphene <7
Aldzin <0.2 PCt's
Heptachlor Epoxige <C.2 PCE~101¢ <2
a-Endosulfan <0.2 PCE-1221 ' <2
P.p~ODE (4,4') ' <U.2 PCE-1232 <2
Dieldrin 0.2 PCB~- 1242 <2
tnértan <0.2 PCB-1238 ' <2
P.F-DDD (4,4') <0.2 PC5-1254 <2
E-Indosulfan <C.2 PCB-1260 ) <2
1,2,3,4-C0D <0.2 PCE-1262 <2

SOURCE: BNI, 1985c




TABLE C.1
PESTICIDES AND PCBs CONCENTRATIONS IN QUARRY POND WATER

(CONTINUED)

Eberline Date: April 10, ¥9&S
EAL Lab le.: 1777-59-14
Claert I.D.: Pond N7500 E13475

Com;.os1te

Conpound ug/L(ppb) Conpound ug/L(ppl)
S N A N A R N SR LSS SR NN SEE SRR EEEELEERREREEE
a=Rlc <0.2 pp-DDT (4,4"') <0.2
g=sHC : <0.2 indran Aldehyde ' <0.2
B=3EC : <0.2 Endosulfan Sulfate <€0.2
Hertachlor <0.2 Chlordane <0.7
D-8HC <0.2 Torxaghene <9
Aldrin . <0.2 C:'s |
heztachlor Epoxade <0.2 : FCL=-1010 : <3
a-Indcsulfan <0.2 PCL-1221 <3

. Pp.p=DDT (4,4') €0.2 PCB-1232 <3
D:eldrin 0.2 PC3=-1242 <3
Lndrin <0.2 PCb-1248 <3
pP.p=SC0 (4,4') <0.2 PCs=-1254 <3
Bb-indosulfan <0.2 PCB=-1260 <3
1,2,3,4=-TC0y 0.2 PCb=1262 ) <3




TABLE C.2
PRIORITY AND NON-PRIORITY POLLUTANT
CONCENTRATIONS IN QUARRY POND WATER

Eberline - Date: AnTil 15, 1985
1777-59-10

Pond N7600 E13500

EhAL Lab lo.:
Clicnt 1.D.:
. cdmposite

PFRIORITY FOLLUTANRT DAThA SHEET

VCGLATILLS ug/L(pzl) VOLATILE va/L (prt)
benzene : <1 trans-1,3-dichloropropene <1
carbor tetrachloraide < 1 cis-1,3-dichloropropene < 1
chlorobenzene < 1 etl.ylbenzer.e < 1
1,2=-dichlotoethane <1 methylene chloride <1
1,1,1-trichloroethane < 1 chloromethane < 1
1,1=dachloroethane < 1 bromomethane <
1,1,2=trichloroethane <1 bremoform <1
1,1,2,2-tetrachloroethane - ¢ 1 ‘htozozichlctcmethane <1
chloroezhare <1 lucrotrichloromethane <1
2-chloroethylviryl ether < dicnlorodifluoromethane <1
chloroform <1 chlorodabromomethane <1
1,1=dachloroectnene <1 tezrachlorocthene <1
trans-1,z-dichloroethene < 1 toluene <1
1,2-dichloropropane <1 trachloroether.e <1

vinyl chlot;de <1

NO:i=PRIORITY PCLLUTA&T
carbon disulfide <1 acetone <10
4-rethyi-2-rentarone <10 2-butanone <20
styrene < 1 2-hexanone <19
viryl acetate < 2 xylenes <1

SOURCE: BNI, 1985c




TABLE C.2

PRIORITY AND NON-PRIORITY POLLUTANT
CONCENTRATIONS IN QUARRY POND WATER

4

Eherlane

PRIORITY POLLUTALT

(continued)
Datec: April 15, 19g$5
EAL Lol No.: 1777-59-11

Client 1.D.:

Corpusite

DATA SHLED

Pond K7500 £13475

VOLATILES ua/i(ppt) VOLATILE wg/i (prt)
benzene < 1 trans-1,3-dichloropropene <1
carbon tetrachnloride <1 cis=1,3-dichloropropene <1
chlorobenzene <1 ethylbenzene <1
1,2-dichloroethare <1 methylene chloride < 1
1.1,1=trichkloroethare <1 chloromethane < 1
1,1-dichloroethane < 1 bronomethane < 1
1,1,2-trichloroethare <1 bromoforrn <
1,1,2,2-tetrachloroezhane <1 bronodisnloromethane <1
chloroethane < fluorotrachloromethane <9
2-chloroethylvinyl ether < dichlorodifluoromethane <1
chlorcfornm < chloredibromorethane < 1
1.,1-dachloroethene < 1 tetrachlovoethene <1
trans-1,2-dichloroethene <1 toluene <
1,2=dichloropropane <1 trichloroethene <1

winyl chlorvride <1

NOL-PRIORITY POLLUTANRT
carbon disulfide < 1 acetone <10
4-metlyl-2-pentanone <10 2=butanone €22
styrene < 2-hexanone <10
vanyl acetate < 2 xylenes < 1




TABLE C.3
PRIORITY AND NON-PRIORITY POLLUTANT COMPOUND
CONCENTRATIONS IN QUARRY POND WATER

Ebcrlane Date: April 15, 12aS
kAL Lab No.: 1777-59=7
Client I.U.: Pond N7600 E1350 Ccryosite

PRIORITY POLLUTANIT COMPOUNDS

CONMPOUNDS ug/L COIPOLNDS ve/L
2,<.6~trichloroghencl <1 hexachlorobutadiene <
p~chloro-m=-cresol <1 hexachlorocyclopentadiene <1
2-chloroghenol <1 isophorone <1
2,4-gachlorophenocl <1 naphtthalene _ <1
2,4-dimethylphenol <1 nitrobenzene <1
2=nitropherol <1 N-nitrosodiphenylamine <1
d=-nitrophencl <5 N=nitrosodipropylanine <
2,4-31natropnenocl <5 bis(2-ethylhexyl)phthalate <1
4,6=danitro-2-methylphenol <5 benzyl butyl phthalate <1
perntachloroztencl <5 di-n-butyl phthalate <1
phenol <1 di-n-octyl phthalate <1
acenarhthene <1 diethkyl phthalate <1
berizidine <3 dimethyl phthalate <1
1,2,4-trichlcroberzere <1 benzo(a)anthracene <1
nexachlorobenzene <1 benzo(a)pyrene ' <1
hexachloroezhane <1 benzo(b)fluoranthene <1
bis(2-chloroethyl)ethet <1 benzo(k)fluoranthere - <1
2-=chloronaphthalene <1 chrysene <1
1-2-dichlorober.zene < acenaphthylene <1
1,3-dachlorobenzene <1 anthracene <1
1,4-dachlorobenzene <1 benzo(ghi)perylene <1
3,3'=dichlorobenzidine <2 . fluorene <1
2,4-d:nitrotoluene <1 phenanthrene <1
1,2=-3iphenylhydrazine <1 dibenzo(a,l)anthracene <1
4-chlorozhenyl phenyl ether < indeno(1,2,3-cd)pyrene <1
bis(2-chloroisopropyl)ether <1 pyrene <1
fluoranthene <1 2,6~dinitrotoluene <
bis(2-chloroezhory)methane <1 4-bromophenyl phenyl ether <1,

NON-PRIORITY POLLUTANT COMPOUNDS

benzoic acad <S5 aniline ' <1
2-methylphencl ‘ '3 benzyl alcohol o <1
d-methylpnencl <1 4-chlovoaraline <1
2,4,5-trachloTopncnol <1 dibenzofuran <1
2-methylnapihalene : <1 2-natroanilaine <5

3-natroaniline <5 4-nitrocaniline <s

SOURCE: BNI, 1985c C -5




tberlaine

TABLE C.3
PRIORITY AND NON-PRIORITY POLLUTANT COMPOUND
CONCENTRATIONS IN QUARRY POND WATER

(continued)

Daze:
EAL Lab lo.:
Claent 1.D.:

Apral 1S, 195
1777-5%-8

Composite

PRIORITY POLLUTANT COMPOUNDS

Pond N7500 E13475

CO-POUNLSE va/L COMPOUNDS ua/L
2,4,6-trachlorophenol <1 hexachlorcbutadiene <1
}~chloro-m=cresol <1 hexachlorocyclopentadiene <1
2-clr.iorophenol <1 isophorone <1
2,4=dachlorophencl <1 naphthalene <1
2,4=direthylpherncl <1 nitrobenzene <1
2=nitrophencl <1 N-nitrosodiphenylamine <1
é4=-nitrogzhencl <5 N-nitrosodipropylarine <1
2,4-31nitrophenol <5 bis(2-ethylhexyl)phthalate '3
4,6~-dinitro-2-rezhylphenol <S benzyl butyl phthalate <1
pentachloroghenol < di-n-butyl phthalate <1
pherol <1 di-n-octyl phthalate <1
acenaghtrene <1 diethyl phthalate <1
benz:cine <5 dimethyl phthalate <1
1,2,4-tzacnleroberzene <1 benzo(a)anthracene <1
hexachlorobenzene <1 benzo(a)pyrene <1
hexazhloroethane <1 berzo(b)flucranthene <1
bis(2-chloroethyl)ether <1 benzo(k)fluoranthene <1
2=chloronaphthalere < chrysene <1
1-2-dichlorobenzene <1 acenaphthylene <1
1,3-dichlorobenzene <1 anthracene <1
1,4-dichlorobenzene <1 benzo(ghi)perylene <1
3,3'~dichlorobenzidine <2 fluorene <1
2,4-dinitrotoluene <1 phenanthrene <1
1,2-diphenylhydrazine <1 di:benzo(a, h)anthracene <1
d4-chlorophenyl pnenyl ether <1 indeno(1,2,3-cd)pyrene <1
bis(2-chloroisopropyl)ether <1 pyrene <1
fluoranthene '3 2,6-dinitrotocluene <1
bis(2-chloroethoxy)methane <1 4-bromophenyl phenyl ether <1

NON-PRIORITY POLLUTANT COMPOUNDS
tenzo:c azicd <t aniline <1
2=methylrhenol 8 benzyl alcohel <1
4-methylphenol < 4-chloroanilire <1
2,4,5-tracrnlcrophenol <1 diberzofuran <1
2-nethylnapthalene 1 2-nitroariline <5
3-nitroanilane <s 4-nitroaniline <
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Composite Composite

Sample la Sample 2b
Silver - €0.003 €0.003
Beryllium <0,001 < 0.001
Cadmium <0.007 < 0,007
Chromium 0.02 0.02
Copper < 0.0l <0,01
Nickel < 0.04 < 0.04
Lead < 0.05 €0.05
Antimony < 0.4 < 0.4
Zinc 0.02 0.02
Arsenic <0.004 < 0.004
Selenium € 0.005 ¢ 0.005
Mercury 0.0004 0.0006
Thallium {0.05 <0.05
Cyanide < 0.02 ¢ 0.02

s s oot e i Lt i s+

TABLE C.5

CHEMICAL CONSTITUENTS DETECTED IN
SURFACE WATER SAMPLES FROM THE QUARRY POND

28  Sample collected at N7600 E13500
Sample collected at N7500 E13475

SOURCE: BN]I, 1985c
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APPENDIX D
GROUNDWATER DATA




Data from groundwater sampling and analyses performed by the following groups in and
around the Weldon Spring Quarry were used to construct Table D.l. Well locations are
shown on Figure D.l.

YEARS(s) SAMPLED BY: REFERENCE
1960 to 1964 Mallinckrodt Chemical Works MCW, 1960-1964
1976, 1977 N.ational Lead Company of Ohio Huey, 1978

1979 to 1981 Lawrence Berkeley Laboratory BGA,. 1984

1982 to 1985 Bechtel National, Inc. BNI, 1983a, 1983b,

1984b, 1985b, 1986

1986 u.s. Geological Survey Kleeschulte et al.,
1986
1986A, 1987 MK Ferguson and Jacobs MK-F and JEG, 1987,
Engineering Group 1988a




TABLE D.!

CHRONOLOGICAL SUMMARY OF MONITORING FOR URANIUM, RADIUM-226,
CHLORIDE, AND NITRATE IN BEDROCK GROUNDWATER AT THE WSQ

; WOLE  YEAR

NO. URANIUM RA-226 CHLORIDE NITRATE
TESTS (PCi/N) (PCi/L) (NG/L) (MG/L)
'; MIN MAX AV NIN MAX AV MIN MAX AV MIN MAX AV
(TW) 1960 1 22
1961 8 5
1962 12 19
1963 6 6
1946 6 8
™ 1977 6 6.7 $3.4 2% 09 8.8 3 16 S0 26 0.9 3.7 1.8
1980 & 6.7 267 8 32 338 35 <t 3 2
198 1 3 0.9 '
1985 & < 4 s 03 0.8 0.6
1986A 2 < 19 1" 0.4
MW1012 19864 1 < 0.3
1987 (4) 4.6 <1 126.6 0.4
(TWS) 1960 1 7
191 8 4
1962 8 7
1963 2 9
1966 2 é to.
™wWS 1977 6 20 %70 3% 0.5 316 7.1 18 2r 20 0.7 13 0.9
1979 1 s1 .
1980 4 6.7 60 32 a7 3N <1 2 9.3
1982 2 3.3 133 8.7 1.5 2 1.8 0S5 S 12.8 <.1
1983 1 16 1.3
198 1 1467 0.5
1985 3 <3 17 9 <.1 0.7 0.5 .
19864 1 S 0.6
MU1001 19864 1 1" 0 o
1987 &) 1.1 17.9 0.2
Note: (4) Indicates quarterly messurement schedule (continued)

MJ1012 and TWN are replacement holes for Test Well No. 1 (TWN)
Mi1001 and TWS are replacement holes for Test Well No.2 (TWS)
MW series holes are replacements for TW series holes as shown




TABLE D.! (continued)

HOLE YEAR NO. URANIUM RA-226 CHLORIDE . NITRATE

TESTS (PCi/L) (PCisL) (MG/L) - (MG/L)
) MIN MAX AV MIN MAX AV MIN MAX AV MIN MAX AV

™I 1976 1 g 3073 2 )
1977 6 213 848, S001 0.5 0.9 0.6 2 2 15 07 13 1
wr 2 1870 1937 1904 : " T
1980 & 333 453 382 3 1 5 <1 s 2.5
w2 197 1 s9 13
' 1977 6 307 4542 2316 0.5 18 3.6 3 17 9 0.9 3 1.8
1978 1 93 .
1980 4 100 200 130 3.5 5 4.2 -2 4 2.5
1981 1 17 2 & 2.5
1986 1 %
‘ s 1976 1 1336 =3
! 977 6 2405 S878 4542 0.5 3.6 1.4 13 2% 21 0.7 1.3 0.9
1980 & 73 133 967 8.4 2 10 '3 10 8.5
™6 1976 1 381 1%
977 6 26 3% 120 0.5 1.4 0.9 1 S 3 0.6 1.8 1
979 1 133
1980 & 33 133 7 3.4 6.3 4.6 <1 3 1.8
™ws 1976 1 114 1
977 6 27 107 6 - 1.4 23 1.8 2 6 45 0.6 1 0.8
1979 1 2r . ™ 2
1980 4 7 106 s7. <1 3 1% < 8% 25
™e 1976 1 434 108
977 6 %67 5870 3068 0.5 1.4 0.98 33 106 63 6 S¢ 28
®wr 2 200 4676 2438 9 17
1980 3 2405 7872 5389 27 130 &5 12 62 &2
1981 1 5426
1986 1 2538
™ 1977 6 67 65 211 0.5 1.8 1 SO 176 86 18 120 44
1979 1 180 :
™ 1980 & 213 S00  36% ss & 73 1% 8 36
1983 1 107 2
, 198 2 2 0.5 ! I 0.6
t 1985 & 120 180 142 0.7 1.8 1.3 ’
1986 1 16
19864 1 267 1.2
MJ1002 19864 2 <@ 4 < 0 0.7 0.35

1987 2.2 <1 7.3 18.2

(continued)
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TABLE D.! (continued)

HOLE YEAR NO. URANIUM RA-226 CHLORIDE NITRATE
TeEsTS (PCi/L) (Pci/L) (MG/L) _ (MG/L)
NIN X AV MIN  MAX AV MIN  MAX AV MIN  MAX AV
™8 1976 1 3941
1977- 5 10020 18704 13761 0.5 2.2 1.2 53 110 8 4 & 56
1980 & 647 8150 7532 108 115 1M 28 & &7
198 1 5536 0.5
1985 4 6070 12675 6705 0.3 1.9 0.8
198 1 9352
1988 1 8160 0.2
1003 19864 1 @ 0.2 .
1987 (4) 0.6 10.8 0.2
™w 1976 1 2806 15
1977 6 5478 8684 6680 0.5 1.4 0.7 21 29 2% 0.6 4.2 1.7
1979 2 391 4209 4075
1982 1 6012 7 27
1980 & 4476 5364 4993 B % BE A 13 48
198 1 3 0.5
1985 & 167 3735 2685 <1 0.7 0.4
' L 1986 3140
19860 1 3060 0.3
MM1006 19864 2 1564 2500 2032 0.1 1.5 0.8
1987 () 3050 <t 12.4 135
™0 1976 1 6.7 12
1977 6 6.7 2.7 13.3 0.5 9 27 & 13 11 06 1 0.8
1980 & 67 & 27 . 12 20 15 «a 2 18
WI1005 1987 (4) 610 <1 39 151




TABLE D.2
THORIUM 230 CONCENTRATIONS IN BEDROCK GROUNDWATER
AT THE WSQ

Th-230 Concentrations in Bedrock at Quarry

No. Wells Samples Concentration pCi/l
Year Sampled Per Well Min. Max. Average Reference
1984 1-2 0.2 2.0 0.62 (BNI, 1985b)
1985 3-4 0.1 43,0 3.04 (BNI, 1986)
1986 5 2 0.1 15.0 1.16 (MK-F and JEG, 1987)
1987(a) ‘
Notes:

(a) In 1987, Well MW-1012 showed an elevated level of 12 pCi/l Th-230 during one
sampling event (2 March 1987). Subsequent sampling at this well produced results
at background levels. (MKF and JEG, 1988a)
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Table D-3: Concentrations of Chemical Species in Groundwater in

Bedrock around WSQ (mg/l)‘
Bedrock Inside Quarry
- Fence and Along Access Bedrock Around
: Roadd d N Quarry€ 1987
Chemical Species Range Average Range  Average
METALS
Aluminum No Test - 0.13 - 0.37 0.21
Antimony No Test 0.06 - 0.097 0.076
Berryllium <€ 0.001 €0.001 < 0.005 ¢ 0.005
Barium 0.028 - 0.57 0.11 0.074 - 0.17 0.12
Cadmium < 0.0} < 0.0! < 0,005 < 0.005
Calcium 48 - 290 140 C 104 - 146 118
Chromium €0.01 €0.01 .038 - 0.076  0.054
Cobalt €0.01 €0.01 € 0.05 € 0.05
Copper €0.01 - 0.08 0.018 0.007 - 0.02 0.014
Iron €0.02 - 6.8 0.49 0.023 - 0.22 0.091
Lead 0.05 - 0.26 0.057 < 0.005 € 0,005
Lithium <0.01 - 0.04 0.016 Undetected
Magnesium 49 - 62 40 21 | - 47 34
Manganese <0.01 - 3.6 0.48 0.064 - 0.84 . 0.48
Mercury No Test - < 0.0002 ¢ 0.0002
Molybdenum 0.14 0.14 No Test
Nickel <0.01 - 0.04 <€0.01 036 - .052 0.042
Potassium 23 - 18 6.7 6.4 - 87 7.8
Selenium <0.05 <0.05 < 0.005 < 0.005
Silver No Test <0.0] - 0.02 0.016
Sodium 1 - 100 26 26 - 188 67
Strontium 0.12 - 1.3 0.68 No Test
Tin <0.05 - 0.25 0.074 No Test
Titanium No Test € 0.01 < 0.01
Vanadium No Test < 0.05 €0.05
Zinc €0.01 - 45 0.26 0.007 - 0.029 0.017
INORGANIC ANIONS
Chloride 1 - 130 60 7 - 125 38
Fluoride ¢0.1 - 1.1 0.49 <0.25 - 0.97 0.65
Nitrate <1 -8 15 04 - 579 279
Sulfate 11 - 700 190 63 - 479 32
OTHER SPECIES .
Arsenic < 0.1 <0.1 ' €0.01 < 0.0]
Bicarbonate 130 - 640 ~ 380 "+ No Test
Boron 0.05 - 0.56 0.22 ) No Test
Cyanide : < 0.02 < 0.02 < 0.01
Phosphorus (as P205) 0.11 - 7.4 0.74 No Test
Silicon (as SiO7) 75 - 28 16 No Test
pH 6.0 - 7.6 7.0 No Test

NOTES:

a Concentrations are given to two significant figures. Samples were collected in 1979 -
1981 and 1985.

b Eleven boreholes were sampled at four or five dates to yield 47 samples. The
boreholes were located along the southern (4) and eastern (1) perimeter fence and
along the access road (6) to the Quarry rim.

¢ Samples collected 3/87 from DOE Monitoring Wells MW 1002, 1004, 1005, 1012.

d Modified from DEIS (DOE, 1987).

Sources: Berkeley Geosciences Associates (1984); Bechtel National (1985c);
MK-Ferguson (1987).




TABLE D.4
NITROAROMATIC COMPOUNDS IN BEDROCK GROUNDWATER
AT THE WSQ

Concentration (ug/l) detected at 8,b )

Compound MW-1002 MW-1004 MW-1005 MW-1012
2, 4, 6-TNT 4.3 3.1 0.1 0.5
2, 4-DNT ’ 0.5 0.5 0.2 0.2 .
2, 6-DNT 0.9 1.5 0.6 0.6
Nitrobenzene 0.6 0.6 0.6 0.6
1, 3, 5 - Trinitrobenzene 0.9 0.3 0.1 0.03
1, 3 - Dinitrobenzene 0.4 0.4 0.4 0.4

a Samples collected 3/87. Well locations shown on Figure D.|

b Nitroaromatics analysis performed following USATHAMA Method (HPLC).

Source: MK-F, 1987




AVERAGE INORGANIC ANION CONCENTRATIONS IN
BEDROCK GROUNDWATER AT THE WSQ FOR 1987

Well
Number
MW 1001
MW 1002
MW 1003
MW 1004
MW 1005

MWI1012

MW 1013
MW 1015

TABLE D.5

SOURCE: MK-F and JEG, 1988a

Concentration (mg/1)
Nitrate
(as N) Sulfate Chloride Fluoride
0.2 307.8 17.9 0.7
18.2 63.5 7.3 0.4
0.2 81.2 10.8 0.4
134,7 157.5 12.4 0.8
150.8 221.0 39.0 0.6
0.4 482.3 124.6 0.7
2.1 361.0 1321 0.4
0.1 464.8 102.6 0.4



TABLE D.6
AVERAGE NITROAROMATIC CONCENTRATIONS IN
BEDROCK GROUNDWATER AT THE WSQ FOR 1987

Concentration (ug/1)

1,2,5- 1,3-
Well Nitro- Trinitro-  Dinitro-
Number 1,4,6-TNT = 2,4-DNT 2,6-DNT benzene bpnzene benzene
MW 1001 0.00 0.00 0.00 0.00 0.00 0.00
MW 1002 3.45 0.13 0.23 0.55 1.30 0.00
MW 1003 0.00 0.00 0.00 0.00 0.00 0.00
MW 1004 2.68 0.21 "~ 0.38 0.00 0.38 0.00
MW 1005 0.03 0.25 0.45 0.43 0.16 0.00
MW1012 0.00 0.05 0.00 0.00 0.00 0.00
MW 1013 0.00 0.22 0.00 0.24 0.16 0.00
MW1015 12,10 0.00 0.00 11.00 3.43 1.68

SOURCE: MK-F and JEG, 1988a




TABLE D.7
GROUNDWATER LEVELS AT THE WSQ

Groundwater Elevation (ft. msl)

Well Aquifer

Number Monitored 3/87 9/87 2-3/88 " 6/88
MW 1001 bedrock 449,39 445,77 448,29 NA
MW 1002 bedrock 466.62 465.34 467.71 466.27
MW 1003 bedrock 438,42 437.92 NA NA
MW 1004 bedrock 464.41 463.41 465.21 463.88
MW 1005 bedrock 465.08 463,40 465.88 464.25
MW 1006 alluvial 451,77 449,85 451.77 449,31
MW 1007 alluvial 452.16 449,80 451.36 449,31
MW 1008 alluvial 452,29 449,42 451.71 449,03
MW 1009 alluvial 451,69 449,21 451,22 447,43
MW 1010 alluvial 446.82 444,58 445,87 440.47
MW 1011 alluvial 447,84 444,70 445,82 440,32
MW 1012 bedrock 451,85 459,38 461.90 458.71
MW 1013 bedrock NA 448,30 449,57 446.34
MW 1014 alluvial NA 448,03 450.02 446,54
MW 1015 bedrock NA 450.28 452,38 449,57
MW 1016 alluvial NA 450.39 452,13 449,18
MW 1017 alluvial NA 444,89 445,43 441.4)
MW 1018 alluvial NA 445,97 446.90 442,85
MW 1019 alluvial NA 446,83 447,43 443,92

NA = Not available

Sources: 3/87 data from MK-F, 1987; .
9/87 and 2-3/88 data from MK-F and JEG, 1988e; and
6/88 data from MK-F and JEG, 1988d.
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NOTE:

BASED ON DATA FROM
WELDON SPRING SITE
METEOROLOGICAL
STATION DURING 1985.

WIND SPEED

MPH O 2.2 5

6.7 n 18 24.
L__l........unmnuw

FIGURE 3.3

ANNUAL WIND ROSE
FOR THE WELDON SPRING
SITE

SOURCE: BNI, 1986
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Uranium-238*

[

/ms

4.5 dillion
years

protactinium-234*

)

24 days
Thorium-24%

NOTES:

Only the dominant decay mode
is shown,

The times shown are hail-lives.

The symbols ¢ and p indicate
alpha and bela decay.

An asterisk indicates that the
isotope is also a gamma
emitter,

Uranium-234*

6 | 240.000 yaars

Thorium-20"

e} 77,000 ysars

Radium-226"

¢ | 1600 years

Radon-222"

o | 3.8 days

Polonium-218

3.1
6 |minutes

Lead-214"

pismuth-214*

/
21 minutes

Polonium-214° Polonium-210*
/b/
20 minutes 5 days
o | 160 PTe- 1 pismutn-210 o | 140 qays
[}
2 years
- Lead-206
tead-210 (stable)

FIGURE 4.3

URANIUM-238
RADIOACTIVE DECAY SERIES

SOURCE: DOE, 1987a




Thorium-232 Thorium-228*
)

14 billion _— ™ -
years Actinium-228 o 1.9.years
5.8 years
Radium-228 Radium-224"
a | 3.6 days
Radon-220*
a | 55 seconds
Polonium-216 Polonium-212
/5//
0.15 61 minutes 300
a . o1y | (64%) nano-
seconds Bismuth-212 @ | ceconds
/ 61 minutes
NOTES: 11 hours | )
" a Lead-208
The times shown are half-lives. Lead-212 (stable)
The symbols g and B indicate )
alpha apd b.eta' decay. 3.1 minutes
An asterisk indicates that the . -
isotope is also a gamma , Thallium-208
emitter.

FIGURE 4.4

THORIUM—232
RADIOACTIVE DECAY SERIES

SOURCE: DOE, 1987a
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August A. Busch Memorial Wildlife Area N

Busch Wildille
Area Headquarters ypjv. Of Mo.

Research Center

. \ Francls Howell
% y High School

ez Chemical Plant Area

Spring Site

Army Reserve
Guard House

® - BACKGROUND
MEASUREMENT
LOCATION:
® WSSRAP
(® UNC-GEOTECH

FIGURE 4.20

LOCATIONS OF WSSRAP AND
UNC-GEOTECH BACKGROUND
MEASUREMENTS

SOURCE:MK-F AND JEG, 1988 b
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August A. Busch Memorial Wiiciife Area N

@ s
. Busch Wlidilfe - .
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FIGURE 4.28

= OFF —SITE RADON AND
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= 5 1 ~ FOR THE WSS
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Agency for Toxic Substances
and Disease Registry

. Atlanta GA 30333

February 10, 1994

TO ALL INTERESTED PARTIES:

The Agency for Toxic Substances and Disease Registry (ATSDR),
an agency of the U.S. Public Health Service, announces the
availability of a public health consultation, "Record of
Decision for Quarry Bulk Wastes, Weldon Spring Remedial Action
Project, (703s)."

The public health consultation is being made available in the
public repository at the WSSRAP Public Document Room, Highway
92 South, St. Charles, Missouri, and the Kathryn M. Linneman
Branch, St. Charles City/County Library, 2323 Elm Street, St.
Charles, Missouri. Copies of the consultation may also be
requested from:

Agency for Toxic Substances and Disease Registry
Division of Health Assessment and Consultation
Federal Programs Branch
1600 Clifton Road, N.E.

‘ Mail Stop E-56
Atlanta, Georgia 30333

If you have any questions, you may contact Mark W. Evans at
(404) 639-6068.




Health Consultation

Record of Decision for Quarry Bulk Wastes, Weldon Spring
Remedial Action Project, (703S8)

Federal Programs Branch
Division of Health Assessment and Consultation
Agency for Toxic Substances and Disease Registry

January 20, 1994
BACKGROUND AND STATEMENT OF ISSUES

The Agency for Toxic Substances and Disease Registry (ATSDR)
was requested by the United States Department of Energy (DOE)
to evaluate the human health hazards posed by its Interim
Remedial Action Plan for removing bulk wastes from the Weldon
Spring quarry. As described in the Record of Decision [RODj;
1], the plan calls for bulk wastes to be removed from the
quarry, using standard equipment and procedures, and
transported to a temporary storage area at the Chemical Plant
site using a private road. This ROD does not include
information or remedial alternatives for the following: 1)
permanent disposal of the bulk wastes, 2) the quarry proper,
3) surface water, or 4) groundwater.

a. Background

The Weldon Spring quarry is a 15-acre area of the Weldon
Spring Quarry/Plant/Pits site (220 total acres) that was
listed on the EPA National Priorities List (NPL) in July 1987.
In March 1989, this listing was expanded to include the
chemical plant and raffinate pits. The quarry is about 4
miles south-southwest of the chemical plant area, 5 miles
southwest of the city of Weldon Spring, 1 mile west of the
Missouri River, and about % mile northwest of the St. Charles
Ccounty wellfield. The quarry is on Missouri Route 94, but
public access 1is restricted by a fence and 24-hour securlty
guard. The quarry is about 1,000 ft. long, 450 ft. wide,
covers an area of two acres, and the depth varies from about
30 to more than 100 ft. [2].

Before 1942, the quarry was used as a source of construction
limestone. From 1942 to 1957, the Army (or its contractors)
used the quarry to dispose of off-specification explosives and
explosive-contaminated materials. From 1957 to 1969, the
gquarry was used to dispose of building rubble, soil, and
sludges contaminated with radioactive materials. The Remedial
Investigation for Quarry Bulk Wastes [3] summarizes
contaminant concentrations and distributions and estimates the




total volume of waste within the quarry is 95,000 cubic yards.
The Baseline Risk Evaluation [2] identifies specific
contaminants of concern, average concentrations, ranges, and
estimated waste volumes.

B. Statement of Issues

Several studies, as summarized in the Remedial Investigation
[3] and the Baseline Risk Assessment [2], have identified the
bulk wastes in the Weldon Spring gquarry as hazardous because
of radiological and chemical contamination. ATSDR previously
identified the quarry as a public health concern because of
the potential for on-site radiation exposure, bioaccumulation
of contaminants in food chain, and migration of contaminants
to the St. Charles County wellfield [4]. Excavating the waste
material and transporting it to temporary storage at the
chemical plant site is the alternative specified in the ROD
[1]. The basic issue addressed in this consultation is
whether the proposed activity is protective of public health.

DISCUSSION

Remedial workers may be exposed to quarry bulk wastes during
the excavation, transport, and storage processes. The use of
dust suppression techniques, site and waste monitoring, worker
training, and other standard procedures for minimizing worker
exposures as indicated in the Feasibility Study [5] should
eliminate the potential for adverse health effects.

Mitigative measures to be used for worker protection include:
1) developing an activity-specific environmental, safety, and
health plan; 2) monitoring worker health/exposure; 3)
monitoring the workplace environment; and 4) making available
and using protective equipment, such as respirators,
protective clothing, and showers (if necessary). Public and
worker exposures during quarry excavation will be mitigated by
keeping inactive excavation areas covered, wetting the active
excavation area and materials, and covering surfaces and
materials.

The waste materials will be transported in closed contailners
on a private haul road so that public exposures do not occur
during transport. Public exposure during excavation is
unlikely because there are no residents or businesses adjacent
to the quarry. Worker exposure is possible as a result of
radon inhalation and transportation accidents; however,
mitigative measures to prevent such accidents will include: 1)
transport in closed, leakproof trucks (DOT approved for
transport of low-specific activity materials), 2) vehicle
decontamination before quarry departure, 3) a 20 mph speed
limit, 4) personal protective equipment, and 5) pressurized
truck cabs.




Public exposure to bulk wastes during temporary storage at the
chemical plant is not likely because of access restrictions,
site monitoring, and the design characteristics of the storage
area [5]. The temporary storage area (TSA) at the chemical
plant site is within a patrolled, chain-link/barbed wire fence
enclosure. Sludge retention areas within the TSA will be
double-lined with stormwater runoff and leachate diverted to
lined collection ponds and the water-treatment plant. Areas
of the TSA susceptible to wind-erosion will be covered and
dust-suppression techniques will be used for the entire area
[5]. The TSA contains site monitors for air particulates,
radon, and radon-decay products, and groundwater monitoring of
chemical and radioactive contaminants.

CONCLUSIONS

The quarry is a public health concern and overall remediation
of the site requires excavating and removing bulk wastes.
Based on available data, the excavation, transport, and
temporary storage of the quarry bulk wastes will not present a
potential for public exposures to hazardous wastes. There is
a potential, however, for worker exposure, but that can be
minimized if existing standard procedures for dust
suppression, site monitoring, worker training, and safety
procedures are followed. These conclusions are specific to
the quarry bulk wastes and should not be considered applicable
to quarry surface water, groundwater, or residual
contamination after removal of bulk wastes.

RECOMMENDATIONS

ATSDR recommends that the following steps be taken to protect
public health:

] excavation, transport, and temporary storage of gquarry
bulk wastes should be considered the first step in
remediating the quarry;

. standard dust suppression techniques and other procedures
proposed for minimizing worker exposures should be used
during all phases of the remediation activity. Also,
because of the potential for worker exposures to
hazardous materials, the existing activity-specific
safety plan should be followed during the remedial
action.

PREPARER OF REPORT:

Mark W. Evans, Ph.D.

Environmental Geologist

Energy Facilities Assessment Section

Federal Programs Branch

Division of Health Assessment and Consultation
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