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NOTATION

The followingisalistoftheacronyms,initialisms,and abbreviations(includingunits
ofmeasure)used in thisdocument. Acronyms used in tablesonlyare definedin the
respectivetables.

ACRONYMS, INITIALISMS, AND ABBREVIATIONS

AEC U.S. Atomic Energy Commission
ARAR applicable or relevant and appropriate requirement
BA baseline assessment
CERCLA Comprehensive Environmental Response, Compensation, and Liability

Act, as amended
CLP Contract Laboratory Program
DNB dinitrobenzene
DNT dinitrotoluene
DOE U.S. Department of Energy
DQO data quality objective
DQR data quality requirement
°E degrees east
EA environmental assessment
EE/CA engineering evaluation/cost analysis
EP extraction procedure
EPA U.S. Environmental Protection Agency
FFA Federal Facility Agreement
FONSI finding of no significant impact
FS feasibility study
LC50 concentration lethal to 50% of the test population
LDso dose lethal to 50% of the test population
MCL maximum contaminant level
MCLG maximum contaminant level goal
MKT Missouri-Kansas-Texas (railroad)
MSL mean sea level
MW monitoring well
NB nitrobenzene
NCP National Contingency Plan
NEPA National Environmental Policy Act
NPL National Priorities List
ORAU Oak Ridge Associated Universities
PAH polycyclic aromatic hydrocarbon
PARCC precision, accuracy, representativeness, completeness, and comparability
PCB polychlorinated biphenyl
PW production well
QAPP quality assurance project plan
QROU quarry residuals operable unit
RI remedial investigation
RM river mile
RMW St. Charles County monitoring well
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NOTATION (Cont.)

ROD recordofdecision

SARA SuperfundAmendments and ReauthorizationAct
SMCL secondarymaximum contaminantlevel
SOP standardoperatingprocedure
TBC to-be-considered(requirement)
TNB trinitrobenzene
TNT trinitrotoluene

USGS U.S.GeologicalSurvey
VOC volatileorganiccompound
°W degreeswest

UNITS OF MEASURE

°C degree(s)Celsius m meter(s)
°F degree(s)Fahrenheit m 2 squaremeter(s)
cm centimeter(s) m 3 cubicmeter(s)
d day(s) mg milligram(s)
R foot(feet) mi mile(s)
R 2 squarefoot(feet) mph mile(s)perhour
g gram(s) mrem miUirem(s)
gal gallon(s) pCi picocurie(s)
h hour(s) rad radiationadsorbeddose
ha hectare(s) rein roentgenequivalentman
in. inch(es) s second(s)
kg kilogram(s) t metricton(s)
km kilometer(s) yd3 cubicyard(s)
L liter(s) yr year(s)
tlg microgram(s)



ENGLISH/METRIC AND METRIC/ENGLISH EQUIVALENTS

In this document, units of measure are presented with the metric equivalent first,

followed by the measured English unit in parentheses. In cases where the measurement was
originally made in metric units, the values were not converted back to English units; in
tables, the data are generally in English or metric units only. The following table lists the
appropriate equivalents for English and metric units.

Multiply By To Obtain

English/Metric Equivalents

acres 0.4047 hectares (ha)
cubic feet (ft3) 0.02832 cubic meters (m3)
cubic yards (yd3) 0.7646 cubic meters (m3)
degrees Fahrenheit (°F) - 32 0.5555 degrees Celsius (°C)
feet (ft) 0.3048 meters (m)
gallons (gad 3.785 liters (L)
gallons (gad 0.003785 cubic meters (m 3)
inches (in.) 2.540 centimeters (cm)
miles (mi) 1.609 kilometers (kin)
pounds (lb) 0.4536 kilograms (kg)
short tons (tons) 907.2 kilograms (kg)
short tons (tons) 0.9072 metric tons (t)
square feet (ft2) 0.09290 square meters (m 2)
square yards (yd2) 0.8361 square meters (m 2)
square miles (mi2) 2.590 square kilometers (km2)
yards (yd) 0.9144 meters (m)

Metric/English Equivalents

centimeters (cm) 0.3937 inches (in.)
cubic meters (m3) 35.31 cubic feet (ft3)
cubic meters (m3) 1.308 cubic yards (yd3)
cubic meters (m3) 264.2 gallons (gad
degrees Celsius (°C) + 17.78 1.8 degrees Fahrenheit (°F)
hectares (ha) 2.471 acres
kilograms (kg) 2.205 pounds (lb)
kilograms (kg) 0.001102 short tons (tons)
kilometers (kin) 0.6214 miles (mi)
liters (L) 0.2642 gallons (gad
meters (m) 3.281 feet (ft)
meters (m) 1.094 yards (yd)
metric tons it) 1.102 short tons (tons)
square kilometers (kin 2) 0.3861 square miles (mi 2)
square meters (m2) 10.76 square feet (ft2)
square meters (m2) 1.196 square yards (yd 2)
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1 INTRODUCTION

The U.S. Department of Energy (DOE) is conducting cleanup activities at the Weldon
Spring site, which is located in St. Charles County, Missouri, about 48 km (30 mi) west of
St. Louis (Figure 1). The Weldon Spring site consists of two noncontiguous areas u the
chemical plant area, which includes four raffinate pits, and the quarry. Cleanup activities
at the Weldon Spring site are conducted in accordance with the Comprehensive Environ-
mental Response, Compensation, and Liability Act (CERCLA), as amended, incorporating the
values of the National Environmental Policy Act (NEPA). Values of NEPA relate to the
significance of environmental resources. Incorporating these values into the CERCLA process
for the Weldon Spring project ensures that potential impacts to these resources are
considered as part of planning and decision making for site cleanup. The contents of the
documents prepared ibr the project are not intended to represent a statement regarding the
legal applicability of NEPA to remedial actions conducted under CERCLA.

In accordance with the integrated CERCLA/NEPA approach, a remedial investiga-
tion/feasibility study-environmental assessment (RI/FS-EA) is being conducted to evaluate
conditions and potential responses for the quarry residuals operable unit (QROU). This *
operable unit consists of the following areas and/or media: (1) the residual material
remaining at the Weldon Spring quarry after removal of the pond water and bulk waste;
(2) underlying groundwater; and (3) other media located in the surrounding vicinity of the
quarry, including adjacent soil, surface water, and sediment in Femme Osage Slough.

An overall strategy for remediation to address contamination at the Weldon Spring
site has been established (Figure 2). This strategy, which is discussed in environmental
documentation previously prepared for the project (DOE 1992d), identified five distinct
components at the quarry area that require evaluation:

* Pond water;

• Bulk waste;

• Residual material;

• Underlying groundwater; and

• Vicinity soil, surface water, and sediment.

Previous documentation has been prepared to address the pond water and bulk waste. An
engineering evaluation/cost analysis (EE/CA) report, written to incorporate NEPA values
appropriate for an environmental assessment (EA), was prepared to support management of
the pond water (MacDonell et al. 1989). A focused RI/FS package, written to incorporate
NEPA values appropriate for an EA, was prepared to support management or removal of the
bulk waste (DOE 1990a, 1990b, 1990c, 1990d). The water treatment plant built to process
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the pond water has recently become operational and will treat water during the quarry
cleanup period. Bulk waste excavation is scheduled to start in 1993 and continue for 2 to
3 years. The remaining three components are being addressed within the RI/FS-EA for the
QROU, for which this work plan is being prepared.

This work plan identifies the activities within the RI]FS-EA process that are being
proposed to address contamination remaining at the quarry area. The overall format of the
work plan follows that recommended in U.S. Environmental Protection Agency (EPA)
guidance for conducting an RI/FS (EPA 1988). The organization of this work plan is as
follows:

• Section 1, this introduction, discusses the objectives for conducting the
evaluation, including a brief summary of relevant site information and
overall environmental compliance activities to be undertaken.

• Section 2 presents site history and a description of the quarry area,
along with currently available data.

• Section 3 presents a preliminary evaluation of the quarry area, which
is based on the information given in Section 2, and discusses data gaps.

• Section 4 presents the rationale for data collection or characterization
activities to be carried out in the RI phase, along with brief summaries
of all supporting documents accompanying this work plan.

• Section 5 discusses the activities planned for the QROU under each of
the 14 tasks for the RI/FS-EA.

• Section 6 presents the proposed schedule for the RI/FS-EA for the
QROU.

• Section 7 briefly explains the project management structure.

1.1 GENERAL SITE INFORMATION

The Weldon Spring quarry is about 6.4 km (4 mi) south-southwest of the chemical
plant area. It is accessible from State Route 94 and is fenced and closed to the public. The
quarry is about 300 m (1,000 i_) long by 140 m (450 i_) wide and covers an area of approxi-
mately 3.6 ha (9 acres). It is vegetated with grasses, shrubs, and trees, and it is surrounded
by the Weldon Spring Conservation Area.

The now dismantled Missouri-Kansas-Texas (MKT) railroad line formerly passed
just south of the quarry; the right-of-way has been converted to a gravel-based public trail
for hiking and biking known as Katy Trail. Immediately south of the Katy Trail is Femme
Osage Slough, a nearly stagnant body of water whose elevation fluctuates in response to
precipitation and the level of the Missouri River. The St. Charles County well field is located



southeastofthequarry,betweenthequarryand theMissouriRiver.Nearbystreamsinclude
LittleFemme Osage Creektothewest,an unnamed tributaryofLittleFemme OsageCreek

tothenorth,and Femme Osage Creektothesouthwest;allofthesestreamsdrainintothe

MissouriRiver,whichisabout1.6km (1mi)southeastofthequarry.Althoughmostofthe

land surroundingthe quarryiswooded and protectedas a conservationarea,the land
betweenthequarryand theriverisgenerallyagricultural.

1.2 JUSTIFICATION AND OBJECTIVES FOR THE PROPOSED ACTION

The primary threat to human health and the environment associated with contami-
nation at the quarry area is the potential for uncontrolled release of contaminants from
exposed surface areas and the dispersion of contaminants via leaching into the underlying
groundwater. Therefore, remedial action is being proposed for the QROU to eliminate,
reduce, or otherwise mitigate the potential for exposure to radioactive and chemical
contaminants. Specific activities that will be conducted to support the determination of an
appropriate remedial action are as follows:

• Characterize contamination remaining in the quarry after removal of the
pond water and bulk waste;

• Characterize contamination in the surrounding area-- including surface
water, sediment, groundwater, and soil;

• Evaluate potential impacts to human health and the environment from
exposure to contaminants; and

• Evaluate potential remedial action alternatives.

All activities will be conducted in accordance with CERCLA, NEPA, and applicable environ-

mental requirements.

1.3 ENVIRONMENTAL COMPLIANCE PROCESS

Remedial actions at the Weldon Spring site, including the proposed actions at the
QROU, are conducted in a manner that integrates NEPA values and CERCLA procedural and
documentational requirements. The RI/FS conducted under CERCLA is the primary process
for environmental compliance associated with remedial actions at the Weldon Spring site.
Under the integrated approach followed by DOE for the site, the CERCLA process is
supplemented, as appropriate, to incorporate the values of NEPA. A key element of the
integrated CERCLA/NEPA process is the determination of the level of environmental analysis
appropriate under NEPA. This determination is a function of many factors, including the
complexity of a proposed action, the likelihood for significant environmental impacts, and the
potentJ.al for considerable public interest. On the basis of the current understanding of the
QROU, an EA is expected to be the appropriate level of NEPA compliance. That is, no
significant impacts to the environment are expected to occur on the basis of the scope of



remedial activities that may be required. The DOE expects to complete this determination
at the time the preliminary alternatives for this remedial action are screened in the FS that
will be prepared within the next several years.

Within the framework and time period of the RI/FS-EA process for the QROU,
several potential interim response actions may be undertaken, as appropriate, to mitigate any
potential threats resulting from contamination present in discrete portions of the quarry area.
For example, to mitigate a source of contamination to the underlying groundwater, soil
contamination present in the parcel of land south of the quarry and north of Femme Osage
Slough could be addressed by an EE/CA, incorporating appropriate NEPA values; potential
contamination at Femme Osage Slough could be addressed in a similar manner. In addition,
a treatability study is planned to determine the feasibility of removing and treating the
underlying groundwater. If this option proves viable, an EE/CA may also be prepared to
support a removal action for groundwater; this EE/CA would also incorporate appropriate
NEPA values. Any solid waste material generated from interim response actions for the
QROU would be consolidated and handled, as appropriate, in accordance with the record of
decision (ROD) for the chemical plant area of the Weldon Spring site.

1.4 EXTERNAL INVOLVEMENT

Activities related to the QROU are coordinated with the EPA, state agencies, and the
general public. The respective roles of these participants and the coordination of activities
are discussed in Sections 1.4.1 through 1.4.3.

1.4.1 Coordination with Other Agencies

The DOE, under Executive Order 12580, has the authority to conduct remedial action
at sites under its control. As the lead agency, DOE conducts remedial action activities at the
Weldon Spring site in coordination with EPA Region VII and the state of Missouri. A Federal
Facility Agreement (FFA), detailing DOE's compliance activities and EPA's oversight respon-
sibilities, has been negotiated as required by Section 120 of CERCLA. Highlights of this FFA
are summarized in Section 1.4.2.

Plans and activities at the QROU are also being coordinated with appropriate state
agencies, including the Missouri Department of Natural Resources and the Missouri
Department of Conservation.

1.4.2 Summary of the Federal Facility Agreement

The original FFA was signed by DOE and EPA in 1986 but has been substantially
modified. An amended FFA, which is currently in place for the project, includes stipulations
applicable to the QROU. This FFA includes agreements to ensure that the environmental
impacts associated with past and present activities at the quarry area are thoroughly
investigated and that appropriate remedial action is taken, as necessary, to protect public



health and welfare and the environment. The FFA also establishes a procedural framework

and schedule for developing, implementing, and monitoring appropriate response actions at
the quarry area in accordance with CERCLA (as amended by the Superfund Amendments
and Reauthorization Act [SARA]), the National Contingency Plan (NCP), and applicable or
relevant and appropriate state laws. This FFA also facilitates the exchange of information
between the EPA, DOE, and the state of Missouri and contains procedures for resolving

disputes, assigning penalties for nonconformance, and ensuring public participation in the
remedial action decision-making process.

As stipulated in the FFA, DOE will prepare and transmit dratts of the primary
documents associated with remedial action planning, decision making, and design and
constr_lction to the EPA and the Missouri Department of Natural Resources for review and
comment. The primary documents associated with the RI/FS-EA for this operable unit that
require approval by EPA are as follows: the work plan, including sampling and analysis
plans; the baseline risk assessment; the remedial investigation (RI); the feasibility study (FS);
the proposed plan; and the ROD. Secondary documents that are specified in the FFA for
transmittal to the EPA for review and comment include the preliminary analysis of alterna-
tives, any required post-screening investigation work plans or reports, the predecision work
plan, treatability studies, and the remedial decision quality assurance project plan (QAPP).
A drai_ FFA implementation plan has been prepared to ensure compliance and fill any gaps
in the agreement.

The current FFA also specifies that a progress report be submitted quarterly to the
EPA detailing major accomplishments, issues, and milestones. The report describes the
status of data collection, environmental documentation, engineering, construction, and
procurement. The previous quarter's progress, current status, and next quarter's planned
activities are included for each operable unit.

1.4.3 Public Participation

The DOE is committed to a program of public participation as part of the remedial
action process. A formal community relations program for the site is in place to gather
information from the community, inform the public of ongoing and planned activities, and

facilitate public input to remedial action decisions. Through this program, the DOE interacts
with the public by such means as news releases, public meetings, discussions with local
interest groups, receipt of and response to public comments, and maintenance of the public
repository for documents and information related to the site and its cleanup. The community
relations plan for the Weldon Spring site is discussed in Section 4.



2 SITE BACKGROUND AND SETTING

2.1 SITE DESCRIPTION

The Weldon Spring quarry is located in St. Charles County, Missouri, about 8 km
(5 mi) southwest of the city of Weldon Spring and 48 km (30 mi) west of the city of St. Louis
(Figure 1). The quarry is about 6.4 km (4 mi) south-southwest of the chemical plant area.
The quarry is accessible from State Route 94 and is fenced and closed to the public.

The quarry was excavated into a limestone bluff that forms a valley wall at the edge
of the Missouri River alluvial floodplain; prior to 1942, it was mined for limestone to support
various construction activities. The quarry is about 300 m (1,000 i_) long by 140 m (450 ft)
wide and covers an area of approximately 3.6 ha (9 acres). The main floor of the quarry
comprises about 0.8 ha (2 acres); an estimated 73,000 m3 (95,000 yd 3) of contaminated bulk
waste has been deposited in the quarLT since the 1940s (DOE 1989). Prior to the initiation
of dewatering in 1992, the quarry pond contained about 11,000 m3 (3,000,000 gal) of pond
water covering 0.2 ha (0.5 acre). The quarry pond has an average surface elevation of about
142 m (465 ft) above mean sea leve! (MSL) and a maximum depth of about 6 m (20 ft).

The quarry is surrounded by the Weldon Spring Conservation Area. The MKT
railroad line formerly passed just south of the quarry; this line was dismantled, and the
right-of-way has been converted to a gravel-based public trail for recreational activities (Katy
Trail, also known as the Missouri River Trail). The St. Charles County well field is located
southeast of the quarry between Femme Osage Slough and the Missouri River; the closest
well is approximately 0.8 km (0.5 mi) from the quarry. The well field is a major source of
potable water for St. Charles County, and the well field area is actively farmed. The area
around the quarry is shown in Figure 3.

2.2 SITE HISTORY

In April 1941, the U.S. Department of the Army acquired about 7,000 ha
(17,000 acres) of land in St. Charles County, Missouri, to construct and operate the Weldon
Spring Ordnance Works. From November 1941 through January 1944, the Atlas Powder
Company operated the ordnance works for the Army to produce trinitrotoluene (TNT) and
dinitrotoluene (DNT) explosives. The ordnance works was reopened during 1945 and 1946
but was closed and declared surplus to Army needs in April 1946. By 1949, all but about
810 ha (2,000 acres) had been transferred to the state of Missouri (August A. Busch Memorial
Conservation Area) and the University of Missouri (agricultural land). Much of the land
transferred to the University of Missouri was subsequently developed into the Weldon Spring
Conservation Area. Except for several small parcels transferred to St. Charles County, the
remaining property became the current chemical plant area and the U.S. Army Reserve and
National Guard Training Area.
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FIGURE 3 Area near the Weldon Spring Quarry

The U.S. Atomic Energy Commission (AEC, a predecessor of DOE) acquired 83 ha

(205 acres) of the former ordnance works property from the Army by permit in May 1955, and
the prop:_y transfer was approved by Congress in August 1956. An additional 6 ha
(15 acres) was later transferred to the AEC for expansion of waste storage capacity; the AEC
also constructed a feed materials plant _ now referred to as the chemical plant -- for the

purpose of processing uranium and thorium ore concentrates. The quarry, which had been
used by the Army since the early 1940s for disposal of chemically contaminated (explosive)
materials, was transferred to the AEC in July 1960 for use as a disposal site for radioactively
contaminated materials (Niedermeyer 1976).

The chemical plant was operated for the AEC by the Uranium Division of
Mallinckrodt Chemical Works from 1957 to 1966. During this period, the AEC used the

quarry to dispose of uranium and thorium residues (drummed and uncontained), radioactively
contaminated building rubble and process equipment, and TNT and DNT residues from

cleanup of the former ordnance works. Following closure by the AEC, the Army reacquired
the chemical plant site in 1967 and began converting the facility for herbicide production.
The buildings were partially decontaminated, and some equipment was dismantled. Con-
taminated rubble and equipment from some buildings was placed in the quarry; a small



lo Iamount was also placed in raffinate pit 4. In 1969, prior to becoming operational, the
herbicide project was canceled. Since that time, the plant has remained essentially unused
and in caretaker status.

In 1971, the Army returned the 21-ha (51-acre) portion of the property containing
the raffmate pits to the AEC but retained control of the rest of the chemical plant area. As
successor to the AEC, DOE assumed responsibility for the raftinate pits. During 1984, the
Army repaired several of the buildings; decontaminated some of the floors, walls, and
ceilings; and removed some contaminated equipment to areas outside of the buildings. In
May 1985, DOE designated the control and decontamination of the Weldon Spring site as a
Major Project; it was redesignated as a Major System Acquisition in May 1988. A project
office was established in October 1986, and the site is currently under the control of DOE and
is managed by DOE's project management contractor, MK-Ferguson Company.

In October 1985, the EPA proposed to list the Weldon Spring quarry on the National
Priorities List (NPL); this listing occurred in July 1987 (EPA 1987). In June 1988, the EPA
proposed to expand the listing to include the chemical plant area; this listing occurred in
March 1989 (EPA 1989a). The balance of the former Weldon Spring Ordnance Works
property, which was contaminated by Army activities and for which the Army has
responsibility, was proposed for a separate NPL listing in July 1989; this listing was finalized
in February 1990 (EPA 1990b).

The quarry pond acts as a source of contamination to groundwater in the underlying
aquifer because the pond surface is higher than the nearby groundwater table and the
groundwater gradient is to the south/southeast. To mitigate the potential threat to the
nearby drinking water supply in the St. Charles County well field, two separate response
actions have been approved: management of the contaminated pond water in the quarry and
removal of the bulk waste. An EE/CA was prepared to support the decision to treat pond
water in a facility constructed adjacent to the quarry and to release the treated water into
the Missouri River (MacDonell et al. 1989). A NEPA finding of no significant impact (FONSI)
was issued in February 1990, and the water treatment plant became operational in 1992.
A focused RI/FS-EA package was prepared to support removal of the bulk waste from the
quarry (DOE 1989, 1990a, 1990b, 1990c, 1990d). The DOE issued a NEPA FONSI in
November 1990 and a CERCLA ROD in March 1991; excavation of the bulk waste is expected
to begin in 1993 and continue over a 2- to 3-year period.

2.3 ENVIRONMENTAL SE_ING

2.3.1 Climate

The Weldon Spring quarry area has a modified continental climate that is charac-

terized by moderately cold winters and warm summers. The area is in the path of cold air
moving south from Canada, warm and moist air moving north from the Gulf of Mexico, and
dry air moving in from the west. The alternate incursion of these air masses over the site
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and the conflict along the frontal zones result in a wide spectrum of weather conditions, none
of which typically persists for a prolonged period of time (Bair 1992). Site-specific
meteorological data for the quarry area are not available, and such data at nearby locations
(e.g., Weldon Spring chemical plant and Labadie Power Plant) are limited to a short period
of record. Thus, the climatic conditions at the quarry area are represented by data from the
Lambert-St. Louis International Airport, which is a second-order National Weather Service
station and the closest station to the quarry (about 32 km [20 mi] east-northeast of the site).

For the period 1951-1980, the annual average temperature was 13.0°C (55.4°F); the
average daily maximum and minimum temperatures were 31.7°C (89.0°F) in July and -6.7°C
(19.9°F) in January, respectively. Temperature extremes over the period 1958-1989 ranged
from -28°C (-18°F) to 42°C (107°F); the annual average relative humidities at midnight,
6:00 a.m., noon, and 6:00 p.m. were 77, 83, 59, and 61%, respectively (Bair 1992).

The prevailing winds in the St. Louis area are from the south, with an average speed
of 4.3 m/s (9.7 mph). Winds occur most often from the south at an average speed of 3.9 m/s
(8.7 mph) during May through November, and from the northwest and west-northwest at an
average speed of 4.9 m]s (11.0 mph) during the remainder of the year. From 1984 to 1989,
the peak gust reported was 29.5 m/s (66 mph) from the west in March 1984 (Bair 1992).

The normal annual precipitation is 86.1 cm (33.9 in.). Winter is the driest season,
with an average precipitation of 15.4 cm (6.1 in.); spring is the wettest season, with an
average precipitation of 26.3 cm (10.4 in.). Snow in the region occurs as early as October and
as late as June, averaging 50.5 cm]yr (19.9 in./yr). However, most snow falls from December
through March. The maximum monthly snowfall of 66.8 cm (26.3 in.) occurred in December
1973, and the maximum daily snowfall was 35.3 cm (13.9 in.) in January 1982. Thunder-
storms are frequently associated with summer rains, often accompanied by hail and
damaging winds. The average frequency of thunderstorms recorded for the region from 1958
to 1989 was 46.2 d/yr (Bair 1992).

Tornadoes may occur in the St. Louis area once or twice per year, most often in April
and May, but most have short and narrow paths and usually dissipate after a few kilometers.
From 1918 to 1986, the following number of tornadoes were observed to have touched down
in nearby counties: St. Louis City and County, 38; Jefferson, 20; Franklin, 16; Warren, 5;
Montgomery, 9; and Lincoln, 10. From 1918 to 1989, 20 tornadoes were observed in
St. Charles County. Only a limited number of tornadoes observed in these counties were
associated with extensive damage and/or loss of life (Tucker 1989).

2.3.2 Soils and Geology

Three distinct types of unconsolidated suriicial material are present in the area of
the Weldon Spring quarry: loess deposits and residual soils that cover the upland regions,
river alluvium that is found along the Misso.:_ River, and tributary alluvium in the stream
valleys. The principal surficial deposit on the top of the bluffs and upland surfaces in the
vicinity of the quarry is a silty clay loam developed from loess and deposited during and
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following the Wisconsinan glaciation. A residual soil derived from weathering of the surficial
bedrock formations is present in some areas between the silty loam and bedrock.

Along the Missouri River floodplain to the south and east of the quarry, the principal
surficial deposit is river alluvium. This deposit includes clay, silt, sand, and gravel
intermixed and interbedded (Whitfield et al. 1989). Tributary alluvium is present in the
stream valley of Little Femme Osage Creek, which dissects the upland area to the north of
the quarry. This deposit is gravelly in places, but where the tributary adjoins the floodplains
of the Missouri River, gravel deposits are covered by fine-textured silts and clays (Whitfield
et al. 1989).

The surface of the Weldon Spring region is almost entirely covered by unconsolidated
materials consisting of weathered rock (residuum), glacial drii_, loess, and alluvium. In the
rugged hilly areas of the region that are located marginal to the Missouri River Valley,
bedrock is overlain by variable thicknesses of weathered rock and loess. Numerous bedrock
outcrops occur along natural drainage channels that transect the region, including steep and
massive exposures along the flanks of the Missouri and Mississippi rivers. Bedrock is
exposed on the quarry walls and on the precipitous bluffs along the Missouri River. The
bedrock is overlain in upland areas by 3 to 12 m (10 to 40 i_) of silty clay, derived from wind-
deposited glacial debris and glacial till (Berkeley Geosciences Associates 1984). In the area
of the Missouri River floodplain, the bedrock is overlain by as much as 30 m (100 ft) of
alluvium (Layne Western Company 1986). The bedrock underlying the soil cover consists of
limestone, shale, dolomite, and sandstone (DOE 1989). The generalized stratigraphy and
hydrostratigraphy of the Weldon Spring area is shown in Table 1.

The bedrock in the Weldon Spring area has a regional strike of N60°W, with a
regional dip of approximately 0.5 ° to the northeast. The strata of the region have been
broadly uplii_ed by the Ozark doming that resulted in a northeast-sloping monoclinal
structure (Bechtel National 1987). Roberts and Theis (1951) identified two major joint sets
in the Weldon Spring area, one set trending between N30°E and N72°E and a second set
trending between N30°W and N65°W. The joint planes are nearly vertical.

The uppermost bedrock unit in the vicinity of the quarry is Kimmswick Limestone
of Ordovician age. The Kimmswick Limestone is underlain by other Ordovician strata that
include, in descending order, the Decorah Group (shale and limestone), the Plattin Limestone,
the Joachim Dolomite, and the St. Peter Sandstone. The sides of the quarry expose the
Kimmswick Limestone, whereas the bedrock floor of the quarry lies in the upper portion of
the Decorah Group. The original floor of the quarry was excavated about 5 m (15 i_) into the
Decorah Group (DOE 1989).

The Kimmswick Limestone, mined during quarry operations, is predominantly a
crystalline limestone and is approximately 15 to 24 m (50 to 80 i_) thick. It is highly
fossiliferous, medium to coarsely crystalline, medium to thick bedded, and cherty near the
base (Whitfield et al. 1989). The Kimmswick Limestone is characterized by solution-enlarged
features associated with the intersection of vertical joints, bedding planes, and fractures. The



TABLE 1 Stratigraphy and Hydrostratigraphy of the Weldon Spring Area

Typical
Thickness Hydrostratigraphic

Sys_m Series Strati._raphic Unit (ft) Physical Characteristics Unita

Quaternary Holocene Alluvium 10-110 Gravelly, silty loam Alluvial Aquifer

Pleistocene Loess and Glacial Drift 15.55 Silty clay, gravelly clay. silty loam, clay, or (Unsaturated) b
loam over residuum _rom weathered bedrock

Mississippian Meramecian Salem Formation 0-15 Limestone, limy dolo_te, finely to coarsely (Unsaturated) b
crystalline, massively bedded, and thin-
bedded shale

Warsaw Formation 60-80 Shale and thin- to medium-bedded finely (Unsaturated) b
crystalline limestone with interbedded chert

Osagean Burlington-Keokuk 100-200 Cherty limestone, very fine to very coarsely Mississippian-Devonian
Limestone crystalline, fossiliferous, thick bedded to Aquifer System

massive

Fern Glen Formation 45-70 Cherty limestone, dolomitic in part, very fine ¢_
to very coarsely crystalline, medium to thick
bedded

Kinderhookian Chouteau Group 20-50 Dolomitic, argillaceous limestone; finely
crystalline, thin to medium bedded

Devonian Upper Bushberg Sandstone 5-20 Quartz arenite, fine to medium grained,friable

Lower Sulfur Springs 0-2 Calcareous silt.stone, sandstone, oolitic Ordovician Leaky
Group (Undifferentiated) limestone, and hard carbonaceous shale Confining Unit

Cincinnatian Maquoketa Shale 10-30 Calcareous to dolomitic silty shale and
mudstone, thinly laminated to massive

Champlainian Kimmswick Limestone 70-100 Limestone, coarsely crystalline, medium to
thick bedded, fossiliferous and cherty near
base

Decorah Group 30-60 Shale with thin interbeds of very finely
crystalline limestone



TABLE 1 (Cont.)

Typical Hydrestratigraplnc
Thickness Unit a

System Series Stratigraphic Unit (ft) Physical Characteristics

Devonian Champlainian Plattin Limestone 100-130 Dolomitic limestone, very finely crystalline, Ordovician Leaky
(Cont.) (Cont.) fessiliferous, thin bedded Confining Unit (cont.)

Joachim Dolomite 80-105 Interbedded very finely crystalline, thin-
bedded dolomite, limestone, and shale; sandy
at base

St. Peter Sandstone 120-150 Quartz arenite, fine to medium grained, Ordovician-Cambrian
massive Aquifer System

Canadian Powell Dolomite 50-60 Sandy dolomite, fine to medium crystalline,minor chert and shale

Cotter Dolomite 200-250 Argillaceous, cherty dolomite; fine to
medium crystalline; interbedded with shale

Jefferson City Dolomite 160-180 Dolomite, fine to medium crystalline

Roubidoux Formation 150-170 Dolomitic sandstone

Gasconade Dolomite 250 Cherty dolomite and arenacoous dolomite
(Gunter Member)

Cambrian Upper Eminence Dolomite 200 Dolomite, medium to coarsely crystalline,medium bedded to massive

Potosi Dolomite 100 Dolomite, fine to medium crystalline, thick
bedded to massive; drusy quartz common

a When no hydrostratigraphic unit is listed, the unit is the same as for the preceding entry.

b These units are believed to be unsaturated in the vicinity of the Weldon Spring site.

Sources: Data from Kleeschulte and Emmett (1987); Whitfield et al. (1989); DOE (1992d).
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Decorah Group lies below the Kimmswick Limestone and is composed of freely crystalline to
lithographic limestone. It is about 9 m (30 ft) thick and consists of thin- to medium-bedded
limestones with interbedded gray, clayey, fossiliferous shales (Whitfield et al. 1989).

Underlying the Kimmswick Limestone and the Decorah Group is the Plattin
Limestone, a slightly cherty limestone that is finely crystalline to lithographic and thin to
medium bedded. The lower 1.5 to 3 m (5 to 10 ft) is sometimes a dolomitic limestone that

is argillaceous and fine to medium crystalline. It ranges in thickness from about 24 to 41 m
(80 to 135 ft) and contains enlarged solution joints in many places (Whitfield et al. 1989).

The Joachim Dolomite, which ranges from 18 to 24 m (60 to 80 it) in thickness,
underlies the Plattin Limestone. The unit varies from dolomite to calcareous dolomite and

is described as finely crystalline, argillaceous, silty, and thin to massively bedded. The upper
portion varies from vuggy, with irregular bedding, to shaly (Whitfield et al. 1989). The
St. Peter Sandstone is approximately 30 m (100 it) thick. The formation consists of frosted
quartz sandstone of exceptional purity that is weakly cemented, well sorted, and medium to
fine grained (Whitfield et al. 1989).

East and south of the quarry, the Kimmswick Limestone and Decorah Group were
truncated by erosion followed by alluvial deposition. The alluvium extends from the base of
the bedrock bluffs along Katy Trail to the Missouri River. Along the first 305 m (1,000 ft)
south of the cliffs, the alluvium thickens until it levels off at a maximum thickness of about
30 m (100 ft) in the area of the St. Charles County well field (DOE 1989). The primary
sediments between the bedrock bluffs and Femme Osage Slough are silts and clays, with one
or two sand lenses that range in thickness from 3 to 5 cm (1 to 2 in.). Between the quarry
and Little Femme Osage Creek are silts and clays, with several layers of sand down to
bedrock. The alluvial material south of the slough consists of about 5 m (15 ft) of silty clay
material underlain by well-graded sands and gravels to bedrock.

As part of a previous investigation, geologic cross sections and bedrock elevation
maps were constructed from drill logs of boreholes. The locations of the cross sections are
shown in Figure 4. The cross sections were drawn through the quarry or parallel to Femme
Osage Slough (Figures 5 through 8). Of interest is the sloping bedrock surface at the
alluvium-bedrock contact and the nature of the alluvial sediments adjacent to Femme Osage

Slough. The base of the Kimmswick Limestone and Decorah Group, which may provide the
primary pathways for migration of contaminants from the quarry area, is in contact with
fine-grained soils, silty clay, and organic silt and clay in the area of the slough (DOE 1989).

Berkeley Geosciences Associates (1984) conducted a fracture mapping program to
identify potential conduits for fluid flow in the quarry limestone. The location of each
fracture with a trace length greater than 3 m (10 ft) was recorded, along with the orientation
and characteristics of the fracture openings. The joints are open, with apertures ranging
from 2.5 cm (1 in.) to nearly 1 m (3 it), and are generally vertical. The dominant fracture set
is oriented N70°W; two additional minor sets are oriented N60°E and north-south. Clay
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l FIGURE 4 Geologic Cross Section Locations for the Weldon Spring quarry
(Source: Modified from DOE 1989)
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fillings are present in many of the joints. The fracture surfaces along the bluff and on the
quarry walls are typically etched with patterns, indicating that most of the fractures have
been in contact with groundwater. Field observations and borehole infiltration tests suggest
that the joints become increasingly tight with depth (Berkeley Geosciences Associates 1984).

2.3.3 Water Resources

2.3.3.1 Surface Water Hydrology

The Weldon Spring quarry is about 1.6 km (1 mi) northwest of the Missouri River
and about 29 km (18 mi) southwest of the Mississippi River. The drainage divide between
the two rivers transects the east-southeast portion of the Weldon Spring chemical plant area
to the north of the quarry. Streams in the vicinity of the quarry include Femme Osage
Creek, Little Femme Osage Creek, and an unnamed tributary to Little Femme Osage Creek
--- which ultimately flow into the Missouri River (DOE 1989) (Figure 3).

Drainage at the quarry occurs primarily through the subsurface, with limited surface
drainage on the western and southern rims. Outside of the quarry rim, runoff flows to the
Missouri River through the drainages of Little Femme Osage Creek and Femme Osage Creek
(DOE 1990a). Because the high quarry rim prevents any entry of surface flow from the
surrounding area, water influent to the quarry is limited to precipitation or subsurface flow.

About 150 m (500 ft) south of the quarry is a 2.4-kin (l.5-mi) section of the original
Femme Osage Creek and a smaller section of the original Little Femme Osage Creek; these
sections were cut off from their natural channels by a levee constructed by the University of
Missouri during 1959 and 1961. Flows in both Femme Osage Creek and Little Femme Osage
Creek were diverted outside the levee system to prevent flooding of the farmland and the well
field located inside the earthenwork levee. The downstream reaches of these creeks now form

an isolated body of water known as Femme Osage Slough (Kleeschulte and Emmett 1986).

Water levels (stage) in the slough are influenced by stage in the Missouri River and
are managed by the Missouri Department of Conservation. Water is allowed to fill the slough
during periods of high stage in the Missouri River, and the control valve is closed at high
stage in the slough to retain the water there (MK-Ferguson Company and Jacobs Engineering
Group 1992c). During low river stage, this valve is normally left open. The average water
elevation in the slough is about 140 m (450 ft) MSL (DOE 1987).

The bottom of the Missouri River near the quarry at river mile (RM) 49 from the
confluence with the Mississippi River is at an elevation of about 129 m (422 R) MSL (DOE
1990b). The elevations for 100-year and 500-year floods on the Missouri River at RM 49 are
144.1 and 144.7 m (472.8 and 474.6 R) MSL, respectively (U.S. Army Corps of Engineers
1988). The elevation of the 100-year flood on Femme Osage Creek is 144.5 m (474 R) MSL
from its mouth to the confluence with Little Femme Osage Creek (Federal Insurance
Administration, undated). Although the floodplain area below the south rim of the quarry
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is partially behind a levee system, the area floods every 3 to 5 years and requires 1 to
2 months to dry (DOE 1987).

2.3.3.2 Hydrogeology

Groundwater in the vicinity of the quarry occurs in alluvium, fractured limestone,
and sandstone (Berkeley Geosciences Associates 1984). The shallow groundwater system is
composed of carbonate rocks near the quarry, tributary alluvium near the Little Femme
Osage Creek, and Missouri River alluvium between the quarry bluff and the Missouri River.
Water-table (unconfined) conditions typically occur in the alluvium where significant deposits
exist; confined to semiconfmed conditions occur in the bedrock and alluvium where layers of
varying permeability are present. The St. Peter Sandstone, about 90 m (300 It) below the
floor of the quarry, composes the deeper aquifer.

The saturated carbonate rocks of the shallow groundwater system include three
Ordovician form,_ _ns: Kimmswick Limestone, Decorah Group, and Plattin Limestone.
Previous characterization studies of the upper bedrock at the quarry indicate that porosity
is primarily a function of fractures, joints, bedding planes, and solution-enhanced cavities.
These studies confirm that groundwater flow is governed by secondary porosity as a result
of the joints and fractures in the upper Ordovician units near the quarry (Richardson 1960;
Huey 1978; Berkeley Geosciences Associates 1984). Solution-enlarged cavities occur in the
near-surface weathered portions of the Kimmswick Limestone in the immediate vicinity of
the quarry, but these are generally above the current ground-water table (Berkeley
Geosciences Associates 1984). South of the quarry, groundwater flow is likely a combination
of flow through porous media composed of alluvium and flow through fractures in the
underlying limestone.

Regionally, the Decorah Group is considered to be a leaky confining layer due to
shale beds (Kleeschulte and Emmett 1986). ASdescribed in Section 2.3.2, a fracture mapping
program, geophysical borehole logging, and core logging of fractures and joints have been
conducted in the immediate vicinity of the quarry (Berkeley Geosciences Associates 1984).
The fracture patterns observed on the surface were found to extend in depth at least through
the Decorah Limestone. The results of this investigation suggest that, locally, the
Kimmswick Limestone and Decorah Group may be considered to be one continuous hydro-
stratigraphic unit in the quarry area.

The results of vertical core logging performed in the vicinity of the quarry indicate
that the Plattin Limestone is massive with very little fracturing. Currently, water levels
within the Plattin Limestone do not appear to correlate with water levels measured in the
Kimmswick Limestone/Decorah Group. On the basis of this information, the Plattin
Limestone is considered to be a separate hydrostratigraphic unit. Regionally, the Plattin
Limestone and the Joachim Dolomite constitute the lower portions of the leaky confining
layer of the deeper Ordovician-Cambrian groundwater system.
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The St. Peter Sandstone is the uppermost bedrock aquifer of regional significance in
the quarry area. A map of the potentiometric surface of the deep bedrock aquifer indicates
that the hydraulic head is about 140 m (460 ft) MSL in the vicinity of the quarry (Kleeschulte
and Emmett 1986, 1987). This elevation is just below the water level in the quarry pond,
about 142 m (465 i_) prior to dewatering. Flow within the St. Peter Sandstone near the
quarry is generally south toward the Missouri River; however, southwest of the quarry, the
Femme Osage Creek is a local discharge point for deep groundwater where the St. Peter
Sandstone is exposed at the land surface. The possibility of contamination migrating to the
deep bedrock aquifer from the current sources in the QROU is considered extremely remote
because of the thick sequence of intervening confining layers and the strong upward
hydraulic gradient present within this aquifer.

In the vicinity of the quarry area, groundwater in the shallow aquifer flows primarily
from north to south, although an average of water-level measurements taken from 1987
through 1992 indicates a mounding of groundwater in the immediate vicinity of the quarry
(Figure 9). About 215 m (700 ft) west of the quarry, the bottom of Little Femme Osage Creek
has an elevation of about 137 m (450 ft). This information, along with water levels measured
in monitoring wells located west of the quarry, indicates that a westward gradient runs from
the quarry to Little Femme Osage Creek (DOE 1989).

South of the quarry rim, the direction of groundwater flow is generally south toward
Femme Osage Slough. Groundwater levels measured in the bedrock along the southern rim
of the quarry are consistently about 3 to 6 m (10 to 20 ft) higher in elevation compared with
the levels measured in the alluvium south of the slough. This abrupt change in groundwater
elevation near the interface creates a fairly steep hydraulic gradient of about 0.05 toward the
south (DOE 1989). In the alluvium south of the slough, groundwater is within 3 m (10 ft)
of the ground surface, although the depth to water varies with season and lumping demands
in the nearby St. Charles County well field (DOE 1990b).

Between Katy Trail and the slough, the gradient is generally southward toward the
slough (Figure 9); south of the slough, the direction of groundwater flow may vary. In
general, the groundwater elevation data indicate a southeast gradient across the slough. The
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 recharge feature
for the shallow groundwater; however, at other times, groundwater may flow southeast across
the slough. A previous study performed in this area indicated that, during drought
conditions, Femme Osage Slough was isolated from the alluvial aquifer. Groundwater levels
measured immediately south of the slough were about 2 to 3 m (5 to 8 ft) lower than the
water elevation within the slough, indicating a poor hydraulic connection between the slough
and the alluvium (MK-Ferguson Company and Jacobs Engineering Group 1988).

Recharge to the bedrock in the vicinity of the quarry is limited to infiltration from
precipitation or storm runoff. Discharge from the bedrock to the alluvium of the Missouri
River floodplain may occur as springs, seeps, underflow, flow to pumping wells, and flow to
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gaining streams (DOE 1989). Recharge to the alluvium south of the slough occurs primarily
from the Missouri River and intermittent surface flooding, with minor amounts derived from

infiltration and the underlying and adjacent bedrock.

Several studies have been performed to determine the hydrogeologic properties of the
bedrock near the quarry and the alluvium north and south of Femme Osage Slough.
Pumping tests and pressure tests were performed at the quarry by tile U.S. Geological Survey
(USGS) (Richardson 1960). These tests indicated that the pond within the quarry is
hydraulically connected to the carbonate aquifer and that the natural groundwater gradient
at the quarry slopes toward the alluvium of the Missouri River floodplain, resulting in the
potential for migration of contaminants from the quarry to the alluvium. According to
geologic logs, the interval that was pressure tested encompassed the lower 3 m (10 t_) of the
Kimmswick Limestone and the upper 10 m (30 ft) of the Decorah Group. The results of the
pressure tests indicated that the permeability within the upper bedrock decreases with
increasing depth (Richardson 1960).

Berkeley Geosciences Associates (1984) conducted pumping tests and a tracer test
to determine the hydraulic properties of the carbonate aquifer between the quarry and the
slough. The formations in which the tests were performed were not identified; however, on
the basis of current knowledge regarding the local lithology and considering the depth at
which the tests were performed, it was concluded that the tests were conducted in the upper
portion of the Plattin Limestone and possibly a few meters of the lower Decorah Group. The
results of these tests are presented in Table 2.

For the purpose of the preliminary study, Berkeley Geosciences Associates (1984)
discounted the anomalously high and low values and calculated an average transmissivity
of 2 × 10-5 m2/s (2.2 × 10-4 ft2/s) and an average storativity of i × 10.4 to be representative
of the lower Decorah Group/upper Plattin Limestone in the area of the quarry. These values
are slightly lower than the average values presented in Table 2, which were calculated from
all the data. Effective porosity values of 0.1 and 0.2% were calculated from the tracer test,
probably indicating the presence of two major fracture flow paths of differing apertures and
effective permeabilities within the limestone. Berkeley Geosciences Associates (1984)
concluded from these tests that virtually all of the flow occurs in the fractures of the
limestone.

Hydrogeologic testing was also conducted in the alluvium between the quarry and
Femme Osage Slough and south of the slough (Berkeley Geosciences Associates 1984). The
hydraulic properties of the alluvium are highly variable, depending on the thickness and
dominant grain size of the material at a given location. The results of the tests indicated
that the material north of the slough has substantially different hydraulic properties than
the material to the south. Development of observation wells installed between the quarry
and the slough involved extended recovery periods following pumping. Because of the
apparent tightness of the alluvium in this area and its relatively limited extent, detailed
hydraulic testing was not performed.
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TABLE 2 Hydraulic Properties Estimated from Aquifer
Tests Performed in the Fractured Limestone and in the
Alluvium South of Femme Osage Slough a

Effective
Transmissivity Porosityb

Stratum (m2/s) Storativity (%)

Fractured limestone
Minimum 3.7 x 104 6.7 × 10.5 0.1
Maximum 2.0 x 104 3.8 x 10.3 0.2
Average 4.9 x 10.5 6.4 x 104 -
Standard deviation 5.5 x 10-5 1.3 x 10.3

..................................................... ..,,.. .............. , .............. . .......... ..... ..................................... .... ........... . ........ , ......

Alluvium south of
Femme Osage Slough

Minimum 1.2 × 104 1.5 x 104 21
Maximum 1.0 × 10-3 1.9 x 10"2 32
Average 1.3 × 10-3 7.9 x 10-3 -
Standard deviation 1.4 × 10-3 1.0 x 10.2 -

a Values calculated on the basis of data from Berkeley Geosciences
Association (1984).

b Average and standard deviation values were not calculated for
effective porosity, expressed as a percentage, because of limited data.

The results of pumping tests and tracer tests conducted in the alluvium south of the

slough are presented in Table 2. The average transmissivity and storativity values calculated
for the alluvium south of the slough are 1.3 x 10-3 m2/s (1.4 x 10 -2 t_2/s) and 7.9 x 10 "3,

respectively. The effective porosity values were calculated from the tracer tests, with the
minimum and maximum values reflecting the uncertainty in the thiclmess of the flow domain
of the test (Berkeley Geosciences Associates 1984).

The storage term for unconfined aquifers is generally referred to as specific yield or
unconfined storativity. The specific yields of unconfined aquifers typically range from 0.01

to 0.30 and are much higher than storativities of confined aquifers (Freeze and Cherry 1979).
However, in this discussion, the storage term is referred to as storativity because that is the

word originallyused by Berkeley GeosciencesAssociatesand because the reportedvalues

appear to be more representativeof confined-to-semiconfmedgroundwater systems.

Pointdilutiontestswere conducted to estimatethe magnitude ofnaturalground-

water velocitiesin the alluvium and upper bedrock near the south sideofthe _loughand

within the alluvium away from the slough (BerkeleyGeosciencesAssociates1984). The

unidentifiedbedrockformationinwhich the pointdilutiontestwas performed was probably

the PlattinLimestone. The resultsof the testsconducted inthe alluvium adjacentto the

sloughindicatenegligiblegroundwater velocity(i.e.,thecalculatedvelocitieswere below the

resolutionofthe test).In contrast,the testperformed inthe alluviumat a greaterdistance

from the slough indicated a velocity of 2.9 x 10 "6 m/s (9.5 × 10"6 ft]s). Finally, the test in the
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upper Plattin Limestone adjacent to the slough suggests a velocity of 6.9 x 10.7 m/s
(2.3 x 10.6 fiJs). Berkeley Geosciences Associates (1984) concluded from these results that
groundwater may be flowing through the fractured limestone under the slough, but additional
tests should be performed for verification.

Layne Western Company (1986) conducted a pump test in the lower and productive
portion of the St. Charles County well field to determine hydraulic properties of the Missouri
River alluvium. One of the existing pumping wells, PW-8, was used for the test. Monitoring
and observation wells were installed in the vicinity of the test well and throughout the well
field to determine the response of the aquifer to large-scale test pumping. The transmissivity
values determined from the pump test ranged from 5.8 x 10.4 to 6.5 x 10-4 m2/s, and the
specific yield of the aquifer was estimated to be above 0.01. The results of the aquifer tests
--combined with formation logs, sand gradation tests, and laboratory permeability values
-- were used to estimate transmissivity values near Femme Osage Slough and throughout
the well field area. It was concluded that aquifer transmissivity decreases to the north
toward Femme Osage Slough (Layne Western Company 1986).

2.3.4 Ecological Resources

The Weldon Spring quarry is located within the Bluestem Prairie, Oak-Hickory
Forest Mosaic (northern) subsection of the Prairie Parkland Province (Bailey 1978). The Oak-
Hickory Forest (northern) subsection also occurs within the Weldon Spring area. Much of the
land surrounding the quarry is state-owned conservation areas containing second-growth
forest (August A. Busch Memorial Conservation Area, Weldon Spring Conservation Area, and
Howell Island Conservation Area). Nonforested areas, which comprise much of St. Charles
County, are largely used for crop production and pasture or are old-field habitat.

Habitat types in the vicinity of the quarry include crop fields, old fields, forests
(upland, slope, and bottomland), and cultivated fields. Old-field habitats support species such
as Indian mallow, crabgrass, ragweed, aster, Canada thistle, mustard, fleabane, and
goldenrod. Cultivated fields contain harvestable crops, whereas pastures contain herbaceous
plants for livestock grazing. The tree layer of upland forests in the area is dominated by oak
and hickory species. The quarry area consists of slope and bottomland forests dominated by
eastern cottonwood. Other overstory tree species within the slope forests include oak,
hickory, sugar maple, American elm, and black walnut. In addition to the eastern
cottonwood, bottomland forests include willow, silver maple, American elm, boxelder, red
mulberry, pecan, pin and bur oaks, hackberry, and persimmon. Much of the quarry floor is
old-field habitat characterized by a variety of grasses, herbs, and shrubs.

Common mammal species expected to occur in the quarry area include the eastern
cottontail rabbit, opossum, raccoon, white-tailed deer, and several species of mice, voles,
shrews, squirrels, bats, and foxes. Common reptile and amphibian species include bullfrog,
spring peeper, and a variety of salamanders, turtles, and snakes. Common birds in the area
include a variety of warblers, sparrows, and other songbirds; red-tailed hawk; American
kestrel; barred owl; and downy, pileated, and red-bellied woodpeckers. About 10 waterfowl
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speciesarecommon toabundantduringthespringand fallmigration,and a fewspeciessuch
astheCanada goose,mallard,and wood ducknestoroverwinterinthearea.

Aquatichabitatsinthevicinityofthe quarryincludetheMissouriRiver,Little
Femme Osage Creek,Femme Osage Creek,Femme Osage Slough,and numerous small,

unnamed creeks,drainages,and pondsthroughouttheWeldon SpringConservationArea.
Inaddition,thenearbyAugustA. Busch MemorialConservationArea containsmore than

35pondsand lakesranginginsizefrom0.4to74ha (1to180acres);however,theseponds
and lakesareintheMississippidrainageand arenotinfluencedby thequarryarea.The

MissouriDepartmentofConservationlistsover105 speciesoffishforSt.CharlesCounty
(Dickneite1988).On thebasisofhabitatsanddistributionsofMissourifish,thespeciesmost
likelytobeabundantinthequarryvicinityincludegar,gizzardshad,carp,rivercarpsucker,

buffalo,channelcatfish,freshwaterdrum,whitebass,sturgeon,paddlefish,bluecatfish,and
bluesucker.Largemouthbass,bluegill,and crappiearealsoabundantinbackwatersand
oxbows.

The MissouriDepartmentofConservationNaturalHeritageDatabase(Gaines1988;
Dickneite1988;Figg1991)has identified13stateendangeredand 19 staterarespeciesfor

St.CharlesCounty (Table3). Fiveofthe state-listedspeciesare alsofederal-listedas

threatenedorendangered,and anotherfivearefederalcandidate(C2)species.However,no
federal-listedthreatenedorendangeredspecies,candidatespecies,orcriticalhabitatshave

beenidentifiedby theU.S.Fishand WildlifeServiceasoccurringattheWeldon Springsite
(Tieger1988;Nash 1990).The NaturalHeritageDatabaseincludes11additionalspecies

fromSt.CharlesCountyasstatewatchlistspeciesorofundeterminedstatus(Table3).

The NaturalHeritageDatabase listssixfederal-and/orstate-listedspeciesas
occurringinorneartheBusch ConservationComplex: baldeagle,sicklefinchub,sturgeon

chub,Cooper'shawk, wood frog,and arrowarum. Alsoreportedfortheareaarethepallid
sturgeon,starwort,easternmassasauga,and alligatorsnappingturtle--aswellastransient

occurrencesoftheinteriorleastternand peregrinefalcon(Gaines1988).Overwinteringbald

eaglesintheareamay roostovernightattheHowellIslandConservationArea(Gaines1988).
q'heBlanding'sturtlehasrecentlybeencollectedfromtheBusch ConservationArea(Bedan

1991),andFemme OsageSloughispotentiallysuitablehabitatforthisspecies(MK-Ferguson

Company andJacobsEngineeringGroup 1992c).Cooper'shawk andthewood froghavebeen
observedintheWeldon SpringConservationArea,and theycouldutilizethehabitatsatand

aroundthequarry.Severalnaturalhabitatsofhighqualityhavealsobeenidentifiedinthe
areaoftheWeldon Springsite(Gaines1988);however,none ofthesehabitatsoccurator

nearthequarry(DOE 1990a).

2_.5 Historic Resources

The Weldon Spring quarry is located near the Missouri River in an area of limestone
mantled with eolian sediment that contains a high density of archaeological remains. All
major prehistoric periods spanning the last 11,000 years are represented in sites that
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TABLE 3 Threatened, Endangered, or Special Concern Species Reported

from St. Charles County

Species

Common Name Scientific Name Federal a State b

Plants

Adder's-tongue fern Ophioglossum vulgatum var. pycnostichum - WL
Arrow arum Peltandra virginica - R
Bugseed Corispermum hyssopifoliurn - WL
Forbes' saxifrage Saxifraga pensylvanica var. forbesii 3C
Rose turtlehead Chelone obliqua var. speciosa 3C E
Star duckweed Lemna trisulca - R
Decurrent false aster Boltonia decurrens T E

Fish
Alabama shad Alosa alabamae - R

Alligator gar Lepisosteus spatula - R
Brown bullhead Ameiurus nebulosus - R

Paddlefish Polyodon spathula C2 WL
Pallid sturgeon Scaphirhynchus albus E E
Pugnose minnow Notropis emiliae . WL
Sicklefin chub Macrhybopsis meeki C2 R
Starhead topminnow Fundulus dispar - WL
Sturgeon chub Macrhybopsis gelida C2 R
Western sand darter Ammocrypta clara - WL

Reptiles and amphibians
Alligator snapping turtle Macroclemys temminckii C2 R
Blanding's turtle Emydoidea blandingii E
Eastern massasauga Sistrurus catenatus catenatus C2 E
Northern crawfish frog Rana areolata circulosa WL
Western fox snake Elaphe vulpina vulpina - E
Western smooth green snake Opheodrys vernalis blanchardi E
Wood frog Rana sylvatica - R

Birds

American bittern Botaurus lentiginosus - E
Bachman's sparrow Aimophila aestivalis C2 E
Bald eagle Haliaeetus leucocephalus E E
Barn owl Tyro alba - R
Black-crowned night heron Nycticorax nycticorax - R
Cooper's hawk Accipiter cooperii - R
Henslow's sparrow Ammodramus henslowii C2 R
Interior least tern Sterna antillarum E E

Little blue heron Egretta caerulea - R
Mississippi kite lctinia mississippiensis - R
Northern harrier Circus cyaneus - E
Osprey Pandion haliaetus - EX
Peregrine falcon Falco peregrinus E EX
Pied-billed grebe Podilymbus podiceps - R
Red-shouldered hawk Buteo lineatus . WL
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TABLE 3 (Cont.)

Spedes

Common Name Scientific Name Federal a State b

Birds (Cont.)
Sharp-shinned hawk Accipiter striatus - R
Snowy egret Egretta thula E
Upland sandpiper Bartramia longicauda WL
Yellow-headed blackbird Xanthocephalus xanthocephalus R

Mammals
Long-tailed weasel Mustela frenata - R

a E, endangered; T, threatened; C2, federal candidate for listing as a threatened or endangered
species; 3C, former federal candidate species. A hyphen indicates that no federal status has been
established.

b E, endangered; EX, extirpated; R, rare; U, undetermined; WL, watch list. Special concern species
include those classified by the state as rare, on the watch list, or status undetermined. Watch list
contains 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
indicates that the species is possibly rare or endangered, but insufficient information is available
to determine the proper status. Extirpated means formerly occurred as a regular breeding species
but no longer reproduces in Missouri.

Sources: Dickneite (1988); Gaines (1988); Bedan (1991); Figg (1991); Missouri Department of
Conservation (1992).

typically occur along ridges or streams (Chapman 1975, 1980; Haas 1978). Euro-American
settlers first entered the region between 1673 and 1680 and encountered Algonquin-speaking

Native American groups. Although St. Louis was founded in 1764, widespread Euro-
American settlement did not begin until aider the Louisiana Purchase in 1803 (March 1967).

Early Euro-American sites (e.g., farmsteads and cemeteries) are also found in the area
(Waiters 1990, 1992).

Several historic site surveys have been conducted in the vicinity of the Weldon

Spring quarry, quarry water treatment plant, and Femme Osage Slough. These surveys
include a nonintensive reconnaissance of the Little Femme Osage/River Hills area (Haas

1978) and intensive Phase I surveys of the quarry (Waiters 1988) and the haul road from the

quarry to the chemical plant area (Walters 1990). The surveys documented the presence of

numerous prehistoric and historic sites in the area, some of which may be considered
significant (i.e., eligible for the National Register of Historic Places) (Walters 1988, 1990).

No prehistoric or historic remains occur in the quarry proper. However, two buried

prehistoric sites have been recorded near the margins of the quarry (Haas 1978; Waiters
1988). Site 23SC21 is located south of the quarry and comprises several graves, probably
dating to the Woodland Period (1000 B.C. to 900 A.D.), and lithic debris of unknown age.

Site 23SC178 is located east of the quarry and contains lithic debris of undetermined age.
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Although Site 23SC178 has been subject to heavy prior disturbance and is not likely to be
significant, Site 23SC21 is potentially eligible for the National Register (Walters 1988).
Several prehistoric sites (23SC80, 23SC90, 23SC708, and 23SC709) were originally recorded
in the quarry water treatment plant area (Haas 1978; Walters 1988), but this area has been

heavily disturbed and does not currently contain any significant prehistoric remains. To
date, Femme Osage Slough has not been subject to intensive survey and may contain
prehistoric or historic remains. Additional field studies in the vicinity of Femme Osage
Slough may be undertaken if the removal of residual materials appears likely to affect
previously undisturbed areas that have the potential to yield significant remains.

2.3.6 Land Use and Population

The Weldon Spring quarry is located within the Weldon Spring Conservation Area,
which occupies a total area of 2,977 ha (7,356 acres) and is managed for recreational use by
the Missouri Department of Conservation. Other conservation areas lie north (August A.
Busch Memorial Conservation Area) and east (Howell Island Conservation Area) of the

Weldon Spring Conservation Area. These areas are also managed for recreational use by the
Missouri Department of Conservation. The Busch and Weldon Spring conservation areas
collectively receive over one million visitors each year (Crigler 1992). Katy Trail traverses
the Weldon Spring Conservation Area along the route of an abandoned railroad bed that runs
adjacent to the south margin of the quarry. This trail, which was established by the Missouri
Department of Natural Resources, was reportedly used by approximately 18,000 people
during October to December 1990 (Missouri Department of Conservation 1990).

Other land uses in the quarry area include military reserve training on the
U.S. Army Reserve and National Guard Training Area, which entails the use of a firing
range. The Army property occupies an area of 670 ha (1,655 acres) and is located about 3 km
(2 mi) north of the quarry. About 3,300 local Army reservists and 3,400 other reserve troops
may use the area each year (Daubel 1992); this property is fenced and access by the general
public is restricted. A high school (Francis Howell High School) and state highway mainte-
nance facility are located along State Route 94 east of the military training area.

Local communities include Defiance, which is situated approximately 5 km (3 mi)
from the quarry and contains a population of 100, and Weldon Spring and Weldon Spring
Heights, which are located approximately 8 km (5 mi) northeast of the quarry and support
a combined population of approximately 1,500 (U.S. Bureau of the Census 1991).

2.4 NATURE AND EXTENT OF CONTAMINATION

Although the nature and extent of contamination in the quarry will not be fully
characterized until the bulk waste has been removed, projections as to the types of waste in
the quarry have been postulated on the basis of historical records of past disposal activities
and analytical results from sampling of the waste. A list of reports that discuss previous
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investigations performed at the quarry and surrounding area is presented in Table 4. This
discussion of the known and suspected nature and extent of contamination at the quarry area
is based upon these projections, previous surveys and investigations, and monitoring data
collected as of the third quarter of 1992 (September). The nature and extent of contami-
nation will be further defined as part of the RI phase of the QROU.

Monitoringand characterizationdata,collectedby the ProjectManagement
Contractor,wereenteredintoa computerizeddatabasereferredtoastheGeneralUniversal

ReportUtility(MK-FergusonCompany andJacobsEngineeringGroup 1992b).Thisdatabase
isthesourceforalltheradiologicaland chemicaldatasummariespresentedinthefollowing
sections.Ingeneral,standardfieldand laboratorymethodswereusedindatacollection.The

detectionlimitsusedforlaboratoryanalysiswere thecontract-requireddetectionlimitsfor
ContractLaboratoryProgram (CLP) metalsand the statedmethod detectionlimitsfor

non-CLP metalsand inorganicanions.For radionuclidesand nitroaromaticcompounds,
severalanalyticalmethodswereappliedatvarioustimesduringthecharacterizationeffort,

resultingina rangeofdetectionlimits(DOE 1992a).

Earlierstudiesconductedtoinitiallycharacterizesitecontaminationand hydro-

geologyhavealsobeenconsidered,where appropriate.InaccordancewiththeEnvironmental
DataAdministrationPlan(MK-FergusonCompany and JacobsEngineeringGroup 1992d),
datathatare enteredintothe databaseundergo a verificationand validationprocess.

However,thisisan ongoingprocess,and verificationand validationhavenotbeencompleted
forthedatausedinthiswork plan.Inaddition,itisnotpossibletoverifyorvalidatedata

collectedpriorto October1989 becauseofthe lackofdocumentationregardingquality
assurance/qualitycontrolforthesedata. For thiswork plan,alldatareferredtointhe

discussionofthenatureand extentofcontaminationareusedqualitatively,exceptforthose
datathathave beenspecificallyrejectedafterundergoingverificationand validation.

A review of the General Universal Report Utility database indicated that some of the
concentrations measured in the groundwater and surface water appear to be outside the
historical range. The values in question have been included in the following discussions,
pending verification and/or validation.

2A.1 Origin of Contamination

The Weldon Springquarrywas used fordisposalofradioactivelyand chemically
contaminatedmaterialsbytheArmy and theAEC. From 1942to1957,thequarrywas used

bytheArmy asa dumpingareaforTNT and DNT processwastesand fordisposalofcontami-
natedprocessresiduesand buildingrubblefromthedecommissioningoftheWeldon Spring

OrdnanceWorks. Under theAEC, wasteswere disposedofinthequarrythatoriginated
fromtheWeldon Springfeedmaterialsplant(chemicalplant),which--from 1957to1966

processedan averageof14,000t (16,000tons)ofuranium materialperyeartoproduce
uraniumtrioxide,uraniumtetrafluorideand uraniummetal.The raw materialreceivedat

the plantwas yellowcake(naturaluranium);in addition,smallamounts ofthoriumore



TABLE 4 Summary of Data Collection Activities at the Weldon Spring Quarry and Vicinity a

Radiological Characterization Chemical Characterization

Property/Medium Sampling Program Analytical Psrametsrs Sampling Program Analytical Parameters Reference

Quarry

Soil Surface and suhsurfacs Gamma exposure rat_, total Not applicable Not applicable Berkeley Geceeiencas
Associates (1984)

samples from quarry floor, uranium, radium-226,

piles, and quarry sump, radium-228, and thorium
8 boreholes

3 surface samples from Nitroaromatic com- DOE (1990a); Meyer
Soil Not applicable Not applicable northeastern corner pounds (1988)

Soil 81 gamma exposure rats Count rates Not applicable Not applicable DOE (1989)
measurements and pmma
logging at 20 boreholcs (19"/9
through1981)

Soil 57 surface and 93 subsurface Radium-226 and radium-228 6 subsurface and I surface RCRA characteristics, DOE (1989)
samples (1984) sample (1984) EP toxicity, metals,pesticides, volatiles, ¢._

semivolatiles, PAHs, _',
PCBs, and asbestos

88 samplm from Volatiles, semivolatilm, DOE (1989)
Soil Not applicable Not applicable 17 borings (1986) PCBs, and nitro-

_tic compounds

Soil Beta-_mma dose rate Count rates Not applicable Not applicable DOE (1989)
measuramento and
55 pmma expmura rats
measurements and gamma
logging of 75 boreholes using
NaI gamma scintiliometsr
(1984 through 1985)

Soft 257 surface and 90 subsur- Uranium-238, radium-226, Not applicable Not applicable DOE (1989)
face samples with 85 surface radium-228, thorium-2S0
and 51 subsurface samples
analyzed for thorium-230



TABLE 4 (Cont.)

Radiological Characterization Chemical Charactorization

Property/Medium Sampling Program Analytical Parametens Sampling Program Analytical Parameters Reference

¢_m-z.y (Cont.)

Soft Gamma scans and field Total uranium, radium-226, Not applicable Not applicable Berkeley Geoscienc_
_ments of subsurface radium-g28, and thorium Associates (1984)
samples in 12 augered holes
in area of northeast comer
bench and rim of quarry

Groundwater Samples from 10 monitoring Total uranium, radium-g26, Samples from 10 monitor- Metals, nitroaromatic MK-Ferguson Company
wells (1987) radium-228, thorium-230, ing wells (1987) compounds, inorsanic (1987)

and thorium-232 anions, volatiles,
semivolat_les, PCBs,
and pesticides

Surface water Samples from eight locations Total uranium, radium-226, Samples from 8 locations Metals, inorganic MK-Fergmon Company
(1987) radium-228, thorium-230, (1987) anions (1987)

thorium-232, gross alpha,
gross beta

¢t.,arryand Vicinity

Soil Quarterly monitoring of Gamma exposure rates Not applicable Not applicable MK-Fergmon Company
gamma radiation (1987-1991) and Jacobs Eni_eering

Group (1988, 1989a,
199oa, 1991a, 1992c)

Groundwater Annual groundwater Total uranium, radium-226, Annual groundwater Inorganic anions, nitro- MK-Ferguson Company
monitoring (1987-1991) thorium-230, and monitoring aromatic compounds and Jacebe Engineering

thorium-232 Group (1988, 1989a,
1980a, 1981a, 1992e)

Surface water Quarterly environmental Total uranium, radium-226, Not applicable Not applicable MK-Ferguson Company
monitoring (1987) thorium-230, and and Jacobe Engineering

thorium-232 Group (1988)

Surface water Quarterly environmental Total uranium, rad/um-226, Quarterly environmental Inorganic anions MK-Ferguson Company
monitoring (1988, 1989) thorium-230, and monitoring (1988) and Jacobe Engineering

thorium-232 Group (1989a, 1990a)

Surface water Quarterly environmental Total uranium Quarterly environmental Inorgmzic anions, MK-Ferguson Company
monitoring.(1990, 1991) monitoring (1990) nitroaromatic and Jacobe Engineering

compounds Group (1981a, 1992c)
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Radiological Characterization Chemical Characterization

Property/Medium Sampling Program Analytical Parameters Sampling Program Analytical Parameters Reference

_arry and Vicinity
(Cont.)

Air Quarterly radon gas Radon Not applicable Not applicable MK-Ferguson Company
monitoring (1987o1991) and Jaceba Engineering

Group (1988, 1989a,
1990a, 1991a, 1992e)

Air Quarterly particulates Radioactive particulates Not applicable Not applicable MK-Ferguson Company
monitoring (1989-1991) (gross alpha) and Jacebs Engine_ng

Group (1990a, 1991a,
1992c)

quarry and quarry Pored

Surface water 7 water samplzs from quarry Total uranium 10 water samples from Metals, inorganic Berkeley Geesciences
boreholes and 6 samples from boreholes and surface anions Associates (1984)

.................... quarry pond (1979) waters (September 1979)
Slough and _rry Pond

Sediment and surface Surface and near-surface Total uranium Not applicable Not applicable Berkeley Geesciences
water samples from 17 locations Associates (1984)

(1975 through 1979)

Groundwater and Water samples from 6 wells, Total uranium Not applicable Not applicable Berkeley Geosciances
surface water I sample from quarry pond, Associates (1984)

2 samples from Upper
Femme Osage Slough,
2 samples from Lower
Femme Osage Slough, and
10 samples from Little
Femme Osage Creek (May
1975 to May 1979)

Invertebrates Samples from Little Femme Bioaccumulation of total Not applicable Not applicable MK-Ferguson Company
Osage Creek, Femmo Osage uranium and Jacoim Engineering
Slough, and downstream and Group (1992c)
upstream from the quarry
(May and June 1991)



TABLE 4 (Cont.)

Radiological Characterization Chemical Characterization

Property/Medium Sampling Program Analytical Parameters Sampling Program _mlytical Parameters Reference

Slough and Q-Jarry
Pond (Cont.)

Fish Samples from Femme Osage Bioaccumulation of total Not applicable Not applicable MK-Ferguson Company
Slough (May 1991) uranium and Jacobs Engineering

Group (1992c)

Surface water and Samples from Little Femme Urenium-238, radium-226, Not applicable Not applicable Boerner (1986)
sediment Osage Creek and Femme thorium-232, gross alpha,

Osage Slough gross beta

Surface water and Samples from Little Femme Total uranium Samples from Little Metals, nitroaromatice MK-Ferguson Company
sediment Osage Creek and Femme Femme Osage Creek and and Jacobs Engineering

Osage Slough Femme Osage Slough Group (1991c, 1992b)

Sediment Samples from Femme Osage Total uranium, thorium-230, Not applicable Not applicable MK-Ferguson Company
Slough thorium-232 and Jacobs Engineering

Group (1989b)

Quarry Pond

Sediment 4 sediment samples and Total uranium 5 sediment samples (1986) Semivolatiles, nitro- MK-Ferguson Company
I core sample aromatic compounds, and Jacotm Engineering

and PCBs (5 samples); Group (1989a)
volatiles (2 samples)

Sediment 3 sediment samples Uranium-234, uranium-235, Not applicable Not applicable MK-Fergnson Company
uranium-238, radium-226, and Jacobs Engineering
thorium-230, thorium-232, Group (1989a)
and actinium-228

Sediment Not applicable Not applicable Grab samples at Metals, pesticides, MK-Ferguson Company
2 locations (1984); PCBs, and asbestos and Jacobs Engineering
2 additional samples Priority and nonpriority Group (1989a)
(1986) pollutants

Near the quarry

Soil Not applicable Not applicable 1 soil sample near Volatiles, semivolatiles, MK-Ferguson Company
monitoring well TW-N, PCRe, and nitro- and Jacobs Engineering
north of quarry (1986) aromatic compounds Group (1989a)

Surface water Quarterly environmental Radionuclides Quarterly environmental Inorganic anions and MK-Fergnson Company
monitoring monitoring metals and Jacobs Engineering

Group (1989a)



TABLE 4 (Cont.)

Radiological Characterization Chemical Characterization

Property/Medium Sampling Program Analytical Parameters Sampling Program Analytical Parametem Reference

Soil 36 surface and near-surface Radinm-226 Not applicable Not applicable Berkeley Geesciences
samples from 10 borehole Associates (1984)
locations using Nal detecter

Soil 48 surface and near-surface Total uranium Not applicable Not applicable Berkeley Geesciences

samples from 16 borehole Ammeiatm (1984)
locations us/ng Ge-crystal
detecter

Soft 44 gamma exposure measure- Gamma exposure rates, sur- Not applicable Not applicable Boerner (1986)
ments and surface soil face beta-gamma dose rates,
samples ceIlected from uranium-238, radium-226,
4 shallow boreholm at 2(_m and thorium-232
grid intervals

Soil 15 boreholes Uranium-238 Not applicable Not applicable Marutzky et eL (1988)

Sediment 10 locations at Femme Osage Total uranium, thorium-232, Not applicable Not applicable MK-Ferguson Company
Slough thorium-230 and Jambs Enginesring

Group (19_a)

Groundwater Samples taken at 41 bore- Total uranium Samples taken at 27 bore- Metals, inorganic Berkeley Geesdences
holes (1979 to 1981) hole. and from the quarry anions Ammeiatm (1984)

pond (1979 to 1981)

Surface water 36 samples from Femme Total uranium Not applicable Not applicable Berkeley Geesciences
Osage Slough, Little Femme Associates (1984)
Osage Creek, Femme Osage
Creek, and the Missouri
River

Surface water 6 samples near quarry Gro_ alpha, greta beta Not applicable Not applicable MK-Ferlpmon Company
and Jaeobs Engineering
Group (1989a)

Surface water Samples from 3 locations Total uranium, uranium-234, Not apIdicable Not applicable MK-Fergnson Company
within 1.6 to 11.2 km (I to uranimn-235, uranium-238, and Jacobs Engineering
7 mi) of quarry radio.m-226, radiuln-228, Group (1989a)

thorium-230, and
actinium-238

....................................................................................................................................................................................... _.......................................... • .............................................................................................. .o
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TABLE 4 (Cont.)

Radiological Characterization Chemical Characterization

Property/Medium Sampling Prosram Analy_eal Parameters SampttnS Prosram Analytical P_

Ha_te Way. to the

Waste material 6 surface samples from Total uranium, radium-226, Not applicable Not applicable Bsrkeley Geoscienees
grave] access road and rail radinm-228, thorium Associates (1984)
spur between Route 94 and
security fence enclosing
quarry

St. Charles County
Well Field

Groundwater Samples from 27 monitor/ng Gross alpha, gross beta Samples from 27 monitor- Metals, inorganic Layne Western Company
wells (May 1985 to June ing wells (May 1985 to anions (1986)
1985) June 1985)

Groundwater Samples from 4 monitoring Total uranium, radium-226, Samples from 4 monitor- Metals, inorganic MK-Ferguson Company
wells (1987) radium-228, thorium-230, ing wells (1987) anions, and water (1987)

thorium-232, gross alpha, quality f.o
gross beta

Air Two batches of track etch Radon and thoron Not applicable Not applicable Berkeley Geosciences
detectors: first batch in Associates (1984)
15 augersd holes (late
September to early October
1979); second batch in
14 local soil and fill locations
in October 1979
Total 134 laboratory
spectrometric analyses

a Notation: EP = extraction procedure; Ge = germanium; NaI = sodium iodide; PAH = polycyclic aromatic hydrocarbon; PCB = polyddorinated biphenyl; RCRA = Resource Conservation
and Recovery Act.
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concentrates were also processed. Waste from the chemical plant included processing waste,
equipment, and building rubble generated from decommissioning activities. A large quantity
of radioactively contaminated waste from other areas was also disposed of in the quarry. The
disposal activities, waste types, and estimated volumes are summarized in Table 5.

An estimated 73,000 m3 (95,000 yd3) of contaminated material is present in the
quarry -- of which approximately 31,000 m 3 (40,000 yd 3) is rubble, 39,000 m3 (51,000 yd 3)
is soil and clay, and 3,000 m 3 (4,000 yd3) is pond sediment (DOE 1987). The radioactive
contaminants in the quarry are those associated with the uranium-238, uranium-235, and
thorium-232 decay series. The chemical contaminants associated with the waste material
include nitroaromatic compounds, metals, volatile organic compounds (VOCs), semivolatile
organic compounds, polychlorinated biphenyls (PCBs), and pesticides.

The characterization and monitoring data collected in the quarry area (as of

September 1992) are summarized in Sections 2.4.2 through 2.4.7. The discussion is separated
into media: soil, surface water, sediment, air, agricultural crops, and groundwater.

2.4.2 Soil

2.4.2.1 Radioactive Contaminants

A preliminary radiological survey of soil in the vicinity of the quarry area was
performed by Oak Ridge Associated Universities (ORAU) in 1984-1985 (Boerner 1986). As
part of this study, background radionuclide concentrations were measured at six locations
within a 35-kin (22-mi) radius of the Weldon Spring site. The ranges of concentrations
measured at these locations were 0.55 to 0.98 pCi/g for radium-226, 0.95 to 1.48 pCi/g for
thorium-232, and <0.68 to 1.62 pCi/g for uranium-238.

The ORAU study consisted of a surface walkover scan of soils in the quarry area.
Gamma exposure rate measurements and soil samples were taken at a minimum of every
100 m (300 R) over the scanned area; soil samples were also collected at locations identified
during the walkover scan that had gamma exposure rates elevated above background levels.
Soil samples were measured for uranium-238, radium-226, thorium-230, and thorium-232.
Three contaminated vicinity properties were identified from this preliminary survey and were
designated as vicinity properties 6, 8, and 9 (Boerner 1986). The locations of the properties
are shown in Figure 10.

Vicinity property 6 is a localized area (i.e., 0.00021 ha [0.00052 acre]) of contami-
nation adjacent to the quarry, perimeter fence, which probably resulted from a spill during
disposal activities at the quarry. This property was addressed as part of the RI]FS-EIS for
the chemical plant area (DOE 1992a, 1992b, 1992c, 1992d, 1993). Vicinity property 8 was
remediated in 1990, during construction activities for the quarry staging area. It consisted
of three discrete areas located along a former railroad near a bridge over Little Femme Osage
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TABLE 5 History of Disposal Activities at the Weldon Spring Quarry

Estimated
Volume s

Time Period Waste Type ms ydz

1942-1945 TNT and DNT process waste (burn areas) - -

1946 TNT and DNT process waste (burn areas) b b

1946-1957 TNT and DNT residues and contaminated rubble - -
from cleanup of the ordnance works (in deepest
part and in northeast comer of quarry)

1959 3.8% thorium residues (drummed, currently below 150 200
water level)

1960-1963 Uranium- and radium-contaminated rubble from 38,000 50,000
demolition of the St. Louis Destrehan Street feed
plant (covering 0.4 ha [1 acre] to a 9-m [30-tt]
depth in deepest part of quarry)

1963-1965 High-thorium-content waste (in northeast corner of 760 1,000
quarry)c

1963-1966 Uranium and thoriumresiduesfromthechemical - -
plantand off-sitefacilities;buildingrubbleand
processequipment(bethdrummed and
uncontained)

1966 3.0% thorium residues (drummed, placed above 460 600
water level in northeast corner of quarry); TNT
residues from cleanup of the ordnance works
(placed to cover the drums)

1968-1969 Uranium- and thorium-contaminated rubble and 4,600 6,000
equipment from interiors of some chemical plant
buildings (101, 103, and 105)

a A hyphen indicates that the waste volume estimate is not available.

b An estimated 90 tons of TNT/DNT waste was burned in 1946.

c This was a portion of the waste originally stored at the Army Arsenal in Granite City,
Illinois; most of this material was subsequently removed from the quarry for the
purpose of recovering rare earth elements.

Source_q: Data from Lenhard et al. (1967); Pennak (1975); Weidner and Boback (1982);
Bechtel National (1983); Berkeley Geosciences Associates (1984); Kleeschulte and Emmett
(1986); U.S. Nuclear Regulatory Commission (1988); DOE (1989).



FIGURE 10 Locations of Vicinity Properties 6, 8, and 9
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Creek. Railroad cars were washed in this area aRer leaving the quarry. A final verification
for the remediation of this area will be included as part of the QROU. Detailed descriptions
of vicinity properties 6 and 8 are included in the RI for the chemical plant area (DOE 1992d).

Vicinity property 9 is located in the Missouri River floodplain, between Katy Trail
and Femme Osage Slough (Figure 10). The data collected during two studies of vicinity
property 9 (Boerner 1986; Marutzky et al. 1988) are summarized in Table 6. In the ORAU
study (Boerner 1986), surface soil samples were collected on a 20-m (65-R) grid, and the
samples were analyzed for uranium-238, radium-226, and thorium-232. Surface soil samples
were also collected from six locations identified during the walkover scan; at four of these
locations, shallow boreholes were drilled to a maximum depth of 0.75 m (2.3 R). Collecting
samples below this depth was limited by the shallow groundwater table, which was
approximately 1 m (3 R) from the ground surface at the time of sampling. Concentrations

TABLE 6 Summary of Soil Characterization Data for Vicinity Property 9a

ORAUStudyc UNCGeotechStudye
Parameter/ Range of

Depth Concentration Concentration Detection
Interval b Detection Range d Detection Range d Limits

(m) Frequency (pCi/g) Frequency (pCi/g) (pCi/g)

Radium-226 0.2-1.5
0-0.3 52/52 0.31-1.6 2/2 0.8-1.2
0.3-0.75 3/4 0.45-1.4 2/2 1.1

Thorium-232 0.10-1.5
0-0.3 45/52 0.17-3.0 2/2 1.3-1.5
0.3-0.75 2/4 0.92-1.6 2/2 1.2-1.7

Uranium-238 0.30-3.0
0-0.3 45/52 0.3-890 15/15 0.3-110
0.3-0.9 f 4/4 87-700 26/27 0.30-49
0.9-1.5 - 24/26 0.70-49
1.5-3.0 - 54/58 0.70-60
3.0-6.0 - 66/74 0.30-93
6.0-8.0 - 10/13 0.30-4.0

a Vicinity property 9 is located directly south of the quarry between Katy Trail and Femme Osage
Slough (Figure 10).

b Includes all soil samples collected within the specified depth interval.

c Source: Boerner (1986); background concentrations in soil measured for this study were 0.55-
0.98 pCi/g for radium-226, 0.95-1.48 pCi/g for thoritun-232, and <0.68-1.62 pCi/g for uranium-238.

d Concentration range for detected values only.

e Source: Marutzky et al. (1988); the average background concentration in soil measured for this
study was 1.2 pCi/g for radium-226, thorium-232, and uranium-238.

f Depth interval is 0.3-0.75 m for the ORAU study.
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of radium-226 and thorium-232 were not elevated above background levels. Uranium-238
concentrations ranged from background to 890 pCi/g.

Further characterization of vicinity property 9 was performed by UNC Geotech
(Marutzky et al. 1988). The study consisted of sampling 13 boreholes located north of the
slough and 2 boreholes south of the slough. For comparison, background samples were
collected from an 8-km (5-mi) radius around the chemical plant area; average background
concentrations of radium-226, thorium-232, and uranium-238 were all 1.2 pCi/g (Marutzky
et al. 1988). The borehole samples were collected in 0.3-m (1-ft) increments; the depth of
individual boreholes varied from 1.9 to 11 m (6.3 to 36 ft). At the time of sampling, the
groundwater table was less than 1 m (3 ft) from the ground surface; therefore, many of the
samples collected were a mixture of groundwater and soil. Each sample was analyzed for
uranium-238; surface soil samples from two boreholes located north of the slough were also
analyzed for radium-226, thorium-230, and thorium-232. The maximum uranium-238
concentration detected was 110 pCi/g in a sample collected north of the slough in the

uppermost 0.3 m (1 ft) of soil. Uranium concentrations greater than 10 pCi/g were detected
in 11 of the boreholes to depths ranging from 1.8 to 5 m (6 to 16 tt). The limited number of
samples analyzed for radium and thorium had concentrations similar to background levels.
Although no soil samples were collected directly under the slough, the two boreholes drilled
south of the slough did not indicate elevated levels of uranium.

As ancillary information, soil borings obtained from drilling groundwater monitoring
wells MW-1030, MW-1031, and MW-1033 were composited in 0.6- or 3-m (2- or 10-ft)
increments and analyzed for total uranium (MK-Ferguson Company and Jacobs Engineering
Group 1992b). Wells MW-1030 and MW-1031 are located south of the quarry rim and
well MW-1033 is located south of Femme Osage Slough (Section 2.4.7). Boreholes ranged

from a depth of 6.5 m (20 tt) for MW-1031 and MW-1033 to 11 m (36 tt) for MW-1030. Total
uranium concentrations did not exceed 10 pCi/g; however, samples were composited and
concentrations may be significantly higher over smaller intervals.

2.4.2.2 Chemical Contmninants

A comprehensive investigation has not been conducted for chemical contaminants in
soil. The limited amount of data that has been collected is from four borings that resulted

from drilling monitoring wells MW-1030, MW-1031, MW-1033, and MW-1034 (Section 2.4.7).
Soil was composited in increments of 0.6 or 3 m (2 or 10 ft) to a total depth of 15 m (45 ft)
for MW-1034 and 6.5 m (20 il) for the other wells. Samples were analyzed for metals,

inorganic anions, and organic compounds, including specific nitroaromatic compounds
(MK-Ferguson Company and Jacobs Engineering Group 1992b).

Concentrations of metals were initially compared with the ranges commonly found
in soil; these ranges are listed in Table 2.4 of the baseline assessment (BA) for the chemical
plant area (DOE 1992a). The results of the analysis indicate that, south of the quarry rim,
concentrations of cadmium and magnesium are slightly elevated over typical background
levels. In addition, three VOCs -- acetone, methylene chloride, and toluene -- were detected
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in traceconcentrations(i.e.,at no more than 69, 28,and 55 pg/kg,respectively).No

semivolatileorganics,nitroaromaticcompounds,orPCBs and pesticidesweredetectedabove

theirrespectivedetectionlimits.The resultsoftheseanalyseswillbe confirmedinthe
characterizationtobeperformedduringtheRI phasefortheQROU.

2.4.3SurfaceWater

Surfacewater samplesfrom Femme Osage Slough,LittleFemme Osage Creek,

Femme OsageCreek,and theMissouriRiverareroutinelycollectedaspartofthemonitoring

programfortheWeldon Springquarry(MK-FergusonCompany and JacobsEngineering
Group 1988,1989a,1990a,1991a,1992c,1993a).The samplingprogram includessix

locationsalongFemme OsageSlough,two locationsalongLittleFemme OsageCreek(above

and belowthequarry),and onelocationinFemme Osage Creek.The pond quarrywateris
includedaspartofthemonitoringprogramtoidentifycontaminationthatmay potentially

migratetogroundwater.Four locationsalongtheMissouriRiverare alsomonitoredto
providepreoperationalbaselinewater qualitydata foroperationof the quarrywater

treatmentplant.The closestdownstreamsamplinglocationalongtheMissouriRiverisabout
1.6km (1mi)downstreamoftheconfluencewithFemme Osage Slough.The surfacewater
monitoringlocationsareshown inFigure11.

CharacterizationdataforsurfacewaterinFemme OsageSloughand LittleFemme

OsageCreekhavebeencollectedaspartoftwoseparateinvestigations.Inoneinvestigation,
radioactivecontaminantsweremeasuredattwo locationsinLittleFemme OsageCreekand

Femme OsageSlough(Boerner1986).Ina biologicalscreeninginvestigation(MK-Ferguson
Company and JacobsEngineeringGroup 1991c,1992b),totaluranium and selectedmetals

weremeasuredateightlocationsinFemme OsageSloughand twolocationsinLittleFemme
OsageCreek.The characterizationdatacollectedduringtheseinvestigations,togetherwith
themonitoringdata,aresummarizedinTable7.

Althoughsurfacewatersinnearbyareaswerenotspecificallysampledtodetermine
backgroundconcentrations,dataareavailablefromaseparateinvestigationinwhichsprings

and streamsweresampledinthenearbyconservationareastoassesspotentialcontaminant
migrationfrom thechemicalplantarea(MK-FergusonCompany and JacobsEngineering

Group 1989c).AdditionaldatacollectedfromuncontaminatedsurfacewatersintheBusch

ConservationArea (DardenneCreek and Lake 10)are alsoavailable(Ryckman/Edgerley/
Tomlinson& Associates1978;MK-Ferguson Company 1987);thesedataarepresentedin

Table2.11oftheBA forthechemicalplantarea(DOE 1992a).

2.4.3.1 Radioactive Contaminants

Totaluraniumhasbeenmeasuredquarterlyaspartofthesurfacewatermonitoring

program,andselectedlocationshavebeenmeasuredforgrossalpha,grossbeta,radium-226,
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radium-228, thorium-228, thorium-230, and thorium-232. Data have also been collected from
Femme Osage Slough and Little Femme Osage Creek as part of two separate investigations
(Boerner 1986; MK-Ferguson Company and Jacobs Engineering Group 1991c, 1992b).

Except for uranium, all analytes were measured at concentrations similar to those
of the uncontaminated surface water bodies (i.e., Dardenne Creek and Lake 10). Slightly
elevated levels of radium-226 and thorium-230 were detected in Little Femme Osage Creek,
but these samples were collected upstream of the quarry (SW-1001). Elevated levels of total
uranium have been consistently measured in Femme Osage Slough, although large variations
in concentrations have been reported. The slough is generally stagnant but is allowed to fill

through a valve during high water conditions in the Missouri River. Fluctuating water levels
in the slough could affect contaminant concentrations. The highest uranium concentrations
have been measured directly adjacent to the quarry (SW-1004).



TABLE 7 Summary of Surface Water Data a

Femme Osage Creek and
Femme Osage Slough Little Femme Osage Creek Missouri River

Ran_ of

Detection Concentration Detection Concentration Detection Concentration Detection
Con_mi_Ant Frequency _,_b Fr_uency Rauge b Frequency Ranp _ Limits

Radionuclides (pCi/L)
Gross alpha 40/41 5.8-180 6/19 0.44-20 8/22 3.0-16
Gross beta 40/41 8.1-140 10/19 5.6-21 19/22 4.8-15
Radium-226 3/40 0.20-0.60 3/17 0.20-5.4 4/23 0.10-1.1 0.05-1.4
Radium-228 2/9 1.3-1.4 0/3 ND 2/9 1.1-2.6 0.90-3.7
Thorium-228 0/5 ND 0/1 ND 1/5 0.60 0.20-2.7
Thorium-230 12/40 0.24-5.1 1/17 4.8 7/16 0.20-8.8 0.20-2.4
Thorium-232 1/40 0.05 0/17 ND 6/16 0.10-2.2 0.05-0.90
Uranium, total 20/)/200 2.8-560 32/67 0.66-13 58/61 0.68-10 0.17-30

Metals (pg/L)
Aluminum 2/4 290-410 1/2 240 8/8 690-3,900 72-200
Antimony 0/4 ND 0/2 ND 3/8 59-200 60-110
Arsenic 5/16 1.7-5.4 0/8 2.2 13/16 3.0-20 1.0.10
Barium 50/54 61-220 7/8 54-270 14/14 140-300 2.0-200
Calc/um 4/4 46,000-60,000 2/2 93,000-180,000 8/8 56,000-100,000 I,100-5,000
Chromium 4/12 22-31 2/2 37-57 0/8 ND 7.0.10

Copper 0/4 ND 0/2 ND 1/8 21 18-25
Iron 4/4 200-640 2/2 1,400-3,100 8/8 980-17,000 69-100
Lead 0/12 ND 0/2 ND 8/8 2.9-52 1-24
Lithium 0/4 ND 0/2 ND 3/8 150-160 38-110
Magnesium 4/4 10,000.13,000 2/2 17,000-18,000 8/8 16,000-24,000 2,100-5,000
Manganese 4/4 310-490 2/2 320-460 7/8 160-2,100 6.0.15
Potassium 3/4 5,000-5,400 0/2 ND 7/8 5,300-6,200 1,300-5,000
Selenium 2/12 2.4-3.0 0/2 ND 2/8 1.2-1.8 1.0-5.0
Silver 1/12 10 2/6 11-13 0/8 ND 10.11
Sodium 4/4 9,200-12,000 2/2 9,700-11,000 8/8 18,000-63,000 990-5,000
Zinc 9/12 25-85 1/6 52 5/8 38-160 10-56



TABLE 7 (Cont.)

Femme Osage Creek and

Femme Osage Slough Little Femme Osage Creek Missouri River Range of

Detection Concentration Detection Concentration Detection Concentration Detection

Contaminant Frequency Range b Frequency Range b Frequency Range b Limits

Inorganic anions (rag/L) 0.020-0.25
Chloride 48/48 4.4-14 21/21 3.9-11 17/17 8-38
Fluoride 18/40 0.30-0.60 6/17 0.33-0.5 12/17 0.30-0.83 0.010-0.25
Nitrate-N 16/53 0.14-9.9 22/24 0.17-8.9 20/20 0.69-13 0.10-0.204/4 0.010-0.080 0.010
Nitrite-N " " 0.030-40
Sulfate 46/46 32-290 20/20 22-270 19/19 37-170

Nitroaromatic
compounds (l_g/L) 0.030-0.050

2,4-DNT 0/12 ND 1/5 0.037 0/11 ND
2,6-DNT 0/12 ND 1/5 0.014 0/11 ND 0.010-0.60
TNB 0/11 ND 1/5 0.04 0/11 ND 0.030
2,4,6-TNT 0/12 ND 1/5 0.067 0/11 ND 0.030-0.50

a Includes a summary of data collected as part of the surface water monitoring program (MK-Ferguson Company and Jacobs Engineering Group 1988, 1989a,
1990a, 1991a), a study by Boerner (1986), and an aquatic screening investigation (MK-Ferguson Company and Jacobs Engineering Group 1991c, 1992b). Only
those contaminants detected in at least one of the three locations are reported; monitoring lo_:_tions are shown in Figure 11.

b Range of concentrations above the detection lhnit. ND indicates not detected; a hyphen indicates that the analysis was not performed for that contam/nant.
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2.4,3,_ Chemical Contaminants

The surface water monitoring program has included routine monitoring for inorganic
anions and a limited number of analyses for metals and nitroaromatic compounds.
Additional characterization data have been collected for metals and inorganic anions in
Femme Osage Slough and Little Femme Osage Creek (MK-Ferguson Company and Jacobs
Engineering Group 1991c, 1992b). The levels ofnaturaUy occurring constituents (i.e., metals
and inorganic anions) detected in Femme Osage Slough, Femme Osage Creek, and Little
Femme Osage Creek appear to be typical of those of uncontaminated surface water bodies
in the area. Low levels of nitroaromatic compounds were detected in Little Femme Osage
Creek at a location upstream of the quarry (SW-1001).

2.4.4 Sediment

Sediment samples from Little Femme Osage Creek and Femme Osage Slough have
been analyzed for radioactive and chemical contaminants (Boerner 1986; MK-Ferguson
Company and Jacobs Engineering Group 1989b, 1989c, 1991c, 1992b); these data are
summarized in Table 8. An appropriate background location was not specifically sampled as
part of these characterization studies. For comparison, data are available for sediment in an
uncontaminated lake (Lake 37) in the Busch Conservation Area (MK-Ferguson Company and
Jacobs Engineering Group 1989c); these data are presented in Table 2.13 of the BA for the
chemical plant area (DOE 1992a).

2.4.4.1 Radioactive Contaminants

Sediment samples from Femme Osage Slough and Little Femme Osage Creek were
analyzed for radioactive contaminants as part of three separate investigations (Boerner 1986;
MK-Ferguson Company and Jacobs Engineering Group 1989c, 1991c, 1992b). The major
focus of these investigations was total uranium, but samples from selected locations were also
analyzed for radium-226, thorium-230, and thorium-232. The results of these analyses
indicate low levels of uranium contamination in Femme Osage Slough and Little Femme
Osage Creek (upstream of the quarry). The limited amount of data collected for radium and
thorium did not indicate levels exceeding those determined at Lake 37.

2.4.4.2 Chemical Contaminants

Sediment samples from Little Femme Osage Creek and Femme Osage Slough were
analyzed for metals as part of the aquatic screening investigation (MK-Ferguson Company
and Jacobs Engineering Group 1991c, 1992b) (Table 8). Samples from the slough were also
analyzed for selected nitroaromatic compounds, but none were detected above the detection
limits. Compared with the off-site uncontaminated lake, many of the metals were detected
at elevated concentrations. Comparison with an appropriate background location, however,
is needed before any conclusive evaluation can be made.
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TABLE 8 Summary of Sediment Data a

Femme OsageSlough LittleFemme OsageCreek
Rangeof

Detection Concentration Detection Concentration Detection
Contaminant Frequency Rangeb Frequency Rangeb Limits

Radionuclides (pCi/g)
Radium-226 2/2 0.34-0.71 2/2 0.42-1.0 0.2-1.0
Thorium-230 5/5 1.1-1.9 - - 1.0
Thorium-232 5/5 1.0-1.2 2/2 0.54-1.2 0.5
Uranium, total 45/45 0.30-13 10/14 0.76-9.0 0.00030-1.0

Metals (pg/g)
Arsenic 18/18 2.7-12 12/12 1.5-3.8 0.10-1.3
Barium 18/18 110-350 12/12 28-230 1.2-4.1
Cadmium 1/18 0.77 1/12 1.3 0.30-2.4
Chromium 18/18 3.3-50 12/12 2.7-9.6 0.70-3.7
Lead 18/18 15-44 12/12 3.2-15 0.47-2.4
Mercury 3/18 0.19-0.99 0/12 ND 0.020-0.16
Selenium 14/18 0.61-2.2 0/12 ND 0.20-0.64
Silver 3/18 0.60-0.67 3/12 1.5-2.1 0.40-1.0
Zinc 18/18 36-160 12/12 12-45 2.4-5.0

a Includes a summary of data from Boerner(1986) and MK-FergusonCompany and Jacobs Engineering
Group (1989c, 1992b, 1992i). Only those contaminants detected in at least one of the locations are
reported.

b Range of concentrationsabove the detection limit. ND indicates not detected; a hyphen indicates that
analysis was not performed for that contaminant.

2.4.5 Air

Radon, external gamma exposure rates, and radioactive air particulates are

measured routinely as part of the ongoing environmental monitoring program (MK-Ferguson
Company and Jacobs Engineering Group 1988, 1989a, 1990a, 1991a, 1992c, 1993a). Radon

concentrations are measured quarterly at six locations along the quarry perimeter; Terradex
Track Etch Type F detectors are used, which measure both radon-220 and radon-222.

Background radon concentrations are measured at four off-site locations outside the area of
influence: one in the Weldon Spring Conservation Area, two in the Busch Conservation Area,

and one at the St. Charles County water treatment plant. Historically, levels of radon at the

quarry have been statistically elevated (at the 95% confidence interval) above background.
Elevated radon concentrations at the quarry are due to the radium contamination present

in the bulk waste. Radon concentrations are expected to decrease significantly after the bulk
waste has been removed from the quarry.

Gamma radiation is measured quarterly with environmental thermoluminescent

dosimeters at six locations along the quarry perimeter. Background gamma radiation is also
monitored at the same four locations used for monitoring background radon concentrations.

The results have shown that gamma exposure rates within the quarry are elevated compared
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with background levels. These levels are due to the gamma-emitting contamination
contained in the bulk waste. It is anticipated that these levels will decrease significantly
aider the bulk waste has been removed.

Airborne radioactive particulates are measured at two monitoring locations on the
northeastern and southern perimeters of the quarry. Background concentrations are
monitored at the Busch Conservation Area. Results of the monitoring program have shown
that long-lived gross alpha concentrations are not statistically different (at the 95%
confidence limit) than background levels, which indicates that no airborne radioactivity has
been released from the quarry.

2.4.6 Agricultural Crops

Much of the land in the alluvial floodplain south of Femme Osage Slough is used for
agriculture. Both corn and soybeans are grown in this area as feed for livestock. Preliminary
sampling of crops grown in the St. Charles County well field was conducted in 1991 and 1992
(MK-Ferguson Company and Jacobs Engineering Group 1993a). For analytical purposes, corn
samples were separated into kernels, cobs, and husks/stalks. All samples were analyzed for
radium-226, radium-228, thorium-228, thorium-230, thorium-232, and total uranium. Soil
samples were also collected from each sampling location, and background samples for soil,
corn, and soybeans were collected from a location west of Augusta; these samples were also
analyzed for the same parameters. A comparison of data from the well field with data from
the background location did not indicate biouptake of radionuclides.

2.4.7 Groundwater

The shallow groundwater system consists of two lithologically distinct units: bedrock
at the quarry and alluvium near the Little Femme Osage Creek and between the quarry bluff
and the Missouri River (Section 2.3.3.2). The shallow bedrock aquifer includes three
Ordovician formations: the Kimmswick Limestone, Decorah Group, and Plattin Limestone,
in descending order. In the area near the quarry, suspected pathways for groundwater flow
are the joints and fractures (secondary porosity) in the upper bedrock. South of the quarry,
groundwater flow is probably a combination of flow through porous media composed of
alluvium and flow through fractures in the underlying limestone. Groundwater in the
vicinity of the quarry has been, and continues to be, monitored to determine changes in water
quality and/or contaminant levels. Currently, wells that are routinely monitored for the
presence of radionuclide and chemical contaminants include 36 DOE monitoring wells (MW),
four St. Charles County monitoring wells (RMW), and eight St. Charles County production
wells (PW) (Figures 12 and 13).

The current groundwater monitoring system was designed to monitor specific vertical
and horizontal regions of the aquifer. In the vertical direction, the wells can be classified on
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FIGURE 12 Locations of Monitoring Wells in the Quarry Area



FIGURE 13 Locations of Production Wells in 'the St. Charles County Well Field
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the basis of the formation in which they are screened. The monitoring network includes the
following:

• Two wells screened across the Kimmswick Limestone and Decorah

Group;

• Nine wells screened within the Decorah Group;

• One well screened across the lower Decorah Group and upper Plattin
Limestone;

• Two wells screened within the Plattin Limestone;

• Six wells screened within the tributary alluvium; and

• Twenty wells screened within the Missouri River alluvium (Table 9).

Within the bedrock aquifer, the Kimmswick Limestone and Decorah Group appear to be
interconnected by vertical joints and fractures (Section 2.3.3.2); thus, the wells screened
across these two formations are grouped with the wells screened only within the Decorah
Group. The well screened across the lower Decorah Group and upper Plattin Limestone,
well MW-1028, was grouped with the wells completed within the Plattin Limestone because
most of its screen is located within this formation.

Horizontally, within the quarry area, several general areas of the shallow
groundwater system are monitored by a line or small cluster of wells (Table 9; Figures 12 and
13). These monitoring locations include the following:

• Tributary alluvium (associated with Little Femme Osage Creek) and
Kimmswick Limestone/Decorah Group north of the quarry;

• Kimmswick Limestone/Decorah Group along the quarry rim;

• Decorah Group, Plattin Limestone, and Missouri River alluvium north
of Femme Osage Sough;

• Plattin Limestone and Missouri River alluvium south of the slough; and

• Missouri River alluvium located approximately at the midpoint between
Femme Osage Slough and the St. Charles County production wells.

In addition to these general areas, four compliance wells were completed in the tributary
alluvium west of the quarry, primarily to monitor the equalization basin and effluent ponds
associated with the quarry water treatment plant. Finally, each St. Charles County
production well (PW-2 through PW-9) is also monitored to ensure that the potential source
areas are not affecting the quality of the water within the well field.
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TABLE 9 Monitoring Wells for the Quarry Area
and the St. Charles County Well Field

Kimmswick Limestone/ Missouri River
Decorah Group Alluvium

North of quarry North of slough
MW-1012 MW-1006
MW-1034 MW-1007

MW-IO08

Along quarry rim MW-1009
MW-1002 MW-1014
MW-IO04 MW-I016
MW-IO05

MW-I027 South of slough
MW-1029 MW-1010 :
MW-1030 MW-1011

MW-1017
North of slough MW-1018

MW-I013 MW-1019
MW-1015 MW-1020
MW-1032 MW-1021

MW-1022
Plattin Limestone MW-1023

MW-1024
North of slough

MW-1028a Midpoint between slough
MW-1031 and well field

RMW-1
South of slough RMW-2

MW-1033 RMW-3
RMW-4

Tributary Alluvium
St. Charles County

North of quarry well field
MW-1026 PW-2
MW-1035 PW-3

PW-4
West of quarry PW-5

MW-1036 PW-6
MW-1037 PW-7
MW-1038 PW-8
MW-1039 PW-9

a Screened across the lower Decorah Group and upper Plattin
Limestone.



53

The groundwatermonitoringprograminthequarryvicinityhasbeenmostactivein

thepast6 years(MK-FergusonCompany andJacobsEngineeringGroup 1988,1989a,1990a,

1991a,1992c,1993a).Ingeneral,theprogramconsistsofsamplingtheentiremonitoring
wellnetworkand theSt.CharlesCountyproductionwellsand analyzingthegroundwater

samplesforradionuclides,metals,inorganicanions,and nitroaromaticcompounds. The

monitoringscheduleinthisareahas oftenbeenmodifiedasnew wellshavebeeninstalled

and toaccommodatenew knowledgeand theconcernsofthepublicand regulatoryagencies
(MK-FergusonCompany and JacobsEngineeringGroup 1992c).

As partofa Phase I waterqualityassessment(thefirstcomprehensivechemical

groundwaterevaluation),monitoringwellsinthequarryareawere sampledinMarch 1987.
These sampleswere analyzedforpesticides,PCBs, semiv,latileorganiccompounds,and

VOCs. No semivolatilecompounds,PCBs, orpesticideswere detectedinany samples,but
threeVOCs --toluene,ethylbenzene,andxylene- weredetectedintwoalluvialwellsnorth

oftheslough(MK-FergusonCompany 1987).Subsequentquarterlysamplingoftheseand
otherwellsfailedtodetectthesecompounds(MK-FergusonCompany andJacobsEngineering

Group 1988).Detailsofthegroundwatermonitoringprogramforpreviousyears,suchasthe

samplingfrequencyand rationale,arepresentedinthevariousenvironmentalmonitoring
plansand reports(MK-FergusonCompany 1987;MK-Ferguson Company and JacobsEngi-

neeringGroup 1988,1989a,1990a,1990b,1991a,1991b,1992a,1992c,1992f).

Groundwatersampleshave beencollectedand analyzedroutinelyforgrossalpha,

grossbeta,radium-226,radium-228,thorium-230,thorium-232,and totaluranium.In1992,
thorium-228,which isanalyzedalongwiththeotherthoriumisotopes,was alsoreported.

Metalsanalyzedroutinelyincludearsenicand barium,and samplesfromselectwellshave
been analyzedat leastonceforvariousothermetals.Inorganicanionsincludedinthe

routinemonitoringprogram are chloride,fluoride,nitrate,and sulfate;nitroaromatic
compoundsincludedare1,3-dinitrobenzene(DNB),2,4-DNT,2,6-DNT,nitrobenzene(NB),
1,3,5-trinitrobenzene(TNB),and 2,4,6-TNT.

Inadditiontothemonitoringprogramdescribedabove,groundwatersampleshave

beencollectedand analyzedfromwellscompletedwithinthe alluviumupgradientofthe

quarryarea.These datawerecollectedaspartofa separatestudytodeterminea rangeof
naturalgroundwaterconcentrationstocomparewiththoseconcentrationsmeasuredwithin

thealluviumatthequarryarea.During1988 and 1989,fourgroundwatersampleswere

collectedfrom a privatewaterwellthatproducesfromtheMissouriRiveralluviumand is
locatedseveralkilometersupstreamofthequarryand theSt.CharlesCounty wellfield;

thesesampleswereanalyzedforseveralparameters,includingtotaluranium.Althoughnot
a comprehensivestudy,resultsofthemonitoringprovidedsome backgroundconcentrations

inthealluvium(MK-FergusonCompany and JacobsEngineeringGroup 1992c).

In a more recentstudy,backgroundgroundwatersampleswere collectedfromthe

MissouriRiver alluviumand analyzedfor major cations,metals,and radionuclide

constituents.Four monitoringwellclusters,consistingofa shallowand a deepwell,were
installedon a transectacrossthealluviumon thenorthsideoftheMissouriRivernear
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Defiance. Additionalinformationon the monitoringwell installationand sampling

methodologyaregiveninaUSGS report(Kleeschulte1993).InSections2.4.7.1and 2.4.7.2,
concentrationsofgroundwatercontaminantsdetectedintheQROU alluviumarecompared

withbackgroundconcentrationsmeasuredingroundwatersamplescollectedfromthesewells.

2.4.7.1 Radioactive Contaminants

The groundwater in the quarry area has been analyzed for gross alpha, gross beta,
radium-226, radium-228, thorium-228, thorium-230, thorium-232, and total uranium. The
vertical and horizontal extent of contamination have been evaluated from groundwater
monitoring results: the vertical extent on the basis of well completion -- i.e., either within
the alluvium, Kimmswick Limestone/Decorah Group, or Plattin Limestone- and the
horizontal extent on the basis of well location. The radioactive contaminants detected in the

shallow groundwater system are summarized in Tables 10 and 11.

Background concentrations of radionuclides in the shallow bedrock have not been
determined; consequently, it is difficult to distinguish natural background radioactivity from
contamination migrating from the potential source areas (i.e., the quarry and/or Femme
Osage Slough). In the Missouri River alluvium, background concentrations of gross alpha,
gross beta, radium-226, radium-228, thorium-228, thorium-232, and total uranium were
measured at two different upgradient locations (MK-Ferguson Company and Jacobs Engi-
neering Group 1992c; Kleeschulte 1993). In the following discussion, the radionuclide concen-
trations detected in the alluvium are compared with the background values presented in
Table 12; for uranium and radium, the maximum concentrations detected in groundwater are
compared in Table 13 with EPA standards -- e.g., maximum contaminant levels (MCLs) and
maximum contaminant level goals (MCLGs) -- under the Safe Drinking Water Act (EPA
1992).

The uranium concentrations detected in the shallow groundwater system ranged
from 0.2 to 6,700 pCi/L, with the higher concentrations measured within both the bedrock
and the alluvium.The uraniumconcentrationsintheshallowbedrockrangedfrom0.3to
6,300pCi/L.The highesturaniumconcentrationsmeasuredintheshallowbedrock(i.e.,the

Kimmswick Limestone/DecorahGroup)werefromwellsMW-1004, MW-1005, andMW-1027

locatedalongtherim ofthe quarry,and from wellsMW-1013, MW-1015, and MW-1032

locatednorthofFemme OsageSlough.The uraniumconcentrationsmeasuredinthesetwo
areasofthebedrockaquiferrangedfrom0.68to6,300pCi/L;theseconcentrationsareseveral

ordersofmagnitudehigherthantheuraniumconcentrationsmeasured withinthebedrock

northofthequarry,which rangedfrom1.6to11 pCi/L.

Uranium concentrationsin the threewellsscreenedwithinthe upper Plattin
Limestonerangedfrom 2.5to42pCi/L.The highestconcentrationinthislowerformation

was detectedingroundwatersamplesfromwellMW-1031 southofthequarry.Uranium
concentrationsinthealluviumrangedfrom0.2to6,700pCi/L.The highestconcentrations

were measured ingroundwatersamplesfrom wellsMW-1006, MW-1008, MW-1014, and
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TABLE 10 Summary of Groundwater Data for the Bedrock s

Kimmswick Limestone/Decorah Group

North of Quarry Along Quarry Rim North of Slough

Detection Detection Detection

Parameter Frequency Range b Frequency Range b Frequency Range b

Radionuclides (pCi/L)
Gross alpha 2/6 3.1-23 11/20 4.2-3,700 6/8 300-1,400
Gross beta 3/7 5.8-28 12/20 4.9-2,800 6/8 180-810
Radium-226 3/13 0.1-0.3 2/29 0.34.8 3/15 0.3-0.7
Radium-228 0/6 ND © 3/18 1.1-32 1/7 I.I

(2.7)

Thorium-228 0/2 ND I/6 1.2 0/3 ND
Thorium-230 4/12 0.3-12 4/29 0.2-2.2 1/15 1.5

(1.6)

Thorium-232 0/_ _, ND 1/29 0.8 0/15 ND
Uranium, total 26/30 1.6-II 84/89 0.68-6,300 52/52 150-1,700

Metals (pg/L)
Aluminum 1/1 220 2/2 370-55,000 0t3 ND
Antimony 1/1 86 1/3 97 0/3 ND
Arsenic 0/18 ND 7/54 4.4-7.4 8/29 2.6-6.7
Barium 18/19 110-170 54/57 23-400 27/29 90-160
Beryllium .© . (}/2 ND 0/3 ND
Cadmium . . I/2 5.4 0/3 ND
Chromium 1/1 54 3/5 38-76 2/3 45-49
Copper 0/1 ND 1/5 78 0/3 ND
Iron 0/1 ND 2/5 220-56,000 3/3 18-1,900
Lead 1/2 84 0/3 ND
Lithium 0/2 ND 1/3 50
Manganese 1/1 380 5/5 64-2,900 3/3 39-630

. O/2 ND 1/3 O.2
Mercury
Molybdenum " " 0/2 ND 0/1 ND
Nickel 1/1 43 2/5 52-140 0/3 ND
Selenium 0/2 ND 0/3 ND
Silver 1/1 22 1/3 23 2/3 10-13
Thallium 0/2 ND 0/3 ND
Zinc 1/1 21 2/5 29-260 2/3 9.2

(29)

Inorganic anions (mg/L)
Chloride 10/11 6.0-51 35/35 5.5-120 21/21 11-470

(66) (43)

Fluoride 8/11 0.3-1.3 24/35 0.2-1.4 16/21 0.3-1
Nitrate 27/29 0.19-37 53/87 0.09-580 27/50 0.14-13

(106)
Sulfate 29/29 36-480 86/87 26-1,000 47/47 82-9,300

(430) (474)

Nitroaromatic
compounds (pg/L)

1,3-DNB 0/29 ND 15/88 0.1z L2 10/50 0.093-9.1
2,4-DNT 1/29 0.06 56/87 0.03-38 33/50 0.04-8.8
2,6-DNT 1/29 3.4 57/88 0.01-2., 33/50 0.01-1.2
NB 0/29 ND 3/89 0.64-2.2 3/51 0.95-44
1,3,5-TNB 0/29 ND 57/88 0.03-600 28/49 0.04-300
2,4,6-TNT 0/29 ND 46/88 1.9-90 28/50 0.12-34
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TABLE 10 (Cont.)

Plattin Limestone

South and Southwest of Quarry South of Slough

Detection Detection

Parameter Frequency Rang eb Frequency Range b

Radionudides (pCi/L)
Gross alpha 3/3 6.6-22 1/2 5
G_ beta 3/3 12-13 1/2 7.2
Rad/um-226 2/3 0.2-0.3 1/1 0.3
Radiwn-_8 0/2 ND 0/1 ND
Thorium-228 0/2 ND 0/1 ND
Thorium-230 0/3 _ 0/1 ND
Thorium-232 0/3 ND 0/1 ND
Uranium, total 20/23 0.3-42 5/5 1.6-2.6

Metals(PI_,)
Aluminum 0/1 ND 0/1 ND

Antimony 0/1 ND 0/1 ND
Arsenic 3/16 3-6.3 0/6 ND
Barium 16/16 77-330 6/6 140/330

Beryllium 0/1 ND 0/1 ND
Cadmium 0/1 ND 0/1 ND
Chromium 0/1 ND 0/1 ND

Copper 0/1 ND 0/1 ND
Iron 0/1 ND 0/1 ND
Lead 0/1 _ 0/1 biD
Lithium 0/1 ND 0/1 ND
Manganese 0/1 bid 1/1 81
Mercury 0/1 ND 0/1 ND
Molybdenum 0/1 ND 0/1 ND
Nickel 0/I ND 1/1 16
Selenium 0/1 ND 0/1 ND
Silver 0/1 ND 0/1 ND
Thallium 0/1 ND 0/1 ND
Zinc 1/1 22 1/1 23

Inorganic anions (mg/L)
Chloride " "
Fluoride 1/4 0.28
Nitrate 6/19 0.06-0.34 1/5 0.14
Sulfate 19/19 29-190 6/5 10o45

Nitroaromatic compounds (pg/L)
1,3-DNB 0/23 ND 0/5 ND
2,4-DNT 0/22 ND 0/5 ND
2,6-DNT 0/23 ND 0/5 'ND
NB 0/24 ND 0/6 ND

1,3,5-TNB 0/23 ND 0/5 ND
2,4,6-TNT 0/23 ND 0/5 ND

a The bedrock includes the Kimmswick Limestone/Decorah Group and the Plattin Limestone. The
following wells were sampled in the Kimmswick/Decorah: north of quarry -- wells MW-1012 and
MW-1034; along quarry rim -- wells MW-1002, MW-1004, MW-1005, MW-1027, MW-1029, and
MW-1030; north of slough -- wells MW-1013, MW-1015, and MW-1032. The following wells were
sampled in the Plattin Limestone: south and southwest of quarry -- wells MW-1028 and MW-1031;
south of slough -- well MW-1033.

b Range of concentrations above the detection limit. A value in parentheses is the next highest value
below the high value indicated for the range; the high values in these cases are suspected outliers.

© ND indicates not detected; a hyphen indicates that analysis was not performed for that parameter.
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TABLE II Summary of Groundwater Data for the Alluvlum a

North of

North of Quarry East of quarry Femme Oss_ Slough

Detection Detection Detection
Parameter Frequency Range b Frequency Range b Frequency Rangeb

Radionuclides (pCi/L)
Gross alpha 1/2 25 3/8 3.9-8.5 12/26 26-6,000
Gross beta 2/2 5.9-18 5/8 5.9-14 11/26 11.3,400
Radium-226 2/3 0.2.0.4 .e 5/45 0.2-3.7
Radium-228 0/2 ND© 0/4 ND 0/20 ND
Thorium-228 0/2 ND 0/4 ND 0/6 ND
Thorium.230 0/3 ND I/4 0.2 5/46 0.3-3.4
Thorium-232 0/3 ND 0/4 ND 1/46 4.9
Uranium, total 7/23 0.3-2.5 33/36 0.68-38 111/115 1.4.6,700

Metals (pg/L)
Aluminum - - I/4 1,200 3/6 200-260
Antimony - 0/4 ND 4/4 77-82
Arsenic 9/16 19.26 4/48 2.4-62 18/51 2.6-30
Barium 16/16 200-420 48/48 200-3,100 52/56 22-570

(640)
Beryllium - 0/4 ND 1/2 5
Cadmium 0/4 ND 2/2 5
Chromium 0/4 ND 4/4 45-75
Copper 0/4 ND 0/6 ND
Iron 3/4 1,100-3,600 5/6 100-5,100
Lead 0/4 ND I)/2 ND
Lithium 0/4 ND 2/2 50
Manganese 4/4 360-2,600 6/6 210-7,200
Mercury 0/4 ND 2/2 0.2
Molybdenum 0/4 ND -
Nickel 1/4 II I/6 41
Selenium 0/4 ND 0/4 ND
Silver - 0/4 ND 5/6 13-26
Thallium 0/4 ND 0/2 ND
Zinc - 1/4 23 3/6 21-30

Inorganic anions (rag/L)
Chloride 4/4 2.0-4 60/60 8.6-450
Fluoride 1/4 0.19 24/40 0.19-1.2
Nitrate 5/20 0.1-0.27 11/44 0.1-0.89 67/112 0.07-25
Sulfate 15/20 0.64.67 44/44 9.8-82 109/110 2.8-1,700

(343)

Nitroaromatic
compounds (pg/L)

1,3-DNB 0/20 ND 0/44 ND 9/114 0.14-0.34
2,4-DNT 0/20 ND 0/44 ND 22/114 0.03-6.4
2,6-DNT 0/20 ND 0/44 ND 44/114 0.01-7.4
NB 0/20 ND 0/48 ND 5/114 0.7-7.6
1,3,5-TNB t/20 0.16 0/44 ND 46/114 0.03-220
2,4,6-TNT 0/20 ND 0/44 ND 38/114 0.0943
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TABLE 11 (Cont.)

South of Midpoint between Femme
Femme Osage Slough Osage Slough and Well Field Well Field

Detection Detection Detection
Parameter Frequency Rangeb Frequency Range b Frequency Rangeb

Radionuelides (pCi/L)
Gross alpha 20/60 0.3-30 24/62 1-200 31/108 1-38
Gross beta 8/33 1-22 14/20 2-11 31/39 1-8.6
Rad/um-226 16/53 0.2-2.6 8/22 0.1-0.8 14/23 0.3-4
Radium-228 5/27 1.1-3 8/12 0.3-5.4 14/23 0.1-2.6
Thorium-228 2/10 0.15-0.23 0/4 ND 0/8 ND
Thorium-230 10/54 0.1-3.6 7/22 0.1-2 4/23 0.12-0.8
Thorium-232 2/54 0.2-1.6 5/22 0.1 3/23 0.1-0.2
Uranium 60/195 0.2-31 54/73 0.4-11 33/109 0.2-8.2

Metals (pg/L)
Aluminum 0/5 ND 0/14 ND -
Antimony 0/4 ND 5/10 60 -
Arsenic 63/77 3.6-170 45/63 4.1-62 14/60 2.3-4.9
Barium 76/78 110-1,300 60/65 100-650 60/60 220-530
Beryllium 1/4 5 4/9 5 -
Cadmium 3/4 5-12 0/9 ND 0/23 ND
Chromium 6/6 28-47 8/13 21-55 -
Copper 1/6 65 1/13 29 -
Iron 7/7 880-26,000 13/16 20-12,000 -
Lead 0/4 ND 4/9 7.8-20 3/23 2.7-4.9
Lithium 4/4 50 4/9 50 -
Manganese 7/7 500-5,900 16/16 82-2,100 -
Mercury 4/4 0.2 4/9 0.2 2/23 0.26-0.33
Molybdenum 1/1 15 4/8 12-22 -
Nickel 0/4 ND 2/12 40
Selenium 0/4 ND 0/4 ND
Silver 2/4 10 3/12 10-23
Thallium 0/4 ND 0/9 ND
Zinc 5/6 20-38 6/14 20-73

Inorganic anions
(rag/L)

Chloride 88/88 2.5-530 36/36 1.5-18 10/10 2.1 -18
(70)

Fluoride 51/86 0.1-6.8 14/32 0.18-0.37 0/7 ND
Nitrate 19/150 0.01-3,400 15/58 0.2-3,000 0/31 ND

(2.4) (5.8)
Sulfate 93/153 0.41-12,000 58/61 2.7-340 24/24 12-130

(935)

Nitroaromatic
compounds(_g/L)

1,3-DNB 0/166 ND 1/76 0.23 0/115 ND
2,4-DNT 4/166 0.31-0.51 5/75 0.08-0.54 8/114 0.06-1.5
2,6-DNT 2/166 0.8-5.2 2/76 0.27-1.2 2/115 0.24-2.2
NB 2/172 0.37-1.0 1/89 0.21 1/138 0.31
1,3,5-TNB 19/166 0.02-160 3/75 0.06-0.08 6/114 0.02-0.06

(0.79)
2,4,6-TNT 3/166 0.01-51 1/76 1.1 1/114 1.9

i

a The alluvium includes the QROU and the St. Charles County well field. The following wells were sampled: north of quarry,
wells MW-1026 and MW-1035; east of quarry, wells MW-1036, MW-1037, MW-1038, and MW-1039; north of Femme Osage
Slough, wells MW-1006, MW-1007, MW-1008, MW-1009, MW-1014, and MW-1016; south of Femme Osage Slough,
wells MW-1010, MW-1011, MW-1017, MW-1018, MW-1019, MW-1020, MW-1021, MW-1022, MW-1023, and MW-1024;
midpoint between the slough and well field, wells RMW-1, RMW-2, RMW-3, and RMW-4;in the well field, wells PW-2, PW-3,
PW-4, PW-5, PW-6, PW-7, PW-8, and PW-9.

b Range of concentrations above the detection limit. A value in parentheses is the next highest value below the high value
indicated for the range; the high values in these cases are suspected outliers.

c ND indicates not detected; a hyphen indicates that analysis was not performed for that contaminant.
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TABLE 12 Summary of BaeI_round Groundwater
Concentrations for the Alluvium a

Detection Concentration Detection

Parameter Frequency Range Limit(s) b

Radionuclides (pCi/L)
Gross alpha 2/4 2.3-4.3 2.0
Gross beta 4/,._ 4.9-10.0 2.0
Radium-226 4/4 0.4-1.4 0.2
Radium-228 2/4 1.0-1.7 0.9
Thorium-228 0/4 ND c 0.2
Thorium-230 1/4 0.3 0.2
Thorium-232 0/4 ND 0.2

Uranium, total 15/15 0.2-11 0.2

Metals (_g/L)
Aluminum 1/12 93 35-91

Antimony 0/12 ND 20-44
Arsenic 10/12 2-8.2 2
Barium 12/12 250-700 2-16

Beryllium 0/12 ND 1
Cadmium 0/12 ND 3-4
Chromium 0/12 ND 6-8
Cobalt 0/12 ND 6-10

Copper 0/12 ND 5-10
Iron 11/12 560-13,000 19-46
Lead 5/12 3.3-77 2
Lithium 8/12 27J72 24-100

Manganese 12/12 250-790 2
Mercury 1/12 0.04 0.03-0.1
Molybdenum 0/12 ND 19-100
Nickel 0/12 ND 11-18
Selenium 0/12 ND 2
Silver 0/12 ND 6-10
Thallium 0/12 ND 2
Zinc 6/12 6-34 6

Inorganic anions (mg/L)
Nitrate as N 11/12 0.12-0.26 0.1-0.2
Sulfate 12/12 13-60 2.5-25

a Samples were collected from monitoring wells located at Darst
Bottoms, upgradient of the QROU.

b Range of sample detection limits reported.

c ND indicates not detected.
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TABLE 13 Comparieon of Groundwater Contaminant Concentrations
with Regulatory Standards

Missouri

EPA Drinking Water Safe Drinking
Maximum Regulations a Water Act a

Concentration
Contaminant in Groundwater MCL MCLG SMCL MCL SMCL

Radionuclides (pCi/L)
Radium-226 4.8 5b/20 c 0 -
Radium-228 5.4 20c - -
Thorium-228 1.2 - - -
Thorium-230 12 - - -
Thorium-232 4.9 - - -

Uranium, total 6,700 30d 0 - -

Metals (p_L)
Aluminum 55,000 - - 5-200 -
Antimony 97 6c 3c - -
Arsenic 170 50 - - 50

Barium 3,100 2,000 2,000 - 1,000
Beryllium 5 1 0 - -
Cadmium 12 5 5 - 10
Chromium 76 100 100 - 50

Copper e 78 - 1,300 c 1,000 - 1.000
Iron e 56,000 - - 300 - 300
Lead 84 - 0 - 50
Manganese 7,200 200 f 50 - 50
Mercury 0.33 2 2 - 2
Nickel 140 100c 100c - -

Inorganic anions (rag/L)
Chloride 530 - - 250 - 250
Fluoride 7 4 4 2 4 2

Nitrate as N 3,400 (106) g 10 10 - 10 -
Sulfate 12,000 (935) g 400c/500 c 400c/500 c 250 - 250

a Notation: MCL = maximum contaminant level; MCLG = maximum contaminant level goal; SMCL =
secondary maximum contaminant level.

b Concentration of radium-226 and radium-228 combined.

c Proposed value.

d The MCL is 20 pg/L, which corresponds to 30 pCi/L for a uranium-234 to uranium-238 activity ratio of 2.7 as
reported by the EPA. For an activity concentration ratio of uranium isotopes found in soil at the Weldon
Spring site, the corresponding MCL is 14 pCi/L.

e The EPA also lists action levels for copper and lead at 1,300 and 15 pg/L, respectively, in 40 CFR 141.80(c).

f Listed value for regulation.

s A value in parenthesis is the next highest value below the maximum concentration; the maximum values in
these cases are suspected outliers.

Sources: EPA (1992); Missouri Department of Natural Resources (1991).
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MW-1016 located adjacent to the north side of Femme Osage Slough. South of the slough,
the uranium levels were considerably lower, ranging from 0.2 to 31 pCi/L. This concentration
range is similar to that in the alluvium in the vicinity of the quarry (i.e., 0.3 to 38 pCi/L).
The uranium concentrations measured in groundwater samples collected from monitoring
wells midpoint between the slough and the St. Charles County well field ranged from 0.4 to
11 pCi/L.

The higher uranium concentrations detected in the tributary alluvium east of the
quarry and north and south of the slough were above the background concentrations (i.e., 0.2
to 11 pCi/L). Uranium concentrations were within the range of background concentrations
in the alluvium north of the quarry (MW-1026, MW-1035), at midpoint between the slough
and the St. Charles County production wells (RMW wells), and in the St. Charles County
production wells (PW wells). However, the maximum uranium concentration of 6,700 pCi/L
detected north of the slough in well MW-1008 greatly exceeds the EPA drinking water MCL
(Table 13). The maximum uranium concentrations detected in the vicinity of the quarry and

adjacent to the south side of the slough were also above the MCL.

Radium-226 and radium-228 were detected in many of the well samples from the
shallow groundwater system; however, the values are low, with concentrations ranging from
0.1 to 4.8 pCi/L for radium-226 and from 1.1 to 32 pCi/L for radium-228. The detected con-
centration of 32 pCi/L for radium-228 is a suspected outlier; the next highest value is
5.4 pCi/L, which was detected in the Kimmswick Limestone/Decorah Group along the
southern rim of the quarry (MW-1030). The highest radium-228 concentration was detected
within the alluvium south of Femme Osage Slough (RMW-1).

A comparison of the detected radium-226 and radium-228 concentrations with
regulatory standards and available background values shows that the combined concen-
trations of radium-226 and radium-228 detected in MW-1030, RMW-1, and RMW-3 are above
the current MCL of 5 pCi/L (Table 13). The proposed MCL for both radium-226 and
radium-228 is 20 pCi/L, which is substantially higher than the groundwater concentrations
that have been measured in the current monitoring well network (Table 11). The concen-
trations of the radium isotopes measured in the alluvium are either within the range or
slightly higher than the background values.

Thorium-228, thorium-230, and thorium-232 were detected at low concentrations in
the shallow groundwater system. The detected concentrations ranged from 0.15 to 1.2 pCi/L,
0.1 to 12 pCi/L, and 0.1 to 4.9 pCi/L for thorium-228, thorium-230, and thorium-232,
respectively. In general, the groundwater containing the higher thorium concentrations were
sampled from wells completed within the Kimmswick Limestone/Decorah Group along the
southern rim of the quarry (MW-1002, MW-1005, and MW-1030) and from alluvial monitoring
wells near Femme Osage Slough (MW-1006, MW-1007, MW-1010, MW-10107, MW-1019, and
MW-1024). Groundwater samples were collected from the three wells completed within the
Plattin Limestone and analyzed for thorium-228, thorium-230, and thorium-232, but none of
these radionuclides were detected. The samples collected from the St. Charles County
production wells did not exceed 1 pCi/L for any of the thorium isotopes. Most of the
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thorium-228, thorium-230, and thorium-232 concentrations measured within the alluvium
at the site were comparable to background levels. In general, thorium concentrations in
samples from wells near the slough were slightly above background levels.

The results of the preliminary assessment indicate that the alluvium and bedrock
of the shallow groundwater system contain high concentrations of uranium and relatively low
concentrations of radium and thorium isotopes. The highest concentrations of uranium in
the bedrock were measured in the Kimmswick Limestone/Decorah Group along the quarry
rim and north of Femme Osage Slough. In the alluvium, the highest concentrations were
measured north of the slough. The uranium concentrations measured in groundwater
samples collected from the St. Charles County monitoring wells (RMW) and production wells
(PW) were within the range of the measured background values.

2.4.7.2 Chemical Contaminants

The horizontal and vertical extent of chemical contamination in groundwater was
analyzed in a manner similar to that used in the assessment of radioactive contamination.
Groundwater at the QROU has been sampled and analyzed for CLP metals, inorganic anions,
and nitroaromatic compounds. However, except for arsenic and barium, groundwater
samples have not been analyzed for metals as frequently as for radionuclides, inorganic
anions, and nitroaromatic compounds. Several chemicals have been detected in the shallow
groundwater system; the results of these analyses are summarized in Tables 10 and 11. The
maximum groundwater concentration of each metal and inorganic anion detected within
either the alluvium or shallow bedrock is compared in Table 13 with the EPA standards (e.g.,
MCLs and MCLGs) under the Safe Drinking Water Act (EPA 1992) and the Missouri
standards under the Missouri Safe Drinking Water Act (Missouri Department of Natural
Resources 1991). Except for copper and mercury, the maximum groundwater concentrations
of all the metals and anions listed are above the federal and/or state drinking water
standards. In addition to drinking water standards, the maximum detected concentrations
of some of the metals and inorganic anions in the shallow alluvial aquifer are compared to
background concentrations obtained for the alluvium (Kleeschulte 1993). Currently,
background concentrations for the bedrock aquifer are not available for a similar comparison.
The background concentrations of metals and inorganic anions in the alluvium are
summarized in Table 12.

North of the quarry, a small number of groundwater samples collected from two
monitoring wells completed within the Kimmswick Limestone/Decorah Group contained
aluminum, antimony, barium, chromium, manganese, nickel, silver, and zinc. The maximum
concentrations of aluminum, antimony, chromium, and manganese detected in the bedrock
in this area (MW-1012) _,'e above the federal and/or state drinking water standards. The
metals detected in the bedrock north of the quarry were also detected in groundwater
samples collected from wells completed within the Kimmswick Limestone/Decorah Group
along the quarry rim; arsenic, cadmium, copper, iron, and lead were also detected in these
wells. The maximum concentrations of aluminum, antimony, cadmium, chromium, iron, lead,
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manganese,and nickeldetectedinseveralofthesebedrockwellslocatedalongthequarryrim

areabovethefederaland/orstateregulatorydrinkingwaterstandards(Table13).

North ofFemme Osage Slough,samplescollectedfromwellscompletedwithinthe

Kimmswick Limestone/DecorahGroup containedarsenic,barium,chromium,iron,lithium,

manganese,mercury,silver,and zinc.The maximum concentrationsofarsenic,iron,and

manganese detectedinthesewellsareabovethefederaland/orstateregulatorydrinking
waterstandards.

Arsenic,barium,and zincweredetectedingroundwatersamplescollectedfromwells

completedwithintheupperpartofthePlattinLimestoneand locatednorthoftheslough.
The maximum detectedarsenicconcentrationisabovetheproposedMCL. Groundwater

samplesfromthePlattinLimestonewellsouthofFemme OsageSlough(MW-1033)contained
barium,manganese,nickel,and zinc.The maximum manganeseconcentrationisabovethe

federaland statesecondarymaximum contaminantlevel(SMCL).The othermetalsdetected
intheupperKimmswick Limestone/DecorahGroup were notdetectedinthegroundwater

samplescollectedfrom thePlattinLimestone.

Inthealluviumnorthofthequarry,detectedconcentrationsofarsenicand barium

arebelowthefederaland statedrinkingwaterstandards.However,themaximum arsenic

concentrationdetectednorthofthequarryisabovetherangeofbackgroundvalues.Ground-
water samplesfrom monitoringwellscompletedwithinthe alluviumeastofthe quarry
containedaluminum,arsenic,barium,manganese,nickel,and zinc.The maximum concen-

trationsofallthesemetalsareabovethebackgroundvalues,and themaximum concentra-
tionsofaluminum,arsenic,and barium areabovethefederaland/orstatedrinkingwater
standards.Ironwas detectedinthealluviumeastofthequarry,withmaximum concen-

trationsabovetheSMCL butbelowbackgroundvalues.

Inthealluvium,alimitednumber ofgroundwatersamplescollectedfrommonitoring

wellsnorth ofFemme Osage Sloughcontainedaluminum, antimony,arsenic,barium,
cadmium,chromium,lead,lithium,manganese,mercury,molybdenum,nickel,silver,and

zinc.Exceptforiron,lithium,and zinc,themaximum detectedconcentrationswere above

therangeofbackgroundvalues.The maximum concentrationsofaluminum,antimony,
beryllium,chromium,iron,and manganese detectedin severalofthe wellsnorthofthe

sloughareabovefederaland/orstatedrinkingwaterstandards.The metalsdetectedinthe

alluvialwellsadjacenttothesouthsideofthesloughincludearsenic,barium,beryllium,
cadmium,chromium,copper,iron,lithium,manganese,mercury,molybdenum,silver,and

zinc.Exceptforlithium,themaximum concentrationsofthesemetalsareabovebackground
values.The maximum concentrationsofarsenic,beryllium,cadmium,iron,and manganese

ai'ealsoabove the drinkingwater standards. Antimony,arsenic,barium,beryllium,

chromium,copper,iron,lead,manganese,mercury,nickel,silver,and zincweredetectedin

thealluviumapproximatelymidpointbetweenFemme Osage Sloughand thewellfield.The
maximum concentrationsof antimony,arsenic,beryllium,chromium, iron,manganese
detectedinthisareaofthe shallowgroundwatersystemare abovefederaland/orstate

drinkingwaterstandards.
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Chloride, fluoride, nitrate, and sulfate were detected in samples from both the
bedrock and the alluvium of the shallow groundwater system. The highest concentrations
of chloride within the Kimmswick Limestone/Decorah Group were detected in groundwater
samples from monitoring wells along the quarry rim and north of the slough. Excluding the
suspected outliers, the maximum detected concentrations in the shallow bedrock were below
the federal and state SMCL. Within the alluvium, the highest chloride concentrations were
detected north and south of Femme Osage Slough. The maximum detected concentrations
north of the slough are above the federal and state SMCL. The highest concentrations of
fluoride were detected in the alluvium south of Femme Osage Slough, with maximum con-
centrations exceeding the state drinking water standard. Fluoride concentrations in
groundwater samples from other areas of the bedrock and alluvium are below the federal and
state MCL and SMCL. Omitting the suspected outliers, the highest nitrate and sulfate con-
centrations measured in groundwater samples from wells completed within the Kimmswick
Limestone/Decorah Group were located north of the quarry, along the quarry rim, and north
of Femme Osage Slough. The maximum nitrate levels measured in these areas of the
shallow bedrock exceed the federal and state drinking water standards. Nitrate was also
detected in the Plattin Limestone, but at concentrations below the respective drinking water
standards. The maximum concentrations of nitrate and sulfate detected in the alluvium

north and south of Femme Osage Slough, and approximately midpoint between the slough
and the well field, are above background concentrations and exceed the federal and state
drinking water standards. The concentrations of nitrate and sulfate in other areas of the
alluvium are all below regulatory standards.

Nitroaromatic compounds -- including 2,4-DNT, 2,6-DNT, NB, DNB, TNB, and
2,4,6-DNT- were detected in the bedrock within the Kimmswick Limestone and/or Decorah
Group along the rim of the quarry and north of Femme Osage Slough. In general, the higher
concentrations of nitroaromatic compounds were detected along the quarry rim. The
compounds 2,4-DNT and 2,6-DNT were detected in one sample collected within the shallow
bedrock north of the quarry (MW-1012). No nitroaromatics were detected within the Plattin
Limestone.

Within the alluvium, nitroaromatic compounds were detected in samples collected
north and south of the slough and in the area approximately midpoint between the slough
and the well field. The higher concentrations of nitroaromatic compounds were measured
near Femme Osage Slough. Low concentrations of nitroaromatic compounds were also
detected in the well field. North of the quarry, TNB was detected in one groundwater sample
from the alluvium.

In summary, several general observations can be made regarding the contaminant
distribution of metals, inorganic anions, and nitroaromatic compounds at the quarry area.
Compared with drinking water standards and background concentrations, elevated concen-
trations were measured in groundwater samples collected from both the bedrock and the

alluvium of the shallow groundwater system. For most chemicals where high concentrations
were detected in the bedrock aquifer (i.e., Kimmswick Limestone/Decorah Group), high
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concentrations of that same chemical were detected in the alluvium. The highest concen-
trations in the bedrock were measured in groundwater samples from the monitoring wells
completed within the Kimmswick Limestone/Decorah Group along the southeastern and
southern rims of the quarry and north of Femme Osage Slough (Table 10). The highest
concentrations in the alluvium were generally collected from the monitoring wells located
north of Femme Osage Slough (Table 11). For some chemicals, elevated concentrations were
also detected in wells adjacent to the south side of the slough.
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3 INITIAL SITE EVALUATION

3.1 CONCEPTUAL SITE MODEL

A conceptual site model was developed to identify contaminant source areas,
potential release and transport mechanisms, environmental media of concern, and potential
receptors (human and ecological) and routes of exposure for the quarry area. The model was
developed on the basis of current understanding of the site, including consideration of
historical operations and disposal practices and available monitoring and characterization
data. The model summarizes existing information regarding the site, identifies data gaps,
and provides the rationale for the development of sampling plans; its purpose is to guide the
remedial investigation. The model presented here will be revised to reflect the findings of
the site characterization studies as additional information becomes available. The conceptual
site model is depicted in Figure 14 (marked boxes represent the relevant exposure routes for
each receptor). Components of this model are described in Sections 3.1.1 through 3.1.5.

3.1.1 Contaminant Sources

Three potential sources of contamination have been identified for the quarry area:
(1) residual material in the quarry proper, (2) contaminated soil outside of the quarry proper,
and (3) surface water and sediment at Femme Osage Slough. The bulk wastes, which have
been addressed by previous actions and hence are outside the scope of this work plan
(Chapter 1), represent one of the primary historical sources of the contamination currently
present in the quarry area; hence, for the preliminary identification of radioactive and
chemical contaminants, information on the contaminants in the bulk waste was considered
in conjunction with the characterization and monitoring data collected for various environ-
mentalmedia inthequarryarea(Section3.1.2).

Similartothebulkwastes,thequarrypond was alsoa majorhistoricalsourceof
contamination,and thepond characterizationdataisconsideredintheidentificationofthe

preliminarycontaminantsofconcern.Currently,waterinthepondisbeingremoved,treated

ina watertreatmentplant,and thenreleasedintotheMissouriRiver.With regardtothe

conceptualsitemodel,itwas hypotheticallyassumedthatpumping operationswould cease
inthefutureand thatnofurtheractionwouldbetakenatthequarry,resultinginthepond

-- as wellas most ofthe excavatedquarryfloor-- refillingwith water. Under these
conditions,residualmaterialin the wallsand floorof the quarry could serve as a

contaminantsource.However,thefuturecontaminantlevelsinthepondwould beexpected

tobelow,suchthatthepondwould representa contaminatedmedium, and nota primary
contaminantsource.Infiltrationofpondwaterthroughthequarrybedrockwould,however,

continuetomobilizeand transportcontaminantspresentinthebedrockbeneaththequarry
togroundwater(Section3.1.3.1).
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The residualmaterialremaininginthequarryfollowingremovalofthepondwater
and bulkwaste isexpectedtoincludesoil,sediment,and sorbedcontaminantson exposed

surfacesand withinfracturesofthe quarrywallsand floor.The natureand extentof

contaminationoftheresidualmaterialwithinthequarrycannotbe characterizeduntilthe
bulkwaste has been removed,althoughthe radioactiveand chemicalcontaminantsare

expectedtobe similartothosepresentinthepond waterand bulkwaste(Sections2.4and
3.1.2).

The secondprimarysourceiscontaminatedsoilbetweentheKatyTrailand Femme

Osage Slough(i.e.,vicinityproperty9).The radiologicalcharacterizationdataindicatethat
thisareaiscontaminatedwithuranium(Section2.4.2).Chemicalcharacterizationforsoil

hasnotbeencompleted,and additionalareasofradioactivelyand/orchemicallycontaminated

soilmay beidentifiedduringfuturecharacterizationefforts.

The thirdprimarysourceissurfaceWaterand sedimentinFemme Osage Slough.
The resultsofthecharacterizationstudiespresentedinSections2.4.3and 2.4.4indicatethat
bothsurfacewaterandsedimentinthesloughareradioactivelycontaminatedwithuranium.

The resultsofthe chemicalcharacterizationstudiessuggestthatconcentrationsofsome

metalsareelevatedinthesediment.Additionalstudiestodeterminerepresentativeback-

groundconcentrationsforthisareaarerequiredforconfirmation.

The threeprimarysourceareasarelikelytobe linkedhydrologically.Infiltration
ofcontaminatedpond wateristhelikelysourceofgroundwatercontaminationbeneaththe

quarry.Contaminatedgroundwatertransportedundertheinfluenceofthenaturalgradient
tothesouthtowardtheMissouriRiveristhelikelysourceofcontaminatedsoilsouthofthe

quarry(vicinityproperty9)andcontaminatedsurfacewaterand sedimentattheslough.The
sloughand adjacentsoilmay alsohave been contaminatedas a resultofthedisposalof
contaminatedwaterfromthequarrypondintothesloughduringa pumping testconducted

in1960(Richardson1960).Althoughthegroundwatermay havecontaminatedtheslough,

thesloughmay alsocontributetogroundwatercontaminationatotherlocations,aswellas
tothecontaminationofnearbysoilby infiltration,seepage,and flooding.At thepresent
time,thelinkagesbetweenthedifferentsourceareashavenotbeenthoroughlycharacterized;

however,theirqualitativeinfluenceisevident.

3.1.2 Radioactive and Chemical Contaminants

A preliminary list of potential radioactive and chemical contaminants for the quarry
area was developed from available information on the nature of contaminants associated with
the site and on contaminant persistence and mobility. Information on site contaminants
includes monitoring and characterization results ibr the source areas and environmental
media within the quarry area and characterization data for the quarry bulk waste and pond
water, Also considered were the types of contaminants expected or identified at the two main
locations from which the bulk waste originated: the Weldon Spring chemical plant and the
Destrehan Street feed plant in downtown St. Louis (Table 5).



Informationon contaminantpersistenceand mobilitywas usedtodeterminethose

contaminantsmost likelytohave leachedfrom thebulkwaste tothe underlyingmedia.

Althoughthepond waterand bulkwasteservedasthehistoricalsourcesofcontamination

inthequarryarea,notallcontaminantsinthesemedia wouldnecessarilybepresentinthe
residualmaterialorwouldhavemigratedtogroundwaterbeneaththequarry.Thatis,other

factorsinfluencethefateand transportofa contaminantfromthewastetotheunderlying

media- includingsoiltype;pH; contaminantinventoryand concentrations;contaminant
solubility,mobility,andpersistence;andlocationofcontaminationwithinthewaste(i.e.,near

thewastesurfaceoron thequarryfloor).Forexample,contaminantspresentatlowconcen-
trationsand withlowpersistenceand/orlow mobilitieswould notbeexpectedtobepresent

intheresidualmaterial(ortohavemigratedtogroundwater),whereasthosepresentathigh

concentrationsand with highmobilitiesmay have leachedintothe underlyingresidual

materialand togroundwater.The preliminarylistofcontaminantsforthequarryareawill
be revisedasadditionalinformationbecomesavailablefromthecharacterizationefforts.

3.1.2.1 Radioactive Contaminants

For thispreliminaryassessment,theradioactivecontaminantsatthequarryarea
wereconsideredtobethoseassociatedwiththeuranium-238,thorium-232,and uranium-235

decayseries(Figures15,16,and 17). Thisisbasedon historicalinformation,available
monitoringand characterizationdatacollectedinvariousmedia inthequarryarea(Sec-
tion2.4),andcharacterizationresultsofthequarrybulkwasteand pondwater.The results

ofa sourceterm analysisforquarrysoilarepresentedinTable14..Thisanalysisindicates
thatsome ofthesoilassociatedwiththequarrycontainshighconcentrationsofthorium-230,

lead-210,radium-226,and radium-228.Thisconclusionisconsistentwiththehistoricaluse
ofthequarryfordisposalofsolidwastelargelyassociatedwithuraniumprocessingactivities

atthe chemicalplantand otherareas,i.e.,the formerSt.LouisDestrehanStreetplant
(Table5).

In nature,radionuclidesin thesethree decay seriesare in a stateof secular

equilibriumin which the activitiesof allradionuclideswithineach seriesare equal.
However,thisnaturalstateisalteredduringtheprocessingofuranium and thoriumores.

The rateatwhichequilibriumconditionsarereestablisheddependson thehalf-livesofthe

decayproducts.Radionuclideswithhalf-livesoflessthanI yearwillreestablishequilibrium
conditionswiththeirlonger-livedparentradionuclideswithinseveralyears.Thus,because

disposalactivitiesinthequarryceasedmore than20 yearsago,itcanbe assumedthatall
radionuclideswithhalf-livesoflessthan 1 yearhave reestablishedequilibriumconditions.

On this basis, each decay series can be divided into principle radionuclides from
which associated shorter-lived radionuclides can be inferred. Because the majority of

uranium disposed of in the quarry was natural uranium, it is reasonable to assume
uranium-234 is in secular equilibrium with uranium-238. Therefore, the activities of the
various radionuclides in the uranium-238 decay series can be determined from the activities

of four principal radionuclide_: uranium-238, thorium-230, radium-226, and lead-210.
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FIGURE 15 Uranium-238 Radioactive Decay Series

Accordingly, the activities of the various radionuclides in the uranium-235 decay series can
be determined from measured concentrations of uranium-235, protactinium-231, and
actinium-227. For the thorium-232 decay series, secular equilibrium can be assumed for all

radionuclides, given the relatively short half-lives of the decay products. Thus, it is possible
to infer concentrations of radionuclides in the thorium-232 series from measurements of
thorium-232 and radium-228.

An isotope of radon gas- i.e., radon-222, radon-220, and radon-219-- is included
in each of the three decay series. Because of the short half-lives of radon-219 and radon-220

(i.e., 3.9 and 56 seconds, respectively), the concentrations are usually low, as are the resulting
health effects. Thus, only radon-222 is considered as a potential contaminant in this
assessment.
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FIGURE 16 Thorium-232 Radioactive Decay Series

The preliminary radioactive contaminants for this assessment are actinium-227,
lead-210, protactinium-231, radium-226, radium-228, radon-222, thorium-230, thorium-232,
uranium-235, and uranium-238. At this preliminary stage, it is not possible to drop any
contaminants on the basis of characterization results because adequate sampling has not

been completed and local background concentrations for many media have not been collected.
For this reason, all contaminants listed above in the three decay chains have been retained

as preliminary contaminants for this assessment.

3.1.2.2 Chemical Conteminants

The preliminary chemical contaminants considered for this assessment are (1) for
the naturally occurring metals and inorganic anions, those elements or compounds that are
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or may be present at levels above background and (2) for the anthropogenic compounds, those
compounds present at levels above the limits of detection that are related to previous
activities associated with the Weldon Spring site. At this early phase of the site assessment,
the identification of a compound as a contaminant does not necessarily imply that a health
risk or hazard is associated with exposure to that compound.

Only limited monitoring and characterization results are available to identify the
chemical contaminants within the quarry area (Section 2.4). For most constituents and

media, local background concentrations are not available, and characterization data are
inadequate to determine representative contaminant concentrations for comparison with
background. Thus, inorganic anions and CLP metals are retained as potential contaminants
for all environmental media, pending the results of planned characterization studies
(Section 4.3).

This approach is censistent with the historical information available for the quarry
area. The inorganic chemical contaminants identified in the quarry pond and]or bulk waste
include anions and metals such as arsenic, lead, manganese, selenium, and uranium

(DOE 1989; MacDoneli et al. 1989). Elevated concentrations of several metals were detected
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TABLE 14 Activity Concentration Ratios Estimated
for the Major Radionuclides in Quarry Soft

Activity
Radionuclide Concentration Ratio a

Actinium-227 0.0029 b
Lead-210 1.7c
Protactinium-231 0.0058 b
Radium-226 0.55 d
Radium-228 0.48 d
Thorium-230 1.7d
Thorium-232 0.13 d
Uranium-235 0.046 e
Uranium-238 1.0

a Ratios are normalized to a unit concentration of uranium-238
and are reported to two significant figures.

b Based on information provided in MK-Ferguson Company
and Jacobs Engineering Group (1992e).

c Determined from activity concentration ratios reported for
uranium-238 to radium-226 and uranium-238 to lead-210
and on measured concentrations of radium-226 and
uranium-238 reported for the quarry bulk waste (DOE 1989).

d Determined from measured concentrations of radionuclides
reported for the quarry bulk waste (DOE 1989).

e Based on the naturally occurring ratio of uranium-235 to
uranium-238.

at the chemical plant (DOE 1992a), and some of these may be elevated in the quarry bulk
waste and residual material. In addition, the migration of inorganic species in soil or

sediment is highly influenced by the environmev.tal conditions of the system under
consideration (Bodek et al. 1988). Sufficient information is not available to assess the

mobility of the inorganic constituents present in the pond and bulk waste. Thus, it is not
possible to predict contaminant migration and, hence, the presence or absence of these
constituents in the residual material or environmental media outside of the quarry.

The primary organic constituents identified in either the quarry bulk waste or other
environmental media associated with the quarry area are polycyclic aromatic hydrocarbons

(PAHs), PCBs, and nitroaromatic compounds (Section 2.4 and DOE 1989). Although low
concentrations of several VOCs were also detected in some samples, these are believed to

have resulted from contamination in the field and/or laboratory. The VOCs were not

contaminants of concern for the chemical plant area (DOE 1992a), a finding which further

supports the presumed absence of these compounds in the bulk waste.
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In contrast to the inorganic contaminants, compound-specific attenuation or distri-

bution coefficients (Kd values) are available that can be applied to predict the mobility of
organic compounds in a relatively broad range of soil and sediment. A discussion and listing
of Kd values for contaminants present at the chemical plant area, which includes the organic
constituents at the quarry, is given in Appendix E of the BA for the chemical plant area
(DOE 1992a). The PAHs and PCBs are well-studied compounds, and their behavior in envi-

ronmental media can be predicted. The Kd values for the individual PAHs and PCBs are
relatively high, and these compounds are expected to be strongly sorbed to soil and sediment
so that leaching is not considered to be a primary factor in the fate and transport of these
contaminants. For this reason, it is unlikely that these compounds would be present in the
quarry residual material or would have migrated to groundwater. Greater mobility is

indicated for the nitroaromatic compounds, for which the Kd values are considerably lower,
so leaching from the bulk waste to the residual material and into groundwater is expected.
Nitroaromatic compounds have been detected in groundwater beneath the quarry
(Section 2.4.7.2).

In summary, the preliminary chemical contaminants identified for the quarry area
are metals, inorganic anions, and nitroaromatic compounds. The exclusion of other chemical
classes at this time is preliminary, and their absence will be confirmed during RI
characterization activities. In addition, the planned characterization of the bulk waste
material following its excavation (DOE 1990b) will provide additional information regarding
contamination in these materials. For the purpose of this work plan, identification of
preliminary contaminants will guide the data quality objective process and focus the
development of sampling plans (Sections 4.1 through 4.3).

3.1.3 Potential Release and Transport Mechanisms

The potential release and transport mechanisms for site contaminants are assessed
to identify environmental media that could be impacted by releases from each of the primary
sources identified at the quarry area, i.e., quarry residual material, contaminated soil, and
surface water and sediment at Femme Osage Slough. Possible release and transport
mechanisms identified for these source areas include the following:

* Emission of soil particulates to the atmosphere and wind dispersal;

* Radon emanationfromradium-contaminatedsoil;

* External gamma radiation;

* Leaching of contaminants from soil and infiltration to groundwater;

• Groundwaterdischargetosurfacewater;

• Surface runoff over contaminated soil following precipitation or flooding
of the Missouri River and local creeks -- with transport to other soil, the
slough, and other drainage areas;
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• Infiltration of surface water to groundwater; and

• Uptakeby wildlifefromvegetationincontaminatedsoilareas.

Becauseofthedifferingnatureofthethreesourceareas,allofthepotentialrelease
mechanisms and receivingmedia listedabovearenot expectedtoplaya primaryrolein

contaminantfateand transportforeachsourcearea.The availableinformationand factors
affectingthefateand transportofcontaminantsfromtheindividualareasarediscussedin
Sections3.1.3.1through3.1.3.3.

3.1.3.1 Residual Material

Followingdewateringofthepond and removalofthebulkwaste,any remaining

loosematerialwould be removed from the quarryfloorand wallsby activitiessuch as
washing,scraping,sand blasting,and chippingas partofquarrybulkwaste removal

activities(DOE 1990b). These activitiesareexpectedtoresultinnegligiblecontaminant
releasevia particulateemissionsbecauseany remainingresidualmaterialwould be
embeddedincracksand creviceswithinthebedrockorstronglyattachedtoexternalsurfaces

inthefloorand wallsofthequarry.Contaminantsalsocouldhaveenteredtherockmatrix

by diffusion.Contaminantreleaseviagaseousemissionswould belimitedtoradongas or
emissionsfromVOCs. The productionofradongasisa potentialconcernifelevatedlevels
ofradiumremainintheresidualmaterial.On thebasisofthepreliminarycharacterization

data,releaseofVOCs isnot expectedtobe a significantpathway;onlylow levelswere
detectedinthebulkwastematerial,and,ifpresenton surfacematerial,thesecompounds

would bereleasedduringwashingfollowingbulkwasteremoval.

The primaryreleasemechanism associatedwith thequarryresidualmaterialis

expectedtobeinfiltration.Followingbulkwasteremoval,waterfromprecipitationorrunoff
notcapturedby a sump pump couldleachcontaminantsfrom exposedsurfacesand the
surroundingshaleand interbeddedlimestonematrix.Under hypotheticalfutureconditions,

inwhich itisassumed thatpumping operationshave ceasedand thepondand floorofthe

quarryhaverefilled,precipitationand surfacerunoffwouldcollectinthepond,whichwould
thenserveasa constantsourceofinfiltratingwater.The degreeofleachingintosurface
runoff_md pond water would be a functionof the amount of materialpresentand

contaminantsolubility.Assuming thatthe kineticsof the dissolutionprocesscan be

representedby first-orderreversiblereactions,therateofcontaminantleachingwould be

proportionaltothecontaminant-specificK dvalues,whichrelateconcentrationinsoil(solid

phase)to concentrationin soilwater. Contaminantswithhigh Kd valuesare strongly
adsorbedtosoiland havethelowestratesofleaching,whereasthosewithlowKdvaluesare

more easilymobilizedand would be releasedtothe underlyingunconfinedgroundwater.
Onceinthegroundwater,contaminantswouldbetransportedundertheinfluenceofexisting

hydraulicgradients.



76

3.1.3.2 Contaminated Soft

Fine-grained contaminated particles can be released from surface soil to the
biosphere through wind erosion and then transported in the direction of the prevailing wind.
The air pathway may also transport radon gas or emissions of VOCs contained in the near-
surface soil. However, radon gas emanation and volatilization of organic compounds are not
expected to be primary release mechanisms for soil because of the low concentrations of
radium (the source of radon) and VOCs in contaminated soil outside of the qllarry.

A second release mechanism associated with soil is surface runoff. Water from either

precipitation or flooding from the Missouri River or the creeks in the area can remove soil
from the surface and transport the particles to regions of lower topographic elevations. This
release mechanism would be a function of ground cover and time of year.

A third release mechanism considered for contaminated soil is infiltration. In this

process, water from precipitation or flooding of the Missouri River or one of the nearby creeks
infiltrates the soil and leaches contaminated material. The leached material can then enter

groundwater where it is transported under the influence of the existing hydraulic gradient
toward the Missouri River. This transport process, however, may be complicated by the
presence of Femme Osage Slough, which is near the contaminated soil. In general, the
groundwater flow direction is understood; however, couplings between groundwater in the
alluvium and bedrock north and south of the slough have not been well established.

3.1.3.3 Surface Water and Sediment at Femme Osage Slough

The primary release mechanisms for surface water and sediment in the slough
include infiltration and discharge to groundwater. Infiltration of slough water could
transport contaminants to the underlying groundwater and nearby soil. Because the slough
is used for water storage during times of high stage in the Missouri River, contaminants in
the slough could be transported within the slough where they would infiltrate to the
groundwater or contaminate nearby soil. Characterization studies of groundwater and soil
in the vicinity of the slough indicate the presence of contamination. If fluctuating
groundwater levels in the vicinity of the slough are affected by elevation changes in the
Missouri River, the groundwater originating at the quarry could potentially discharge to the
slough during conditions in which groundwater levels are above or near the level of water in
the slough; also, the groundwater could receive recharge water from the slough during
conditions in which the water level is higher in the slough than in the groundwater. These
conditions could lead to intermittent recontamination of both the groundwater and slough,
as well as nearby soil.

,CJouthof the slough, limited data suggest that groundwater concentrations of some
chemical contaminants are elevated compared with background concentrations; however,
contaminant concentrations in this area are lower than those measured in groundwater wells
north of the slough. This decrease in chemical concentrations may be the result of the
combined clayey/silty alluvial sediments that have a high sorption capacity for contaminants



77

and the flushing flows in Femme Osage Slough. The decrease in chemical contamination and
the absence of radioactive contamination in the groundwater south of the slough may also
be attributed to other transport mechanisms, such as groundwater flow below the alluvium
and through the Plattin Limestone, vertical groundwater flow along the bedrock interface to
deep parts of the alluvium, or dilution with uncontaminated groundwater from the Missouri
River alluvium in the vicinity of the St. Charles County well field. Characterization has not
yet been performed to determine the relative magnitudes of these separate processes.

Contaminated sediment in the slough can also be released and transported to the
surrounding environment by water infiltrating from the slough and from groundwater
discharge. Contaminated sediment could contribute to groundwater contamination when
wster in the slough infiltrates the underlying bottom sediment, thereby leaching contami-
nated material. This activity would occur during times when slough water is recharging the

underlying groundwater. When groundwater is discharging to the slough, the bottom
sediment could be leached, releasing contamination to the slough water for further transport.

3.1.4 Potential Human Receptors and Routes of Exposure

Exposure points are defined as points of potential contact of a receptor with a
contaminated source or environmental medium. The contaminated sources and media

associated with the quarry area include soil, surface water, sediment, air, and biota. Likely
human activities under current and potential future land-use conditions were considered in
identifying the potential human receptors at the quarry area. The routes of exposure (i.e.,
inhalation, ingestion, and dermal contact) identify the means by which the contaminant(s)
can be taken in by a receptor; for this assessment, external gamma irradiation, inhalation,
ingestion, and dermal absorption were considered as potential exposure routes.

3.1.4.1 Quarry Proper

The quarry is currently fenced and access restricted to the general public. These
controls will remain in place for as long as DOE maintains ownership and determines that
access restrictions are required for the protection of the general public. Hence, under current
and near-term future conditions, any exposure to members of the general public would be
limited to those of a current visitor (assuming supervised access) and an occasional trespasser
who might gain entry to the site. Exposures incurred by these receptors would be
intermittent, and the primary exposures associated with environme _cal media would be

expected to occur through inhalation and external gamma irradiation. In addition, the
trespasser could be exposed through direct contact with the contaminated residual material,
resulting in incidental ingestion of and dermal contact with soil/sediment.

Under hypothetical future conditions, it is expected that land use in the area would
remain recreational, in which case the most likely receptor is a recreational user. For this
assessment, it was assumed that institutional controls would be lost and that the quarry
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pond and floor would refill with water. The potential routes of exposure for the recreational
visitor would include those described for the trespasser, as well as exposures associated with
the pond water, that is, ingestion and dermal contact. The potential for inhalation exposure
to contaminated airborne particulates is expected to be low because any remaining
contaminated material would be in cracks and crevices of the quarry floor and walls, from
which dispersion would be limited. Radon emanation from contaminated soil or sediment is
of potential concern only if elevated levels of radium remain in the residual material.

3.1.4.2 Areas Outside of the Quarry Proper

The most likelyreceptorinareasoutsideofthe quarryproperisa recreational

visitor.Femme Osage Sloughisusedforfishing,and Katy Trailisused extensivelyfor
recreationalactivitiessuchashikingand biking;visitorscouldcontactcontaminatedsurface

water and sedimentatthe sloughand contaminatedsoilbetweenthe sloughand trail.
Exposuresofa recreationalvisitortothisareawould be intermittentand would depend

largelyonthedurationofthestayand theactivitiespursued.Potentialexposureroutesfor
this receptor include (1) external gamma irradiation (2) direct contact with contaminated soil
or sediment, resulting in incidental ingestion and dermal exposure, (3) inhalation of airborne
particulates, and (4) ingestion of surface water.

Under futureconditions,landuseisexpectedtoremainrecreational,and themost

likelyreceptoris the same individualidentifiedunder currentconditions,that is,a
recreationalvisitor.BecausetheareasurroundingthequarryispartoftheWeldon Spring

ConservationArea,which ismanaged forrecreationaluse,long-termplansforthisarea
includemore intensiverecreationaluse,withthepossibledevelopmentofwetlandswithin

theSt.CharlesCountywellfield.Even withlandownershipchangeinthelong-termfuture,
itisconsideredhighlyunlikelythattheareawould be usedforresidentialorcommercial

purposesbecauseofthetopographyofthe areaand the locationofa portionofthe land
withintheMissouriRiverfloodplain.(Therecentfloodduringthesummer of1993crested

abovethehundred-yearfloodplain,essentiallyf_odingtheentirelandareabelowthequarry.
Although the area willcontinueto be used forrecreationalpurposes,the extentof

recreationaluse and plansforwetlanddevelopmentorotherchangesinthenearterm are
uncertainatthistime.)

Under current conditions, groundwater is not used for agricultural or recreational
purposes. The water table along the alluvium is relatively shallow, and natural precipitation
provides sufficient water for the agricultural crops grown in the area. Even if future land use
in the area were to include continued or more extensive agricultural use, it is unlikely that
groundwater would be used for irrigation. Assuming future recreational use, it is possible
that wells in the alluvium could be used to provide drinking water for recreational users in
the area; this potential additional pathway will be addressed in the risk assessment. The
potential for groundwater transport of contaminants to the St. Charles County well field is
discussed in Section 3.1.4.3.
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3.1.4.3 Alluvium

Elevated concentrations of uranium and some chemical constituents have been

detected in monitoring wens completed in the alluvium north of the slough. In addition,
preliminary data suggest that elevated levels of chemical constituents may be present in
wells south of the slough. The primary concern associated with groundwater is the potential
for migration of contaminants to the St. Charles County well field. Currently, groundwater
from the well field is routinely monitored and shows no evidence of contamination.

Under current conditions, groundwater does not represent a complete exposure
pathway. That is, groundwater in the alluvium in areas with elevated contaminant concen-
trations is not used for residential, agricultural, or other purposes. One of the objectives of
the RI and associated studies will be to determine contaminant release and transport

mechanisms for the groundwater pathway and the potential for contaminant migration
beyond current boundaries; the potential for health effects will also be assessed. For this
assessment, the hypothetical receptor is a resident within St. Charles County receiving water
from the well field for residential use. In addition, the assessment compares predicted
contaminant concentrations to MCLs and other relevant regulatory standards.

3.1.4.4 Fish, Game, and Agricultural Crops

In addition to the exposure pathways identified for each of the receptors at the
specific source locations (Sections 3.1.4.1 through 3.1.4.3), a trespasser or recreational visitor
to the quarry area or conservation area could fish in the slough or hunt game inhabiting the
contaminated area. Therefore, fish and game ingestion are also considered to be possible
routes of human exposure.

The St. Charles County well field is actively farmed for crops used as livestock feed
(Section 2.4.6). Samples of corn and soybeans grown in this area have been analyzed for
radioactive contaminants associated with the quarry area; elevated concentrations have not
been detected. These crops will continue to be monitored, although no pathway for
contaminant migration into this area has been identified. In the absence of contamination,
ingestion of crops by human or ecological receptors does not represent a complete exposure
pathway for the quarry area.

3.1.5 Potential Ecological Receptors and Routes of Exposure

Because the area in the quarry vicinity is important to wildlife (with some areas
being actively managed), field analyses will be performed to document the extent of wildlife
use and to assess the possible impacts to biota resulting from use of potentially contaminated
media. These field data will supplement those already available for the quarry area
(MK-Ferguson Company and Jacobs Engineering Group 1992c, 1993a; Environmental Science
and Engineering 1993).
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A number of potentialexposure routesexistforecologicalreceptorsat the quarry

area. Each routeisa functionofthe habitattype (e.g.,terrestrialor aquatic),lifehistory

traitsofthe species(e.g.,sedentaryor mobile;feedingstrategy),the type ofcontaminated

media involved,characteristicsof each contaminant, and the potentialforsynergisticor

antagonisticchemicalinteractions(Figure18).

Directexposuretogroundwater contaminationwould principallyaffectdeep-rooted

plants.Directimpactstobiotafrom contaminated soilwould be expectedtoprimarilyaffect

rootedvegetationand burrowinginvertebratesand vertebrates(e.g.,earthworms,moles,and

some salamanders). Exposure to contaminated surfacewater and groundwater following

dischargeto surfacewater could affecta varietyof aquatic organisms, includingfish,

amphibians,reptiles,zooplankton,algae,rootedand nonrootedvascularplants,and macro-

invertebrates.Waterfowl,shorebirds,and wading birdscouldalsobe affected,as couldother

terrestrialspeciesthat drink or contactcontaminated water or prey upon aquaticbiota.

Exposure tocontaminatedsedimentcouldimpact burrowingaquaticorganisms,rootedmacro-

phytes,some birds(thosefeedingon soilinvertebratessuch as earthworms),benthicfish(e.g.,

bullheadsand carp),frogs,and turtlesthatroutinelyutilizethesediment-waterinterfaceof

aquatichabitats.In addition,contaminated sedimentand surfacewater might alsoaffectthe

eggs,embryos, and fryofinvertebrates,fish,and amphibians. Contaminants thatbecome

sequesteredin terrestrialor aquaticbiotacan be returnedtothe physicalenvironment via

decomposers,which includeinvertebrates,bacteria,and fungi.
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Site-specific data are available for many taxa in the quarry area, including fish, owls,
waterfowl, other birds, and benthic invertebrates (MK-Ferguson Company and Jacobs
Engineering Group 1992c, 1993a; Environmental Science and Engineering 1993). Because
potentially suitable habitats occur throughout the Busch Conservation Complex and in
portions of the Weldon Spring site, and because only limited site-specific surveys for biota
have been conducted to date at the contaminated (or potentially contaminated) habitats,
many of the species reported from St. Charles County of the Busch Conservation Complex
are potential ecological receptors for the assessment of the quarry area. Consequently, a list
of appropriate receptor species for the quarry area will be defined on the basis of results
obtained from field sampling and analysis activities. Nevertheless, it is possible at this time
to identify some federal- and state-listed species as potential receptors. Surveys for federal-
and state-listedspecies conducted in the quarry area indicate the presence of the northern
harrier (state endangered), Swainson's hawk (federal 3C, state endangered), and loggerhead
shrike (federal C2, state watch list) in the St. Charles County well field (MK-Ferguson
Company and Jacobs Engineering Group 1993a).

The pallidsturgeon(federalendangered)and thesicklefinand sturgeonchubs(both
C2 species)havebeenreportedfromtheMissouriRiverwithin5 km (3.1mi)downstreamof
theWeldon Springsite(DOE 1992b).These speciesarenotlikelytobe exposeddirectlyto

contaminatedsedimentinthequarryand vicinitypropertiesortosurfacewaterthatenters
theriver.

T17,ebald eagle (fedo.ral endangered) is a seasonal visitor to Howell Island and might
forage at or in the vicinity of the Missouri River near the quarry (MK-Ferguson Company and
Jacobs Engi_]eering Group 1993a). The peregrine falcon (federal endangered) and Cooper's
hawk (state rare) are known to occur in the area and could be exposed to residual contami-
nants through food chain transfer. The least tern (federal endangered) is a rare summer
resident in the Weldon Spring area. The bald eagle feeds primarily on fish, waterfowl, and
carrion; the peregrine falcon on songbirds, shorebirds, and waterfowl; Cooper's hawk on birds
and small mammals; and the least tern on small fish and insects.

To obtain the data for examining routes of exposure, biota and contaminant levels
will be sampled from terrestrial and aquatic habitats in the quarry area and from background
(uncontaminated) sites. These surveys will be designed to provide a thorough and quanti-
tative description of the ecological status of the biota, contaminant levels in the physical
media, estimates of contaminant biouptake, and identification of end points (Table 15).
(Detailed descriptions of the sampling protocol are presented in the quarry residuals
sampling plan [MK-Ferguson Company and Jacobs Engineering Group 1993b].) Terrestrial
habitats to be sampled include the quarry perimeter, vicinity property 9, agricultural fields,
and portions of Little Femme Osage Creek. Background locations will be selected from the
Weldon SpringConservationArea.AquaticsurveyswillbeconductedinportionsofFemme
Osage Slough,LittleFemme Osage Creek,and Femme Osage Creek. PortionsofLittle

Femme Osage Creekand Femme OsageCreek thathave notbeensubjecttocontamination
fromr _t activitiesassociatedwiththeWeldon Springsitewillbe selectedasbackground
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TABLE 15 Examples of Assessment and Measurement End Points for the
Ecological Assessments in the Quarry Residuals Operable Unit a

Target Species
or System Assessment End Point Measurement End Point

Terrestrial

Upland vegetation Changes in species composition, Community measures (species density,
lower population density richness, diversity, size-structure),

in-situ toxicity tests (root elongation)

Small mammals Changes _n species composition, Community measures, chemical residues
lower population density, in prey, histological anomalies
changes in age structure

Birds Changes in species composition, Presence/absence, community measures,
lower population density residue in prey

Soil biota Changes in species composition In-situ toxicity (earthworm survival), root
and community structure elongation, tissue structure residues,

XRF screen (metals)

Threatened and Increased mortality or lowered Chemical residues in prey or in surrogate
endangered species b reproduction in surrogates for individuals

bald eagles and other species
listed in Table 3

....... . .................. ,...., ..................................................................................................................................... . ......................... . ........................................

Aquatic

Vegetation Changes in species composition, Microtox ® screen (sediment, water),
lower population density, tissue residue analyses, community
decreased productivity measures, EPA or state water quality

criteria

Animals Changes in species composition, Microtox ® screen (sediment, water),
age structure, and survival residue analyses, Daphnia stress tests,

community measures, survival of caged
populations, EPA or state water quality
criteria

Threatened and Increased mortality or lowered Chemical residues in prey or surrogate
endangered species b reproduction in surrogates for individuals, EPA or state water quality

pallid sturgeon and other criteria
species listed in Table 3

a This list is preliminary and will be revised as additional data become available.

b Includes federal- and state-listed threatened and endangered species.
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locations. The Missouri River will be considered, if appropriate, on the basis of preliminary
characterization efforts or on results from other aquatic areas.

3.2 TOXICOLOGICAL AND ENVIRONMENTAL PROPERTIES
OF SELECTED CONTAMINANTS

As background information for this work plan, the toxicological effects associated
with potential radiation exposure and the major toxicological effects of selected potential
chemical contaminants associated with the QROU are described in Sections 3.2.1 and 3.2.2.
For most of the contaminants identified, the potential is greater for chronic (long-term) than
for acute (short-term) effects of humans and biota under current conditions.

3.2.1 Radiation Toxicity

3.2.1.1 Human Health

Radiation health effects for humans have been confirmed only at relatively high
doses or at high dose rates with large populations. Hence, risk estimates are strictly
applicable only to large populations because the appearance of health effects after an
exposure is a chance event. For low doses, health effects are presumed to occur but can only
be estimated statistically. These effects cannot be predicted with certainty for small
populations (e.g., a few individuals).

Radiological health effects can be expressed as the increased likelihood of cancer
induction for an exposed individual or population. However, risk estimates are uncertain for
the low dose range because of the necessary extrapolation of effects from high doses and
because of assumptions regarding the dose-response relationships and the underlying
mechanisms of radiation carcinogenesis. In fact, studies of populations chronically exposed
to low-level radiation, e.g., in regions of elevated natural background, have not shown
consistent conclusive evidence of an associated higher risk of cancer induction.

Alpha, beta, and gamma radiation are released during the radioactive decay of radio-
nuclides in the uranium-238, thorium-232, and uranium-235 decay series. Each type of

radiation differs in its physical properties and in its ability to induce damage to biological
tissue. Alpha particles are primarily a hazard when taken into the body (e.g., by inhalation
or ingestion) because, for external exposure, they almost always lose their energy in the outer
layer of dead skin cells of the body before reaching living tissue. Within the body, alpha
particles result in greater cell damage than beta or gamma radiation because their energy
is completely absorbed by the tissue. Beta particles are primarily an internal hazard, but,
in some cases of external exposure, very energetic beta particles can penetrate to living skin
cells, thus representing an external hazard a9 well. However, beta particles deposit less
energy to tissue and therefore induce much less damage than alpha particles. Gamma
radiation is primarily an external hazard because it can easily penetrate tissue and reach
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internalorgans.However,onlya verysmallfractionoftheincidentenergyisdepositedin

tissueand internalorgans.

Radiationexposure pathways can be separatedinto externaland internal

components.Externalexposureoccurswhen theradioactivematerialisoutsidethebody,and

itisprimarilya concernonlyforgamma radiation.Intornalexposureoccurswhen the
radioactivematerialentersthe bodyby inhalationoringestion.Inhaledmaterialcan be

exhaled,expelledfromthelungstobeeitherspitorswallowedand excreted,depositedinthe

lungs,orabsorbedby thebloodand relocatedtootherorganswhere itisexcretedovertime.

Some fractionofingestedmaterialwillenterthebloodstreamand be eitherexcretedinthe
urineorfecesorrelocatedtootherorgansand excretedovertime;most insolubleingested
materialisnot absorbedintothe bloodbut excreteddirectlyvia feces.For internal

exposures,alphaand betaparticlesare the dominant concernbecausetheirenergyis
absorbedincellsbeforetheparticlesleavethebody.The biologicalsignificanceofthevarious
forms ofradiationis accountedforby a qualityfactorthataccountsforthe biological

effectiveness(degreeofharm) ofa particularradiation.

The radioactivecontaminantsforthequarryarea(Section3.1.2.1)areactinium-227,

lead-210,protactinium-231,radium-226,radium-228,radon-220,radon-222,thorium-230,
thorium-232,ur_mium-235,and uranium-238.These radionuclidesare members ofthe
uranium-238,thorium-232,and uranium-235decayseries(Figures15,16,and 17).Infc_rma-

tionon theradiationtoxicityoftheseradionuclidesisprovidedinSection4 oftheBA furthe

chemicalplantarea(DOE 1992a).

3.2.1.2Biota

The interactionof plantswith radionuclidescan occurby foliarabsorptionof
radionuclidesdepositedon leafand stem surfacesorbyuptakefromtheplantrootzonein
thesoil.Informationdescribinguptakeand accumulationofradionuclidesbyplantsisbased

mostlyon short-term,relativelyhigh-exposurelaboratoryexperiments(Knight1983)that

may notbeapplicabletolong-term,low-levelexposureconditionssuchasthoseatthequarry
area.

Althoughbioconcentrationofuranium,radium,and thoriumhas beenreportedfor

fishand aquaticvegetation(Gilbertetal.1989),no evidenceexiststhattheradionuclidesof

concernbiomagnifyinaquaticsystems(Swanson1983;Postonand Klopfer1988);therefore,

ecologicalriskstospeciesathighertrophiclevelsfrombiomagnification,e.g.,ofuranium,are
likelytobe verylow. For example,Swanson (1983)notedthattheradionuclidecontentof

fishdecreasedfromlowertohighertrophiclevels,and Postonand Klopfer(1988)concluded

thatfishoccupyinghlghertrophiclevelsinfreshwatersystemsaccumulatedlessuranium
thanfishoccupyinglowertrophiclevels.Althoughtheestimateddailyradiologicaldoseto

freshwaterfishinsurfacewateratorneartheWeldon Springsite(Monette1992)iswell

belowthedailydoselimitofI rad/dforprotectionofaquaticanimals,datawillbecollected
to estimate the daily dose to fish in surface waters within the QROU. Environmental
monitoring results (MK-Ferguson Company and Jacobs Engineering Group 1992a) indicate
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that no adverse ecological impacts from radiotoxic effects are anticipated for aquatic biota
inhabiting the surface waters near the quarry; however, continual monitoring will be
conducted for the QROU remedial investigation (MK-Ferguson Company and Jacobs

Engineering Group 1993b).

3.2.2 Chemical Toxicity

3.2.2.1 Human Health

On the basis of available historical information, aside from uranium and other

radionuclides, potential contaminants at the quarry area may include other metals, inorganic
anions, and some organic compounds (notably nitroaromatics). Metals identified in the
various media investigated include antimony, arsenic, cadmium, chromium, lead, and
thallium. Metal compounds can undergo a wide range of transformation processes, forming
complexes with inorganic species or organic ligands present in the environment. These
processes, collectively referred to as speciation, can occur in all environmental media. The
speciation of a metal in a given environment affects its bioavailability, solubility, volatility,
and sorptive properties. In addition to speciation, the fate of metals is affected by the
properties of the environmental media. For example, properties affecting the mobility of a
metal in water depend on the presence of other chemical species and on the pH.

Uranium is the most widespread of the metal contaminants at the quarry area. The
two main hazards associated with exposure to uranium compounds are (1) kidney damage
caused by the chemical toxicity of soluble ingested uranium compounds and (2) injury caused
by the ionizing radiation resulting from radioactive decay of ingested or inhaled uranium
isotopes. The main effect depends on a number of factors, including the solubility of the
compound, the route of exposure, and the relative composition of the isotopes. In addition
to adverse effects on the kidney, the chemical toxicity of uranium can also affect the
cardiovascular, endocrine, hematopoietic, and immunological systems. The extent of metal

contamination at the quarry area has not yet been adequately characterized. Of the metals
identified in the various media investigated to date, certain compounds of arsenic, chromium,

and lead are carcinogenic and may induce teratogenic and other adverse reproductive effects.

The preliminary evaluation of historical information also indicates the potential for
some levels of nitrates, nitrites, chlorides, fluorides, and sulfates to be present at the quarry
area. The health hazards associated with nitrates result primarily from the bacterial

conversion of ingested nitrates to nitrites. Nitrites alone can induce methemoglobinemia, a
reduction in the oxygen-carrying capacity of the blood, and they can also react with other
compounds, such as amines, to form N-nitroso compounds. Although most N-nit, so
compounds are carcinogenic in experimental animals, the contribution of nitrates to a
potential carcinogenic hazaro for humans and the magnitude of the associated risk is unclear.
Low levels of fluorides in drinking water are generally considered to have a beneficial effect
on the rate and occurrence of dental caries. Ingestion of higher levels of fluorides can induce
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dental and skeletal fluoresces, whereas inhalation of fluorides can irritate the respiratory
system.

Included in the organic compounds identified at the quarry area are DNT, TNT, and
NB. Studies in experimental animals indicate hepatocellular carcinomas following the oral
administration of DNT compounds. These compounds also have been shown to induce
methemoglobinemia, especially in infants. Other effects include toxicity of the liver, kidney,
and nervous system. Trinitrotoluene compounds induce toxicity in the hematopoietic system,
the effects of which include hepatotoxicity, cataracts, and dermatitis. Acute and chronic
exposures to NB compounds induce anemia and cyanosis. Studies in humans indicate that
nitroaromatic compounds are absorbed following inhalation and ingestion and that these
compounds are capable of penetrating the skin.

Further information on toxicity of the potential chemicals of concern at the QROU
is provided in Section 4 of the BA (DOE 1992a). Metals, inorganic anions, and organic
compounds that may be present at levels of potential significance will be identified during
the baseline risk assessment for the QROU.

3.2.2.2 Biota

The toxicity of metals varies among biotic species and depends on physical and
chemical factors such as pH and the presence of complexing agents or other metals. At low
concentrations, metals may interfere with the metabolism of essential nutrients rather than
cause direct toxic effects (Sandstead 1977). Compounds of a number of metals (e.g.,
cadmium, and lead) have been shown to induce cancer in laboratory animals (Sunderman
1977). However, such results generally have involved greatly elevated levels of exposure
and/or methods of exposure (e.g., injection) that would not be expected under field conditions.
The toxicity of metals to biota under natural conditions cannot be accurately predicted from
laboratory tests because many environmental variables affect both the metal and the
organism with regard to metal availability, degree of biouptake, and resulting toxicological
effects.

Although the concentrations of most contaminants in the quarry area are not at
levels that are individually toxic, they may still contribute to chronic toxicity to biota because
of the cumulative contribution of all the contaminants. The cumulative action of contami-

nants can be subtractive (i.e., less than additive) but more often are additive or synergistic
(i.e., greater than additive). However, this may be somewhat offset by the fact that
organisms have a number of mechanisms to overcome the adverse effects of otherwise toxic
metal concentrations: avoidance, exclusion, immobilization, excretion, and biochemical
mechanisms (Tyler et al. 1989).

Inorganic anion contaminants that occur at the quarry include chlorides, nitrates,
and nitrites, fluorides, and sulfates. Nitrites react with amines to form N-nitroso compounds,
which have been shown to be carcinogenic in experimental animals. Relatively high levels
of sulfates are associated with decreased egg production in chickens and with mortality of
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some freshwater organisms. The inorganic anions are highly water soluble and, therefore,
are very mobile in the environment. This mobility can result in significant leaching from soil
and diffusion in soil and water.

No data are available regarding the ecological effects of nitroaromatic exposure to
terrestrial wildlife and vegetation. Studies of laboratory rodents suggest that exposure to
DNT and TNT via feed can cause urinary bladder carcinomas, mammary gland tumors, and
kidney tumors (Ellis et al. 1979; Furedi et al. 1984). For aquatic biota, the LC5o values
reported by the EPA (1986) are at least one order of magnitude higher than the concen-

trations reported from surface waters in the quarry area (LC5o is the concentration lethal to
50% of the test population).

3.3 PRELIMINARY RESPONSE OBJECTIVES AND TECHNOLOGIES

The overall objectives of the final response action at the quarry area are to:

• Protect human health and the environment in both the short term and

the long term by developing a permanent solution that addresses the
radioactive and chemical contaminants in the affected media and limits

related exposures;

• Implement the actions in a manner that will minimize contaminant
transport to unaffected areas and attain compliance with applicable
environmental requirements; and

• Release the property for unrestricted use, to the extent practicable.

The contaminated media addressed by the QROU are residual soil, sediment, and
rock material in the quarry proper and soil, sediment, surface water, and groundwater in the
general area of the quarry. Response objectives for the quarry response can be identified on
the basis of(1) complying with available regulatory standards and guidelines and (2) limiting
potential exposures and risks. Key environmental regulations that will be considered relative
to compliance are identified in Section 3.6. General risk-based objectives that encompass
each of these media are as follows:

• Exposures to radionuclides should be reduced to levels as far below
health-based criteria as can reasonably be achieved, as limited by the
natural presence of radionuclides in the given media.

• Exposures to carcinogenic chemicals should not result in a total
incremental lifetime risk to an individual of more than 1 × 10.6 to

1 × 10"4,as limited by the natural presence of chemicals in the given
media.

• Exposures to noncarcinogenic chemicals should not result in significant
adverse health effects to an individual, indicated by a segregated hazard
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index above 1, as limited by the natural presence of chemicals in the
given media. (A segregated hazard index addresses noncarcinogenic
health eff _.s from exposures to multiple contaminants by considering
target organ and mechanism of action of the individual contaminants,
as discussed in Section 5.1.2.2 of the chemical plant BA [DOE 1992a].)

• E_posures of biota should be limited to levels that are not associated
v ,th significant adverse ecological effects, considering available criteria
and experimental and field data, as limited by the natural presence of
radionuclides and chemicals in the given media.

The methodology and assumptions that have been used to estimate cancer risks,
noncarcinogenic effects, and the potential for adverse ecological effects associated with the
Weldon Spring project are described in detail in the BA that was recently completed for the
chemical plant area (DOE 1992a). Similar discussions will be provided in the baseline risk
assessment to be prepared for the QROU within the next several years to support the
evaluation of cleanup objectives and appropriate response actions.

In developing responses for a contaminated site, six broad actions could be applied
to each affected medium -- either singly or in combination -- depending on the scope of the
action and the nature of the contamination problem. These six response actions are
institutional controls, in-situ containment, removal, treatment, short-term storage, and
disposal. However, the QROU is one component of a larger project, and the first three
categories represent the key responses for this operable unit because the latter three have
essentially been addressed as part of other project activities. The exception is in-situ
treatment, which will be considered in evaluating possible technologies within the scope of
the QROU. However, any material removed from the quarry area would be treated, stored,
and disposed of in the general manner determined from previot, s efforts, with possible
modifications (expected to be minor) as indicated by information that will be collected during
the QROU effort. These previous efforts are summarized as follows.

The treatment and storage of contaminated solids generated by all project response
actions -- including waste generated by the two water treatment plants constructed under
earlier removal actions and upcoming activities conducted for the QROU -- were recently
evaluated as part of the RI/FS-EIS for the chemical plant area (DOE 1992a, 1992b, 1992c,
1992d, 1993). For disposal, the evaluation in the RI/FS-EIS addressed all site waste. The

preferred alternative determined from these evaluations was to treat highly contaminated
material resulting from site cleanup activities with a chemical stabilization/solidification
process (using a fly ash and cement mixture) and to dispose of all radioactively and
chemically contaminated waste in an engineered cell constructed at the chemical plant area.
Material removed from the quarry area would be stored in a dedicated location of the
chemical plant area for an estimated 5 to 7 years until the disposal facility was available.
The ROD documenting the selected alternative for comprehensive treatment, storage, and
disposal decisions for the project is expected in September 1993.
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For the groundwater component of the QROU, the treatment system constructed at
the quarry to treat pond water under the previous removal action (Section 1.3) is expected
to be appropriate for the contaminants that would be present in underlying groundwater on
the basis of source similarity and available monitoring data. (This treatment system includes
storage components in the form of the equalization basin and effluent ponds.) A treatability
study is being developed as part of the RUFS-EA process for the QROU, and one of the
objectives of this study is to assess the applicability of the quarry system for treating
contaminated groundwater beneath the area (Section 5.7). It is expected that the existing
treatment plant could be easily modified if needed, e.g., to increase capacity or add any unit
operation(s) indicated by new data.

In summary, the treatment, storage, and disposal of all wastes resulting from
cleanup actions for the entire Weldon Spring site have been covered by previous project
analyses such that any contaminated material removed from the quarry area under future
response actions would be handled in the same manner described for similar material
associated with those other actions. For this reason, the development of alternatives for the
QROU focuses on possible institutional controls, in-situ containment and treatment, and
removal activities for the final response at the quarry area. The general response actions and
types of technologies that could be applied to achieve the overall objectives of the QROU
action are listed in Table 16. (For an extensive presentation of all six categories of response
actions and associated technologies- which was used to develop the comprehensive
treatment, storage, and disposal decisions for the project -- see Appendix B and Chapter 3
of the FS for the chemical plant area [DOE 1992b].)

The general objectives, response actions, and technologies that have been identified
for the various contaminated media at the quarry at this stage of the evaluation process
provide the building blocks for developing conceptual alternatives for the quarry area.
Preliminary alternatives are identified for the QROU in Section 3.4. Performance reliability
and the expected permanence of the various response technologies as applied to conditions
at the quarry area are important factors that will be evaluated as part of the ongoing
RI/FS-EA process for this action. The three basic criteria that will be applied to evaluate the
appropriateness of the technologies and assembled alternatives are effectiveness,
implementability, and cost, and an evaluation against these criteria will be presented in the
FS for the QROU to be prepared within the next several years.

3.4 CONCEPTUAL REMEDIAL ACTION ALTERNATIVES

The EPA has established a general framework for developing remedial action
alternatives that is appropriate to the specific conditions at an NPL site (EPA 1988, 1990a).
The scope, characteristics, and complexity of an individual operable unit or site constitute the
case-specific framework from which to develop a preliminary list of alternatives that would
be protective of human health and the environment. This protection can be achieved by
eliminating, reducing, and/or controlling risks posed by each exposure pathway associated
with the operable unit or site. Alternatives are assembled by combining general responses
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TABLE 16 General Response Actions and Technologies

General Response Action/
Technology Type Affected Medium Comment

No action

Not applicable All Providesa baselineforcomparisonwithaction
alternatives.

Institutionalcontrol

Accessrestrictions All Couldlimitentrytocontaminatedareasand

relatedexposures.

Ownershipand useor All Couldminimizeexposurestocontaminantsby
deedrestrictions limitinguseofcontaminatedareas.

Monitoring All Couldprovidedatausefulforassessingand
• , o •

nnnnmzmg exposures.

In-situcontainment

Surfacecontrols/diversionsSoil,sediment, Couldlimitcontaminantmobilityand resultant

surfacewater exposuresby directingsurfacerunoffaround
contaminatedareas.

Caps and covers Soil,sediment, Couldreduceexposuresby limitingairborne
rock emissions,attenuatingg_,mmaradiation,and

reducingprecipitation-enhancedpercolationand
leaching.

Lateral barriers Soil, sediment, Could limit lateral migration of contaminants
surface water, and the potential for subsequent exposures.
groundwater

Bottom seals Soil, sediment, Could limit vertical migration of contaminants
surface water, and the potential for subsequent exposures.
groundwater

Removal

Excavation Soil,sediment, Couldremovetheremainingsourcesofcontami-

rock nationfromthe quarryarea,therebyreducing
relatedexposures•

Dredging Sediment Couldremovesedimentfromaffectedsurface
waterbodies(e.g.,theslough),therebyreducing

relatedexposures.

Interceptionand pumping Surfacewater, Couldremovewaterfrombeneaththequarry
groundwater area,therebyreducingrelatedexposures;could

providethemeans fora contingencyresponse,if
needed.
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TABLE 16 (Cont.)

General Response Action/
Technology Type Affected Medium Comment

In-situ treatment

Physical extraction/
flushing Soil, sediment, Could separate certain contaminants from these

rock media for subsequent removal, thereby reducing
related exposures; migration control is an issue.

Physical extraction/ Surface water Could separate solid contaminants from surface
evaporation water for subsequent removal, thereby reducing

related exposures; migration control is an issue.

Physical extraction/ Groundwater Could remove certain chemicals (e.g., VOCs)
stripping from groundwater if present, thereby reducing

related exposures.

Dewatering/drying Soil, sediment Could reduce the mobility of contaminants and
related exposures.

Vitrification Soil, sediment Could bind contaminants in a solid matrix and
reduce the toxicity, mobility, and volume of
contamination, thereby reducing related
exposures.

Chemical extraction/ Soil, sediment, Could reduce the mobility of contamination and
flushing rock the toxicity of certain chemicals (e.g., organic

compounds) by altering their forms, thereby
reducing related exposures; migration control is
an issue.

Chemical p._dition/ Soil, sediment, Could reduce the mobility of contamination and
detoxification surface water the toxicity of certain chemicals (e.g., organic

compounds) by altering their forms, thereby
reducing related exposures; migration control is
an issue.

Chemical injection, contact Groundwater Could reduce the mobility of contamination and
reaction the toxicity of certain chemicals (e.g., organic

compounds) by altering their forms, thereby
reducing related exposures; migration control is
an issue.

Chemical stabilization/ Soil, sediment Could bind contaminants in a solid matrix to
solidification limit mobility, thereby reducing related

exposures.

Biodegradation, bio- Soil, sediment, Could reduce the mobility of contamination and
reclamation surface water, the toxicity of certain chemicals (e.g., organic

groundwater compounds)by alteringtheirforms,thereby
reducingrelatedexposures;migrationcontrolis
an issue.
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and identifying basic technologies that could be appropriate for each contaminated medium
to be addressed by the action.

Two major categories of response are typically considered in developing these
alternatives for a contaminated site:

• Containment- involving little or no treatment but protective of human
health and the environment by preventing or controlling exposures to
contaminants through engineering measures and by using institutional
controls as necessary ensure the continued effectiveness of a response;
and

• Treatment -- ranging from alternatives that use treatment as the
primary element of the response to address the principal threat(s)posed
by a site (this may not involve the highest degree of treatment or the
treatment of all waste) to alternatives that use treatment to reduce the
toxicity, mobility, or volume of contaminated material to the maximum
extent feasible, minimizing the need for long-term management.

In addition, to develop response actions for groundwater, a limited number of alternatives
are considered that could attain site-specific remediation levels within different restoration
time periods by using one or more different technologies. A no-action alternative -- or no
further action where a remedial action is preceded by interim response actions at a site
is also included to provide a baseline for comparison with other alternatives.

As stated in Section 121(b) of CERCLA, as amended, the alternatives most preferred
by the EPA for NPL sites are those that represent permanent and cost-effective solutions for
protecting human health and the environment; those that permanently and significantly
reduce the toxicity, mobility, or volume of contaminated material; and those that apply alter-
native treatment or resource recovery technologies to the extent possible. Least preferred are
those alternatives involving the transport and disposal of waste off-site without treatment.

For the QROU, the no-action alternative assumes that response actions for which
decisions have already been finalized will have been completed. That is, the water will have
been removed and treated and the bulk waste will have been excavated and placed in storage
at the chemical plant area of the Weldon Spring site. Because the QROU component of the
Weldon Spring project represents a focused action for one operable unit of a multiunit site,
the treatment, storage, and disposal components following removal that are typically
incorporated into site remediation alternatives have already been addressed as part of other
project activities. Therefore, the preliminary list of remedial action alternatives and
associated technologies developed for the quarry area does not reconsider those previous
determinations.

The conceptual alternatives identified in this work plan represent a general
classification of possible activities for the quarry response, and these alternatives are based
on the current understanding of the important exposure routes and receptors in the area.
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The alternatives will be refined as the RI/FS-EA process proceeds. The purpose of identifying
potential alternatives at this early stage of the process is to help ensure that appropriate data
are collected to support the subsequent analyses of candidate technologies and alternatives.
The potential alternatives are as follows:

• Alternative 1 -- No action (i.e., no further action beyond the interim
actions that will already have been conducted at the quarry).

• Alternative 2 M Institutional controls would be continued for surface

water and sediment in Femme Osage Slough and for groundwater and
soil in the quarry area by monitoring to assess the effectiveness of
previous source control actions at the quarry (i.e., removal of the pond
water and bulk waste).

• Alternative 3 -- The quarry proper would be contained in place by
capping with backfill material such as soil and gravel; vicinity property
soil would be contained in place by capping with clean soil; and
institutional controls would be continued as for Alternative 2.

• Alternative 4 -- Same as Alternative 3, except vicinity property soil
would be treated in place by chemical stabilization/solidification.

• Alternative 5 -- Same as Alternative 3, except vicinity property soil
would be treated in place by dewatering and vitrification.

• Alternative 6 -- Same as Alternative 3, except vicinity property soil
would be removed (excavated) for subsequent treatment/disposal as
determined from the ROD for the project's recent RUFS-EIS for the
chemical plant area.

• Alternative 7 -- Residual material would be removed (excavated) from

the quarry proper, and soil and sediment would be removed from vicinity
properties (including Femme Osage Slough); this material would be
disposed of at the chemical plant area in the facility being constructed
pursuant to the recent disposal decision for the project.

Under each of these alternatives, the feasibility of removing groundwater for
treatment will be evaluated under a treatability study that is expected to be conducted within
the next 2 years. Technologies such as pumping wells and interceptor trenches are being
considered for this study effort. In addition, characterization data that will be collected as
part of the remedial investigation for the quarry area is expected to provide information on
the nature and extent of contamination that will be used to assess the feasibility of in-situ
treatment. After the additional data have been collected and the treatability study has been

completed, the results will be used to develop an appropriate range of alternatives for the
groundwater response (e.g., by modifying the groundwater component of Alternatives 4
and 5).
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Similarly, the results of upcoming characterization efforts for the surface water
components of this operable unit (e.g., water in the Femme Osage Slough and two nearby
creeks) might result in modifications to this preliminary list of alternatives. However,
current information does not indicate a health or environmental threat from this surface

water, which is indirectly affected by contaminants in other media that are being addressed
by this action (e.g., soil and sediment). For this reason, monitoring following source control
actions is the current conceptual response for this medium.

Interim response actions may also be taken as part of the QROU, as indicated in
Section 1.3. The need for these actions will be reviewed as data continue to be collected for

the quarry area (given that washout from the recent flooding has probably changed conditions
in that area). The interim actions being considered include excavating localized pockets of
contaminated sediment and soil that may be found in vicinity property areas, including
Femme Osage Slough and the area north of the slough. This material would be transported
to the chemical plant area for short-term storage until the disposal facility is operational, in
the same manner as is currently being conducted for the quarry bulk waste under a previous
interim action (see Section 1.3).

In conclusion, this preliminary list of alternatives will continue to be developed as
additional data are collected to support the evaluation of a t'mal response for the quarry area.
A refined list will be presented and analyzed in the FS that will be prepared for the QROU.

3.5 DATA GAPS

The current level of understanding of the conceptual site model in the quarry area
is a result of previous studies (listed in Table 4) and past environmental monitoring plans
(e.g., MK-Ferguson Company and Jacobs Engineering Group 1992a) that were performed to
address some of the issues associated with water resource development in the alluvium and
the storage and removal of waste in the quarry. The impacts of waste storage in the quarry
and contaminant migration have provided the rationale for the data that have been collected
at the site as part of an environmental monitoring program. Data used to develop the
conceptual model are in most cases likely to be relatively accurate because standard methods
were used in the data collection and analysis. However, some of these studies were not
designed in accordance with CERCLA guidance and did not identify or quantify potential
adverse ecological effects; consequently, the quality of the historical data varies and the
validity of some of these data and the associated conclusions cannot be adequately verified
and documented to meet the CERCLA documentation process. In addition, the ecological
studies at the Weldon Spring site preceded EPA guidance on ecological risk assessments
(EPA 1989d).

In general, the data gaps include characterization of (1) the nature, extent, and
magnitude of chemical and radioactive contamination; (2) hydrogeological conditions -- to
evaluate factors affecting the distribution, fate, and transport of the contaminants; and
(3) ecological conditions -- to determine whether adverse ecological effects have occurred and
what the potential is for future adverse impacts.
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3.5.1 Radioactive and Chemical Contaminants

Although some information is available regarding contaminant conditions at the
quarry area, additional data are needed to adequately characterize the quarry and
surrounding vicinity. The data gaps include spatial and temporal information on the nature
and extent of contamination in environmental media (i.e., soil, sediment, surface water, and

groundwater). Specifically, these data gaps include the following:

• Soil in the area upland of the quarry and soil located north of the slough
and south of Katy Trail (vicinity property 9) should be sampled for radio-
logical and chemical parameters to provide a complete inventory of the
spatial and vertical distribution of parameters within these different
areas.

• Sediment in Femme Osage Slough, Little Femme Osage Creek, and
Femme Osage Creek should be sampled for radiological and chemical
parameters to provide an inventory of the distribution of parameters
within these sediments.

• Surface water in Femme Osage Slough, Little Femme Osage Creek, and
Femme Osage Creek should be sampled for radiological and chemical
parameters to evaluate fully the water quality.

• The shallow groundwater within the bedrock and the alluvium should
be sampled for radiological and chemical parameters to provide a
complete inventory of the spatial distribution of the potential contami-
nants within the groundwater. The chemistry of the groundwater
should also be defined vertically to delineate, for example, the extent of
contamination within the shallow groundwater system.

• Although some samples were collected from the alluvium to determine
background concentrations of contaminants, a comprehensive investi-
gation is needed to define beckground concentrations of radioactive and
chemical contaminants within the soil and surface water and within the

shallow groundwater system to help delineate the contaminants of
concern.

3.5.2 Hydrogeologic Characterization

In general, the groundwater flow characteristics in the study area are understood at
a basic level. To further define potential migration pathways for contaminant migration from
the quarry, hydrogeologic data gaps have been identified in three general areas: the aquifer
characterization parameters of the bedrock and the alluvium, the hydrogeologic connection
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between the bedrock and alluvium, and the hydrogeologic connection between the ground-
water and surface water features. These data gaps are as follows:

• Information is needed to characterize the contact and to define the flow

paths and gradient(s) between the shallow bedrock m which includes the
Kimmswick Limestone, Decorah Group, and Plattin Limestone -- and
the alluvium.

• Data should be collected to characterize groundwater flow and contami-
nant transport within the bedrock and alluvium of the shallow ground-
water system, specifically in the areas of the quarry and Femme Osage
Slough. Characterization parameters include strata thickness, hydraulic
conductivity, effective porosity, storativity (specific yield), anisotropy,
heterogeneity, and dispersion coefficients. Data should also be collected
on the fractures and solution features to assess contaminant migration
pathways and to model flow and transport in the bedrock units. These
data include fracture orientation, spacing, aperture, vertical and
horizontal length, and degree of weathering. In addition, the distribu-
tion of vertical fractures with respect to depth should be characterized.

• Routine environmental monitoring data are available to evaluate
seasonal influences on groundwater levels. Limited data are also
available on the elevation of the surface water in Femme Osage Slough
and the Missouri River. However, the hydrologic connection between the
groundwater, Femme Osage Slough, and the Missouri River needs to be
defined to evaluate the potential routes of contaminant migration from
the quarry.

• In addition to the hydrogeologic information, data should be collected to
address the attenuation characteristics of the bedrock and the alluvium.

Specifically, the data gaps include estimates of distribution coefficients
of the aquifer materials for the contaminants of interest that will be
defined from the radiological and chemical sampling.

• Precipitation, evaporation, transpiration, runoff, and soil permeability
data should be collected to estimate the effective recharge or the total
amount of water that recharges the shallow groundwater system.

Information needed to characterize flow and contaminant transport in the unsatu-
rated zone includes:

• Capillary moisture retention characteristics, water content, and aniso-
tropy; and

• Effective porosity, bulk density, mineralogy, grain-size distributions, and
dispersion coefficients.
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3.5.3 Ecological Resources

General information needed to _stablish a relationship between environmental
contaminants and observed ecological effects has been developed and specified in EPA (1989d)
guidance. In addition to defining the nature, extent, and magnitude of contamination,
ecological surveys are necessary to establish whether adverse ecological effects have occurred,
and toxicity tests are necessary to identify potential ecological impacts and to establish a link
between any realized adverse ecological effects and the toxicity of the hazardous wastes and
contaminants. These data are necessary to eliminate other potential causes of observed
ecological effects, unrelated to the effects from contaminants at the site.

The available literature regarding environmental concentrations of uranium,
thorium, and radium tha_ may produce adverse effects in natural populations of plants, fish,
and wildlife is concerned primarily with uptake rather than effect (Section 3.2.1.2).
Literature concerning the movement, concentration, and effects of radionuclides on biota are
sparse. Thus, it is not possible to fully assess the adverse risks to site biota from the
radioactive contaminants that may be present in the quarry residuals. Maximum concentra-
tions of many of the contaminants present at the site and at some of the vicinity properties
are known to cause a range of adverse effects at sublethal concentrations. Additional data
on the local biota are needed to fully identify the potential for adverse effects resulting from
quarry residual contaminants.

Landsat thematic mapper imagery will also be used to classify habitat types and to
aid in the detection of stressed vegetation (both upland and wetland). Detectable stress alone
will not be a basis for concluding that adverse impacts are related to contaminant exposure.
This imagery, combined with quantitative data (and derivative indices such as diversity) and
characterization of contaminant levels in media, will provide much of the evidence necessary
to determine if natural adverse impacts exist or potentially exist. Simple soil analyses (e.g.,
texture and pH) and soil data collected for other components of this RI effort will be used to
determine if differences in natural soil characteristics could be related to differences in

vegetation types and vigor. Overall information needed to perform an ecological risk assess-
ment for the QROU include that summarized in Table 17. Some specific ecological data gaps
include the following:

• An inventory of terrestrial and wetland plants to quantify each species;

• Bioaccumulation of contaminants in different plant species;

• An inventory of the aquatic biota in Femme Osage Slough, Femme
Osage Creek, and Little Femme Osage Creek to quantify the different
species of benthic invertebrates, herpetofauna, and fish;

• Bioaccumulation of contaminants in aquatic species, such as fish and
waterfowl tissue from Femme Osage Slough, Femme Osage Creek, and
Little Femme Osage Creek;
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TABLE 17 Examples of Possible Tests and Surveys for the Ecological Assessment
of the Quarry Residuals Operable Unit a

Protective
Protective of

Protective of Threatened and
of Aquatic Endangered Bald Eagle

Test Uplands Systems Species Pathway b

Upland vegetation surveys X - X -

Herpetofauna X X X -

Aquatic vegetation surveys - X X X

Aquaticanimalsurveys - X X X

Threatened and endangered species X X X -
surveys

Microtox® testing of surface water - X X X

Microtox® testing of aquatic sediment - X X X

Fathead minnow (48-hour LD5o)c - X - -

Daphnia stress (IQ) test - X - -

Root elongation X - X -

Earthworm toxicity X - X

Residue analyses X X X X

Bioaccumulation, terrestrial X - X X

Bioaccumulation, aquatic - X X X

Tissueanalyses X X X X

a An '?_"indicatesthatthespecifiedtestisincludedintheecologicalriskassessmenttoaddress
oneormore protectivevalue;a hyphenindicatesthatthetestisnotsuitabletoassessa
particularprotectivevalue.

b Thispathwayisincludedasa separateitembecausethebaldeagleisa speciesofspecialconcern
atboththefederaland statelevels.

c LD5oisthedoselethalto50% ofthetestpopulation.
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* A complete assessment of the status of federal- and state-listed species
and of use of the quarry area by these species; and

• Toxicity tests (e.g., Microtox ® screening, Daphnia, Lemna, fathead
minnows, and earthworms).

Details on methods to meet the above data requirements are provided in the quarry
residuals sampling plan (MK-Ferguson and Jacobs Engineering Group 1993b).

3.6 PRELIMINARY IDENTIFICATION OF REGUI_TORY REQUIREMENTS

A preliminary list of key environmental regulations and guidelines that may be
pertinent to the QROU is presented in Table 18. As the RI/FS-EA process progresses, this
list will be used to develop the "applicable or relevant and appropriate requirements"
(ARARs) and "to-be-considered" requirements (TBCs) that could have a bearing on cleanup
activities taken within the scope of this operable unit. An initial list of potential regulations
is identified at this stage of the RI/FS-EA process for several reasons: to support the
development of alternatives for the final quarry response, to initiate communication with and
receive input from the state of Missouri and EPA Region VII on regulatory requirements
important to activities conducted at the quarry area, and to support the planning of field
activities.

Individual requirements that have been established pursuant to the regulations and
guidelines listed in Table 18 can be divided into three categories: location-specific,
contaminant-specific, and action-specific requirements. This categorization can be applied
to plan coordinated response actions and track compliance for the QROU according to the
specific contaminants that are present (such as uranium), discrete locations that are affected
(such as wetlands and floodplains), and cleanup activities that could be taken (such as
excavation and pumping). The preliminary list of regulations will be refined and the
pertinence of specific requirements will be assessed as detailed information for the final
quarry response becomes available.

The general process for developing and evaluating ARARs and TBCs is described in
some detail in Appendix G of the FS that was recently completed for the chemical plant area
of the site (DOE 1992b); many of the requirements associated with the regulations listed in
Table 18 are also detailed in that discussion. Additional requirements that may be germane
to the final response for the quarry area include contaminant-specific limits for water given
in the Safe Drinking Water Act, the Clean Water Act, and parallel state laws. A detailed
discussion of environmental requirements that are important to this final response will be
presented in the FS to be prepared for the QROU.
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TABLE 18 Key Environmental Requirements and Guidelines Potentially
Considered for the Final Quarry Response

Federal Laws

Archeological and Historic Preservation Act of 1974
Archeological Resources Protection Act of 1974
Atomic Energy ACt of 1954, as amended
Clean Air Act of 1963, as amended
Clean Water Act, as amended (also referred to as Federal Water Pollution Control Act of 1972,

as amended)"
Endangered Species Act of 1973, as amended
Farmland Policy Protection ACt of 1981, as amended
Fish and Wildlife Coordination Act of 1934, as amended
National Historic Preservation Act of 1966, as amended
Noise Control ACt of 1972, as amended
Noise Pollution and Abatement ACt of 1970
Safe Drinking Water ACt of 1974
Soil and Water Resources Conservation Act of 1977
Solid Waste Disposal Act, as amended by the Resource Conservation and Recovery Act of

1976, as amended by the Hazardous and Solid Waste Amendments of 1984
Toxic Substances Control ACt of 1976, as amended
Uranium Mill Tailings Radiation Control ACt of 1978

State Laws

Missouri Air Pollution Control Regulations
Missouri Clean Air Act
Missouri Clean Water ACt
Missouri Hazardous Substance Rules
Missouri Hazardous Waste Management Law and Regulations
Missouri Land Reclamation Act
Missouri Public Drinking Water Regulations
Missouri Radiation Regulations
Missouri Safe Drinking Water Act
Missouri Solid Waste Management Law
Missouri Wildlife Code

Missouri 401 Water Quality Certification

Executive Orders

Executive Order 11593, Protection and Enhancement of the Cultural Environment
Executive Order 11988, Floodplain Management
Executive Order 11990, Protection of Wetlands
Governor's Executive Order (Missouri) 82-19, Floodplain Management

DOE Orders

Order 5400.3, Hazardous and Radioactive Mixed Waste Program
Order 5400.5, Radiation Protection of the Public and the Environment
Order 5820.2A, Radioactive Waste Management
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4 WORK PLAN RATIONALE

The preliminary evaluation of site conditions at the QROU presented in Section 3
indicated that additional data need to be collected before decisions can be made regarding the
course of action at this operable unit. Additional data will be collected as part of
characterization activities performed in the RI phase to fill in the gaps summarized in
Section 3.5. The data collected are intended to adequately characterize the quarry and its
vicinity areas (i.e., the QROU), allow for an evaluation of current and future potential risks
to human health and the environment, and aid in the identification of applicable remedial
alternatives that can then be carried through a comparative analysis during the evaluation
conducted in the FS phase.

To ensure that the requisite type, quantity, and quality of information is obtained
to fulfill the objectives for this operable unit, a strategy for data acquisition was developed
and is embodied in a seven-step process following a format recommended by the EPA
(Neptune et al. 1990). The results of this planning process are commonly termed by the EPA
as data quality objectives (DQOs). The characterization process will be undertaken in phases
to harvest the full benefit of information collected in the initial phases of the investigation
for refining sampling design for subsequent phases. Therefore, the intent of the discussion
presented in Section 4.1 is to provide an overview of the strategy for the entire data collection
program to support the RI/FS process being performed at the QROU. Detailed project DQOs
including increasingly specific qualitative and quantitative statements of uncertainty and
sampling design for achieving the overall goals established below will be defined in the
appropriate phases of the investigation and will be documented in subsequent project reports.
In general, data quality sufficient to meet risk assessment requirements -- that is, equivalent
to level IV as defined by EPA guidance (EPA 1988) -- will be attained for the QROU.

4.1 DATA QUALITY OBJECTIVES

4.1.1 Problem Statement

The first step of the DQO planning process is to define the problem at hand; this
involves providing a description of the problem and identifying any available background or
supporting information that would help in defining the decision(s) that need to be made.
Because of the history of disposal activities at the quarry and the contamination identified
in the bulk waste and pond water currently being removed, it is anticipated that the residual
material remaining at the quarry will need to be evaluated to determine whether or not it
contains contaminants similar to those identified in the bulk waste and pond water. Further
evaluation of the radioactive and chemical contaminant profiles for soil, surface water,
sediment, and groundwater in the surrounding vicinity is also indicated. Limited data
available to date for soil located at vicinity property 9 indicate elevated uranium levels
(Section 2.4.2). Similarly, uranium contamination has also been indicated in the surface
water and sediment of Femme Osage Slough (Sections 2.4.3 and 2.4.4). Also, groundwater
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monitoring results indicate the presence of radioactive and chemical contaminants in the
groundwater (Section 2.4.6).

4.1.2 Identifying the Decision

The primary decision that needs to be made is whether or not contaminant levels in
the various media at the QROU pose adverse impacts to human health and the environment
and, therefore, require remediation. The nature and degree of impact, however, have to be
evaluated in the context of current and projected plausible future land uses. On the basis
of current knowledge regarding the QROU, a conceptual site model was developed as a guide
in the preliminary identification of potential pathways of exposure for both human receptors
and biota (Section 3.1). Current land use at the areas comprising the QROU is basically
limited to an occasional recreational visitor, primarily along Katy Trail; therefore, the
potential for current adverse exposure to human health is considered minimal. Future land
use is expected to remain consistent with current land use. The amount of information
available on the biota of the area is too limited to support an initial evaluation of potential
environmental impacts. Potential remedial options are presented in Section 3.4.

In addition to evaluating conditions at the QROU, the potential for groundwater
contaminants present at the QROU to migrate to the nearby St. Charles County well field
needs to be assessed. The future contaminant profile and concentrations would be estimated
via modeling, and the potential for adverse impacts to human health from use of the water
at the well field would be evaluated.

4.1.3 Identifying the Input

Information necessary to support decisions at the QROU are primarily the data gaps
summarized in Section 3.5. Identification of the data gaps was based on the need for
additional information to confirm the conceptual site model presented in Section 3.1. Because
the residual material at the quarry floor is not accessible until the bulk waste has been
removed, only after that removal is completed can the following be determined: the actual
type of contamination, the particular media that are contaminated, and the amount of
contamination that remains at the quarry proper. In addition, although soil in localized
areas in the parcel of land immediately south of the quarry and north of the slough (i.e.,
vicinity property 9) contain uranium at elevated levels, the complete profile of radioactive and
chemical contamination of this soil is not known. Further confirmation of the contamination

of Femme Osage Slough surface water and sediment is also needed. Confirming contaminant
profiles in the underlying groundwater includes refining background values of radioactive and
chemical contaminants and defining the contaminant profiles in the alluvium and the bedrock
formations (i.e., Decorah and Plattin). Hydrologic parameters also need to be obtained to
defme the hydrogeologic connection between the bedrock and the alluvium and between the
groundwater and surface water. Additional data on the biota in this area are also needed
before a definitive statement can be made regarding any potential environmental impacts
from site contamination.
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Sampling conducted during the RI phase is expected to support remedial action
decision_ with regard to baseline risk in terms of providing the following data:

• Representative background concentrations for naturally occurring
radionuclides, inorganic metals and anions from soil, surface water,
sediment, and groundwater;

• A statistic (e.g., representative mean) representing radioactive and
chemical contaminant concentrations in the residual material remaining
at the quarry following removal of pond water and bulk waste;

• A statistic (e.g., representative mean) representing radioactive and
chemical contaminant concentrations in upland and alluvial soils;

• A statistic (e.g., representative mean) representing radioactive and
chemical contaminant concentrations in the alluvium and bedrock

groundwater system;

• A statistic (e.g., representative mean) representing radioactive and
chemical contaminant concentrations in surface water and sediment;

• Data defining the ecological communities present in the QROU; and

• Data assessing the impact of chemical and radioactive contaminants to
critical biological receptors.

4.1.4 Defining the Domain of the Decision

On the basis of current and future land use projections (Sections 3.1 and 4.1.2), the
following areas (and specific media) within and around the QROU have been identified for
further contaminant investigation or sampling to evaluate potential risk to human health:

• The residual material at the quarry;

• Femme Osage Slough surface water and sediment (divided into east and
west);

• Soil north of Femme Osage Slough (because of its size, this area may be
divided into several areas for sampling and remedial decision purposes);

• Upland soil (north and east of the quarry);

• Little Femme Osage Creek and Femme Osage Creek surface water and
sediment; and

• St. Charles County well field.
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The exposure to receptors identified for the specific areas of the QROU would be
integrated across multiple areas and media of investigation, as appropriate. For example,
a recreational visitor at the Femme Osage Slough area would be exposed to slough surface
water and sediment as well as to soil to the south and north of the slough. More detailed
discussion of potential pathways of exposure for the various potential receptors identified for
the QROU are discussed in Section 3.1.

Ecological areas of investigations include:

• Riparian habitats adjacent to Femme Osage Slough;

• Riparian habitats adjacent to Little Femme Osage Creek, Femme Osage
Creek, and the Missouri River;

• Upland habitats;

• Agricultural areas; and

• Aquatic habitat associated with Femme Osage Slough.

In addition to the spatial considerations of the investigations at the QROU, temporal
sampling will also be needed to evaluate the groundwater contaminant profile concentrations
before and after removal of the bulk waste at the quarry and to evaluate seasonal
fluctuations of the surface water and sediment at the slough and creeks.

Groundwater flow and contaminant transport modeling will be used, as a

quantitative tool, to predict future concentrations of potential contaminants of concern found
in groundwater. An appropriate three-dimensional numerical model will be developed and
calibrated to simulate flow and transport processes within the groundwater system. Results
of the numerical modeling will be used to help determine, quantitatively, if there is potential

for future exposure to contaminants in water from the St. Charles County well field.

4.1.5 Decision Rule

The primary use of data will be to conduct the baseline risk assessment. The
determination of whether remedial action is required will be based, in part, on the results
of that assessment. The EPA strives to manage possible incremental cancer risks at NPL
sites within a target range of 10-6to 10-4 and to maintain a hazard index (for noncarcinogenic
effects) of less than 1. However, additional factors, including risks associated with back-
ground concentrations of the naturally occurring contaminants of concern and limitations in
analytical methods, are also taken into consideration in making a risk management decision
to determine whether remedial action is necessary or warranted. Other factors taken into
consideration include ARARs and the results of the ecological assessment. Should the
decision be made that remedial action is required for one or more of the contaminated media
at the QROU, the data would be utilized further to support the development and evaluation
of remedial action alternatives.
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As part of initial planning activities, preliminary calculations were performed of
media-specific (soil and groundwater) and contaminant-specific (for the preliminary contami-
nants of concern discussed in Section 3.1.2) reference concentrations corresponding to 10-6
to 10-4 risk and hazard quotients of 0.1, 0.3, 0.5, and 1, for a recreational scenario and
residential scenario (for the groundwater pathway only) and are presented in the appendix.
These risk-based values will be used to guide sampling design for determining key contribu-

tors to potential site risk. (The scope of sampling and analyses, however, will include
confirmation of the presence or absence of all preliminary contaminants of concern identified
for the QROU in Section 3.1.2).

The risk-based values in the appendix indicate that the issue of groundwater
contamination may be more significant than that of soil. Soil contamination at the QROU
may be of greater concern for its contribution to future groundwater contamination than for
the pathways related to exposure to the soil directly. Thereibre, information related to the
nature and extent of soil contamination to determine the magnitude of this source will be
important.

One interpretation of the preliminary results presented in the appendix is that
potential key contributors to risk from groundwater contamination include the radionuclides,
the nitroaromatic compounds, and several metals (arsenic, beryllium, and thallium). This
observation is made on the basis of using the 10-4 risk level and/or a hazard index of 1 as a

point of departure. Of these potential key contributors, to date only total uranium, arsenic,
beryllium, 2,4-DNT, and 2,6-DNT have been detected at concentrations greater than their
calculated concentrations corresponding to either the 10-4 risk level or hazard index of 1, as

presented in the appendix, Tables A.2, A.3, and A.4. On this basis, for initial sampling
purposes, a tentative decision rule can be identified at the 10.4 risk level and a hazard index
of 1. This means that if the estimated overall site risk (considering all contaminants of
concern) is greater than 10-4 or a hazard index of 1, a decision to conduct remedial action can
be supported. Conversely, if the actual overall site risk falls below these values, a decision
not to remediate may be indicated. Ultimate risk management decisions, however, will need
to consider other factors such as ARARs, cost, and available technologies. A more definitive
decision rule will be identified for the QROU pending further evaluation of historical data
and after confirmatory results are obtained from the initial phases of investigation.

4.1.6 Developing Uncertainty Constraints

Sampling at the QROU will be conservatively designed so that at the decision risk
level, the probability of the occurrence of false negatives is very low and the probability of
false positives is moderately low. In later phases of the investigation, more specific
qualitative and quantitative statements of uncertainty will be defined on the basis of
consequences of an incorrect decision.
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4.1.7 Optimizing the Sampling Design

Data collection activities at the QROU have been divided into sampling at areas
outside of the quarry and sampling at the quarry proper. A sampling plan has been prepared
describing the activities related to the collection of hydrogeological, contaminant, and
ecological information for the areas outside of the quarry. A phased approach will be
undertaken, and the objectives of these various phases as well as other details of the
sampling activities are discussed in the quarry residuals sampling plan currently being
prepared (MK-Fergu._on Company and Jacobs Engineering Group 1993b). The general
sampling activities currently planned are summarized in Section 4.3.

4.2 DATA REQUIREMENTS

An integral part of the strategy for data collection is the identification of the desired
quality and quantity of analytical data so that the data generated are adequate to support
risk assessment to a predetermined level of accuracy. The requirements for quality of data
collected for any environmental activities undertaken within the project are presented and
discussed in the Environmental Data Administration Plan (MK-Ferguson Company and
Jacobs Engineering Group 1992d) for the site. This plan contains the minimum goals for
precision, accuracy, representativeness, completeness, and comparability (PARCC) of any data
set collected for the project, including those for the QROU. The specific PARCC goals for the
data collected for the QROU are presented in the sampling plan prepared for this operable
unit, In addition, the quantity of data required to meet the level of uncertainty defined will
be attained by using statistical design as necessary and will be presented in subsequent
sampling plans or project reports.

4.3 SUMMARY OF QUARRY RESIDUALS SAMPLING PLAN

A sampling plan is currently being prepared to detail data collection activities related
to the hydrogeological, contaminant identification and quantification, and ecology of the areas
outside of the quarry. Consequently, the summaries provided in Sections 4.3.1 to 4.3.3 are
general in nature. However, a revision of these summaries will be provided in future drafts
of this report to incorporate the details of the completed sampling plan.

4.3.1 Hydrogeological Investigation

The hydrogeological investigation for the quarry residuals RI describes those
activities that will be undertaken to characterize the physical factors affecting the
distribution, fate, and transport of contaminants in the QROU. The investigation addresses
those activities necessary to complete an investigation of the area outside of the Weldon
Spring quarry. Additional monitoring investigations to be undertaken by the project
management contractor will address hydrogeological processes in the same study area
(MK-Ferguson Company and Jacobs Engineering Group 1992g). Results from both the
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hydrogeological investigation and these monitoring investigations will be evaluated in
conjunction with existing data and used, to the extent practicable, in the preparation of the
RI, baseline risk assessment, and FS reports.

A general summary of the hydrogeological investigation is as follows:

* Geological Characterization -- The physical characteristics of the
geologic media in the study area will be obtained from activities such as
drilling, coring, and mapping. Fracture orientations will be measured
in locally exposed units and compared with data obtained from coreholes
advanced through the Decorah Group, Plattin Limestone, and Joachim
Dolomite. Coring will also provide information on formation contacts
and thicknesses in the study area.

• Hydrological Characterization -- Water-level monitoring will be per-
formed routinely on all monitoring wells and on Femme Osage Slough,
the quarry pond, Little Femme Osage Creek, and the Missouri River.
Additional monitoring wells are required to obtain physical and chemical
data from the alluvium and the carbonate and clastic bedrock. Packer

tests will be performed during drilling/coring of the proposed wells to
obtain information on hydraulic conductivity within the bedrock units.
Slug tests will be performed on all existing and proposed wells. Point
dilution and tracer tests will be conducted in the alluvium to obtain

information on groundwater flow velocity and dispersion. Precipitation,
evaporation, other meteorological monitoring, and infiltration testing/
monitoring will be conducted to obtain site-specific information
regarding climatic influences on the hydrologic system.

4.3.2 Contaminant Sampling

The first phase, or Phase I, contaminant sampling will be aimed at characterizing
the nature, extent, and magnitude of chemical and radioactive contamination in each medium
present in the areas outside of the quarry at the QROU (i.e., soil, sediment, surface water,
and groundwater) prior to bulk waste removal. The QROU data gaps that are determined
to be filled by other investigations (consistent with DQOs for the QROU) will be excluded
from the sampling effort in Phase I. In addition, contaminant sampling will be developed in
conjunction with the hydrogeological investigation. After preliminary investigations, the need
for additional characterization and/or refinement of data previously collected may dictate
subsequent additional phases subsequent to Phase I. During the initial sampling effort,
statistical sampling will be applied, as appropriate; however, this application may be limited
in scope to determine the nature and coefficient of variation of the contaminant distribution.
Statistical applications in subsequent sampling design will be based on results from the
initial phase. Background sampling needs will also be identified as part of Phase I sampling.
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In particular, data gap analysis and sampling needs will be addressed for soils in the
alluvium both north and south of Femme Osage Slough. Sediment samples will be collected
within Femme Osage Slough, Femme Osage Creek, and Little Femme Osage Creek.
Additional surface water samples will be collected from the Femme Osage Slough, the Femme
Osage Creek, and the Little Femme Osage Creek. Groundwater sampling will assess the
horizontal and vertical extent of contamination within the Kimmswick Limestone, Decorah

Group, and Plattin Limestone, as well as within the alluvium north and south of the slough
and west of the quarry.

4.3.3 Ecological Characterization

The ecological characterization sampling plan specifies the activities to be conducted
to complete a preliminary characterization of the ecology of the QROU, to facilitate
comparison of the QROU ecology with background conditions, and to support an Ecological
Risk Assessment. The plan describes the methodologies and rationale for conducting
preliminary Phase I ecological characterization activities. These activities include vegetation
surveys, herpetofauna surveys, surveys for federal or state listed birds, wetland delineation,
and landsat thematic mapper (TM) imagery. Surveys will be conducted both at the QROU
and at reference areas to facilitate comparison of the ecology of the QROU with background
conditions. Surveys of birds, fish, small mammals, turtles, and benthic invertebrates have
previously been conducted in the quarry area. Populations and community structure within
these groups of organisms have been adequately characterized; therefore, additional survey
activities regarding these biological groups are not identified as preliminary Phase I tasks.

Because the QROU is composed of diverse habitat types and biological communities,
it has been partitioned into specific ecological study areas, including Little Femme Osage
Creek; Femme Osage Creek; Femme Osage Slough; upland habitat; bottomland forest at
Vicinity Property No. 9, Femme Osage Slough, Little Femme Osage Creek, and Femme Osage
Creek; and agricultural fields. Appropriate reference areas have been identified for each of
these study areas.

Vegetation surveys will be conducted to (1) characterize the plant communities and
habitats present at QROU study areas and at reference study areas; (2) compare typical
vegetation parameters measured at the QROU with those measured at the reference areas;
(3) systematically investigate for the presence of threatened, endangered, or rare plant
species; and (4) provide a preliminary evaluation of faunal food resources which may be at
risk of contamination. Vegetation communities will be characterized and quantified at
random sample points along line transects, using a combination of quadrants and point-
centered quarter sampling methods.

The primary objective for conducting herpetofauna surveys is to determine whether
federal or state listed reptile or amphibian species occur in areas of known or suspected soil,
surface water, or sediment contamination. Species richness and relative abundance of
herpetofauna occurring in the QROU study areas will be compared with the same parameters
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associatedwiththereferenceareas.Surveymethodstobeusedfortheherpetofaunasurvey

willincludetransectsurveys,terrestrialtraparrays,artificialshelters,nighttimeauditory
surveys,and seining.

Surveysforlistedbirdswillbe conductedto determinewhether bald eagles
(Haliaeetus leucocephalus), loggerhead shrikes (Lanius ludovicianus), northern harriers
(Circus cyaneus), and/or Swainson's hawks (Buteo swainsonii) actively use specific areas
within the QROU for feeding, roosting, or nesting. These species have been selected for
additional surveying due to their listed status and because they have been observed within
the QROU.

Formal wetland delineation procedures will be conducted in areas along Femme

Osage Creek, Little Femme Osage Creek, and Femme Osage Slough that are identified as
wetlands on the U.S. Fish and Wildlife Service National Wetlands Inventory map.

Thematic mapper imagery will be used to aid in classifying and delineating habitat
types, and in detecting areas of stressed vegetation (both upland and wetland). Data such
as soil pH, texture, and contaminant concentration will be used in the interpretation of TM
imagery results to determine whether stresses on vegetation are related to the presence of
contamination.

Additional ecological characterization activities may be deemed necessary or
appropriate following a review of existing ecological information; existing analytical data;
information obtained during the preliminary Phase I ecological characterization activities;
and analytical data for soil, surface water, and sediment samples collected concurrently with
Phase I ecological characterization activities. Potential additional activities, including
toxicity testing and tissue analysis, are described in the ecological characterization sampling
plan. These additional activities would be fully described in a supplementary Ecological
Characterization Sampling Plan, prior to execution.

4.4 SUMMARY OF OTHER SUPPORTING DOCUMENTS

Other documents have been prepared and are already in place to support the
RI/FS-EA activities described in this work plan and the sampling plan. These are the
community relations plan, the health and safety plans, and the environmental QAPP. The
status and content of these plans are briefly summarized in Sections 4.4.1, 4.4.2, and 4.4.3,
respectively.

4.4.1 Community Relations Plan

The existing community relations plan (MK-Ferguson Company and Jacobs
Engineering Group 1992i) will be adopted for environmental compliance activities at the
QROU. This plan describes the policy and procedures for site personnel interacting with the
general public. The community relations program, as discussed in the plan, ensures
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meaningful exchanges of information on such matters as potential health impacts,
environmental issues, response action construction plans, project costs, and specific site
activities.

4.4.2 Health and Safety Plans

Health and safety plans will be developed for the QROU activities to ensure the
health and safety of on-site personnel during the performance of site characterization and
response action activities. The plans will include the safety standards that must be met by
all personnel and subcontractors during the conduct of their assignments. Addressing the
health and safety of on-site personnel will also minimize any potential impacts to the general
public and the nearby environment. Key elements of these plans are the use of appropriate
protective equipment and safeguards and the performance of specific tasks under the
supervision of trained technicians and safety specialists. On-site personnel are trained to be
cognizant of appropriate safety equipment and procedures, locations and types of on-site
hazards, standard operating procedures, and procedures to be followed in emergency
situations. Health and safety training and medical surveillance of all potentially exposed
personnel are required elements of these plans.

A subcontractor involved with a project at the Weldon Spring site must comply with
the health and safety plans and must prepare and comply with a safe work plan. The safe
work plan covers health and safety aspects specific to the task performed.

4.4.3 Environmental Quality Assurance Project Plan

The quality assurance and quality control requirements implemented in activities
such as sample collection for this operable unit are provided by the environmental QAPP
(MK-Ferguson Company and Jacobs Engineering Group 1992h). This plan meets the
applicable requirements ofEPA's QAMS 005/80, Interim Guidelines and Specifications for the
Preparation of Quality Assurance Project Plans, by addressing the 16 quality assurance
elements specified for environmentally related measurements (EPA 1983).

The data generated for the QROU are anticipated to be of such quality as to
accurately define the nature and extent of radioactive and chemical contamination. The
attainment of the desired quality of data is achieved through the implementation of standard
operating procedures (SOPs) for activities, including the following: document control; field
activities; chain of custody; equipment calibration; laboratory analyses; data validation, verifi-
cation, reduction, and reporting; internal quality control checks; audits and surveillances;
preventive maintenance; corrective actions; and document hierarchy.

The SOPs for field sampling are developed to standardize, where possible, sampling
procedures to ensure that samples are comparable to, and compatible with, data collection
activities at the Weldon Spring site. Available field SOPs include those for sample collection,
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sample identification, sample preservation, sample packaging and handling, sampling qual._.ty
control, quality assurance, and equipment calibration and maintenance.

Proceduresrelatedtothemanagement ofenvironmentaldataarediscussedinthe

EnvironmentalDataAdministrationPlanpreparedfortheWeldonSpringsite(MK-Ferguson
Company andJacobsEngineeringGroup 1992d).LaboratoryQAPPs and SOPs areusedto

specifyqualitycontrolrequirementstodemonstrateattainmentofthespecifiedPARCC goals.

Chain-of-custodyprocedurestoensureandpreservesampleintegrityarealsoprovidedinthe
qualityassuranceprogram describedin the environmentalQAPP. Sample custody

proceduresareimplementedinthefieldand laboratoryand duringrecordkeeping.

The data generated are subjected to a estabL. 'ed procedure of data evaluation,
reduction, and reporting. Detailed descriptions of these procedures are presented in the
environmental QAPP and associated SOPs.
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5 REMEDIAL INVESTIGATION/FEASIBILITY STUDY TASKS

The EPA has provided a framework consisting of 14 tasks to be performed during
the RIFFS process. This framework will be used in carrying out a comprehensive program
that addresses site investigation, risk assessment, and technologies and alternatives
evaluation for the RI/FS-EA being undertaken ibr the QROU. Existing project documents,
including the Project Management Contractor Quality Assurance Program (DOE 1992e), the
Environmental Quality Assurance Project Plan (MK-Ferguson Company and Jacobs
Engineering Group 1992h), and the Environmental Data Administration Plan (MK-Ferguson
Company and Jacobs Engineering Group 1992d), will be used to direct and manage RI/FS-EA
activities and implement QA/QC requirements. These documents address applicable DOE
and EPA requirements. The RI/FS tasks and the phased approach suggested by the EPA are
presented in Figure 19. Site-specific activities carried out to fulfill each of the 14 tasks are
discussed in Sections 5.1 through 5.14.

5.1 TASK 1: PROJECT PLANNING

The contents of this work plan and associated supporting documents --i.e., sampling
and analysis plan(s), health and safety plan(s), and community relations plan -- describe
planning activities for the project. Activities under this task include:

• Collecting and evaluating available historical and characterization data
or information (Section 2);

• Developing a conceptual site model on the basis of available i_formation
(Section 3.1);

• Identifying data needs and DQOs (Section 4.1);

• Identifying preliminary remedial action objectives and potential
remedial alternatives (Section 3.3);

• Identifying treatability studies, as appropriate (Sections 1.3 and 5.7);
and

• Identifying preliminary ARARs (Section 3.6).

5.2 TASK 2: COMMUNITY RELATIONS

Task 2 incorporates all efforts related to the preparation and implementation of the
community relations plan (MK-Ferguson Company and Jacobs Engineering Group 1992i).
This plan includes background information about the Weldon Spring site including the
QROU, community relation strategies, lists of contacts and interested parties, and a
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description of activities DOE is undertaking to ensure full public participation. So far,
information related to site remedial activities has been provided to the public through news
releases, fact sheets, public meetings, and briefings. The DOE will continue to use these
mechanisms to inform the public regarding activities at the QROU. In addition, the public
has access to various documentation related to the RI/FS-EA process for the QROU through
several repository locations and at an on-site public reading room.

5.3 TASK 3: FIELD INVESTIGATION

Task 3 involves activities to be undertaken dm_ag the RI phase. Upon concurrence
of the sampling and analysis plans by the EPA and state agencies, subcontractors will be
procured. This task is complete when the subcontractors are demobilized from the field. The
following activities will be conducted as part of this task:

• Mobilization of field activities;

• Media sampling;

• Source testing;

• Geological]hydrological investigations;

• Geophysical investigations;

• Geochemicalinvestigations;

• Field measurements;

• Site surveys, topographic mapping, and aerial photography; and

• Ecologicalinvestigations.

Plans for field investigations are documented in field sampling plans. In accordance
with the DQOs established for the QROU, sampling will be performed with a phased
approach. A sampling plan is being developed for the areas outside of the quarry to fill the
data gaps identified for those areas (Section 3.5). Basically, the data gaps for this operable
unit have been categorized into those that will characterize the hydrogeological features,
provide a contaminant profile of the various environmental media of concern, and
characterize the ecological biota, to the extent practicable.

5.4 TASK 4: SAMPLE ANALYSIS AND VERIFICATION

For Task 4, samples collected during the field investigation will be analyzed in
accordance with the data quality requirements (DQRs) established for this operable unit. The
DQRs are described in more detail in the sampling plans.
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The verification program is designed primarily to ensure that documentation and
data are reported in compliance with established DQRs and SOPs. The sample verification
process includes a review of sample identification and preservation, chain-of-custody
documentation, analytical holding times, and completeness of data reported.

Validation of the data collected is also performed to ensure that the quality of data
acquired is adequate for its intended use and is in compliance with the DQRs established.
Procedures covering this task are described in the Environmental Data Administration Plan
(MK-Ferguson and Jacobs Engineering Group 1992d) prepared for the Weldon Spring site.

5.5 TASK 5: DAT_.EVALUATION

Task 5 involves analysis of the data aider verification and validation activities have
been performed. The task begins when the first set of validated data is received and ends
during preparation of the RI report or supplemental investigation when it is determined that
no additional data are required. The following activities are typically performed under
Task 5:

• Comparing potential site-related contaminant concentrations with back-
ground values; and

• Developing a data set for use in the baseline risk assessment.

5.6 TASK 6: RISK ASSESSMENT

Task 6 includes effort related to the performance of a baseline risk assessment for
the QROU. This assessment will analyze, for current and future land uses, the potential
adverse human health and environmental effects caused by contaminants identified at the

QROU. The results of the assessment will be used to support activities related to the
screening of alternatives and development of cleanup limits for radioactive and chemical
constituents. The activities that will be performed and presented in a baseline risk
assessment report include those related to (1) identification of the contaminants of concern
for the QROU, from the standpoint of both human health and ecological concerns;
(2) exposure assessment, including modeling as appropriate; (3)toxicity assessment; and
(4) risk characterization.

In addition to historical information, data gathered from characterization activities
during the RI will be evaluated according to procedures recommended by the EPA (1989b,
1989c) to identify the contaminants of concern. This same subset of data will also be used
to derive the exposure point concentrations for the identified contaminants of concern.
Factors needed to perform the exposure assessment will be site-specific to the extent possible,
or derived from EPA-recommended sources. Toxicity values are available from the EPA
through the Integrated Risk Information System database; reference doses and slope factors
for the appropriate chemical contaminants of concern will be obtained from this database.
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Although the EPA has recently developed cancer factors per unit intake for radioactive
contaminants that are analogous to slope factors for chemical carcinogens, these factors will
not be used to estimate risks from exposure to radioactive contaminants because these factors
have not been independently verified nor have they been widely used. Rather, radiological
risks will be estimated on the basis of dose conversion factors (i.e., mrem]pCi) and unit risk
factors (i.e., risk/torero), as discussed in Section 4.1 of the BA for the chemical plant area
(DOE 1992c). Chemical and radiological risks will be analyzed separately to allow for a clear
presentation of the source of risk, i.e., radiological or chemical.

5.7 TASK 7: TREATABILITY STUDIES

Task 7 is performed to provide information needed for alternatives to be fully
developed and evaluated during the RI/FS-EA process. Treatability studies can provide data
important to an adequate evaluation of certain technologies for a given response action
including information on performance, operating parameters, and cost in sufficient detail to
support the remedy selection process and subsequent design activities. This task can involve
efforts for bench-scale or pilot-scale tests, including associated procurement activities.
Treatability studies can be identified at different times during the RI/FS-EA process, e.g.,
from the scoping stage through the screening of preliminary alternatives.

One treatability study has been identified during the scoping phase for this QROU.
A pilot-scale study is being considered to evaluate the potential for collecting contaminated
groundwater from the quarry area, e.g., with a pumping well and/or interceptor trench
system, for subsequent treatment at the quarry plant. A separate treatability work plan is
being developed for this study, which would involve focused characterization activities and
is expected to provide information on the feasibility of potential collection systems, the
appropriateness of the available treatment system, and aquifer respon_e testing, as well as
some additional data on groundwater monitoring. Additional treatabili_,y studies_ including
post-screening investigations, would be developed as this RI/FS-EA process proceeds if
additional data needs are identified. Such studies would be conducted to support the analysis
of alternatives with respect to technology availability and technical and administrative
feasibility for site-specific application.

5.8 TASK 8: REMEDIAL INVESTIGATION REPORT

Task 8 involves the activities undertaken to prepare and complete the RI report for
this operable unit. The format of this report will be similar to previous RI reports prepared
for the project (DOE 1989, 1992d). This report is expected to include the following:

• A complete description of the areas that comprise the QROU;

* A brief site history and origin of contamination to lend rationale for the
characterization activities completed;
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• A summary ofallrelevantdata,includingthosenotcollectedfromthe
characterizationeffortthatisthesubjectofthisRI;and

• A summary ofthebaselineriskassessmentperformedfortheQROU.

A separatereportwillbe preparedtopresenttheanalysisand results
ofthebaselineriskassessmentperformedforthisoperableunit.

5.9 TASK 9:. REMEDIAL ALTERNATIVES DEVELOPMENT
AND SCREENING

Task 9 involves screening the initial development and evaluation of remedial action
alternatives for the QROU that will be fully evaluated under Task 10. The objective of the
screening process undertaken within Task 9 is to narrow the number of alternatives that will
undergo detailed evaluation. This process begins with identification of the remedial action
objectives, then proceeds through narrowing of the potential technologies on the basis of
applicability and effectiveness, and ends with identification of a set of remedial action
alternatives. Each remedial action alternative may involve application of a single technology
or a combination of two or more technologies. Task 9 consists of the following activities:

• Identifying response objectives and response actions;

• Listing potential remedial technologies;

• Screening remedial technologies and process options on the basis of
site-specific criteria;

• Assembling potential remedial action alternatives from the screened
technologies and process options;

• Evaluating potential remedial action alternatives on the basis of
screeningcriteria(i.e.,effectiveness,implementability,and cos_);snd

• Identifyingcandidateremedial action alternativesfor detailed
evaluationinTask 10.

5.10 TASK 10: DETAILED ANALYSIS OF ALTERNATIVES

The remedial alternatives that pass the screening process during Task 9 will be
evaluated in detail within Task 10. The criteria for evaluating these alternatives are as
follows:

• Overall protection of human health and the environment;

• Compliance with ARARs;

• Long-term effectiveness and permanence;
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• Reduction of toxicity, mobility, and volume;

• Short-term effectiveness;

• Implementability;

• Cost;

• Acceptance by the state; and

• Acceptance by the community.

A summary of each alternative, including the no-action alternative, is prepared on
the basis of these nine criteria. Use of these nine criteria is consistent with the NCP.

5.11 TASK 11: FEASIBILITY STUDY REPORT

Task 11 involves the coordination and preparation of the FS report. The task is
complete when the FS report is released to the public. The following are activities under this
task:

• Formatting data for report purposes;

• Preparing associated graphics;

• Writing the report;

• Printing and distributing the report;

• Responding to review comments; and

• Revising the report on the basis of agency comments.

The format of the FS report for the QROU will be similar to previous FS reports
prepared for the project (DOE 1990b, 1992b). The report will incorporate NEPA values to
reflect the level of analysis in an EA.

5.12 TASK 12: POST-REMEDIAL INVESTIGATION/FEASIBILITY
STUDY SUPPORT

Task 12 includes efforts to prepare the proposed plan and responsiveness summary,
support development of the ROD, and conduct any predesign activities. Task 12 activities
include:

• Preparing the proposed plan;

• Attending public meetings;
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* Preparingtheresponsivenesssummary and draftROD;

• Finalizingdocumentsinresponsetoagencyand publiccomments;

• Preparing the predesign report; and

• Completingtheconceptualdesign.

The proposedplanisa summary documentthatidentifiesthepreferredremedial
actionalternativeand therationaleforselection,describesthealternativesevaluatedinthe

RI/FS-EA,and solicitspublicreviewand comment onallscreenedalternativespresentedin

theFS. The formatoftheproposedplanfortheQROU willbesimilartopreviousproposed

plansfortheproject(DOE 1990c,1992c).Preparationoftheresponsivenesssummary and
ROD willbeinitiatedfollowingpublicreviewoftheRI/FS-EA.

5.13 TASK 13: ENFORCEMENT SUPPORT

Task 13includeseffortsduringtheRI/FS-EAprocessassociatedwithenforcement

aspectsoftheproject,typicallyconcerningpotentiallyresponsibleparties.BecauseDOE has
assumed responsibilityforthe Weldon Springsite,includingthe QROU, Task 13 isnot

applicabletotheWeldon Springproject.

5.14 TASK 14: MISCELLANEOUS SUPPORT

Task 14isusedtoreportonworkthatisassociatedwiththeprojectbutdoesnotfall

underany oftheotherestablishedRI/FS-EAtasks.No activitiesunderthistaskhavebeen
identifiedfortheQROU.
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6 PROJECT SCHEDUI_

The overall schedule/br the environmental compliance activities planned for the
QROU is shown in Figure 20. This schedule was developed in accordance with the project
financial plan for fiscal year 1993 and shows the events projected through the point at which
the ROD is issued. This schedule shows the relationships between the tasks and their
projected durations.

A key factor considered in the overall schedule planning of the RI/FS-EA process for
the QROU is the removal of bulk waste currently located in the quarry; this removal is
tentatively scheduled to be completed mid-1995. The schedule presented in Figure 20
accommodates the bulk waste removal schedule and also allows for a reasonable amount of

time to elapse so that data (primarily groundwater monitoring data) can be collected and
evaluated, after the bulk waste (which is considered to be a primary source of historical
contamination at the quarry area) has been removed. Specific dates beyond 1993 should not
be considered as firmly established, however, because funding is based on the out-year budget
cycle. The project schedule consists of the following major components:

• Completion of scoping and planning for the QROU. Scoping involves the
early incorporation of public comment and concerns into the RI/FS-EA
process. This may include, for example, consideration of specific
remedies for site cleanup or evaluation of various health and environ-
mental concerns. Documentation for the QROU during the scoping
phase includes this RI/FS-EA work plan and the sampling and analyses
plans.

• Completion of characterization activities.

• Completion of the RI/FS-EA process and issuance for public comment of
the RI report, the baseline risk assessment report, the FS report, and
the proposed plan.

• Preparation of a responsiveness summary to address public comments
received on the RUFS-EA reports, and preparation and issuance of the
ROD. The ROD is projected to be issued in 1998. Remedial design and
remedial action consistent with the NCP will be initiated following
issuance of the ROD.
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7 PROJECT MANAGEMENT

7.1 PROJECT ORGANIZATION

Remedial action at the QROU is being conducted by DOE under the Weldon Spring
Site Remedial Action Project, which is administered by the Eastern Area Programs Division
of the Office of Environmental Restoration (Figure 21). This division is responsible for policy
decisions related to conducting remedial actions at the Weldon Spring site and for
coordination with the U.S. Department of the Army, which shares the cost of this project.
Responsibility for management and technical direction of remedial action activities for the
Weldon Spring site has been delegated to the DOE Oak Ridge Operations Office, which has
established a project office at the Weldon Spring site.

Four separate organizations are under contract to the DOE to support implemen-
tation of this project:

* MK-FergusonCompany istheProjectManagement Contractor,assisting
DOE in the planningand management ofresponseactionactivities;

JacobsEngineeringGroup,Inc.,isunder contracttoMK-Ferguson to
providetechnicalsupportfortheproject.

• ArgonneNationalLaboratory,EnvironmentalAssessmentDivision,is

theCERCIA/NEPA processmanagement contractorand isresponsible
for planningand preparingappropriateenvironmentalcompliance

documentationtosupportspecificcleanupdecisions.

• Oak RidgeAssociatedUniversitiesprovidestechnicalsupport,specifi-

callyby performingindependentverificationof completedresponse
actions.

• ProfessionalAnalysisInc.ofOak Ridge,Tennessee,providesadminis-
trativesupporttotheDOE projectoffice.

7_ PROJECT COORDINATION AND RESPONSIBILITIES

Remedial actions carried out by DOE at the Weldon Spring site are subject to EPA
oversight under CERCLA. Oversight responsibilities for the Weldon Spring site are carried
out by EPA Region VII. The responsibilities of DOE and EPA are defined in the FFA in place
for the Weldon Spring site.

The stateofMissourihasdesignatedtheMissouri DepartmentofNaturalResources
tocoordinatestateinvolvementinvhisproject.Thisdepartmentisresponsibleforensuring

thattheappropriatestateagenciesarekeptinformedregardingprojectplansand activities.
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The responsibilitiesofeachofthemajororganizationsundercontracttotheDOE at

theWeldon Springsiteareasfollows:

• MK-FergusonCompany (includingJacobsEngineeringGroup,Inc.,as
a subcontractor)

- Provideoverallprojectmanagement supporttoDOE forthe

Weldon SpringSiteRemedialActionProject.Thissupport

includesimplementationand documentationof activities
relatedtohealthandsafetyrequirements(Section4.4.2),cost

controlprocedures,sample and datamanagement, project
scheduletracking,and training.

- Administerprocurementand qualityassurancefunctions.

- Performgeneraladministrativefunctions.

- Directallengineeringactivities.

- Providetechnicalinputtothepreparationofenvironmental
documents.

- Performcommunityrelationsduties.

• ArgonneNationalLaboratory,EnvironmentalAssessmentDivision

- Planand performenvironmentalanalysesforCERCLA and

NEPA compliance.

Providean independentanalysisofenvironmentalstudies,

engineeringfeasibility,and cost-effectivenessof response
actionalternativesperformedby otherDOE contractors.

Prepareadditionalenvironmentalcompliancedocumentation,
asneeded.

• Oak RidgeAssociatedUniversities

- Conductradiologicalsurveystoidentifyanddesignatevicinity
propertiesthatrequireresponseactions.

- Conductpost-responseradiologicalsurveystoprovideinde-
pendentverificationofthe cleanupeffortand preparethe
requisite verification reports.
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• Professional Analysis Inc.

- Provide technical and administrative support to the DOE
project office.

- Review environmental documents and advise the DOE project
office on regulatory requirements.

- Review and analyze resources as changes in funding and
priorities occur.

- Assist the DOE project office with the preparation and/or
analysis of documents and reports for the annual budget
process.
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APPENDIX:

DERIVATION OF RISK-BASED SOIL AND WATER CONCENTRATIONS

The calculatedconcentrationsofradioactiveand chemicalcontaminantsinsoiland

groundwaterthatcorrespondtodifferentlevelsofriskand hazardquotientarepresentedin

thisappendix.The contaminantsconsideredare thoseidentifiedin Section3.1.2as the
preliminarycontaminantsforthe quarryarea. The risk-basedconcentrationsforthose
contaminants were derived on the basis of methods provided in Risk Assessment Guidance

for Superl_Lnd; Part B, Development of Risk-Based Preliminary Remediation Goals (EPA
1991). These risk-based concentrations provide input to the planning process for data quality
objectives (Section 4.1) and are used to help develop the sampling plans for the quarry area.
The results presented in this appendix are preliminary and will be revised in the future as
the data quality objectives and sampling plans are further developed.

A.1 SOIL

A recreational visito. (or trespasser within the quarry proper) was identified as the
most likely receptor at the quarry area under current land use and under hypothetical future
conditions (Section 3.1). For this receptor, exposure to surface soil would be due primarily
to direct ingestion of and dermal contact with soil and to inhalation of radon and airborne
particulates derived from soil. For radioactive contaminants, external gamma irradiation
would also be an exposure pathway. The risk-based soil concentrations are calculated by
combining the appropriate intake and risk equations for these pathways, except for the
dermal pathway. The dermal pathway is excluded because for most compounds the necessary
parameters for calculating the risks associated with this pathway are not available.

Concentrations of radioactive contaminants in soil corresponding to specified risk
levels were calculated as follows:

Rsi _ TR (A.1)
A+B+C+D

where:

A = 6 x i0 -7 x EF x ED x IR s x CF 1 x DCFing ;
mrem

B = 6 x 10-7 x ET x EF x ED x IRa x CF2 × 1 x DCFin h ;
mrem PEF
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C = 6 x 10 -7 xET xEF×ED x DCF_ ;andmrem

3.5 x 10-4
D = 2.5 x 10-6 x ET x EF x ED x IRa x WLM

(term D is only included for radium-226).

and:

Rsi = soil concentration of radionuclide i (pCi/g);

TR = excess individual lifetime cancer risk (unitless);

IRa = inhalation rate (m3/h);

IRs = soil ingestion rate (rag/event);

CF1 = conversion factor (10 .3 g/rag);

CF2 = conversion factor (10 -3 g/kg);

ED = exposure duration (yr);

EF = exposure frequency (events/yr or d/yr);

ET = exposure time r.h/event);

PEF = particulate emission factor (4.63 x 109 m3/kg [EPA 1991]),

DCF_ = external gamma dose conversion factor for radionuclide i
[(mrem/h)/(pCi/g)] (see Table 4.1 of the baseline assessment (BA)
for the chemical plant area [DOE 1992]);

DCFing = ingestion dose conversion factor for ,adionuclide i (mrendpCi)
(see Table 4.1 of the BA for the chemical plant area);

DCFinh = inhalation dose conversion factor for radionuclide i (mrem/pCi)
(see Table 4.1 of the BA for the chemical plant area); and

WLM = working level month.

Term D is included in Equation A.1 to incorporate inhalation of radon-222 generated
from radium-226 in soil. A comprehensive discussion of the radon pathway, including
equations, is provided in Section 3 of the BA for the chemical plant area (DOE 1992), and the
risk factors used in Equation A. 1 are discussed in Section 4.1 of the BA.
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For chemical contaminants, the concentrations corresponding to specified risk levels
were calculated as follows:

Csi = TR x BW x AT x CF4 (A.2)
(EF x ED) [(SFoi x CF3 x IRs) + (SFii x IRa x ET x 1/PEF)]

where:

Csi = soil concentration of contaminant i (mg/kg);

BW = average body weight over the exposure period (kg);

AT = averaging time (yr);

CF3 = conversion factor (10 -6kg/mg);

CF4 = conversion factor (365 d/yr);

SFoi = oral slope factor for contaminant i ([mg/kg-d]'l); and

SFii = inhalation slope factor for contaminant i ([mg/kg-d]'l).

The concentrations corresponding to specified hazard quotients were calculated as
follows:

THI × BW x AT x CF4 (A.3)
Csi - (EF x ED) [(1/RtDoi x CF3 x IRs) + (]JRfDii X IRa x ET x 1/PEF)]

where:

THI = target hazard index (unitless);

RfDoi = oral reference dose for contaminant i (mg/kg-d); and

RtDii = inhalation reference dose for contaminant i (mg/kg-d).

The toxicity values used in Equations __2 and ,_3 are discussed in Chapter 4 of the
BA. Because the EPA continues to develop new and revise previous toxicity values as new
information becomes available, the values presented in the BA were updated with informa-
tion presented in EPA's Integrated Risk Information System (IRIS) (EPA 1993) and Health
Effects Assessment Summary Tables (HEAST) (EPA 1992). For compounds for which a
toxicity value had been withdrawn from IRIS or HEAST subsequent to its use in the BA, the
value listed in the BA was used for the purpose of the preliminary calculations presented in
this appendix.
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The assumptions and intake parameters assumed for the recreational visitor are
summarized in Table A.1. For this preliminary assessment, these values are the same as

those used for the future recreational visitor assessed in the BA for the chemical plant area,
as described in Section 3.4.2 of that document (DOE 1992). The soil concentrations of radio-

active contaminantsJ that correspond to different levels of risk are shown in Table A_2; those
for the chemical contaminants are shown in Tables A.3 and A.4.

A.2 GROUNDWATEFL

Under both current and future conditions, groundwater is not expected to represent

a complete exposure pathway. That is, no receptors have been identified because ground-
water in the alluvial aquifer in areas with elevated contaminant concentrations is not used
for residential, agricultural, or other purposes (Section 3.1.4). However, the concentrations

of radioactive and chemical contaminants in groundwater that correspond to different levels

of risk and hazard quotient are estimated to help support development of the sampling plans.
For this purpose, the receptor is assumed to be an individual ingesting 2 L/d of water.

TABLE A.1 Exposure Scenario Assumptions and Intake Parameters

Current/Future
Recreational Groundwater

Parameter Variable a Visitor User

Average body weight (kg) BW 70 70

Inhalation rate (m3/h) IRa 2.1 _b

Incidental ingestion of contaminated soil IRa 120 -
(rag/event)

Water ingestion rate (L/d) IRw 2

Exposure time (h/event) ET 4 -

Exposure frequency (events/yr or d/yr) EF 20 350

Exposure duration (yr) ED 30 30

Averaging time AT
Carcinogens (yr) 70 70
Noncarcinogens (yr) 30 30

a The listed variables are used in Equations A. 1 through A.6.

b A hyphen indicates that the entry is not applicable.
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TABLE A.2 Soil and Water Concentrations
of RadionueHdes Associated with Target
Risk Levels a

Soil Concentration (pCi/g)
Relative to Risk

Radionuelide 1 × 10_ 1 x 10.5 1 x 10-4

Actiniurr.-227 0.90 9.0 90
Lead-210 3.4 34 340
Protactinium-231 1.9 19 190
Radium-226 b 0.14 1.4 14
Radium-228 c 0.43 4.3 43
Thorium-230 42 420 4,200
Thorium-232 8.0 80 800
Uranium-235 6.5 65 650
Uranium-238 c 24 240 2,400

...,. ........... , ..................................... ..... ................... . ........ , ....... ,..,.., ............... ..................... .... ....

Water Concentration (pCi/L)
Relative to Risk

Radionuclide 1 x 10"e 1 x 10.5 1 x 10-4

Actinium-227 0.0053 0.053 0.53
Lead-210 0.012 0.12 1.2
Protactinium-231 0.0072 0.072 0.72
Radium-226 b 0.072 0.72 7.2
Radium-228 c 0.062 0.62 6.2
Thorium-230 0.15 1.5 15
Thorium-232 0.028 0.28 2.8
Uranium-235 0.32 3.2 32
Uranium-238 c 0.16 1.6 16

a Soil concentrations were calculated on the basis of the
ingestion, inhalation, and external gamma pathways;
water concentrations were calculated on the basis of the
ingestion pathway.

b Radimn-226 soil concentrations include the contribution
from inhalation of radon-222. For groundwater concen-
trations, the contribution from radon as a result of
volatilization would be insignificant compared to
ingestion of radium-226 in drinking water.

c The risk from radium-228 includes the contribution from
thorium-228, and the risk from uranium-238 includes
the contribution from uranium-234.
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TABLE A.3 Soil and Water Concentrations of

Chemicals Associated with Target Risk Levels a

SoilConcentration(mg/kg)
RelativetoRisk

Chemicalb I x 10_ 1 x 10-5 1 x 10-4

Metals
Arsenic 14 140 1,400
Beryllium 5.8 58 580
Cadmium 270,000 >500,000 >500,000
Chromium (VI) 40,000 400,000 >500,000
Nickel >500,000 >500,000 >500,000

Nitroaromatic
compounds

2,4-DNT 37 370 3,700
2,6-DNT 37 370 3,700
TNT 830 8,300 83,000

Water Concentration (pg/L)
Relative to Risk

Chemical b 1 x 10"6 1 × 10-5 1 x 10-4

Metals
Arsenic 0.047 0.47 4.7
Beryllium 0.020 0.20 2.0

Nitroaromatic
compounds

2,4-DNT 0.13 1.3 13
2,6-DNT 0.13 1.3 13
TNT 2.8 28 280

a Soil concentrations were calculated on the basis of the
ingestion and inhalation pathways; water concentrations
were calculated on the basis of the ingestion pathway.

b Listed are only those contaminants for which an oral or
inhalation slope factor is available.



145

TABLE A.4 Soil and Water Concentrations of Chemicals

Associated with Target Hazard Quotients a

Soil Concentration (mg/kg) Relative to Hazard Quotient

Chemical 0.1 0.3 0.5 1

Metals
Aluminum NQ NQ NQ NQ b

Antimony 430 1,300 2,100 4,300
Arsenic 320 960 1,600 3,200
Barium 74,000 220,000 370,000 >500,000
Beryllium 5,300 16,000 27,000 53,000
Cadmium 1,100 3,200 5,300 11,000
Calcium NQ NQ NQ NQ

Chromium (III) 41,000 120,000 200,000 410,000
Chromium (VI) 4,700 14,000 24,000 47,000
Cobalt NQ NQ NQ NQ
Copper 43,000 130,000 210,000 430,000
Iron NQ NQ NQ NQ
Lead NQ NQ NQ NQ
Lithium 21,000 64,000 110,000 210,000
Magnesium NQ NQ NQ NQ
Manganese 105,000 310,000 >500,000 >500,000
Mercury 320 960 1,600 3,200
Molybdenum 5,300 16,000 27,000 53,000
Nickel 21,000 64,000 110,000 210,000
Potassium NQ NQ NQ NQ
Selenium 5,300 16,000 27,000 53,000
Silver 5,300 16,000 27,000 53,000
Sodium NQ NQ NQ NQ
Thallium 75 220 370 750
Uranium 3,200 9,600 16,000 32,000
Vanadium 7,500 22,000 37,000 75,000
Zinc 320,000 >500,000 >500,000 >500,000

Inorganic anions
Chloride NQ NQ NQ NQ
Fluoride 64,000 190,000 320,000 >500,000
Nitrate (as N)c 12,000 36,000 60,000 120,000
Nitrite (as N)c 750 2,300 3,800 7,500
Sulfate NQ NQ NQ NQ

Nitroaromatic

compounds
DNB 110 320 530 1,100
2,4-DNT 2,100 6,400 11,000 21,000
2,6-DNT 4,300 13,000 21,000 43,000
NB 530 1,600 2,700 5,300
TNB 53 160 270 530
TNT 530 1,600 2,700 5,300
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TABLE A.4 (Cont.)

Water Concentration (pg/L) Relative to Hazard Quotient

Chemical 0.I 0.3 0.5 I

Metals
Aluminum NQ NQ NQ NQ
Antimony 1.5 4.4 7.3 15
Arsenic 1.1 3.3 5.5 11
Barium 260 770 1,300 2,600

Beryllium 18 55 91 180
Cadmium 1.8 5.5 9.1 18
Calcium NQ NQ NQ NQ
Chromium (III) 3,700 11,000 18,000 37,000
Chromium (VI) 18 55 91 180
Cobalt NQ NQ NQ NQ

Copper 150 440 730 1,500
Iron NQ NQ NQ NQ
Lead NQ NQ NQ NQ
Lithium 73 220 370 730

Magnesium NQ NQ NQ NQ
Manganese 18 55 91 180
Mercury 1.1 3.3 5.5 11
Molybdenum 18 55 91 180
Nickel 73 220 370 730
Potassium NQ NQ NQ NQ
Selenium 18 55 91 180
Silver 18 55 91 180
Sodium NQ NQ NQ NQ
Thallium 0.26 0.77 1.3 2.6
Uranium 11 33 55 110
Vanadium 26 77 130 260
Zinc 1,100 3,300 5,500 11,000

Inorganic anions
Chloride NQ NQ NQ NQ
Fluoride 220 660 1,100 2,200
Nitrate (as N) d 1,000 3,000 5,000 10,000
Nitrite(asN)d I00 300 500 1,000
Sulfate NQ NQ NQ NQ

Nitroaromatic

compounds
DNB 0.37 1.1 1.8 3.7

2,4-DNT 7.3 22 37 73
2,6-DNT 15 44 73 150
NB 1.8 5.5 9.1 18
TNB 0.18 0.55 0.91 1.8
TNT 1.8 5.5 9.1 18

See next page for footnotes.
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TABLE A.4 (Cont.)

a Soil concentrationswere calculated on the basis of the ingestion and
inhalation pathways; water concentrationswere calculated on the basis of
the ingestion pathway.

b NQ indicates not quantified because a toxicity value was not available.

c Because the critical effect associated with exposure to nitrate and nitrite is
an acute response (methemoglobinemia), the soil concentration has been
derivedon the basis of a single exposure of a 15-kg child ingesting 200 mg of
soil, which is averaged over an exposure duration of one day. This results
in a more conservative (lower) concentrationthan the value derivedfrom
the assumptions and intake parameters in Table A.1.

d The concentrations of 10,000 and 1,000 pg/L correspondto the MCLsfor
nitrate and nitrate (as nitrogen), derived for a 4-kg infant ingesting 0.64 L
of water per day (EPA 1993). For nitrate, an additional uncertainty factor
of 10 is applied because of the direct toxicity of this compound. These
concentrations are more conservative than those derived from the
assumptions and intake parameters in Table A.1.

Concentrations of radioactive contaminants in groundwater corresponding to speci-
fied risk levels were calculated as follows:

Rgwi - TR
6 × 10 -7 (A.4)

IR w × EF × ED × DCFing × mrem

where:

Rgwi = groundwater concentration of contaminant i (pCi/L); and

IR w = groundwater ingestion rate (L/d).

For chemical contaminants, the concentrations corresponding to specified risk levels
were calculated as follows:

TR × BW × AT × CF 4 × CF 5 (A.5)Cgwi =
SFoi × IRw × EF × ED

where:

Cgwi = groundwater concentration of contaminant i (pg/L); and

CF 5 = conversion faction (103 pg/mg).
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The concentrations corresponding to specified levels of hazard quotient were
calculated as follows:

Cgwi = THI x RfDoi x BW x AT x CF4 x CF5 (A_6)
1Rw x EF x ED

The assumptions and intake parameters used for the assessment of this pathway are
summarized in Table A.1, and the toxicity values are discussed in Section A.1. The ground-
water concentrations of radioactive and chemical contaminants that correspond to different
levels of risk and hazard index are presented in Tables A.2, A.3, and AA.
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