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EXECUTIVE SUMMARY

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

not contiguous to the quarry.

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

excavated and removed from the quarry. .

It is estimated that approximately 95,000 cubic yafds of
éontamin@ted waste materials, consisting of structural debris,
drummed and unconfined wastes, process equipment, sludges, and
other solid materials, have been deposited in the quarry.
Uranium, thorium,vradium,.and radon are the radioactive

constituents of concern. Chemical contaminants are known to’



include nitroaromatic compounds, polvnuclear aromatic

- hydrocarbons (PAHs), polychlorinated b1phenyls (PCBs), and heavy
metals. Representative sampling of the in-place material is
complicated by thé hetergoeneity of fhe waste.  The quarry pond,
_containing approximately three million gallons of contam1nated .
‘water, shows elevated levels of uranium, manganese, arsenic, and
2,4?dinitrotoluéne. Gfoundwater in the limestone bedrock of the
quarry contains elévated concentrations of uranium, thorium,

nitroaromatic compounds, nitrate, sulfate and chlorides.

The quarry was excavatéd into a limestone ridge borderihg
- the Missouri River alluvial floodplain; The upper layers of
' limestone at the quafry include a compléx system of solution
’channéls, joints and fractures, thrbugh which groundwater ,
movement probably occurs. Groundwater in the vicinity of the
quarry is present within the alluvium; the limestone bedrock,
and the deeper formations of dolomite and sandstone. A
hydraulic connection apparently exists between the.quarry
groundwater and the nearby Femme Osage Slough, but there appears
.to be at least a partiél hydfogeologicvbarrier to contaminant
migration,furfhér south. The groundwatér:regime,'however, has
not yet been fully characterized. The groundwater regime will

be futher characterized in subsequent investigatioﬁs.

Wastes within the quarry, therefore, may pose a risk of
future contamination to St. Charles’Countj drinking water supply
wells south of.thetquarry.‘ To mitigate this potential risk, and
to allow further characterization necessary to sdpport any
additional remedial activities, DOE proposes to‘remove the bulk
wastes and place them in temporary, secure Storage at the
'rafflnate pits and chemical plant area. This action will permlt
appropriate classification and inveﬁtory of the contamlnated
materials for final disposal planning. Bulk waste removal will
accomplish one critical task in the overall remediation of the

'~ Weldon Sprlng Slte.



é“

In addition to this RI report,.a baseline risk evaluation
has been performed and documented in a Separate companion
report. A feasibility study for the proposed bulk waste removal
has been initiated. Additional characterization will be carried
out as a separate environmental compliance.cqmponenf after the
bulk wastes are removed. ‘



1 INTRODUCTION
1.1 PURPOSE OF REPORT

'1.1.1 Proposed Action

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

at the raffinate pitsband chemical plant area.

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

source of contamination and reducing the potential for migration.

In addition, the proposed removal of quarry wastes will
permit adequate definition of residual contamination in and
around the quarry site. The need for removal of any residual
materials (e.g., sludges or sediments present within bedrock
fractures) and for groundwater remediation cannot be determined
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until the removal has been accomplished and the remaining

conditions ‘evaluated.

The removal will also pérmit consolidation of all wastes
associafed with the Weldon Spring Site at one secure location,
which will accomplish one necessary step in the overall
remediation of the site. An investigation of the proposed
temporary storage area is now underway, and study results will

be presented in a separate stand-alone report.

1.1.2 Documentation‘Rgguirements

The work plan for the overall Weldon Spring Site RI/FS—EISA
outlines the decisions made by DOE regarding the Weldon Spring
quarry operable unit (Peterson et al, 1988). Four distinct
response actions may be required at the quarry: 1) bulk waste
removal; 2);femova1 of any_residual materials fpllowing bulk
waste removal; 3) groundwater restoration; and 4) cleanup of
contaminated vicinity properties. 'In addition before the bulk
wastes can be removed, contaminated water contained within the
pond at the quarry must be removed. Those environmental
compliance components associated with the quarry . are shown in

Figdre 1.2,

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

removed.



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

An Engineering Evaluation/Cost Analysis (EE/CA) for removal
and treatment of contaminated water from a pond situated within
- the quarry, an activity which must precede bulk waste removal
has already been submitted (MacDonell et al, 1989). 1In addition:
a limited baseline risk evaluétion has been prepared separately
for the WSQ as it now»ekists.using information presently
available (Haroun et al,'1989); This evaluation was conducted
forAthe baseline case'to determiﬁe potential impacts of the
quarry wastes to human health ahd the environment if no action
is taken. Current data are considered to be sufficient to
evaluate and justify the need for bulk waste removal. After
removal of the bulk wastes, a comprehensive baselihe risk
assessment will be cohducted to evaluate potential impacts to .

 'the,environment'and human health from the residual conditions.

_ Several additional areas in the vicinity of the quarry, but
outside of the currently fenced boundaries, are contaminated
with radioactivity. DOE proposes to clean up those vicinity
properties_&hich present an unacceptable risk to the general
public. Vicinity properties to be remediated prior to issuance
of the'ROD will be addressed in separate environmenta1_

compliance documents.




1.2 SITE BACKGROUND

1.2.1 Site Description

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

public.

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

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

contaminated.



1.2.2 Site History

The Army and the AEC used the Weldon Spring quarry for R
waste disposal during their operations from 1942 to 1969. \
Before 1942, limestone aggregate'was mined from the quarry and

used in construction of the Weldon Spring Ordnance Works,

located about & m11es to the northeast

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

-ordnance works and the quarry had been transferred to the state
~of’Missouri and- the University of Missouri.

~In 1956, portions of the ordnance works area were
-transferred to the AEC. This‘agenCy_then'cbnstructed and
ioperated a feed materials plant,rnow known as the chemical
splant, which processed uranium and thorium ore concentrates.
Two years later, in 1958, the AEC ‘assumed custody of the quarry
for use as a disposal site for radloactlvely contaminated
wastes. The feed materials plant was operated unt11 1966.
Radioactive waste materials disposed in the quarry during this
period included drummed wastes, uncontained wastes, building

rubble, and contaminated process equipment.

In 1975, AEC contracted with National Lead Company of Ohio
(NLO) to perform environmental monitoring and maintenance‘at the
quarry. This responsibility was transferred to Bechtel National
Inc. (BNI) in 1981, under contract to the DOE, AEC's successor,
MK-Ferguson Company (MK-F), DOE's project management contractor
- (PMC), has been active at the site since 1986. In 1987 the

8



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

1.2.3 Overview of Investigations

Since the 1950s, government agencies and contractors have

conducted intermittent investigations at the Weldon Spring Site =

to assess the hydrogeologic and environmental setting, and to
determine the nature and extent of contaminant sources and
environmental contamination within and in the vicinity of the

quarry..

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

radiological contamination at the quarry.
1.3 REPORT ORGANIZATION

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

9



1988). Because the ecope of this report is related to the
proposed bulk waste removal, discussion focuses on the
characterization of the waste materials now present in the
quarry. The study area relevant to this report is generally

. confined to the area within the quarry fence." However, limited

areas outside the fence are discussed in terms of monitoring and
general site descrlptlon.- Topics such as groundwater, surface
water, geology, meteorology, and ecology are discussed only as
they pertain to the bulk waste removal. A thorough
characterization of the area surrounding the quarry will be
addressed’ln subsequent documents. '

Study area investigations are summarized in Seetion 23
physical characteristics are presented in Section 3; and the:
nature and extent of contamination are discussed in Section 4.
..Contaminant fate and tranSport-(Section 5) are discussed in
terms of persistence and potential migration of contaminants
from the quarry. Summary and conclusions are provided in
'Section”G. In addition, data releévant to the characterization
of the quarry bulk wastes, sediments, surface water and '

;groqndwater are included in Appendices A through D.

10



2 PREVIOUS STUDY AREA INVESTIGATIONS
2.1 QUARRY INVESTIGATIONS

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

‘monitoring and exploratory program.-

This section briefly outlines the studies, presénted by
discipline and in chronological ofder, which have been done at
the site ﬁnder contract to the Depaftment of the Army, AEC, and
DOE. Because the focus of this report is the proposed removal
of bulk wastes from the quarry to provide secure temporary
storage and to permit further assessment of additional
remediation.required, the contaminant source investigations
(Section 2.3) are the most pertinent to this effort. The
fesults of'all investigations, however, and their relevance to

the bulk waste removal, are presented in Sections 3 and 4.
2.2 SURFACE FEATURES

Topographic mapping of the quarry, at 1"=100' with 2-foot
contour intervals and at 1"=50"' with 1-foot contour intervals,
was completed in the mid-1980s (Surdex Corporation, 1983,
1987). Disposal areas, vegetation, roads, fences, and other

 surface features are described in Section 3.1.
2.3 CONTAMINANT SOURCE INVESTIGATIONS

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

11



characterization is presented in Section 4.1. These

investigations are briefly summarized below:

1967

1975

1979-81

©1984-85

1986

A task force formed by‘the Oak Ridge Operations Office
of the AEC evaluated existing data to define '
management options for the quarry as a dlsposal
fac111ty Disposal hlstory at the quarry was
SUmmarlzed (Lenhard et al. 1967)

National Lead Company of Ohio, Inc. (NLO) evaluated

the quarry in terms of e1ther decommissioning the

‘quarry or using it for radioactive waste disposal, and

generated descriptions of radloactlve and chemical

wastes within the quarry. The potent1a1 for mlgratlon

of contaminants from the quarry wastes was also

. assessed (Pennak, 1975; Huey, 1978).

Lawrence Berkeley Laboratory (LBL) completed a
characterization and history of the quarry to
determine potential env1ronmenta1 hazards posed by the

quarry wastes. The 1nvest1gat10n which was reported

" by Berkeley Geoscience Associates (BGA),_1nc1uded

extensive waste sampling and analysis for radiological

parameters (BGA, 1984).

Bechtel National, Inc. (BNI) conducted a radiologicai
survey, ‘which included a drilling program within the

quarry perimeter and exten51ve sample ana1y81s

Selected samples were also analyzed for chemical

parameters (BNI, 1985c).
BNI, in cooperation with TMA/Eberline, performed an

extensive chemical sampling, analysis, and

characterization program, focusing on volatiles,

12
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semi-volatiles, PCBs, and nitroaromatics (Kaye and
Davis 1987). '

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

2.4 METEOROLOGICAL INVESTIGATIONS

No specific meteorologic31 data has been collected at the

‘quarry. Precipitation, evaporation, and wind speed and

direction have been monitored at the chemical plant site. Air
quality sampling for radon has been conducted at points along

the quarry perimeter and at several off-site locations since

1981 (Weidner and Boback, 1982; BNI, 1983b, 1984b, 1985b, 1986;

MKF and JEG, 1987, 1988a).

Section 3.2 includes data on local meteorology, based on

- records from the National Climatic Data Center of the National

Oceanic and Atmospheric Administration (NOAA, 1984; 1981-1986).
Annual wind rose diagrams for the Weldon Spring Site are
available in previous annual Weldon Spring Environmental
Monitoring Reports (BNI, 1986, 1985b). »

2.5 SURFACE WATER AND SEDIMENT INVESTIGATIONS

Investigations of surface water and sediments present in
the quarry are highlighted on Table 2.1, and briefly described
below. Study results are presented in Sections 3.3, 4.2, and
4.3..

'2.5.1 Surface Water Investigations

3

Surface water investigations have: focused on defining the

extent and nature of contamination due to the quarry wastes.

13



TABLE 2.1 Summary of Surface Hater and Sediment Contaminant Studies Related to the He..

Spring Quarry

Quarry Pond

Contractor "~ Year , Reference , - Hater Sediment
MCHW ) 1960-1965 - MCH, 1960-1965 . R

Task Force 1967 - Lenhard et al, 1967 ' R

NLO 1976-1975 Pennak, 1975 . E - RsC

NLO 1976 BGA, 1984 ‘ R

NLO , 1977 : "~ Huey, 1978 e R/C

‘NLO ... 1979-1980 .Weidner & Boback, 1982 R/C

LBL _ 1979-1981 BGA, 19846 ' R/7C - R
USGS , _ -.'1984 ) : Kleeschulte and Emmett, 1986 R/7C

“BNI - . 1984-1985 , BNI, 1985c . R/C " R
BNI 1986 ‘Kaye and Davis, 1987 o ‘ c
BNI 1986 ’ Glenn, 1986 - v - C
. MKF ) - 1987 MKF, 1987 . S - R/7C

MKF - - 1987 . .. MKF and JEG 1988a ‘ : R/C

Notes: : '

MCH - Mallinckrodt Chemical Horks " R - Radiological Testing

USGS - United States Geological Survey (& = Chemiqal Testing

‘Samples have been collected from the quarry pond as part of
‘ongoing environmental monitoring (MCW, 1960-1965; Weidner and

" ‘Boback, 1982; and MK-F and JEG, 1988a) and more extensive
investigations. Analyses have included radiological and

chemical parameters.

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

with limited analysis for chemical parameters.

From 1979 through 1981, LBL performed the first

comprehensive investigation of the quarry. These studies were

14

|



EEY
: A

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

pond and analyzed for radiological and chemical parameters (BGA

'1984).

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

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

pesticides, and metals. (Glenn, 1986)

In March 1987, a Phase I Water Quallty Assessment was
performed by MK-F, for all water bedies assoc1ated with the

Weldon Spring Site. .The purpose of this study was to assess the-
overall water qualit§ as wellias provide baseline water quality
information. A surface water sample was collected from the
quarry pond and analyzed for radionuclides, certain inorganic
anions, water quality 1nd1cators, and EPA Contract Laboratory
Program (CLP) metals (MK-F, 1987a).

15



 2.5.2 Sediment Investigations

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

1979-81 LBL sampled pond sediments'fbr uranium and radium
~ content (BGA, 1984). ‘

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

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

‘2.6 GEOLOGICAL INVESTIGATIONS

‘Subsurface investigétions'in the quafry'arEa have been
conducted by'various contractors‘since‘1951. Although many of
the studies were not specifically conducted to characterize the

geology at the quarry, they do provide data which can be used to
© define geologic conditions. This section briefly describes
these programs, which are also highlighted on Table 2.2.
Figures 2.1 and 2.2 show the locations of boreholes drilled
during these invéstigations. A thorodgh discussion of the
current understanding of the geology of the quarry and the
monitoring well network area can be found in Section 3.4.

The first published report on the geology of the entire
Weldon Spring Site was compiled by Roberts and Theis (1951).
This investigation was conducted to determine subsurface
conditions as a prerequisite to the location and design of
Special structures contemplated by the AEC. Data were gathered
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TABLE 2.2 Summary of Geological Studies

A

Contractor

1987

MA1013-MN1019

Date Lead Driller Na. Hole Series Comments Reference
Agency -Holes ' (alternate designation)
1951 uses AEC Regional Geology Roberts and Theis, 1951
- 1960 USGS - AEC - 2 THN/THS Monitoring wells installed Richardson, 1960a and 1960b
1976-1977 NLO AEC Test Drjlling 12 TH1-TW12 Monitoring wells installed Huey, 1978
Service Co. o .
1979-1981  LBL DOE 22 0-,1,2-,3-,64-,B-,B1-, " Auger holes drilled into BGA, 1984
C-,Cl-,D1-,%- quarry waste
1980-1981 LBL DOE G2 - 08, 0, (BS Drilled into alluvium BGA, 1984
1982-1985 BNI DOE TR7-TH10 (»MIVOOZ-HNIOOS) Holes rejuvenated Core for BNI, 1985d
THN/THS (MW1012/MN1001)  TW7-TW10 relogged -
1984 BNI DOE 76 e81-QB74, S1/S52 Holes drilled into quarry BNI, 1985c A
) wastes
1983-1986  USGS Geological summary of Kleeschulte and Emmett, 1986
previous investigations :
1986 County Layne Hestern 4 RMH1 -RMING Honitoring wells installed Soil Consultants Inc., 1988
1986 BNI ‘DOE 6 TW7-TH10 Holes redrilleds old holes . MK-F and JEG, 1987
TRN/THS - grouted up
1986 BNI DOE Brotcke Eng. 6 08B6,0810,0816 Monitoring wells drilled MX-F and JEG, 1988a
: (M{1006-MK1011) near previous LBL 0B wells
1986 BNI DOE Bob Henson 17 001C-017C Holes drilled in quarry Kaye and Davis, 1987
‘ ' wastes ' i
1987 PMC DOE UNC/Brotcke 15 WS Holes drilled between quarry Marutzky et al, 1986
and Femme Osage Slough
PMC DOE Brotcke Eng. 7 Monitoring wells installed MK-F and JEG, 1988a



on types of rock and seil, their characteristic features, and
"hydrologic  properties of each. Structural features of the rock

were observed and recorded.

The earliest a&ailable geological study which specifically
pertained to charactefization}of the quarry area was completed
by the USGS for the AEC in 1960 (Richardson, 1960a and 1960b).
A limited hydrogeological drilling program was conducted to
assess the éuitability of the quarry as a radioactive waste
 disposa1 site. : | ’

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

“ typical lithologies of the Decorah and Kimmswick Formations.’

LBL'(BGA, 1984) performed an extensive geolbgical,

- geophysical and hydrogéologic survey of the quarry area between
1979. and 1981. The investigation included: ' v

1. Discussion of general geology of the quérry including
bedrock stratigraphy. Geological cross-sections

through the quarry were also prepared.

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

3. Geophysic31 1ogging to determine the extent of
fracturing and define litholdgic features. Types of

‘logs that were run included caliper, gamma-gamma,
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neutron, and natural gamma. Borehole television

logging was also performed.

4, Drilling and sampling of hollow-stem auger alluvial
borings in the vicinity of Femme Osage Slough.

- Borings comprised three series: OB-1 through 0B-17j-'
OBS-1 through OBS-15; and O-1 through 0-10. Borings
OB-11 through OB-17 were cored 15 to 20 feet into
bedrock.

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

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

Since 1986, programs have included the drilling of new
monitoring wells (Soil Consultants, Inc., 1988; MK-F and JEG,
1988a), boreholes through the quarfy wastes (Kaye and Davis,

- 1987), and characterization holes in the quarry vicinity

(Marutzky et al, 1988). Many of the holes were drilled into
bedrock. '

2.7 GROUNDWATER INVESTIGATIONS'
Groundwater investigations conducted to date in the area of
the quarry are highlighted on Table 2.3, and results and

conclusions are described in detail in Sections 3.6 and 4.4.
The most pertinent of these studies are briefly summarized below.
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Regional groundwater studies for the entire Weldon Spring
Site area have been conducted by the USGS since the 1940s.
Fishel and Williams (1944) generated a preliminary
potentiometric surface map of the regional water table aquifer.
A second groundwater investigation conducted by Roberts and V
'Theis in 1951 at the request of the AEC confirmed the location
of the regional groundwater divide proposed by the 1944 study
and determined the direction of groﬁndwater movement (Roberts
and Theis, 1951). |

The first iﬁvestigation to focﬁS“specifically on
groundwater at the quarry was perfofméd in 1959-60 by R.M.
Richardson of the USGS.. Two coreholes were drilled and pressure
tested to determine the hydrogeologic conditions at the quarry.

. A subsequent study included periodic pumping of water from the

" quarry pond into little Femme Osage Creek from 1960 to 1963.

‘Pumping was stopped as groundwater was apparently leaching
.uranium from the bulk wastes (Richardson, 1960a; 1960b).

In 1979-81, aé-part of the overall characterization of the
quarry area, LBL performed a detailed study of groundwater
6ccurrence, migration and quality. Investigations included
characterization of the fracture'batterns in the limestone
.bedrock, groundwater level measurements, aquifer testing'in the
‘bedrock and alluvium in the vicinity of Femme Osage Slough, and
hydrochemical analyses of borehole water (BGA, 1984).-

| In 1983, USGS initiated a groundwater contamination survey
in the vicinity of the Weldon Spring Site and quarry.
Investigations include an assessment of regional and local
groundwater occurrence,'groundwatef quality, and surface

' water/groundwater relations (Kleeschulte and Emmett, 1986;
Kleeschulte et al, 1986; and Kleeschulte and Emmett, 1987).
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TABLE 2.3 Suuna.ry of Groundwater Studies

.Study Location

Bedrock Alluvium Alluvium
Date Contractor/Agency Report(s) Regional At Quarry MK+T RR/Slough South of Slough Description
1944 Usss ‘Fishel & Williams, X Water Table Contour Map
’ 1946 = ’
1951 USGS Roberts and Theis, X l'ht'er Table Contour Map
' 1951 :
1960-63 USGS Richardson, 1960a X Pressure Test, Pump Test
and '1960b '
1960-64 MCH MCH, 1960-1965 R Environmental Monitoring
1967 Task Force Lenihard et al., R Groundwater Guality
' 1967
1976-77 NLO ) Huey, 1978 R, C Groundwater Quality
1979-81 LBL BGA)_1984‘ X, Ry C *. R, C . X, R, C P\.’P Test,v Tracer fBStS’
' Point Dilution Tests,
" Fracture Map.
( (b) -
1982-85 BNI _BNI 1983-86 R, C = R» C(b) R, C Envirommental Monitoring
1983-86 UsGs Kleeschulte and Ry C R R R, C Hater Table Contour Maps
-Emmett, 1986 ' and Groundwater Quality
1986-87 MK-F MK-F and JEG, R, C R, C R, C Environmental Monitoring
1987, 1988a ’
1987 MK-F 'H(-F, 1987a Xy, Ry, C X, R, C Xy Ry C Water Table Contour Map
and Groundwater Quality
Notes : c - Chemical Testing of Groundwater Sairple_s
R - Radiological Testing of Groundwater Samples
X - Measurement of Aquifer Properties (explained in "Description” Column)
(a) =~ 1982 - 1984 only : Z
{b) -~

1985 only



_ Field investigations during the water quality assessment
conducted in 1987 by MK-F included groundwater level measurement
and sampling. Groundwater was analyzed for the complete
Hazardous Substance List, nitroaromatics, certain inorganic

anions, water quality indicators, and radionuclides (MK-F, - “
1987a). | | -

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

2.8 ECOLOGICAL INVESTIGATIONS

Available information concerning the ecology of the quarry
_and its environs is based on information from the Missouri

Department‘of.Conéervatibn-and research reported in the Weldon
Spring Draft Environmental Impact Statement (DOE, 1987a). This

- information is summarized in Section 3.8 of this report.

Beginning in 1987, MK-F and JEG conducted an ecological

._‘field inveStigation at the quarry. The overall purpose of this

survey was to determine possible exposure pathways of chemical
-and radiological contamination to'humans by ingestion of
potentially contaminated fish and game. Results of this study
are summarized in Section 3.8 (MK-F and JEG, 1988b, 1988d).
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3 PHYSICAL CHARACTERISTICS OF STUDY AREA
. C

3.1 SURFACE FEATURES

3.1.1 Natural Features

‘The 9-acre Weldon Spring quarry was excavated into a

- limestone outcrop. The upper elevations at the quarry are well

above the Missouri River floodplain; the elevation of the rim
ranges from about 540 to 560 feet MSL (see Figure 3.1). The
quarry was originally excavated to a bottom elevation of.
approximately 446 feet. The present quarry floor coVers an area
of about 2 acres and is at an elevation of approximately 482
feet. A pond, covering about 0.5 acre, occupies the deepest
portion of the floor (BNI, 1983a). A pyramid-shaped hill of "
limestone remains near the cehter of the qdarry, northeast of

the pond.: The maximum elevation of the hill is 518 feet.

- The Weldon Spring quarry is situated on the northern flank
of the Salem Plateau Physiographic province. This region, with
exception of the Missouri River floodplain, is characterized by

rugged topography and narrow irregular drainage divides. The

' area'sufrounding the quarry is drained by many short,

steep-gradient streams (Kleeschulte and Emmett, 1986). A
topographic map of the area immediately surrounding the WSQ is

shown in Figure 3.1.

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

Vegetation at the site consists primarily of grasses, : .
shrubs, and trees. Eastern cottonwood is the predominant tree
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species (DOE, 1987a}." Agrlcultural crops are grown on much of
the land south of the quarry. The Weldon Spr1ng W11d11fe Area,

~which surrounds the WSQ, is largely undisturbed, heavily wooded,

and contains regions of heavy underbrush (Boerner, 1986).
. N - . . > ' B

3.1.2 Man—made‘Featnres

The quarry is adjacent to both Missouri State Route 94 and
the abandoned Missouri, Kansas and Texas (MK&T) railroad line

(see Figure 3.2). The upper and .lower quarry levels are

accessible from State Route 94 by maintained gravel roads. - A

ra11road spur enters the lower level of the quarry from the west
and extends approximately one-third of the quarry length. This
railroad spur is overgrown with vegetation and has

deteriorated. The MK&T line itself was recently dismantled, and

‘only a path remains.

Access to the quarry is restricted by a 7-foot high

~ chainlink fence, which is topped by three strands of barbed

wire. This fence completely surrounds the site. Gates at both

-the upper'andblower entrances are locked.

The quarry property line generally coincides with the fence

line shown on Figure 3.2. Slight differences between the’ fence

‘line and the property line occur along the north and west .

Total area within the surveyed property line is 8.66 acres

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

With the exception of a telephone line into the quarry,e

~utility easements in the quarry v101n1ty do not cross through

the quarry. Easements for Southwest Bell Telephone Company and
Unlon Electric Company generally run along Highway 94 north of
the quarry. Exploration Pipeline Company has an easement along

the southern edge‘of Femme Osage Slough.
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"3.1.3 Data Adequacy

The only structures within the quarry site are a sampling
platform and a small storage shack, which are shown on Figure
3.2. The wooden pier, which extends into the quarry pond, was
probably built in the early 1960s when water from the pond was
pumped into Little Femme Osage Creek. The small, prefabricated
shack is located on the 480-foot level. “

No further investigations of surface features are necessary

prior to removal of bulk wastes from the quarry.
3.2 METEOROLOGY

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

=3.2.1 Local Climate

The'ciiméfe?in the Weldon Spring area is continentai in
nature with warm to hot summers and moderately cold winters.
Alternéting warm/cql&, wet/dry air masses converging and passing
through the area cause frequent changes in the weather. Table

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

Average ‘Annual Precipitation® ‘36.51 inches
Average Days of Precipitation .10 Inch '

or Greatera | : . 64 days !
.- Average Wind Speed® v o 9.5 mph from South
- Average Monthly Temperaturea : 55.1F . '
Average Daily Maximum Temperature® ,, 66.2F ‘
'Average Daily Minimum Temperature? 43.8F
Record Maximum Temperatu'rea 115F
Record Minimum Temperaturea -19F
Average Annual Number of Days With Minimum
Temperature Below Freézingb ' 111 days
- a | Based on data recorded at St. Charles for the period‘1951 
‘to 1986 (NOAA, 1984; NOAA, 1981-1986). o
b Based on data recorded at St. Charles for the period 1951
 to 1980 (NOAA, 1984). ”
€  Based on data recorded at St. Louis for the period 1941 to

1970 (Ruffner, 1978).
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3.2.1.1 Precipitation : ,

Precipitation data relevant to the WSQ area, based
primarily on climatological data for St. Charles, are presented
in Tables 3.2 and 3.3. Mean annual precipitation in the area is
approximately 36.5 inches. Between 1951 and 1986, the maximum
monthly precipitation was 12.32 inches (June 1957) and the
minimgm-mqhthly precipitation was 0.04 inches (Januarye1970).‘
The maximum daily precipitation of 4.50 inches occurred on June
15, 1957 (NOAA, 1984). '

On the average, more than half of the precipitation falls
between March and July. The‘three.winter months, December
through February, are generally the driest. The heaviest rains
generally‘occuf in Spring and summer, although intense storms
can occur during any month. Summer rains are frequently in the
form of thunderstorms, accompanied occasionally by hail and high
winds (DOE, 1987). Based on St. Louis records from 1941 to
1970, measurable precipitation (0.01 inch or more) occurs on an
average of 109 days a year with thunderstorms occurring on about
40 percent of these days (Ruffner, 1978).

Snow has fallen as early as October, and as late as May.
However; most snowfall occurs from December through March. It
is unusual for snow to remain on the ground for more than a week
or two. Conditions sometimes fluctuate between rain and snow,
and in these situations freezing drizzle 6r?freezing rain occurs
(Ruffner, 1978). Based on data recorded at St. Charles from
1951 to 1986, the mean annual snowfall is about 17.2 inches. R
The maximum monthly snowfall is 27.2 inches and occurred in ' I
January 1977 (NOAA, 1984).. | |
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TABLE 3.2 Precipitation

To{al Precipitétion (inéhes)a- : " Snow, Sleet (inches)
: Max Min Max . ‘ . Max Max
Mean® -Monthly® Menthly® 26 hes” | Mesn® Monthiy? 24 hrs®
Jan 1.74 5.47  ©.04 1.89 5.0 27.2. 11.2
Feb  2.26 6.33 €.23 2.81 4.3 12.2 8.3
Mar 3.07 6.15 6.75 2.95 3.8 20.0 16.0
Apr 3.72 - 8.29 - 1.26 2.640 0.2 4.0 6.1
May  3.98 - 8.47 1.30 2.70 0 0 T
Jun  3.93 12.32° ° ©.45 4.50 0 0 0
CJul . §.27 10.57 = 0.39 3.86 0 0 0
Aug 2.66 6.62 6.10 2.54 0 0 0
Sep  2.97 8.19 . 0.10 2.88 0 0 0
Oct 2.70 7.46 8.30 3.39 0 0 T
‘Nov 2.69 7.13 8.33 2.75 1.5 11.0 10.3
Dec 2.52 $8.20 0.07 3.40 2.4 26.5 12.0
Year  36.51 12.32 0.04 4.50 17.2 27.2 12.0
T: Trace.
a Total precipitation includes water equivalent of snow/sleet.

Based on data recorded at St. Charles for the period 1951 to 1986 (NOAA, 1984 and
1981-1986), ' L ,
c Based on data recorded at St. Louis for the period 1941 to 1976 (Ruffner, 1978).
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TABLE 3.3 Frequency of Extreme Précipitétion

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

Jan 4 1 0
Feb 4 1 0
Mar 6 2 1
Apr 7 2 1
May 7 3 1
Jun 6 2 1
Jul 6 3 1
Aug 5 2 1
Sep 5 2 1
Oct 5 2 1
Nov 5 1 1
Dec 4 _1 _1
Annual Total 64 22 10

a Based on data recorded at St. Charles for the period 1951

to 1980 (NOAA, 1984)

3.2.1.2 Temperature

. Missouri is subject to frequent changes in temperature.
Although winters are generally cold and summers hot, prolonged
periods of very cold or very warm to hot weather are unusual.

Occasionally mild periods with temperatures above freezing occur

almost every winter. Conversely, during summer, occasional

periods of dry, cool weather interrupt periods of heat and
humidity (Ruffner, '1978). -

Temperatures are not recorded at the quarry, however, data
available'for St. Charles for the period 1951 through 1986 are
generally characteristic of the site. Table 3.4 summarizes
mean, maximum, and minimum temperatures recorded at St. Charles.
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TABLE 3.6 Temparatures

Mean Temperatures (_F)a : . Extreme Temperatures (F)a .
Daily Daily : Record Record |
Maximum Minimum Monthly : Maximum Minimum
Jan 38.4 18.8 28.6 75 + -19
Feb 644.0 23.5 33.8 82 ~13
Mar - 56.1 32.6 43.4. 88 + —7
Apr 68.2 46.7 56.5 91 + 26
- May 77.0 53.2 65.2 100 + 30 +
Jun . 85.6 62.7 74.2 105 + 41 +
July 89.7 66.8 78.3 115 + _ 47 +
Aug 87.9 66.1 76.1 107 ‘ 46 +
Sep 81.4 56.2 68.9 106 + 31
Oct o 70.0 64.8 57.5 97 - 21 +
Nov , 55.2 36.1 66.6 87 + 0 +
Dec 63.2 26.3 - 33.8 . 75 + . -13
Year 66.2 43.8 '55.1 : 115 -19

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

The frequency of temperature extremes is presented in Table
:3;5g ‘Recorded tempefatures have ranged from -19F on
Janﬁary 11, 1982 to 115F on July 14, 1954 The average annual
temperature is 55.1F. Average daily maximum and minimum are
66.2F and 43.8F, respectively. On the average, there are about
49 days a year when maximum temperatures are above 90F. Minimum
temperatures below 32F occur about 111 days of the year,
although temperatures below zero are infrequent (only about 5
‘days per year). '

3.2.1.3 Wind Speed and Direction

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

~can be examined for long-term wind trends. Wind speeds and
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TABLE 3.5 Frequency of Temperature.Extremesa

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

Jan 0 11 27 3
Feb 0 6 23 1
Mar 0 i 16 0
Apr 0 0 3 0
May 2 0 0 0
“Jun 10 0 0 0
July 16 0 0 0
Aug 14 0 0 0
Sep 6 0 0 0
- Oct 1 -0 3 0
Nov 0 1 14. 0
Dec 0 _6 _25 _1
Year 49 25 111 5
a Based on data recorded at St. Charles for the period 1951
through 1980 (NOAA, 1984)
%?_f_ prevailing directions are presented in Table 3.6. Prevailing

winds are from the south during the summer and fall and from the
northwest and west-northwest during the winter and early

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

Wind speed and direction were recorded at the Weldon Spring
chemical plant meteorological station, which is located
approximately 4 miles northeast of the WSQ. Limited data are

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

Mean R , Maximum
Wind Speed Prevailing Wind Speed
(MPH) Direction (MPH) Direction
Jan 10.2 NW - 39 ’ W
Feb °10.8 NW | 46 NW
Mar 11.7 w45 - NE
Apr 11.4 WNW 45 W
May 9.5 S 42 _ SE
Jun 8.6 S 60 : -SE
July . by S 40 NW
Aug 7.4 S 38 - NW
- Sep 8.0 S 39 SW
‘Oct 8.5 S 48 . SW
Nov 9.9 S 41 S
Dec 10.2 WNW 44 W
“Year 9.5 s 60 SE
‘a Based on data recorded at St. Louis for the period 1941 to

1970 (Ruffner, 1978).

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

3.2.1.4 Relative Humidity:

Relative humidity data for St. Louis (1941 to 1970) are
presented in TableA3.7. The table also lists a heat stress
" factor which indicates those months in which heat stress can be

" expected as a result of temperature and humidity. 1In general,
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TABLE 3.7 Relative Humidity and Heat Stress Factors

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

Jan 76 81 64 68 ' , -
Feb 75 79 60 63 ' ‘ -
Mar 73 80 57 58 =
Apr 70 77 - 54 53 ~
May 75 82 - 56 55 0
Jun 78 84 57 56 £
July 78 - 86 57 56 £
Aug . 80 89 37 58 f
Sep 83 91 60 63 0
Oct 76 84 55 60 =
Nov 78 84 62 68 =
Dec 81 85 69 74 v -
a Relative humidity based on data recorded at St. Louis for

the period 1941 to 1970 (Ruffner, 1978).

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

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

b stands for frequently; stress occurs frequently; often

for several hours in the daytime.

May through September are the months when heat stress can be

expected.

3.2.1.5 Fog

Fog data for St. Louis are available f;om31940 to 1971.

Foggy conditions occur an average &f 11 days a year, causing

. visibility to decrease to 0.25 mile or less. Fog generally does

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

Between 1916 and 1958, 446 tornados were reported in

| Missouri, an average of about 10 each year. About 70 percent of
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these storms occurred from March through June, and about 82

percent occurred between noon and midnight, with the greatest

activity between 4 and 6 pm (Ruffner, 1978). Tornados may occur

in the St. Louis area once or twice a year, but they usually

fdllow a narrow path and often diSsipate after a mile or so.

From 1939 fhrobgh 1979 only four tornados caused extensive - i
damage to the St. Louis area (DOE, 1987).

3.2.1.7 Temperature,Invefsions

Data on inversions in the quafry area are not available.
Temperature ihversions (increase of temperature with height) are.
caused by subsiding air at high levels in the atmosphere.
Topography'and‘atmosﬁheric circulation are important factors.

- For example; at hight.when'the air is calm and the sky i$ clear,
rapid cooling of the ground surface typically produces a
low-level (undef 500 ft.) temperature.invefsion. Fall teénds to
be the season most favorable for this tybe of inversion to
develop. Loéalized inversions can be caused by topographic
‘depressions, such as the quarry, which prevent the free mixing
“of air with the surrounding area. Temperature inversions are
”ihportant‘since they inhibit the vertical mixing of the air
which causes entrapment of pollutants near the ground surface
(Miller and Thompson, 1975; Strahler and Strahler, 1974).

3.2.2 Climatological Effects

AtmosPheric'tranSport of cohtaminants, such as radon, is an
J"important consideration for risk assessment. Temperature
inversions can cause increased radon concentrations within the
quarry. Factors which affect temperature inversions are wind,.

temperature, and topography.
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Climate can also affect personnel productivity and

construction'activities during the propbsed remedial action.

Heat stress is an important consideration for personnel.wearing 
‘personal protective equipment, and can significantly reduce
productivity and affect the health of the individual. Heat
étress is caused by the interaction of various factors,
including ambient temperature, humidity, and sunlight.

Wind speed and direction, precipitation, fog, weatﬁer
extremes, and'othef meteorological phenomena can all affect
remedial action.‘ Certain weather conditions may necessitate
restrictions of activities. - For example, ice or fog along the 
transportation route may preciude or‘restrict transport of
contaminated materials. As shown in thiS'sectidn; these
phenomena are not completely random but can be generally.felated

to certain seasons, months, or times of day.

3.2.3 Data Adequacy

"§*~; Meteorologicdl data available from St. Charles, St. Louis,
and the chemical plaﬁt meteorological‘station:are considered to
be adequate for definition of the general meteorological
conditions in the quarry vicinity. However, site-specific data
to define the microclimatblogicai conditions, suchAas

inversions, at the quarry are not available.
3.3 SURFACE WATER

3.3.1 Surface Water Features aﬁd Drainage Pattern;A'

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

quarry. Streams in the immediate vicinity of the quarry include
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- Femme Osage Creek, Little Femme Osage Creek, and an unnamed
tributary to Little.Femme Osage Creek (Figure 3.4). All of
these streams ultimately flow into the Missouri River. No
streams flow thrdugb the quarry. Femme Osage Slough, which is
also shown on Figure 3.4; is a stagnant body of water which was
formed between 1960 and 1963 when the University of Missouri
constructed a levee system for flood control (MK-F and JEG,

. 1987). The original downstream reacheS»of Femme Osage Creek and
~Little Femme Osage Creek, which wére cut off by the levee, now
form the slough. The water surface elevation of the slough
averages about 450 feet (MK-F and JEG, 1988c). -

The only surface water feature within the quarry is a 0.5
‘acre pond, which contains approximately 3 million gallons of
water. The maximum pond depth is about 20 feet (BNI, 1986).
. The floor of the quarry pond was originally at about 446 feet
MSL (BNI, 1983a). The average water surface elevation of the
pond during non-pumping periods is apprbximately 465 feet. Even
during the 1988 drought conditions the pondfs water level only
«dropped to elevation 464 feet:(MK-F and JEG, 1988c).. During the
' 1960-63 USGS pumping tests, the pond was drawn down to a minimum
elevation of 452 feet (Richardson, 1960b). Inflow into the
quarry is limited to direct rainfall, and subsurface inflows,
since its high rim prevents the entry of surface runoff from the
surrounding area. Drainage from the quarry is primarily through
the subsurface, with limited surface drainage from the southern
and western rims.

3.3.2 Flooding
, Although R;M. Richardson observed é quarry pond high-water
- mark of 467 feet MSLi(Kleeschulte and Emmett, 1986); the

frequency at which this elevation has been attained or exceeded
is unknown. Due to its topographic setting, flooding within the
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quarry would result only from extremq‘precipitation events or

high groundwater.

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

3.3.3 Data Adequaéx
~Information currently available on surface water is
considered adequate with respect to removal of bulk wastes from

the quarry.

3.4 GEOLOGY

3.4.1 Repional Setting

The surface of the Weldon Spring region is almost entirely
covered by unconsolidated materials consisting of alluvium,

‘glacial drift, and weathered rock. In the rugged hilly
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portions of the region located marginal to the Missouri River
Valley, bedrock is overlain by a variable thickness of weathered
rock, loess, and glaciél drift. Numerous bedrock outcrops occur
along natural drainage channels which transect the region,
1nc1ud1ng steep massive exposures along the flanks of the
Missouri and Mississippi Rivers. W1th1nvthe floodplains. of the
Missouri and Mississippi Rivers, the upper weathered bedrock"
surface is covered by alluvium up to 100 feet in thickness. The
bedrock underlying the soil cover consists of llmestone, shale,
sandstone, and dolomlte

The bedrock in the Weldon Spring Area has a regional strike
of N 60 W with a regional dip of approximately 0.5 to the
northeast. The strata of the region have been broadly uplifted
by the Ozark doming that resulted in a northeasf sloping
monoclinal structure (BNI, 1987). Roberts and Theis (1951)
identified two major joint‘sets in the Weldon Sprihg area: one

- set trending between N 30° E and N 72° E and a second set
~trending between N 30° W and N 65° W. The joint planes are

nearly vertical.

Table 3.8 presents a generallzed descrlptlon of the
regional geologlc formations. Kleeschulte and Emmett (1986) and
the Missouri Geological Survey (1977) are the primary sources

for the rock descriptions.

3.4.2 Geologic Units at the WSQ

'The bedrock in the quarry area is predominantly limestone
and dolomite overlying sandstone and shale. Bedrock exposures
exist on the quarry walls and on the steep bluffs along the
Missouri River. The bedrock is overlain in upland areas by 10
to 40 feet of 511ty clay, derived primarily from wind- dep081ted
glacial debris and glacial fill (BGA, 1984). 1In the monitoring
well network area outside the WSQ on the Missouri River

av?
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TABLE 3.8 Generalized Stratigraphic Column for-the Weldon
" Spring Quarry Area

. Thickness
System Formation ~ (feet) , Description
Quaternary Alluvium and Residual 15-100 Predominantly silty clay grading
Soils : ) to sands and gravels near the
Missouri River. '
Mississippian Chouteau Limestone 25 ) Fine grained, thin to medium bedded.
' oray dolomitic limestone.
Devonian - Bushberg Sandstone 5-8 Fine- to medium-grained, friable,
' reddish-brown quartz sandstone.

. Ordovician Kimmswick Limestone 70 Medium- to coarsely crystalline,

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

: -along vertical fractures.
Decorah Formation 20-40 Green to brown shales with numerous,
: ' ' thin, interbedded limestone layers

layers in lower part that grade i
upward into a medium to thinly
bedded limestone containing thin

, . shale partings. :

Plattin Limestone 100-120 * Gray to dark gray, fine- to medium-

grained, thin-bedded fossiliferous
limestone. :
Joachim Dolomite 100 Yellowish-brown, thin to massively

bedded dolomite. <Contains many thin.
- shale layers. Grades into
: . siltstone and sand near the base.
- St. Peter Sandstone 100-120 Yellowish white to white, fine- to
: i medium-grained, friable,'massive to
cross-bedded quartz sandstone.
This formation is a regional
aquifer that yields moderate water
flows (10-140 gpm).

PR}

Powell Dolomite 50-60 .Medium to finely crystalline
- "dolomite, often sandy, occasionally

! cherty or shaley. :
. Cotter Dolomitg . 200-250 Light gray to light brown, medium to

finely crystalline, cherty,
~ argillaceous dolomite interbedded
with green shale.

Sources: Missouri Geological Sﬁrvey (1977), Kleeschulte and Emmett (1986) and BGA (1984).

PN
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floodplain, the bedrock is overlain by as much as 100 feet of
alluvium deposited by the Missouri River (LWC, 1986).

The pfimary surface rock unit in the vicinity of the quarry
is the Kimmswick Limestone of Ordovician age. 'The Kimmswick is
underlain by other Ordoviciaﬁ strata which include, in ‘
 descénding order, the Decorah Formation (shale and 1imestone),
the Plattin Limestohe, the Joachim Dolomite, and the St. Peter
'Sandstone. The original floor of the quarry was excavated about
15 feet into the Decorah. The strata overlyiﬁg the Kimmswick
are generally eroded in the vicinity of the quarry, but remnants
of the Devonian Bushberg Sandstone and Mississippian Chouteau
Limestone may cap the Ordovician rock at higher elevations

(Missouri Geological Survey, 1977).

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

cross-sections.
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3.4.3 Discontinuities at the WSQ

3 -

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

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

Kimmswick/Decorah contact is approached from the surface.

" 3.4.4 Data Adequacy

In general, bedrdck-geolqgic conditions at the WSQ are
sufficiently characteriZed for the initial task of bulk waste

removal. Therefore, no further investigations are planned prior

to the proposed remedial action.

Further geologic characterization will be necessary,

however, before final site remediation can commence.
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Conventional investigative techniques, such as drilling or
geophysical surveys are not feasible because of the nature of
the bulk wastes im the quarry. In addition, such investigétions
~could pose environmental risk in'and of themselves. For
vexample, even if boring through the wastes could be conducted
successfully, it is possible that contaminants could migrate

- from the quarry via this new pathway. For these reésons, prior
© removal of the bulk waétes is essential in order to completely
characterize the geolog1c condltlons at the quarry 1n a safe and

effectlve manner.
3.5 SOILS

3.5.1 Soil Characteristics

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

tributaries.

"As described by BGA (1984), the pr1nc1pal surf1c1a1 deposit
on the tops of bluffs and on the upland surfaces is a 511ty clay
soil developed from loess and deposited during and following the
Wisconsin glac1at10n. This soil is a brown to yellow ~brown
silty clay loam of the Winfield and Menfro soils. A residual
soil from weathering of the limestone is present in some areas
‘between the silty clay and bedrock. The upland soils near the
quarry are generally not saturated. Boreholes drilled under the
direction of National Lead Co. of Ohio intersected up to 30 feet
of silty clay on the ridge bordering the quarry to the southeast
(Huey, 1978). Soil is not present where the weathered surface

" of the limestone is exposed on the steep quarry walls and on the
steep slopes of bluffs along the abandoned MK&T rlght of way.

Small talus fans of slope debris (weathered 11mestone and clay)
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are found at the foot of these slopes and within reentrants in
- the bqufs'(BGA, 1984).

The principal surficial deposit along the Missouri River
floodplain to the south of the quarry is river alluvium, with a
maximum depth near the quarry of approx1mately 100 feet. The »
‘alluvium extends from the base of the bedrock bluffs along the
abandoned_rallroad right of way to the Missouri River. . Along
the first 1,000 feet south of the cliffs, the alluvium thickness
increases dramatically until it levels off at a maximum
thickness of about'IOO feet in the St. Charles County well field
area. The primary sediments between fhe bluff and the Femme '
Osage Slough are'silts and qlays with minor amounts of sand.

3.5.2 Data Adequacy

Additional information‘qoncerning soils in the quarry .
vicinity is not necessary to assess the feasibility'pf removing
the bulk waste. - Soils . or soil-like'materials present'wifhin the
quafry are considered part of the bulk waste to be removed. The

characteristics of these soils are discussed in Section 4.0.
3.6 HYDROGEOLOGY

3.6.1 Geologic Aspects

Two lithologically distinct aquifers comprise the
near-surface groundwater regimé in the quarry area. A
predominantly limestone bedrock aquifer carries groundwater'atv
the'quarry. Groundwater also occurs in an alluvial aquifer
‘between the quarry bluff and the Missouri River. Details of the

geology at the quarry are discussed in Section 3.4.
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3.6.1.1 Bedrock Aquifer

Near-surface groundwater occurs at the site. in the
Kimmswick Limestone, becorah Formation, and Plattin Limestone.
This groundwater is potentially affected by contamination from
the quarry’(Kleeschulte and Emmett, 1986). Kleeschulte and
Emmet concluded in théir 1986 re?ort.that water in the quarry
hasva large uranium concentration. Movement of water in the

quarry area is southward toward the Missouri River.

A typicai.limestone possesses three types of porosity
’(Miffliﬁ and Hess, 1979): intergranulaf porosity; fractures,
. joints, and bedding planes; and solution¥en1arged cavities.
" Studies conductgd to date on the nature of the limestone at the 
quarry agree. that the major pathways for grdundwater movement.
are joints and fractures (Richardson, 1960a; Huey, 1978; BGA,
1984). 1In the formations where groundwater occurs at the site
(the lower 10 feet of the Kimmswick and below), porosity from
fractures, joints and bedding.planes seems to‘predominate.
;Solution;enlarged cavities do occur in the near-surface
yweAthered.portions 6fvthe Kimmswick Formation (BGA, 1984), but.

sthese are generally above the CUrrenf groundwater table.

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

és_one continubus hydrologic syétem in the quarry area (BGA,
1984).

The Decorah Formation, which contains shale beds, is
‘considered to be a leaky confining layer on a regional scale
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(Kleeschulte and Emmett, 1986). However, there are two factors

which may reduce the confining effect of the Decorah, locally at

the quarry. First, the presence of pervasive vertical joints
and fractures constitute pathways that hydraulically_connect the
formations. Second, since the quarry was excavated about 15
feet into the Decorah, the horizontal permeability of the
Decorah may be more:significant in regard to hydraulic
connection to the quarry wastes and surrounding area thgn the

vertical permeability.

The vadose zone at the quarry rim generally consists of a
few feet of silty clay loess deposits and the underlying upéer
weathered portion of the limestone (Kleeschulte and Emmett,

1986). The solution-enlarged features of the weathered upper
portlon of the bedrock create pathways through which recharge"

from precipitation can readily flow.
3.6.1.2 Alluvial Aquifer

- The geology of the alluvial aquifer consists of Missouri
River deposits overlying the limestone bedrock. The thickness

‘of the alluvium is about 40 to 60 feet at the Femme Osage .

Slough, and typically consists of silt and clay with variable
thickness of f1ne sand at its base. The concentration of finer
grained material increases in the northerly and westerly
direction at the slough and along the edge of the rock bluff to
the south of the quarry. Effective porositi‘iq the alluvium is
intergranular and increases where the alluvial materials become
coarser. LBL's sampllng of alluvial materlals south of the’

slough indicated a grain size coarsening with depth (BGA, 1984).

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

3.6.2 Hydraulic Aspects

3.6.2.1 Bedrock Aquifer
Aquifer tests have been conducted within the bedrock and
alluvial materials in the WSQ vicinity. Aquifer test locations

are shown on Figure 3.13.

Pumping‘testsvwere.performed,at'the qdarry by R.M.
Richardson (1960b) of the USGS. 1In July 1960, the quarry pond

‘was pumped for»41-3/4 hours. The initial water surface

elevation of the pond was at 455.25 feet. At the end of the

test, the water surface elevation had dropped to 452.50 feet for
‘a total drawdown of 2.75 feet. The total volume of water pumped
"during the test was 551,000 gallons. Rate of recovery was about
8 gpm for the first 24 hours, decreasing to about 3 gpm.
Richardson reports the higher rate was due to water draining

into the pond from the silt covering the quarry floor, while the
lower rate represents groundwater inflow. Additional pumping
tests were performed on August 4 and August 11, 1960. Total
discharges for those tests were 86,200 gallons (after 12 hours) -

. and 82,800 gallons (after 8 hours), respectively. Richardson

also concluded that the pond is hydraulically connected to the
bedrock; that the natural groundwater gradient at the quarry
slopes toward the alluvium of the Missouri River floodplain; and

‘that the potential exists for migration of contaminants from the

quarry toward the alluvium.

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

LBL conducted pumping tests in wells 0B-11 through'0B~15, a
point dilution test at well OBS-13, and a tracer test at wells
OBS-13 and OBS-14 (see Figure 3.13) in order to ascertain the

‘hydraulic properties of the limestone aquifer around the WSQ.

The values obtained for various aquifer parameters are presented'
in Table 3.9. The formation in which the tests were performed

-was not identified. However, based on current knowledge of

local lithdlogy and with an understanding of the depth at which
the tests were performed, it can be concluded that the pumping
tests were conducted in the upper portion of the Plattin
Formation and possibly a few feet_of the lower Decorah
Formation. The point dilution test was most likely conducted in

the Plattin Formation.

The aquifer tests performed by LBL charactérizé the bedrock
below the alluvium as a fracture fiow system with predominantly
horizontal flow paths. This conclusion, though, may not
specifically characterize the flow at the Quarry-itself, where
the groundwater flow influencing contaminant transport is
predominantly in the lower Kimmswick and Decorah'qumations.

- Also, the test locations may not necessarily'be representative
of the fracture flow system as a whole. The hydraulic

properties indicated in Table 3.9 are highly influenced by
fracture interconnection and frequency, which can vary widely
with location. Additionél tests will be conducted, as
necessary, to furthér*éharacterize site conditions during

subsequent RI activities.
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- TABLE 3.9 Hydraulic Properties of Bedrock Aquifer

’

Aquifer Parameter Value
Transmissivitya - 139 gpd/ff
Effective_Porosityb ' 0.001 to 0.002 (dimensionless)
Storativity®. -~ 1 x 10 %(dimensionless)

Natural Groundwater Velocity® 0.2 ft/day
a Based on pump tests in wells 0B-11 through OB-15.
b Based on tracer test at wells OBS-13 and OBS-14.

c Based on point dilution test at well OBS-13.

Sourcef BGA, 1984

3.6.2.2 Alluvial Aquifer

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

which occurs in the monitoring area south of the slough.

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

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

Pumping tests (wells 0-2, 0-3, OBS-14 and OBS;15),_tracer
test (well 0-2) and point dilution tests (wells OBS-11, OBS-16,
and OBS-19) were conducted in the alluvium south of Femme Osage -
Slough to characterize the,alluvial'aquifer. Except for OBS-19,
all the wells where testing was performed are located in the

- monitoring network area (see Figure 3.13). The aquifer

characteristics determined by the tests are presented in Table
3.10. 1In general, it was found that the aquifer becomes thicker
and more permeable with higher groundwdter velocities further '
south of the sldugh, The grodndwatér velocity at the slough was

TABLE 3 10 Hydraulic Properties of Alluvial Aquifer South of

Femme Osage Slough

Aquifer Parameter ' Value
Transm1831v1t3 ' ' 6957 gpd/ft
Permeability b : 174 gpd/ft? ,
Effective P8r051ty 0.25 to30 29 (dimensionless)
Storativity®®© d 5 x 10 (dlmen51on1ess)
Natural Groundwater Velocity 0 ft day

a Based on pumplng tests at well 0-2 with O- 3 OBS-14 and

OBS-15 used as observation wells.

‘b - Based on tracer test at well 0-2.

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

d Based on point dilution tests at wells OBS-11 and OBS-16.

Velocity was less than the resolution of the test. Test in
well OBS-19 indicated a velocity of 0.8 ft/day.

Source: BGA, 1984
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: iower than the resolution of thé7point dilution tests. This
negligiblefgroundwater velocity ahd,generally lowéer permeability
of fine-grained material suggests that the clay and silt |
alluvium at. the slough may act as a groundwater barrier._

" However, there may be groundwatér flow underneath this clayey
and silty material through the fractured bedrock. ‘The point

- dilution tests in the allﬁvium were performed within 40 feet of
the surface, while the depth to bedrock at the slough is about
-60.5 feet (BGA, 1984). - |

_3.6;2.3 Groundwater Levels and Flow Characteristics

In the immediate vicinity of the quarry, details of
groundwater flow direction in the bedrock have not been
completely'defined. 'Richardson‘(1960a)'conclﬁded, on the basis
-of information from wells TW-N and TW-S, that groundwater flow
‘in the bedrock through the quarry was from north to south.
‘Groundwater levels obtained in 1980 by Lawrence Berkeley
Laboratoryvalso'show.a>souther1y‘flow of groundwater through the
quarry. However, measurements taken in 1987 (see Appendix D for
water level data) during the MK-F and JEG env1ronmenta1
“monitoring of the site 1nd1cate flow from the quarry toward both
the north and south (Figures 3.14, 3.15 and 3.18). This
indicates a possible mounding of groundwater caused by recharge
through the quarry pond and v101n1ty Since only one well is
available for measurement north of the quarry, such conciusions_
must be con51dered tentative. In general, the groundwater
~levels at the quarry are above 460 feet. To the west of the
quarry, the bed of Little Femme Osage Creek is at about 450
‘feet. This implies a wéstward_gradient toward Little Femme
Osage Creek from the quarry. The vertical extent of groundwater
flow in the bedrock has not been defined at this time.

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

the bedrock to the alluvium are unknown at this time.

_ Groundwater flow in the alluvium near the slough is not
well defined. Between the abandoned MK&T right of way and the
slough, the gradient is southward toward the slough (Figures
3.14 and 3.15), although south of the slough, the groundwater
flow direction may vary. The water level contour map presented
by Kleeschulte and Emmett in 1986 (Figure 3.16) shows a
groundwater high southwest of the slough generating a flow'

" northward toward the western end of the.slough. Recent
groundwater level data obtained by MK-F and JEG indicates a
southeast gradient across the slough (Figures 3.14 and 3.15).
Groundwater flow direcfion at the western end of the slough

. seems to vary depending on the stage of the Missouri River. At
low river stages, the slough may act as a drain for groundwater
while at other times, groundwater in the slough vicinity may be
virtually stagnant or may flow southeast across the slough. A
recent study performed by PMC on drought coﬁdi;ions and the
groﬁndwater regimes around the WSQ,demonstrétes further evidence
of isolation of the slough from the alluvial aquifer. . Figures
3.17 and 3.18 are water level contour maps drawn from data
obtained under drought conditions in June 1988. The groundwater
slough indicating poor hydraulic connection between levels in
the alluvium immediately south of the slough are about 5 to 8
feet lower than the elevation of the water within the the slough
and the alluvial aquifer (MK-F and JEG, 1988c).
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In any case, the amount of water passing through the
alluvium in the vicinity of the slough is minimal.. The
negligible groundwater velocity, mentioned in Section 3.6.2.2,
indicates that flow conditions are viffually stagnant in the
fine-grained materials. These low velocities, coupled with the
tightness of the material and resultant low transmissivity,
severely retard flow of alluvial groundwater in any direction at
the slough. ' ‘ - v

3.6.2.4 Hechanisms of Recharge/Discharge

At the quarfy, surface recharge to the bedrock is limited
to precipitation or storm runoff contributions. Discharge may
occur as éprings,vseeps, evapdtranSpiration, underflow, flow to
pumping wells, flow to gaining streams, andvflow to the alluvium
yof'the Missouri River floodplain. '

A hydraulic connection apparently exists between the quarry
groundwater and the Femme Osage Slough'(Marutzkyvet al, 1988).
.Current levels of contamination in the slough are believed_to be
due primarily to discharge of contaminated groundwater
v;priginating at the quarry; but low permeabiiity sediments at the

slough appear to impede further migration.

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

as evapotranspiration.
3.6.2.5 Interaction Between Groundwater Bearing Units

Within the bedrock aquifer, the Kimmswick and Decorah are
interconnected by vertical joints and fractures. However, the.

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

at this time.

Some evidence of interconnection is found in the water
level measurements in thelpaired bedrock/alluvial wells between
the quarry and the slough. In this area, two sets of paired :
wells (MW-1013/MW-1014 and MW-1015/MW-1016) were constructed:
one well of each pair is completed in the alluvium, the other
monitors the bedrock. Water levels (see Appendix D) in the
paired wells, as measured by MK-F (1987a), are within a few

inches of each other. This suggestsva high degree of
_interconnection between the bedrock and alluvium in this area.
The hydrologic complexity of the bedrock/alluvium interface is
further illustrated by the uranium concentrations detected iﬁ'
the paired wells. At the MW-1013 and MW-1014 locations (see
Figure 2.1), uranium concentrations in the limestone and
alluvium were 650 pCi/l and 600 pCi/l; respectively. Further
east at the MW-1015 and MW-1016 locations, the concentrations
were 292.5 pCi/l in the bedrock and 21 pCi/1l in ‘the alluvium.
This implies a locally varying interconnection between the
alluvium and the bedrock (MK-F, 1987a), which may be a result of
bedrock aquifer heterogeﬁeity due to fracture flow.

3.6.2.6 Seasonal Variation in Groundwater

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

spring and early summer when heavy rains generally occur. Water
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_élevations in the alluvium also vary seasona11§'with changes in
the stage of the Missouri River. The highest stages of the
river generally occur in spring and early summer. During rain
and floods the alluvial aquifer is recharged. When the river is
low and there is no precipitation, water is lost to
evapotranspiration and discharge to the river. Pumping is also
~a significant form of'discharge affecting water levels in the

~alluvial aquifer.

Surface water and groundwater levels obtained duriﬁg summer

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

3.6.3 Data Adequacy

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

are necessary prior to the proposed action.

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

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

investigated in a subsequent RI.

3.7 DEMOGRAPHY AND LAND USE

3.7.1 Population

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

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

Population groups near the quarry include persons who spend

. a significant amount of time in the vicinity of the site and

those who are in the vicinity for only a short time. The first

‘group consists of residents in the immediate vicinity of the

quarry. The second category includes visitors to the

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

Francis Howell High School is located about 4.5 miles
northeast of the quarry on State Route 94. Student enrollment
has increased from 500 in 1955 to more than 2,000 in the 1980s.
In addition to regular classes, a preschool program (150-200

students) and a parenting class (80 parents) are also held at
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Table 3-11 Local Populations in the Vicinity of the Quarry

Distance

] from Quarry ] % Change % Change % Change
City (miles) 1960 1970 '1960-1970 1980 1970-1980 1986 1980-1986
Cottleville 8 N/A 230 - - - 186 ~20.0 180 -2.2
New Melle 8 N/A N/A = 168 - - - 210 ~+25.0
0'Fallon 11 3,770 7,018 +86.2 8,677 +23.6 . 12,090 +39.3
St. Charles 19 21,189 31,834 +50.2 37,379 +17 .4 41,990 +12.3
St. Louis 30 750,026 622,236 -17.0 453,085 -27.2 426,300 =5.9
St. Peters 13 406 486 420.3 15,700 +3,130.0 27,280 +73.8

'~ Weldon Spring : 5 N/A N/7A - - - 700 G 760 +8.6
Weldon Spring Heights 5 N/A 135 = = = 1644 +6.7 170 +18.1
Wentzville 12 2,762 3,223 +17.5 3,193 - .~1.0 4,540 +42.2
St. Louis Metropolitan 28 2,106,699 2,610,869 . - +14.6 2,356,660 - =-2.3 2,638,000 +3.5

Area ¢ s

Notes: N/A  not available
Sources: 1960-1980 data from DOE, 1987a; 1986 data from Serrioz, 1989




the school. ‘It is estimated that 2,300 people are on campus on
a daily basis (Meshkov et al, 1986). The St. Charles County
Extension Center is located adjacent to the high school. '

Other institutional facilities in the area include a State
of Missouri highway maintenance facility, located on Highway 94
just west of the school and immediately northeast of the
chemical plant, and the‘Army Reserve and National Guard Training
area approximately 2 miles north of the quarry. An active water .
treatment plant is located about 1 mile northeast of the quarry,‘
adjacent to State Route 94. '

3.7.1.2 Neighboring Wildlife Areas

The Missouri Department of Conservation operates three

-wildlife areas in the quarry vicinity; the August A. Busch

Memorial Wildlife Area, the Weldon Spring Wildlife Area, and the
Howell Island Wildlife Area. These wildlife parks are dedicated
to a range of recreational uses. The Weldon Spring Wildlife
Area is immediately adjacent to the quarry (see Figure 1.1).

Most of the visitors to the wildlife centers are from the

St. Louis metropolitan area. Annual attendance at the Busch

Area is approximately 700,000 people (Meshkov et al, 1986), but
no data are available for the other areas. The average duration
of each visit to the Busch Area is 4 hours,_ and use is heaviest
in the spring and summer, ranging from 102, 000 to 130,000
visitors per month (Meshkov et al, 1986)

3.7.2 Land Use

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

- ownership. '

=

3.7.3. Use of Su:face Waters

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

.quarry.

3,7.4 Use of Groundwater

The St. Charles County well fieid,fapproximately 3,000 feet
downgradient and south of the quarry, is a éource of water for
county residents. The larger communities of St. Charles,
0'Fallon, and St. Peters rely primarily on their own water
sources. Public Water District #2, Missouri Cities Water
'Compahy, Francis Howell High thool, the Army, and many of the
outlying county residents rely on this well field for all or
part of their water supply. These wells service many of the
communities, institutions, and facilifies’surrounding the Weldon

Spring Site.

_ As shown on Figure 3.17, there are thirteen wells in the
County well field which extend approximately 100 feet to
bedrock, although not all are in use. The wells draw water from

‘the Missouri River alluvium. - Several private wells in the site
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area draw water from the Buriington—Keruk aquifer and lower

aquifers.

3.7.5 Data Adequacy

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

the proposed. action.
3.8 ECOLOGY

3.8.1 Fauna and Flora

Much of the area surrounding the quarry is state-owned
wildlife areas. The Weldon Spring‘Wildlife Area, located
immediately adjacent_to'the quarry, is actively managed for
wildlife. A variety of habitat types (forest, agricultural

 fields and old fields and pasture) occur in the area which

support a wide divefsity of plant and animal species (Haroun et
“al, 1989). | -

The quarry area is primarily forest; with some old~fie1d'
habitat. The quarry rim and surrounding area consist primarily
of slope forest and bottomland forest; and the predominant tree
~species are eastern cottonwood and sycamore. Much of the quarry’
- floor is old-field habitat characterized by a variety of
grasses, herbs, and shrubs. The Missouri Department of
Conservation (Dickneite, 1988) reports 25 amphibian, 47 reptile,
29 mammal species, and 299 bird species ﬁay inhabit or utilize
the quarry area. The terrestrial habitat'present at the'quaéry
may be used by a variety of small mammals such as squirrels,
raccoons, and mice. The quarry pohd, the only aquatic'habifat
within the quarry site, may provide suitable habitat for sdme
waterfowl and amphibians. ' )
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In addition to the quarry pond, aquatic habitats in the
vicinity of the quarry include the Missouri River, Little Femme
Osage Creek, Femme Osage Slough, and numefous small, unnamed
‘creeks, drainages, and ponds throughout the Weldon Spring

Wildlife Area. The Missouri Department of Conservation
(Dickneite, 1988) lists more than 105 species of fish as having
been recorded for St. Charles County and many of these may be
found in the various aquatic habitats in the Weldon Spring

. area. Common fish in these habitats include carp, channel
catfish, buffalo, suckers,vbéss, sunfishes, crappie, shad,
freshwatér drum, white bass,‘and a variety of minhows, shiners,
and darters. ' ’

' 3.8.2 Critical Habitats

Several Species.classified as rare or endangered are known
- ‘to occur in the area (i.e., St. Charles County, Weldon Spring
- Wildlife Areé, August A. Busch Memorial Wildlife Area, and
Howell Island Wildlife Area). These species are listed in Table

3.12. No designated critical habitat for any of these species
is known to éxist at the quarry. The nearby Howell Island
Wildlife Area south of the quarry provides an important night
roost for overwintering bald'eagles (a federallyAendangered
Aspecies),‘and two Category 2 fish species are known to occur in
the Missouri River south of the quarry (Category 2 means
candidate for federal listing as endangered or threatened). The
- Missouri Department of Conservation (Gaines, 1988) reports 17
state endangered, 17 state rare, and 8 state 'special concern”
species in the vicinity of the quarry (Table 3.12). Of these
species, the Cooper's hawk (Accipiter cooperii, state
endangered) and the wood frog (Rana sylvatica, state rare) have
been reported to occur at the Weldon Spring Wildlife Area, and
‘these species could make use of the habitats present at and
around the quarry. Several natural communitieé,of high quality
‘have also been identified-in the area of the Weldon Spring site
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(Gaines, 1988); however, none of these communities occur at or

near the quarry (Haroun et al, 1989).

3.8.3 Biocontamination

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

probability of this is considered to be low.

In 1987, MK-F and JEG conducted a special study on

_bio-uptake of contaminants for the entire Weldon Spring Site,

including the quarry area. Colleétion.of fish specimens from

 the quarry pond and trapping of small mammals in the quérry»area

were unsuccessful (MK-F and JEG, 1988d). The extent of or

potential for biocontamination is currently not known, butvwill

‘be determined . in subsequent investigations.

3.8.4 Data Adequacy

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

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

- Status b
Species Federala State
Plants
Starwort (variety) Cc2 ‘
Forbes saxifrage c3 Watch list
Rose turtlehead C3 Endangered
.Arrow arum == Rare
Star duckweed == Rare
Bugseed (variety) == - Watch list
Adder's tongue fern (variety) == Undetermined
Salt meadow grass (variety) == Undetermined
Fish
Pallid sturgeon C2 "Endangered
Pugnose minnow == Endangered
Sturgeon chub c2 Rare
Sicklefin chub c2 Rare
Alligator gar - Rare
Brown bullhead = Rare
Alabama shad - == Rare
Starhead topminnow. == Watch list
Western sand darter == Watch list
Reptiles and Amphibiansi
Western fox snake -- ‘Endangered
Rattlesnake - Endangered
Hestern smooth green snake - Endangered
Wood frog . -— Rare .
Northern crawfish frog s Watch list .
Birds : &
Bald eagle Endangered Endangered
Peregrine falcon Endangered. Endangered
" Least tern c2 Endangered
Cooper's hawk = Endangered
Northern Harrier == Endangered
Sharp-skinned hawk == Endangered
Osprey : == J Endangered
.Barn owl =55 Endangered
Double-crested cormorant == Endangered
Showy egret == Endangered
- Endangered -

Bachman's sparrow
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TABLE 3.12 (Continued)

Status

Species : Federal® _ Stateb
American bittern = ) Rare
Yellow-headed blackbird s : Rare
Red-shouldered hawk = o Rare
Black-crowned night heron L= Rare
Little blue heron s " " Rare
Mississippi kite == Rare
- Upland sandpiper — : Rare
Henslow's sparrow : = - Rare
Sedge wren L -— Watch list
Mammals
Long-tailed weasel . == Rare
a C2 = federal candidate for listing as a threatened or endangered species.
b C3 = former federal candidate species.

Watch list = species of possible concern for which the Missouri Department of
Conservation is seeking further information; this listing does not imply that these
species are imperiled. '

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

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

The chemical and radlologlcal contamination within the
Weldon Spr1ng quarry, caused by early disposal activities at the-
site, has been documented to varying degrees" Portions of the
- disposal history for the quarry are well documented; while other
portibns'are not. In addition, radiological contamination has
been documented much morebextensiveiy and defined in greater
detail than chemical contamination. Because of this and the
relative importance of the radiological contamination compared
to the chemical contamination, much more detail ié provided on

the radiological charactériétics-of the quarry bulk wastes.

A number of hazardous contaminants, both drummed and

““uncontained, are present within the quarry. Excavation and

~temporary storage of these wastes is critical to restoration of
‘the site and further characterization and possible remediation
~of groundwater which is known to be contaminated. For this
“reason, this sdbsection focuses primarily on the nature and
“extent of the contaminated wastes which are the target of the
proposed bulk waste removal. The‘status of surface water,
groundwater, and air preseﬁted in other subsections is described
only insofar as it relates to the proposed removal. ‘

4.1.1 Disposal History

The waste materials deposited in the quarry are the main
source of contamination in the vicinity of the WSQ. The quarry
was originally mined for limestone aggregate used 1n
construction of the Weldon Sprlng Ordnance Works (WSOW), and was
~used for 1nterm1ttent disposal of chemically and radiologically

contaminated materials from 1942 to 1969. Table 4.1 summarizes
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the known disposal history. Figure 4.1 is a generalized cross-
section through the quarry, showing the presumed locations of

the wastes.

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

. total volume of waste disposed of during thlS period is unknbwn.

At the end of World War 11, the ordnance works was closed and an
extensive decommissioning effort was begun. In 1946,

approximately 90 tons of explosives were disposed of in the

- quarry (MK-F, 1987a). The exact location is not documented.

Between 1946 and 1957, the Army also disposed of TNT-
contaminated process residues and building rubble from the

ordnance works decomm1551on1ng. It is reported that more than

200 buildings were destroyed (MK-F, 1987a), and a portion of the

wastes is believed to have been dumped in the deepest part of

the quarry'and over the high rim at the northeast corner

‘(BGA,1984). Photos taken about 1960 indicate that the rubble in

the northeast corner underlies the_SQO-foot.elevation level, and °

consists primarily'of large-diameter pipe and corrugated steel

roofing material (PNL Photography, undated).

In 1959, the AEC dﬁmped drummed thorium residues, containing
about 3.8 percent Th-232, near the hill in the middle of the

quarry (Lenhard et al, 1967). ‘Some drums were dumped ‘at the _
510-foot level. These thorium wastes totalled approximately 185
cubic yards of material (MK-F and JEG, 1988a). The Th-232°

.. radioactive decay series is the principal source of radiation in

this material; the Ra-228 content of the waste is approximately
0.25 curie. This waste is currently below the water level in

the pond and is presumed to be water-saturated (Figure 4.1).
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TABLE 4.1

Waste Disposal at the Heldon Spring Quarry

Date

Material

Quantity

1942-1945
1946

1946-1957
1959

~ Early 60's
1963-1965
1966
1966

1966

1968-1969

Sources:

 THORIUM AND. URANIUM RESIDUES
‘Several thousand drums containing thorium and rare

Lenhard et al, 1967 3. BNI, 1983a 5. :
~Pennak, 1975 4. BGA, 1984 6. MK-F, 1987a
7. MK-F and JEG,

NITROAROMATICS AND RESIDUES7

Quarry used for TNT/DNT waste disposal.

NITROAROMATICS AND RESIDUES6

Quarry used for TNT/DNT waste disposal.

TNT RESIDUES?”>”6

Residues and rubble dumped in'deépest part of
Quarry and in northeast corner.

THORIUM RESIDUES!’?27373+7

Disposal of drums containing 3.8% thorium residues.
Est1mated Ra- 228 content of 0.25 Ci.

BUILDING RUBBLE, EQUIPMENT, sons1 28 8ir S B bin T

Demolition rubble from Destrehan Street Plant
. Covers approximately one-acre to 30-ft deep in the

deepest part of the Quarry. Contains uranium and
radium contamination with less than 1 Ci Ra-226.

4,5,6,7

earths from Granite City Arsenal. Initially intended
for disposal. Much of waste later removed for »
reprocessing. ' '

THORIUM RESIDUES5

Drums and residues from shutdown and cleanup of
HWeldon Spring Chemlcal Plant process equipment.
THORIUM RESIDUES1 FESS T

Hundreds of drums brought from Cincinnati by rail.
Contain 3% thorium with estimated 1 Ci Ra- 228

Placed above water level.

TNT/DNT RESIDUES1 et

Contaminated stone and earth dumped in northeast
corner of Quarry covering the C1nc1nnat1 thorium
residues.

URANIUM AND THORIUM RESIDUES2 2710 d 8 T,

Contaminated building rubble and process equipment
from Weldon Spring Chemical Plant. Principal sources
of radioactivity are Ra-226 and Ra-228.
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unknown

unknown

90 tons

unknown

185 yd°

3

50,000 yd

unknown

555 yd3

unknown

5,560 yd3

Kleeschulte and Emmett, 1986
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Photographs taken of the dumped drums 1nd1cate that between

one-fourth and one-half of the drums ruptured durlng disposal

'(PNL Photography, undated).

In the early'19605, approximately 50,000 cubic yards of
building rubble, process equipment, and soils from the
demolition of the Mallinckrodt Chemical Works Destrehan Street
feed plant were deposited in the quarry (Lenhard et al, 1967).
Available documentatlon is unclear about the date of dlsposal
The Task Force Report states that it was done in 1963 and 1964
(Lenhard et al, 1967), while LBL states that disposal took place
between 1960 and 1962 (BGA, 1984). The waste is contaminated
with uranium and radium, containing less than 1 curie Ra-226,
and covers approkimately 1 acre of the quarry floor to a depth
6f abqut 30 feet. Waste was initially dumped in the eastern

portion and moved into the pond area by bulldozer, and waste now

covers_TNT-contaminated rubble and Th-232 wastes. It is

estimated that about one-third of the waste is below the average

[

water level in the pond.

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

Continued storage of these wastes at the arsenal was judged
inadvisable because of storage drum corrosion. The upper east
end gate in the quarry's security fence was installed at this
time to allow trucks to enter and dump the barrels over the high
rim at the northeast end. After disposal began, a local company
purchased the entire quantity of material for recovery of rare
earths. Dumping was suspended and the purchaser‘temo?ed as much

of the dumped material as was practical. It is not known how
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much of this material is left in the quarry (Kleeschulte and
Emmett, 1986; BGA, 1984). -

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

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

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

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

4.1.2 Waste Characteristics

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

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

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

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

Data describing the physical characteristics of the
.sediment are unavailable, but it is assumed that sediment will

aISO'weigh approximately 3,100 pounds per cubic yard (BNI,
1984a). ' ' '

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

during pond dewatering operations.
4.1.2.2 Radiological Characteristics

The greatest quantity of contamination in the quarry bulk
‘waste is radiological. A majority of the quarry bulk waste is
known to contain above-backgrouhd concentrations of U-238, |
Th-232, and daughter radionuclides of the uranium and thorium
decay series-(see Figures 4.3 and 4.4), often exceeding DOE
guidelines for residual radioactive material in soils (BNI,
1985c; BGA, 1984). Gamma exposure rates above background levels
have been recorded at the quarry and are a direct result of
these radiologically-contaminated wastes (BNI, 1985c; BGA, 1984§
" MK-F and JEG, 1987,-1988a), Radon and airborne radionuclide-
containing particulates are expected to be the most importaht
occupatibnai and potential off—site.expOSure hazards during bulk
waste removal. For these réasons and to provide radiological
data necessary for subsequent environmental documents, this
section discusses in detail the known radiological

characteristics of the quarrybbulk wastes.
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TABLE 4.2 Weldon Spring Quarry Physical Characteristics of

" Quarry Wastes?

Volumef Density ' Weightf-
Regionb (yd3) (1b/yd3) (tons)
40- £t  64,200° 4,400 141,000
" Ponad 7642 4,400 1,650
25-ft 4,060 3,100 6,290
14-ft 17,240 3,100 - 26,700
7-ft 7,320 3,100 o 11,400
0.5-ft . ' 1,240 : 3,100 1,930
Total/Average ~ 95,000 . 4,000e 189,000
a Source: modified from DOE, 1987a.
b Regions of waste with corresponding depth are indicated on
‘ Figure 4.2.
a Increased by 9,000 yd3 of material to give a total waste

volume of 95,000 yd> (BNI, 1985c). It is believed by
staff of BNI that 95,000 yd> is a better estimate than
the sum of volumes, 86,000 yd3, because the amounts of
material under the pond and in the 40-ft region are
qncertain'(Hickey, 1986). |

d Depth of contaminated waste below the pond is assumed to be"
one foot (DOE, 1987a).
e Average density of quarry wastes.

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

also presented.

LBL Radiological Survey

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

discussed below.

Borehole gamma logging was used by LBL as a quick method of
identifying areas and volumes containing above-background

concentrations of gamma-emitting radionuclides. The type of
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gamma logging employed by LBL provided qualitative information
of Ra-226 and Ra-228 subsurface soil concentrations in the area
around the borehole. LBL gamma logged 20 of the 22 boreholes
shown as open circles in Figure 4.5. Gamma logging results in
16 of these 20 boreholes indicate above-background
concentrations of Ra-226 and/or'Ra-ZZB.

Fifty-seven surface soil samples (zero-to-6-inch depth)
were collected within the quarry by LBL at the locations shown
as open circles in Figure 4.6. Ninety-three subsurface soil
samples were collected from 20 of the 22 boreholes (Figure 4.5)
using split épbon samplers driven on 5 foot depth intervals.

. The amount of soil recovered in split spoon samples varied from.

0 to 18 inches and averaged 8 to 9 inches. The surface and
subsurface soil samples wereAanalyzed with sodium iodide (NaIl)
and high-purity germanium (HpGe) detection systems. Ra-226 and

Ra-228 concentration results for surface. and subsurface soil

samples are detailed in the BGA report and summarized in Table
4.3. '

LBL analyzed borehole gamma logs and laboratory surface and_.

subsurface soil samples for the radionuclides Ra-226 and
Ra-228. LBL-did not directly'analyze for U-238 and Th-232, two
important components of the radiolpgical quarry waste, because
these parent radionuclide concentrations were inferred by
assumihg secular equilibrium with daughters Ra-226 and Ra-228,
respectively. The secular equilibrium assumption, however, is
not valid with respect to the quarry waste. If parent

- radionuclides are not chemically removed from 'a substance and *

sufficient time is allowed to permit the ingrowth of daughter
radionuclides with half-lives much shorter than the parent
half-1life, then the assumption of secular equilibrium is valid.

If such a condition existed, Ra-226 activity concentrations

could be determined analytically and the result assigned to both
Ra-226 and U-238 activity concentrations with very small
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TABLE 4.3 Range of Ra-226 and Ra-228 Concentrations Detected in
‘the Quarry Wastes .

Concentration Range

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

. Source: BGA, 1984.

resulting error. This same scenario is valid for determining
Th-232 activity concentration from Ra-228 analytlcal results if

the two assumptions above are true.

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

w1th1n the quarry.

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

suggesting the presence of Th-227 in concentrations above that
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found in natural uranium ore (BGA, 1984). According to the
physics of secular equilibrium, the existence of Th-227 in this
sample would require the presence of similar activity
concentrations of Ac-227 and possibly Pa-231, the long-lived
parent radionuclides of Th-227, though neither the BGA or BNI
reports provide evidence of this. BGA states that the higher
concentration of Th-227 in these wastes could be indicative of
an abundance of U—235 relative to natural equilibrium conditions

" (enriched uranium). However, they further state that the Th-227

concentrations are not sufficiéntly high to indicate the
presence of enriched uranium in these waste piles. BGA also
states that Ra-226 and its daughters, chemically separated
uranium, - and Th-230 in concentrations far exceeding that
associated with the equilibrium U-238 decay series are found in
this and other surface soil sample analyses.

To investigate this occurrence the PMC obtained one surface
(zero-to-6-inch depth) and two subsurface (6-inch depth
intervals) soil samples from the waste pile material where LBL

~_previously collected their sample. These samples, collected on

November 14, 1988, were analyzed by gamma spectroscopy. The
gamma spectrums revealed high concentrations of Th-230, lower
concentrations of Ra-226 and daughters, U-238 out of equilibrium

with its long-lived daughters and higher concentrations of

Th-227 than parent U-235. These data correspond well with the

LBL qualitative information discussed above (Fleming, 1989a).

Based on the limited information in the BGA report and the
PMC sample data this surface material probably results from
disposal of raffinate, the waste product of the uranium énd
thorium purification processes. Raffinate from the Weldon

Spring Site raffinate pits has been sampled extensively and is

‘known to contain concentrations of Th-230 far exceeding those of

accompanying U-238 decay series isotopes. Th-227 concentrations
in excess of parent U-235 concentrations are also found in
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raffinate, along with Ra-226 and daughters. Both the LBL and
PMC data support this hypothesis (Fleming, 1989a).

‘BNI Radiolggical Survey

" BNI conducted an extensive radiological characterization in 1984

through 1985. The purpose of the BNI survey was to acquire data
neceséary to perform an-engineering evaluation assessing the
altéfnatives for decontaminating and decommissioning the Weldon
Sbring Site. The quarry radiological survey-brovides
information regarding the vertical and areal extent of
‘contamination. The scope involved surveying the entire area
~within the quarry fence and ‘identifying areas and volumes
exceeding DOE guidelines for residual radioactive material in
soil (BNI, 1985c). |

During this study BNT established a 50-foot-by-50-foot"
‘survey grid system within the quarry; performed 1,686 beta-gamma

-dose rate measurements, 55 gamma exposure rate measurements, and iz;;
29 radon flux measurements; gamma logged 75 boreholes; and V

- .collected 184 systemafic and 73 biased surface soil'samples, 90

~ *subsurface soii samples and 3 sedimént samples from the quafry'

' pond;

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

on the basis of gamma logging alone.

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

points, were collected in areas of suspect contamination to
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better define areal contamination limits. The 257 samples were
analyzed for Ra-226; U-238, and Ra-228 using a HpGe gamma

. spectroscopy detection syStem. Eighty-five of these samples
were also analyzed for Th-230 by‘radiochemipal analysis.

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

subsurface'soil samples are summarized in Table 4.4.

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

- Slightly enriched uranium may also be present in the qﬁarry
pond sediment based on BNI results discussed in Seétion 42351
ofutbiglreport. Thé existence of slightly enriched uranium in a
. smali portioh of the quarry wastés is possible since the Wéldon
Spring Uranium Feed Materials Plant received 842 metric tons of
slightly enriched (typically 1 weight percent) uranium, of which
8.6 metric tons have not been accounted for (DOE,_1986b)}
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TABLE 4. 4 Range of Rad1onuc11de Concentrations in 8011 Samples

~at the WSQ
Surface Sample | Subsurface-Sample

' o Concentration _ Concentration
Radionuclide Range (pCi/g) - Range (pCi/g)
U-238 | <1.0 - 1,600 1.4 - 2,400
Ra-226 <1.0 - 1,200 0.5 - 1,100
Ra-228 ‘ <1.0 - 250 1.0 - - 806
Th-230 : - <1.0-- 1,300 ' <1.0 - 6,800

Source: BNI, 1985¢c.

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

- BNI analyzed a total of 301 surface and subsurface soil
Jsamples for Th-232 by HpGe gamma spectroscopy. Because of the
.nature of the quarry waste, this form of analysis will not
always be valid for Th- 232 activity concentratlon results. The
Th-232 decay series radionuclides contalned in the quarry wastes
may be found as either the entire decay series in its natural
secular equilibrium state, or as Th-232 chemically separated
from Ra-228 and subsequent daughters. Since Th-232 is a pure
alpha emitter, it cannot be directly detected by gamma
spectroscopy. However, the activity concentration of its
gamma-emittiﬁg daﬁghters can be determined by HpGe gamma
spectroscopy and this value accurately assigned to the Th-232
activity conbentration, providing Th-232 is in secular

equilibrium with its daughters.
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Chemically separated Th-232 found_in the QUarry wastes can
be detected by HpGe gamma spectroscopy-accurately because
sufficient time has elapsed following disposal to allow at least
87 percent of secular equilibrium to have occurred between
Th-232 and its daughters, based on the last disposal date of
1969. Howeﬁer, quarry wastes containing chemically separated
Ra-228 and subsequent daughteré, (with no parent Th-232) will
not yield accurate Th-232 concentrations when analyzed by HpGe

gamméfépectroééopy.

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

only‘Th—232‘ébncentration data quoted in this section.

Distribution of Radiological-Contamination

The depth-specific areal extent of radiological

. contamination is shown on Figures 4.8 through 4.16. These
figures were developed by combining the radionuclide
concentration data at each sampling location for the
representative.coﬁtaminants: U-238, Th-232, TH—230, Ra-228 and
Ra-226. Although other radioactive daughter products are
present in the waste in varying degrees of secular equilibrium,
cleanup of material containing the representative radionuclides

will assure removal of all radioactive daughter products. This

‘

79



is because one or more of the representative contaminants will
always be present at any given location within the quarry at‘
concentrations cbmpar&ble to thé concentrations of any v
radioactive daughter products which were not specifibally
measured (Fleming, 1989b; BNI, 1985c). | |

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

conditions during excavation.

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

was chosen for comparative purposes.

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

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

Quarry ;
Radionuclide Concentra{ion (pCi’/g)

a Ra -226 Th-230 U-238 Ra-228 ‘Th-232
Depth Min Max Min Max Min Max Min Max Min Max
0.0 - 0.5 0.6 2780.0 . 0.7 1300.0 3.0 1600.0 0.1 813.0 1.4 8.0
0.5 - 5.0 0.2. 34640.0 3.2 6800.0 1.4 394.0 ' 6.5 86.6 0.9 36.0
5.0 - 10.0 . 0.9 1100.0 1.3 1300.0 5.0 2600.0 0.5 1413.0 0.9 7.0
10.0 - 15.0 0.9 701.0 0.2 540.0 33.0 ° 1500.0 0.4 2200.0 0.7 6.0
15.0 - 20.0 0.9 166.0° 1.2 110.0 16.0 55.0 0.8 123.0 7.0 7.0
20.0 - 25.0 0.9 52.2 1.1 1.0 3.0 12.0 0.2 149.0 0.7 1.0
25.0 - 30.0 0.5 22.7 — - - — > o == 0.1 85.0 = = - -
30.0 - 35.0 0.9 3.8 S == - - Sl 0.7 18.6 == =1 =
35.0 - 40.0 0.7 20.0 = < o = = 0.5 12.4 == = =

No data available for {his radionuclide at this depth interval.

SOURCES: BGA, 1984 and BNI, 1985c

See Figures 4.8 through 6.16 for corresponding areas of radiological contamination.
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the subsurface extent of contamination become less accurate with

- increasing ‘depth due to progreséively fewer samples,. the

heterogeneity of the waste material, and auger refusal which

limited sample collection with incréasing depth.

A summary of radionuclide-specific and depth-specific
average concentrations is provided in Table 4.6. These averages

. relate ohly to quarry areas where sufficient data were available

to estimate these parameters.

TABLE 4.6 Average Concentration by Depth at the WSQ

Depth Average Radionuclide Concentrationa (pCi/g

)
(ft) Ra-226  Th-230  U-238  Ra-228  Th-232
0.0 - 0.5 105.0  150.1 174.1 19.7 - -
0.5 - 5.0 54,2 1457.3 123.3  35.9 25.7
5.0 - 10.0 195.9  502.8 422 .8 259.5 -
10.0 - 15.0 '189.6 - 318.6 = 342.2 598.7 -« -
15.0 - 20.0 67.3 94 .2 46.0 - 51.0 - -
20.0 - 25.0 36.3 16.0 - - 61.2 - -
25.0 - 30.0 20.7 - - - - 44,2 - -
30.0 - 35.0 - D = 18.6 S
©35.0 - 40.0 18.3 - - - - - - - -
"TOTAL WGT AV 108.8 327.9 198.0 96.4 25.7

‘a Individual and total averages weighted by area

- - no data available for this radionuclide at this depth
interval '

Sources: BGA, 1984 and BNI, 1985¢

Areal average radionuclide concentrations shown in Table
4.6 for an entire depth interval were calculated using a |
computer-generated grid model whereby a grid was constructed in
each area containing above-guideline radionuclide

concentrations. Each grid quadrant was assigned a radionuclide

"concentration extrapolated from known sample concentrations
.within the gridded area. The average concentrations therefore
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represent .a weighted average over the entire area of

above-guideline radionuclide concentration, at the given depth.

‘Depth of contamination is based on radiological analysis
results and depth to bedrock data. Boreholes were drilled by
LBL and BNI to determine the radiologic characteristics of the
bulk‘wastes (BGA, 1984 and BNI, 1985c). Depth to bedrock data

are. also available from boreholes drilled by BNI (Kaye and

Davis, 1987) as part of a chemical characterization survey.

By combining the information in Table 4.6 with historical

. records of waste disposal and the quarry topography, the quarry

can be divided into four zones to facilitate analysis and
comparison of the data. These are: (1) the haulway; (2) the
sump; (3) the northeast corner; and (4) the rim. The four zones

-are identified in Figure 4.17. The haulway zone includes the

area surrounding the gravel road and adjacent railroad spur
which enter the Qﬁarry at the lower gate. The sump zone
includes the pond and the area directly east. The northeast
corner zone includes the bench aréa near the upper quérry‘gate
and the northeést’section of the present quarry floor. The rim

-zone includes the upper gate plateau area encompassing a section

of the upper haul road in the extreme northeast corner of the

_ quarry rim, and five small areas of contamination; three on the
‘southeast rim and two on the north rim. Estimated areas for

each zone are provided in Table 4.7.

The‘volume of radiologically contaminated material in each
zone is summarized in Table 4.7. The total volume of 83,200

‘cubic yards compares favorably with a,previdus estimate of

95,000 cubic yards (see Table 4.2, Section 4.1.2.1) which
included a 9,000 cubic yards contingency (DOE, 1987a). Details

~on how the volume estimates for each zone were made are provided

in the following subsections.
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Haulway Zone - The haulway zone generally contains the lowest

radiological contamimant concentrations. Contamination is
likely due to accidental spills from dump trucks and railroad
cars, or from tires spreading contamination during hauling
operations. Maximum representative contaminant concentrations
in this zone are: 312 pCi/g for U-238, 2,305 pCi/g for Ra-226,
15 pCi/g for Ra-228 and 150 pCi/g for Th-230 (BGA, 1984 and BNI,
19850). Th-232 concentrations in thie zone were not obtained.

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

Quarry
Zone ‘ Area (ft°) Volume (yd~)
Haulyay - 48,300 6,600
~ Sump v ' .. 58,900 55,100
- Northeast Corner 52,800 _ 21,300
Rim 11,000 - 200
- TOTAL 171,000 o ' 83,200

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

S X

The depth of contamination in this zone was characterized
by seven'subsurface boreholes as summarized in Table 4.8.
Bedrock was reached at six locations at an average depth of 3.7
feet. Radidnuclide'analyses were performed on samples from only

three boreholes. At two of these boreholes the maximum depth of

contamination was 0.5 foot. At the other location the
contamination extended deeper than 1 foot, the depth where auger
~refusal occurred. '

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

the average depth of 3.7 ft. This yields an estlmated volume of

6,600 CUblC yards for this 48,300 ft2 area.
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~Sources: ' BGA, 1984; BNI, 1985c; and Kaye and Davis, 1987.

Sump Zone - The sump zone comprises the deepest mined afea of
the quarry and includes the existing pond. It was probably the
first-area within the quarry where disposal of wastes occurred.
Maximum representative contaminant‘concentrations'in this zone
are: 2,400 pCi/g for U-238, 486 pCi/g for Ra-226, 2,200 pCi/g
for Ra-228, 1,300 pCi/g for Th-230 and 8.0 pCi/g for Th- 232

- (BGA, 1984 and BNI, 1985c).

TABLE 4.8 Summary of Contaminant Depths for the Haulway Zone

- Depth To - Depth Of
Location o ' Bedrock . Contamination
Identification™® (ft) : (ft)
Sl i 0.5
cv AR 1.0+
s2 4.0 0.5
Bl 2.0 NR
B2 6.0 NR
. B9 3.5 NR
B10O 3.0 NR

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

to determine chemical characteristics of the bulk wastes)
+ = Contamlnatlon extends beyond this depth.

* See Figure 4.5 for borehole locations.

This 'zone contains the greatest volume of radioadtivély
contaminated rubble. This area was the main dump area for the
Destrehan Street Plant rubble. Ra-226, U-238, and Th-230

' contamination located in the southern half of this zone extends

to depths of 40 feet.

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

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

placed.

The depth of'confaminatioﬁ in the sump zone is inferred
from sample fesults from 20 boreholes. Fourteen of the 20
boreholes reached bedrock. At 5 borehole locations 7 ‘ o

contamination did not extend to bedrock. However, the only

‘_radiondclides'ahalyzed,for at these 5 locations were'Ra—226vand,‘
Ra-228. Contamination from other radionuclides may extend to
bedrock. Six borehéles were not completed to bedrock due to
auger refusal which occurred at an average depth of 13.4 feet.
This informatiqn‘is summarized in Table 4.9 for the locations

shown on Figure 4.5.

A reasonable estimate of the volume of‘radiological

contamination in the'sump zone can be made from the informatioh
varesented‘in Table 4.9. For all boreholes where no radiological
‘data was collected or where analysis was not performed for all
‘representative radionuclides, the contamination was assumed to
- extend to bedrock. For boreholes where auger refusal occurred
before the maximum depth of contamihation was reached, the
‘average measured depth to bedrock was assigned. This resulted
‘in an average contaminant depth of <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>