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" REMEDIAL INVESTIGATION FOR THE QUARRY RESIDUALS OPERABLE UNIT: WELDON SPRING SITE, WELDON SPRING, MO

ABSTRACT

The Weldon Spring Quarry was used for waste disposal by the U.S. Department of Defense
and the Atomic Energy Commission form the 1940s through the 1960s. In 1990, a Record of
Decision calling for excavation of this waste was signed by the U.S. Environmental Protection

Agency (EPA), and the U.S. Department of Energy (DOE) completed removal in 1995. This - -

report provides information developed from characterization of contamination in affected
geological media after the waste was removed. :
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SUMMARY OF CHANGES

* Revision 2 of the Remedial Investigation for the Quarry Residuals Operable Unit reflects
‘the following text changes:

Section 6.2.3.1
Section 8.1.1.1
Table 9-2 .
Section 9.5.3 .
Section 9.6

Section 10.4
Section 12.7
Table E-1
_ Table E-5
Table F-3

Table G-1

Radium was deleted as a elevated parameter in disturbed soils.
References to geologic cross-sections were corrected.
Antimony was included in this table. '

_ A discussion of background ranges for uranium were added to the text.

A discussion of background ranges for uranium were added to the summary

~ of significant observations.-

The reference for the Baseline Risk Assessment was included in the text.
Revisions were incorporated to reflect changes in Section 9. |

The Area Code for the West Slope was corrected to QP-WS.

The format of this table was updated for better data presentation.

" Data summaries for the upper slough (USL) and Missouri River (MR)Awer‘e _

omitted from Revision 1.
The monitoring interval for MW-1017 was corrected.

Several minor editorial corrections were also made throughout the document.
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1 INTRODUCTION

1.1 Scope

The Quarry Residuals Operable Unit is one of four operable units included in the Weldon
Spring Site Remedial Action Project (WSSRAP) as registered in the National Priorities List under
the Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA). The
Weldon Spring quarry is Jocated approximately 30 miles west of St. Louis (Figure 1-1) between
Defiance and Weldon Spring, in St. Charles County, Missouri. It is 4 miles southwest of the
Weldon Spring Chemical Plant site on Missouri Highway 94.
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FIGURE 1-1 Location of the Weldon Spring Quarry

The Weldon Spring quarry was excavated into limestone bluffs at the northern edge of the
Missouri River alluvial floodplain, which extends approximately 1 mile south to the river. The
quarry was used for waste disposal by the Department of Defense and the Atomic Energy
Commission from the 1940s through the 1960s. In 1990, a Record of Decision (Ref. 8) calling
for excavation of the bulk waste was signed by the U.S. Environmental Protectlon Agency (EPA)
and removal was completed in 1995.
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REMEDIAL iINVESTIGATION FOR THE QUARRY RESIDUALS OPERABLE UNIT: WELDON SPRING SITE, WELDON SPRING, MO

Through the Quarry Residuals Operable Unit, the Department of Energy (DOE) is
addressing radiological and chemical contamination remaining in affected media after excavation
of the bulk waste. This report provides information developed from characterization of

contamination in these media. In support of the Operable Unit, the Work Plan for the Remedial

Investigation/Feasibility Study -Environmental Assessment for the Quarry Residuals Operable Unit
at the Weldon Spring Site (Ref. 1) was finalized in January 1994 and provided guidance for
investigations conducted in support of this remedial investigation report. The work plan also
includes detailed discussions of site history, geology, hydrology, and ecology and summarizes
analytical data collected prior _to 1994. The Quarry Residuals Sampling Plan (Ref. 2) also became
final in January 1994. "Two éddenda to the sampling plan, one addressing characterization of the
quarry proper and the other addressing resurgent water in the quarry pond and data gaps, were

prepared in 1995. This remedial investigation report describes the results of these characterization

efforts.
1.2 Authorizing Documentation

v This remedial investigation report is prepared to comply with the requirements set forth
in 40 CFR 300, National Oil and Hazardous Substances Pollution Contingency Plan and the
-Environmental Documentation Department Plan (Ref. 3). For remedial action sites, it is DOE
policy to integrate values associated with the National Environmental Policy Act (NEPA) into the

CERCLA decision-making process. The analyses contained herein address NEPA values avsA‘

appropriate to the actions being considered for this operable unit.

A

1.3  Document Organization

" This document contains thirteen sections: introductory matérial 1s presented in Sections 1
through 3; Sections 4 through 9 are organized by media and contain discussions of results from
this remedial investigation. These observations are carried forward to Section 10, where the fate
-and transport of contaminants are examined as a continuous system. A summary of the baseline

risk assessment is presented in Section 11. A summary of major conclusions and a discussion of.

possible additional investigations are presented in Section 12. References are included in Section
13.  Appendices. are located in Volume II of this report and contain supporting data and
information.
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2 BACKGROUND INFORMATION

This section describes the history of waste disposal and remediai activities at the Weldon
Spring Quarry.

2.1  Site Description

‘Thé Weldon Spring' quarry consists of two areas: the quarry proper and:the Zidjacent
support facilities area. The quarry proper consists of the 9-acre quarry which was excavated into
the hmestone bluff of the Missouri River floodplain. Presently, a pond occupies the lowest point

" of the quarry.

“The adjacent 2-acre support facilities area is comprised of the quarry water treatment plant

and its associated basins and the facilities utilized during bulk waste removal activities. The
facilities include, but are not limited to, trailers, decontamination pad, transfer station, and other
ancillary facilities. These facilities are temporary and will be addressed during restoration
activities at the quarry.

The quarry is surrounded by the Weldon Spring Conservation Area. The Missouri-Kansas-
Texas railroad line formerly passed just south of the quarry. This line has been dismantled and the

right-of-way has been converted to the Katy Trail State Park (Katy Trail) which is used for

recreational activities. The St. Charles County well field is located southeast of the quarry between

the Femme Osage Slough and the Missouri River. This well field is a major source of drinking-

water for St. Charles County. The closest production well is approximately 0.5 miles from the
quarry. :

2.2 Site History

In 1941, limestone was mined from the Weldon Spring Quarry and crushed into aggregate
that was used for construction of the Weldon Spring Ordnance Works. From 1941 to 1945, the
U.S. Department of the Army (Army) produced trinitrotoluene (TNT) and dinitrotoluene (DNT)
at the ordnance works and used the quarry, which lies within the former ordnance works
boundaries, for disposal of manufatturing wastes. At the end of World War II, the ordnance
works was decommissioned. Between 1946 and 1957 the Army disposed of contaminated process
residues and building rubble in the 9-acre quarry. In 1955, 200 acres of the ordnance works area
wére transferred to the Atomic Energy Commission (AEC) for construction of the Weldon Spring
Uranium Feed Materials Plant, where uranium ore was processed into uranium metal from 1957

to 1966. The AEC acquired title to the quarry in 1958 and used it from 1960 to 1969 as a disposal

area for wastes contaminated with thorium, uranium, and radium. In total, approxunately 140,000
cu yd of wastes were placed in the quarry. Table 2-1 summarizes disposal activities; a more
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»

complete description is présented in the report, Remedial Investigatibns for Quarry Bulk Wastes
(Ref. 4).

TABLE 2-1 Bulk Waste Disposal Activities

"DATE

MATERIAL

QUANTITY |.

1942-1945

Nitroaromatics and Residues.
Quarry used for TNT/DNT waste dlsposal

unknown

1946

Nitroaromatics and Resxdues
Ouarry used for TNT/DNT waste dlsposal

90 tons

1946-1957

TNT Residues.
Residues and rubble dumped in deepest part of quarry
and in northeast corner.

unknown

1959

Thorium Residues.
Disposal of drums containing 3.8% thorium residues.
Estimated Ra-228 content of 0.25 Ci. ‘

185 yd?

Early 1960's

Building Rubble, Equipment, Soils.
Demolition rubble from Destrehan Street Plant.

Covers approximately 1-acre to depth of 30 ft deep in _

the deepest part of the quarry. Contains uranium and

| radium contamination with less than 1 Ci Ra-226.

50,000 yd®

1963-1965

Thorium and Uranium Residues.

Several thousand drums containing thorium and rare
earths from Granite City Arsenal. Initially intended for
disposal. Much of waste later removed for

- unknown

1966

reprocessing.

Thorium Residues.
Drums and residues from shutdown and cleanup of
Weldon Spring Chemical Plant process equipment.

unknown

1966

| Thorium Residues.

Hundreds of drums brought from Cincinhati by rail.
Contain 3% thorium with estimated 1 Ci Ra-228.
Placed above water level.

555 yd?

1966

TNT/DNT Residues. _ '
Contaminated rock and soil dumped in northeast
corner of quarry covering the Cincinnati thonum
residues. :

unknown

.1968-1969

Uranium and Thorium Residues.

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

5,560 yd®

Source: Ref. 4

@

DOE/OR/21548-587, Rev. 2 (Final) 2-2

022498



REMEDIAL INVESTIGATION FOR THE QUARRY RESIDUALS OPERABLE UNIT: WELDON SPRING SITE, WELDON SPRING, MO

After closure by the AEC, the chemical plant was restored to the Army in 1967. In 1971,
the Army returned the 51-acre portion of the property containing the raffinate pits to the AEC but
tetained control of the remainder of the chemical plant area. As successor to the AEC, the
Department of Energy (DOE) assumed responsibility for the raffinate pits. In May 1985, the DOE
designated the control and decontamination of the Weldon Spring site as a Major Project; it was
redesignated as a Major System Acquisition in May 1988. A project office was established in
October 1986, and the site is currently under the control of the DOE and is managed by DOE's

" Project Management Contractor (PMC). :

In October 1985, the U.S. Environmental Protection Agency (EPA) proposed to list the
Weldon Spring quarry on the National Priorities List (NPL); this listing occurred in July 1987
(Ref. 5). In June 1988, the EPA proposed to expand the listing to include the chemical plant area;
this listing occurred in March 1989 (Ref. 6).

Two separate expedited rcsponse actions were performed to mitigate the potential threat
to the nearby drinking water supply in the St. Charles County well field. These actions included
management of the contaminated pond water in the quarry and removal of the bulk waste. First,
an Engineering Evaluation/Cost Analysis' (EE/CA) was prepared (Ref. 7) to support the decision "
to treat pond water in a facility constructed adjacent to the quarry and to release the treated water -
into the Missouri River. A National Environmental'PoIicy Act (NEPA) finding of no significant
impact was issued in February 1990, and the water treatment plant became operational in 1992.
Second, the Record of Decision for the Management of the Bulk Wastes at the Weldon Spring
Quarry (Ref. 8) (ROD-BW) was signed by the EPA in September 1990. The ROD-BW specified.
that the bulk waste was to-be removed using conventional construction equipment, transported on
a dedicated haul road to the chemical plant, and placed in storage where it was to be maintained
until final disposal, as specified by the Record of Decision for Remedial Action at the Chemical

" Plant Area of the Weldon Spring Site (Chemical Plant ROD) (Ref. 9).

Bulk waste excavation began in May 1993 and was completed in October 1995. During
this period, approximately 140,000 cu yd of soil and waste material were removed and transported
to the chemical plant. Most contaminated soil was removed from the quarry during the bulk waste
removal action. Following bulk waste excavation, rock surfaces and fractures were power-washed
to remove loose material.

In January 1996, contaminated soil was removed from Vicinity' Property 9 (VP-9), which
is just south of the quarry, as prescribed in the Chemical Plant ROD (Ref. 9). Remediation of this
area generally involved removing the upper 2 ft of soil and soils up to 5 ft in isolated areas where
U-238 concentrations exceeded 30 pCi/g. The excavation was backfilled with clean soil to
approximately the original grade
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2.3 Physical Setting

The .Weldon Spring Quarry is in a unique physiographic setting. It is located near the
boundary between the Dissected Till Plain section of the Central Lowlands Physiographic Province _
and the Salem Plateau Section of the Ozark Plateaus Province, approxnnately coincident with the -

commonly accepted southern limit of Holocene glaciation (Ref. 1). This region, with the
exception of the Missouri River floodplain, is characterized by narrow ridges and deep valleys
incised by short, steep, bedrbck controlled streams. Figure 2-1 is a topographic map of the area
surrounding the quarry. Elevations range from 450 ft to 560 ft above mean sea level (Ref. 10).
Elevations are highest along a ridge south of the quarry that forms the bluff overlookmg the

Missouri River floodplain. The ﬂoodplam extends from the bluff to the river, a distance of -
approximately 1 mile. The river forms the southern margin of the quarry study area. The natural L

rehef across the floodplain is less than 12 ft (Ref. 2).

Streams in the 1rmned1ate,v1cm1ty of the quarry include the Femme Osage ,Creek, the Little -

Femme Osage Creek, and the Missouri River (Figure 2-1). The original downstream reaches of

‘the Femme Osage Creek and the Little Femme Osage Creek were cut off by the construction of

a flood control levee and now form the Femme Osage Slough.

Bedrock in the quarry area is primarily limestone with some shale and dolomite. Bedroek -

is exposed in the quarry walls and floor and on the steep bluffs along the Missouri River. Upland
areas are overlain by 10 ft to 40 ft of silty clay, which is primarily wind-blown, glacially-derived

Joess and residuum. In the Missouri River floodplain, alluvial deposits occur in stream valleys

coarsen and thicken in the d1rect10n of the river, and are as much as 100 ft thick.
2.4 Demographic and Land Use Informationk

| The population of St. Charles Coun'tyv in- 1990 was 212,907; 20% of the populaltionlives

in the city of St. Charles, approximately 14 mi. northeast of the Weldon Spring site. The-

~ population in St. Charles increased by 48% from 1980 to 1990. The two communities closest to

the site are Weldon Spring and Weldon Spring Heights, about 2 mi. to the northeast. - The ‘
combmed population of these .two communities in 1990 was 1,034 (Ref. 13). - No private
residences exist between Weldon Spring Heights and the site. Urban areas occupy about 6% of -

county land, arid nonurban areas occupy 90%; the remaining 4% is ded_icated to transportation and
water uses. ' - ’ '

~ The St. Charles County well field is located approximately 0.5 mi southeast ofA the quarry.
The wells are completed in the Missouri River alluvium and supply a maximum of
22 mllllon gal/day of water for use by 70,000 county re51dents
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Most of the land in the quarry area is owned by the State of Missouri. The quarry lies
within the Weldon Spring Conservation Area, which covers 7,356 acres. The August A. Busch
" Memorial Conservation Area and the Howell Island Conservation Area lie to the north and east
of the quarry, respectively. All these areas (Figure 2-1) are managed by the Missouri Department
of Conservation and are open to the public for fishing, hunting, and other recreational activities.
The Katy Trail State Park, which is managed by the Missouri Department of Natural Resources,
is a gravel-based public hlkmg and biking trail that runs along the former Missouri-Kansas-Texas-
Railroad right- -of- way (Ref. 11). This trail passes directly to the south of the quarry.

Access to the quarry is restricted and controlled by the DOE. To the west of the quarry

proper, the support facilities for bulk waste excavation are located. These include a water
treatment plant, trailers, a parking area, and a haul road.

2.5 'vArchaeological Investigations .

= Although no prehistoric or historic remains occur in the quarry proper, archeological
surveys have documented the presence of numerous prehistoric and historic sites in the area. In
1989, the WSSRAP conducted a Phase II assessment of Site 23SC21, which is located on the bluff
‘between the quarry and the Katy Trail (Figure 2-1) (Ref. 14), to establish its significance with
respect to National Register of Historic Places (NRHP) criteria. The Phase II report recommended
that if project modification is not a feasible alternative, Site 23SC21 should be subjected to Phase
111 mitigation, which includes hand excavation to recover artifacts.

In 1990, a Memorandum of Agreement between the DOE and the Missouri State Historic
Preservation Officer (SHPO) was submitted to the Advisory Council on Historic Preservation in
Washington, D.C. (Ref. 12). This memorandum stipulated that if any proposed remedial action
results in an impact to Site 23SC21, the DOE will ensure that a data recovery plan is developed
in consultation with the Missouri SHPO and in accordance with federal regulations (36 CFR Part
800). '

. 2.6 Signiﬁcant Observations
e The quarry is iocated at the western edge of a fapidly growing metropolitan area.

. * The quarry is near the St. Charles County well field, the source of drinking water for
approximately 30% of the residents in the area.

.. Any action that dlsturbs the archeological sxte on the south quarry rim will require
Phase III mitigation.
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3 DATA ANALYSES

This section describes the manner in which data supporting the remedial investigation have

been grouped screened, and summarized. The approach to background comparlsons and other
criteria used for 1dent1fymg potennal contaminants are also presemed :

3.1 Data Presentation -

Laboratory and field data that form the basis for discussions in this document are grouped
by ‘media and location. The data groupings for each medium are described in the appropriate
section. Data for these groups are summarized in tables in Appendixes C through H.

Data tables for nitroaromatic compounds and naturally occurring parameters include the
number of samples collected (#), the percent of the data that are below the limit of detection
(%ND), the mean (Mean), standard deviation (Std), and the upper 95% confidence limit about the
mean (UCL95). In cases where insufficient data are avallable to calculate UCL95 (1 e., only 1

~sample), the measured value is presented.

Data tables for anthropogenic compounds other than nitroaromatic _compounds. are
abbreviated because few organic chemicals were detected in any of the quarry media. Only
~detected compounds are presented in the tables; a complete list of organic analyses is given in
Table B.9 of Appendix B. The data summary tables for detected organic chemicals present the
number of samples, %ND, and the maximum concentration. = - '

For most parameters, data from 1987 to July 1996 were used to calculate the summary
statistics.  An additional calculation based -on data collected from early 1995 to July 1996 is
presented for antimony and nitroaromatic compounds in groundwater. Beginning in 1995, a
different, more sensitive method was used to énalyze antimony, and source removal, which had
a dramatic effect on concentrations of nitroaromatic compounds, was completed by mid 1995.

3.1.1 Substitutions for Values Below the Detection Limit (NDs)
Concentrations of many constituents are commonly below the limit of detection and require
a substituted value when used in statistical calculations. If the laboratory provided a qualitative
~ value, this value was used in statistical calculations. If only "ND" was reported, the detection
limit was divided by 2 and substituted as the concentration for naturally occurring parameters.
This substitution, which is-consistent with U.S. Environmental Protection Agency (EPA)
- recommendations (Ref. 15), accounts for the presence of these parameters in natural environments.
Zero was substituted for anthropogenic parameters, which are not expected to be present at any
level.
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3.1.2 Data Screening

, Unabridged data sets, including -validation and data review qualifiers, are presented in a
separate volume as'Appendix J of this document for contaminants of potential concern (COPC)
identified in the Baseline Risk Assessment. During the data validation and review process, certain
values were rejected. These rejected values were removed from data sets presented in the
summary tables and graphs displayed in this document. In addition, ND data with high detection
limits were removed from the data sets because of their potential to bias the summary statistics.
Screening criteria are presented in Appendix B. ' '

“As illustrated in Figure 3-1, data collected by the Weldon Spring Site Remedial Action
Project (WSSRAP) pass through a number of review steps before they are permanently stored in
WIZARD, the WSSRAP database. First, data are verified to determine if basic performance

“criteria, such as holding times, chain of custody, and correct supporting documentation, are met.
Data are then examined by qualified reviewers to determine if the data set is complete and if there
~ are potential problems. - Identified problems are investigated. If examination of the documentation
package does not explain suspect data, the problem may be resolved through reanalysis,

- resampling, ‘and/or validation. If reanalysis or resampling are not possible, and validation does
.ot detect the source of the problem, the reviewer may apply a qualifier to the data. If the.
reviewer believes a suspect data point cannot reflect conditions in the location sampled and use of
the data would misrepresent these conditions, the reviewer may petition the WSSRAP Data
‘Review Qualification Team to apply reviewer-rejected qualifiers to the data. If the team concurs
with the reviewer's findings, the datapoint is given a qualifier that indicates reviewer-rejected data
-that likely reflect sampling, analytical, or transcription errors-and are not recommended for use.

Qualifiers and criteria for rejecting data are defined in Appendix B.

For these investigations, data collected prior to activation of reviewer qualifiers in 1995
were also re-examined and qualified, where necessary. The total number of reviewer-rejected data.
comprise less than 1% of the unabridged data set. '

3.2 Identification of Contaminants

Sections 6, 7, and 9 of this dbcument identify potential contaminants in soil, surface water
and sediment, and groundwater in the quarry area. A contaminant is defined as any chemical
species that does not occur naturally or occurs at levels that exceed those of the natural
environment. Based on this definition, identification of anthropogenic contaminants is relatively
straightforward; however, identification of naturally occurring contaminants requires comparison
with data from a suitable background location.
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3.2.1 Background Comparisons

Background comparisons for naturally occurring parameters are iliqurated in bar graphs
in Sections 6, 7, and 9 that show UCL95 for the sample groups (UCL95) divided by UCL95 for

" thé derived background (UCL95;) (i.e., value calculated for background samples) for each -

parameter. This ratio results in a unitless number that indicates the amount by which UCL95,
exceeds UCL95,. If 100% of the sample group values are below the limit of detection, this ratio
Is set to one. : :

. Strict interpretation of the background comparison ratio would label ény parameter with

. a ratio greater than 1 as a contaminant; however, in many instances this label would be

unwarranted. An extremely low UCL95, relative to UCL95 could occur if insufficient data were

collected to adequately characterize background variability or if detection limits for seldom
- detected parameters were lower for the background data than the sample group data. To avoid

unnecessary discussion of parameters that are marginally above the derived background, the

~ following  sections focus on parameters that -exceed two times this level. Examination of

background comparison ratios (UCL95,/UCL95;) showed a natural breakpoint at 2, as shown on

. Figure 3-2. Above this level, clustering of comparison ratios decreased, indicating that deviation
. from derived background was more likely to reflect true differences from natural background. In
addition, a U.S. Geological Survey (USGS) report (Ref. 65) shows natural variability in

concentrations of many elements in soils in this region. The derived background values from the
remedial investigation data were at the low end or below the concentration range for many
elements reported by the USGS.

Special emphasis is given to groundwater and surface water parameters that exceed water

~ quality standards and to soil and sediment parameters that exceed the screening guldelmes

presented in the Work Plan (Ref. 1). These standards and guidelines are presented in Table 3-1.
Where indicated, parameters that exceed any of these criteria in a subgroup within any major
grouping may also be included in-the discussion. None of these criteria impact calculations
performed for the Baseline Risk Assessment, which examines all parameters that exceed

. background

3.3 Significant Observations -
o Data are grouped by location and media.

s Reviewer and validation rejected data have been removed from data sets presented in
summary tables and graphs

. Detectlon limit d1v1ded by 2 is substituted for "ND" for naturally occurring parameters
Zero is substituted for "ND" for anthropogenic parameters.
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» Contaminant discussions in this report focus on naturally occurring parameters that
exceed two times background and anthropogenic parameters greater than zero. Special

emphasis is given to parameters that exceed water quality standards (groundwater and

surface water) or screening guidelines presented in the work plan (soil and sediment).
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TABLE 3-1 Screening 'G'uidelines for Surface Water, Groundwater, Soils, and
Sediments ~

DOE/OR/21548-587, Rev. 2 (Final)

‘ : WATER SCREENING GUIDELINES |
PARAMETER QUALITY REF FOR SOIL REF
- STANDARD . CONCENTRATIONS

METALS ugl #g/g

Aluminum , 200 a N/A --
Antimony 6 e 2,100 g
Arseniq 50 e 140 h
Barium 2,000 e 370,000 g
'Beryllium 4 e 58 h
Cadmium 5 e 5,300 g
Chromium 100 e 24,000 g
Cobalt_ 1,000 it N/A -
Copper 1,000 a 210,000 9
“Iron | 30v0 a N/A -~
Lead 15 f N/A -
Lithium N/A - 110,000 g
Manganese 50 a N/A =%
Mercqry 2 e 1,600 g
Molybdenum N/A - 27,000 g
Nickel 100 o 110,000 g
Selenium 50 e 27,OOC.)V g
Silver 50 f 27,000 g
Thallium 2 f 370 g
Vanadium N/A . 37,000 g
Zinc 5,000 a N/A s
ANIONS mg/| mg/kg

Chloride 250 a N/A -
Fluoride 4 e N,;A -
Nitrate (as N) 10 e N/A -
Sulfate 250 a N/A -
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TABLE 3-1 Screening Guidelines for Surface Water, Groundwater, Soils, and
Sediments (Continued)

. : , - WATER SCREENING GUIDELINES
PARAMETER ~ QUALITY REF FOR SOIL REF
- STANDARD CONCENTRATIONS

NITROAROMATIC COMPOUNDS gt ualy

2,4DNT - 011 | 1 | N/A |-
2,6-DNT ' 13 c N/A
2,4,6-TNT ' 2 f N/A A
TNT/TNB N/A = 1,000 1.
RADIONUCLIDES pCi/l pCilg |
Adj. Gross Alpha ® .15 d . N/A --
Ra-226 | e _ 14 j'
Ra-228 aldhe e 28 i
Rn-222 , 300 d | N/A -
Th-230 _ E A - 420 h
Th:232 - N/A . 28 ]y
U-238 _ N/A - 1 240 h-
Total Uranium ** 13.6 d ___N/A =

*

(excluding Ra-226, Rn-222, & U)
** Relationship between pCi and yg based on Site-Specific Conversion factor
" Secondary MCL, EPA Drinking Water Regulations and Health Advisories (1996}
Action Level, EPA Drinking Water Regulations and Health Advnsones (1996)
Work Plan (10-5 risk level)
Proposed EPA Drinking Water Standards, 40 CFR (1991)
MCL, EPA Drirking Water Regulations and Health Advisories (1996)
-MCL, Missouri Quality Standard for Groundwater or Surface Water Used as Drlnklng Water Supply, -
10 CSR 20-7 (10/31/96)
0.5 hazard quotient, Quarry Residuals Work Plan
10°® carcinogenic risk, Quarry Residuals Work Plan
d 106 carcinogenic risk level (lower level used because immunoassay techmque which was primary
' screening tool for nitroaromatic compounds, measures combined TNT/TNB)
i 10 carcinogenic risk (higher level used because 107 level is equnvalent to background
: concentratlons Quarry Residuals Work Plan =

0o Q0 UTo

i g (o]

DOE/OR/21548-587, Rev. 2 (Final) ' 37 N © 022498



REMEDIAL INVESTIGATION FOR THE QUARRY RESIDUALS OPERABLE UNIT: WELDON SPRING SITE, WELDON SPRING,.' MO

4 METEOROLOGICAL CONDITIONS AND AIR MONITORING PROGRAM
This section summarizes the meteorological conditions in the quarry area and presents the
results of the air monitoring program conducted at the quarry since 1987 by the Weldon Spring
Site Remedial Action Project (WSSRAP)

4.1  Regional and Local Meteorological Conditions

The National Oceanic and Atmospheric Admlmstratlon (NOAA) records local and reglonal

climatic and meteorologlcal data at Spirit of St. Louis Airport and St. Louis-Lambert Field

International Airport. Additional local information is available from the project meteorolog1cal
station at-the Weldon Spring Chemxcal Plant site. Table C-1 of Appendlx C lists regional and site
‘meteorologlcal studles -

The reglonal climate is continental with moderately cold winters and warm summers. On
average, temperatures below 32°F are recorded 111 days per year, and temperatures above 90°F
are recorded 35 to 40 days per year. Alternating warm/cold, wet/dry air masses often converge

and pass eastward through the area, resulting in frequent weather changes (Ref. 4). Prolonged .

periods of very cold or very hot weather are unusual.

‘Data from the site meteorological station show prevailing winds are from the south and'

~ south-southwest during the spring and summer, from the south during the fall, and from the

-northwest and north-northwest during the winter.. Average wind speed is 4.9 mph during the

summer and 8.1 rhph during the winter.
4.1.1 Precipitation |

Historic precipitation data measured at St. Louis Lambert Field from 1964 through 1995
show an annual average of approximately 37 in. (Ref. 16). Historical data indicate that more than
half the annual precipitation falls between March and July, although intense storms can occur in
any month. Sumumer rains are frequently in the form of thunderstorms and often associated with
hail and high winds (Ref. 4). Décember, January, and February are generally the driest months.
St. Louis area records from 1941 through 1970 indicate measurable precipitation (>0.01 in.)

“occurred on an average of 109 days per year (Ref. 4). Snow has fallen as early as October and
as late as May. Data recorded at Lambert Field between 1964 and 1994 indicate the mean annual
snowfall is 19.8 in., which typically occurs from December through March (Ref. 4).

Precipitation data measured in the Weldon Spring area for the period 1983-1996 are in
Table C-2. The mean annual precipitation for this period is approximately 42 in. The maximum
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monthly precipitation recorded was 13.49 in. in September 1993 which contributed to the ﬂodding
of 1993, and the minimum was 0.04 in. in September 1983. .

4.1.2 Evaporation/Evapotranspiration

Data compiled from 1956 through 1980 indicate that annual average free water surface
evaporation and evapotranspiration in the region are close to annual average total precipitation,
approximately 37 in. and parallel average monthly precipitation, with the highest values occurring
during summer and the lowest in winter (Ref. 4). The coefficient of evapotranspiration for the

area near the site ranges from 0.72 to 0.74 (Ref. 4). Site-specific evaporation/evapotranspiration .
data recorded for April through October in 1983 and 1984 indicate total evaporation ranges from

~ 31in. to 38.3 in. per year (Ref. 80).
4.2 Site Air Monitoring Program

In 1987, an enviromnéntal air monitoring program was established to detect radioactive
airborne particulates, radon, thoron, asbestos, and gamma radiation emanating from the Weldon
Spring quarry. This program was based on previous characterization data and knowledge of
~ disposal activities. Radon and gamma radiation monitoring were also performed at Vicinity
- Property 9 locdted south of the quarry prior to.its remediation in January 1996.

Prior to bulk waste removal, contaminated soils in the quarry were covered with vegetation |

or standing water, limiting teleases to the atmosphere. During bulk waste removal, much of the

vegetation was removed, and the water level of the quarry pond was gradually lowered. This, -

along with the operation of excavation equipment, contributed to increased radon and airborne
radioactive particulate emissions during this period. Contamination remaining after bulk waste
removal is primarily limited to fractures and depressions in the quarry walls and floor and a small
soil area in the northeast corner, as described in Section 6. This residual contamination has the

potential to elevate radioactive airborne particulate and radon concentrations in the quarry above -

natural background levels.

4.2.1 Guidelines/Criteria

Radiation protection requirements for radon, radioactive airborne particulates, and gamma
radiation exposure for Department of Energy (DOE) activities are established in DOE Order
5400.5, Radiation Protection of the Public and Environment (Ref. 17). This regulation requires
that public exposure to radiation sources from DOE activities shall not cause an annual committed
¢ffective dose equivalent (CEDE) greater than 100 mrem. The exposure of the public to
radioactive materials from inhalation of airborne particulates shall not exceed an annual CEDE of
10 mrem. '
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For interim storage, radon concentrations in the atmosphere above facility surfaces or
openings may not exceed (1) 100 pCi/l at any given point, (2) an annual average concentration of
30 pCi/l over the facility site, and (3) an annual average concentration of 3 pCi/l at or above any
- location outside the facility site. :

- The derived concentration guides (DCGs) for inhalation of various radionuclides are

specified in DOE Order 5400.5 (Ref. 17). The DCGs are based on a CEDE of 100 mrem per * -

year. The DCG for both Rn-222 and Rn-220 (thoron) is 3 pCi/l. For airborne particulates, a
representative DCG was calculated based upon the average radioactivity content and average
solubility of the radionuclides present. The DCG for the quarry is 5.03 x 10* pCi/ml.

Although ambient air criteria have not been established for airborne asbestos fibers, the
clearance air limits of 0.01 fibers per cubic centimeter of air (f/cc) established by the U.S.

Environmental Protection Agency (EPA) for occupancy of school buildings was used to evaluate
asbestos monitoring data.

4.2.2 Air Monitoring Network

4.2.2.1 Background Air Monitoring. The WSSRAP has monitored background

concentrations for radioactive airborne particulate concentrations, radon/thoron concentrations,

and gamma radiation exposures since 1987. The current background monitoring locations are
shown in Figure 4-1. Between 1990 and 1995 additional stations in the August A. Busch
Conservation Area were also used. Annual average results for all background locations are listed
- in Appendix C (Table C-3). '

4222 Quarry Monitoring Locations. The air quality monitoring network for the
~ quarry is shown on Figure 4-1. With the exception of one location within the quarry, monitdring
sites are on the perimeter of the quarry. - Network equipment consists of alpha-track and modified
alpha-track radon monitors, high- and low-volume radioactive airborne particulate monitors,
thermoluminescent dosimeters (TLDs) to detect gamma radiation, and low-volume pumps for
asbestos sampling. '

. Natural airborne radon (i.e.,'Rn-222 and Rn-220) concentrations fluctuate with both soil
and meteorological conditions. The amount of radon that enters the atmosphere is a function of
the radium concentrations in the soil, soil moisture content, soil ‘porosity, soil density, and
atmospheric conditions. Variations in soil moisture content are primarily responsible for changes
in airborne radon concentrations.

_ Radon has been monitored at the quarry since 1987. The initial monitoring network
consisted of five stations (RD-1001 through RD-1005) containing pairs of alpha-track radon
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detectors, as shown on Figure 4-1. The use of monitoring-Station RD-1001 was discontinued in
- 1993: Stations RD-1007 and RD-1008 were added in 1992; and RD-1009 was added in 1993.

In 1994, modified alpha-track radon detectors were‘ins_talled in tandem with existing alpha-
- track radon detectors at RD-1002, RD-1006, and RD-4009 (background location). The modified
alpha-track detectors filter Rn-220 (thoron) allowing calculation of both radon and thoron using
a method developed by Pearson (Ref. 18). ' <

- Natural radioactive airborne particulate concentrations are affected by the amount of
radioactivity in the soil, soil moisture, atmospheric,dispersi'dn, and geologic conditions. - The
monitoring network for radioactive airborne particulates includes five permanent stations
(AP-1009, AP-1010, AP-1015, AP-1016, and AP-1017) located on the perimeter of the quarry

as shown on Figure 4-1. The air samplers are low volume carbon-vane, oil- free vacuum pumps

operated at a rate of approximately 40 liters/min. Samples are collected weekly and analyzed for
- gross alpha concentrations.

Gamma radiation levels are affected by radionuclide concentrations in the soil, variations

in cosmic radiation, and ground surface density (e.g., rock vs soil). Prior to 1995, gamma
radiation was monitored at nine locations on the quarry perimeter using environmental TLDs

(Figure 4-1). The number of monitoring locations was reduced to four in 1995. “TLDs measure

the ambient gamma radiation and are analyzed by the vendor on a quarterly basis.

Airborne asbestos was sampled at five locations on the quarry perimeter using a 25 filter
‘cassette and a low-volume pump operated at 1 liter/minute. Samples were collected weekly and
analyzed by phase contrast microscopy (PCM). If PCM analysis indicated a concentration above
the site action level (0.01 fibers per cubic centimeter of air), the sample was resubmitted for
- asbestos analy51s by transmission electron microscopy. In 1994, monitoring station AP-1015 was
dlscontmued and AP-1016 was established. Monitoring station AP-1026, was momtored in 1995
only,

4.2.3 Results of Monitoring

- Annual average radon concentrations from 1987 to 1996 for the nine monitoring stations
are summarized in Appendix C (Table C-4). Historically, monitoring station RD-1002 has yielded
the highest radon concentrations. The maximum quarterly concentration of 9.2 pCi/l occurred at
this station in the first quarter of 1994 during bulk waste removal activities in the vicinity of the
monitor. Measurements collected during the first and second quarters of 1996 indicate radon
concentratlons have returned to natural background levels. - ‘
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Thoron monitoring at the quarry was initiated in the third quarter of 1994 at RD-1002 and

in the fourth quarter at RD-1006. Thoron concentrations are summarized in Appendix C (Table 5
C-5). RD-1006 has yielded background concentrations since its establishment in 1994, RD-1002

-showed elevated thoron levels during bulk waste excavation in the vicinity of the monitor. Since
the completion of bulk waste removal, 2nd Quarter 1996 results at RD-1002 have indicated thoron
concentrations slightly above background. Thoron will continue to be monitored quarterly at this

" location as part of the WSSRAP environmental monitoring program. All other Lhoron momtormg
following bulk waste removal indicates natural background levels.

Radioactive airborne particulates have been monitored since 1989. The annual averages
for long-lived gross alpha concentrations at five permanent low volume airborné particulate
monitoring stations are summarized in Appendix C (Table C-6). In 1989 and 1990, the
monitoring stations yielded some weekly sample concentrations that were less than the lower limit
' Cf detection (LLD); however, the LLD was used to calculate the annual average. This resulted
in the actual average being less than the calculated average. Elevated levels of radioactive
airborne particulates were detected in 1994 and 1995 during the main phase of bulk waste removal
activities. Airborne particulate levels decreased in 1996 and currently, are similar to pre-bulk
waste removal concentrations (i.e., background levels). | ’

Results from gamma radiation monitoring are summarized in Appendix C (Table C-7).
Prior to bulk waste removal, statistical analysis of gamma radiation results indicated that at the
95% confidence level, several quarry monitoring stations showed annual results that were greater
than background levels. Post bulk waste removal results appear to be at background levels.

Asbestos monitoring results are summarized in Appendix C (Table C-8). All asbestos
monitoring stations at the quarry yielded background concentrations before and during bulk waste
removal. Asbestos monitoring was discontinued in 1996.

4.3 Signiﬁcant Observations

« Precipitation, which averages approximately 42 in./yr, is greatest-in the summer and
spring. ' -

.

» Evapotranspiration rates are approximately equal ﬁo precipitation rates.

* Rn-222, gamma radiation, radioactive airborne particulates, and asbestos are presently
at background levels and are below DOE protection criteria.

* Rn-220 (thoron) exceeds background at one location on the northeast corner of the

quarry proper.
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5 ECOLOGICAL INVESTIGATIONS

This section presents results-of surveys conducted to characterize ecological communities
and to determine the potential impacts, if any, from quarry wastes. Characterization activities
included vegetation surveys, threatened and endangered species surveys, and wetland delineation
as defined in the sampling plan (Ref. 2). . |

5.1  Previous Studies

_ Available background information regarding flora and fauna was \reviewed prior to
beginning ecological characterization. A summary of existing information from previous surveys
~ is presented in the following sections. '

5.1.1 Flora

The quarryfis located in the bluestem Prairie Oak-Hickory Forest Mosaic subsection of the
Prairie Parkland Province (Ref. 14). This province is characterized by dense to open riparian
woodlands interspersed with upland prairie. Today, much of the province has been converted to
agricultural fields, and remnants of the prairie are rare in Missouri (Ref 19). Prairie habitats are

not present near the Quarry Residuals Operable Unit area. :

The quarry rim and surrounding area are primarily slope forest and bottomland forest. A
portion of the natural bluff, with a height of 100 ft, separates the quarry from the Missouri River
and its floodplain to the south. Slope forests along the bluff include deciduous trees such as oaks
and hickories. Disturbed roadside habitat is found along the Katy Trail which runs directly to the
south of the bluff. '

_ In the Missouri River floodplain, which lies to the south of the quarry, agricultural fields

‘are maintained by the Missouri Department of Conservation (MDC) under share-cropping
agreements. Portions of these crops are left in the fields for wildlife forage. Corn, soybeans, and
milo are the primary'crops. ‘ |

Numerous aquatic habitats are present in the vicinity of the quarry and in the neighboring
' Weldon Spring Conservation Area. These include the Missouri River, the Little Femme Osage
Creek, the Femme Osa_ge Creek, the Femme Osage Slough, and numerous small unnamed
tributary streams. Bottomland forests in these habitats include tree species such as eastern
cottonwood, silver maple, and sycamore. Periodic flooding and fluctuations in water levels are
common in these areas and favor the growth of water tolerant species such as silver maple.
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5.1._2 Fauna

Fauna are diverse in the area surrounding the quarry. The area supports a variety of
animals common to deciduous forests, agricultural areas, and aquatic habitats. According to the

'MDC, 25 amphibian, 47 reptilian, 29 mammalian, and 299 avian species occur in St. Charles

County (Ref. 20). Species commonly observed within and near the quarry include eastern grey
squirrels, raccoons, red fox, and deer mice. The surrounding area is managed for game species
such as white-tailed deer, mourning dove, and eastern cottontail rabbit. Three-toed box turtles
and skinks are frequently encountered in vegetation on the slope forest floor.

Aquatic habitats in the quarry vicinity also support a variety of fauna. Waterfowl such as
wood ducks and Canada geese have been sighted on the Femme Osage Slough, along with red-

~ eared sliders; great blue herons, and beavers. The MDC has recorded more than 105 species of

fish in St. Charles County (Ref. 20). Fish surveys of the Femme Osage Slough have recorded
carp, catfish, gar, sunfish, crappie, and a variety of minnows and shiners. A total of 12 fish

species have been observed in Little Femme Osage Creek (Table D-1 of Appendix D).

Several species classified as Federal and State rare or endangered occur in St. Charles

County and are listed in Table D-2 of Appendix D. No designated critical habitats for these

species. exist near the quarry (Ref. 21). The Howell Island Conservation Area, across the
Missouri River from the quarry, provides an important night roost for wintering bald eagles (a

‘Federal listed threatened species). The pallid sturgeon, a Federal listed endangered species, has

been reported in the Missouri River near the quarry. Sturgeon chub and sicklefin chub, listed as

Federal Category 2, have been recorded in the Missouri River downstream of the quarry.

The MDC reports 15 State endangered, 17 State rare, and 10 State "special-concern”
species within St. Charles County (Refs. 22 and 23). The Cooper's hawk and wood frog, both

~ State rare species, have been reported at the Weldon Spring Conservation Area. The wood frog

also has been observed in the deciduous forest area to the north of the quarfy (Ref. 24). The
northern harrier, loggerhead shrike, Swainson's hawk, and bald eagle have been observed within
the Weldon Spring Conservation Area. The Blanding's turtle, a State endangered reptile, although
not observed at the Weldon Spring Conservation Area, has been sighted at the Busch Conservation
Area approximately 4 miles north of the quarry. '

5.2 Previous Investigations, Major Reféren(;es, Other Da‘ta' Sources

A number of ecological surveys have been conducted in the area of the Quarry Residuals
Operable Unit. A brief synopsis of each study, including the scope, summary of results,

‘organization responsible for the study, and references is in Appendix D (Table D-3). Populations

and community structures within these groups of organisms have been adequately characterized;
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therefore additional surveys of these blologlcal groups were not made a part of the remedial
investigation for this operable unit.

In summary, these studies provided the following observations:

. No differences observed in the contaminated and reference aquatic commumtles as
studied for flSh turtles, benthic invertebrates, and zooplankton.

» _ Biouptake of uranium in the aquatic community is occurrmg only in fish, but not at
- levels which would pose a threat to human health.

5.3  Description of Tasks for Remedial Investigaiions

Ecological characterization activities were identified in the Work Plan for the Remedial
Investigation/feasibility Study - Environmental Assessment for the Quarry Residuals Operable Unit
(Ref. 1) and Quarry Residuals Sampling Plan (Ref. 2) to facilitate comparison of ecological
conditions in the area of the operable unit with those of background locations. Some of these

activities, as described in Appendix D (Table D-4), were not completed due to spring and summer -

flooding in 1993, 1994, and 1995. The flooding not only kept surveys from being conducted

‘while areas were covered by water, but it strongly impacted the terrestrial and wetland habitats

and biota. Because work was disrupted for three consecutive years, it was determined that

. additional data would be biased by the flooding and would not yield meaningful information.

Frgure 5-1 shows study and reference areas.
5.4 | Summary of Ecological Results
The following sections summarize the results from the ecological activities.
5.4.1 Herpetofauna Survey Results
Herpetofaurra surveys were conducted to determine if State or Federal listed rer)tiles or
amphibians inhabit potentially contaminated areas in the vicinity of the quarry. The richness and

relative abundance of herpetofauna'near the quérry and vicinity were compared to those at the
Hamburg Quarry, approximately 1.5 miles to the northeast, which was used as a reference

location. Figure 5-1 shows the locations of the study areas (T-1 and T-2) and the reference location
(RT-1). ,
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No State or Federal listed species were found during these surveys. Survey data were
collected by visual techniques (sighted or caught by hand), audio techniques, and by capture within
shelter/trap arrays. A total of 15 different species were found within the study locations, and six

species were found at the background location. Common species were the gray treefrog, five-lined
skink, and ground skinks. The species observed were typical of the habitats where they were

found. The species observed at both study locations and the reference location are summarized
in Appendlx D (Table D- 5) :

5.4.2 Vegetation Survey Results

Vegetation surveys were conducted to characterize plant communities within the operable

unit and its vicinity. The survey data were then used to:
1. Compare vegetation near the quarry to reference locations.

2. Compare percent cover, cover class, and other parameters near the quarry with these
characteristics at reference locations.

3. Determine if any State or Federal listed species are present within the quarry area.

4. Provide a pfeliminary' evaluation of- faunal food resources ~which could be
contaminated. - '

Surveys were conducted in the folloWing areas (see Figure 5-1 for locations):

o The upland area between'the south rim of the quarry and the Katy Trail (Study. Area
T-1: 24 sampling stations along six transects).

» The upland area east of the Hamburg Quarry north of the Katy Trail (Study Area RT-1:
24 sampling stations along five transects).

o The lowland area at Vlcmlty Property No. 9 (VP 9) (Study Area T-2: 31 sampling
' stations along three transects).

» The lowland area along the southwest edge of the Femme Osage Slough (Study Area
T- 3 24 sampling stations along two transects).

"« The lowland area along the east edge of the Femme Osage Creek (Study Area T-4:
30 sampling stations along two transects).
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The following vegetative layers were identified and tabulated during the surveys:

o Trees with trunk diameter at breast height (DBH) greater than 10 cm (characterized
using point-quarter method).

e Tree saplings and shrubs with trunk/stem DBH less than 10 cm (using a 2 n quadrat).
- Vines (using a 2 m* quadrat).
* Herbaceous vegetation (using a 1 m’ quadrat).

Visual surveys for the presence of listed plant species were also conducted during the
. routine vegetation surveys. Identification of potential faunal food resources was to be based on .
. observed plant species and whether the plants (or portions thereof) are food sources for wildlife. -

Initial field activities were conducted during May and June 1995. Heavy precipitation
caused extensive flooding of the Missouri River during surveys of the lowland areas and prevented
completion of surveys for Study Areas T-2, T-3, T-4, and the related reference areas. The only
portion of the planned surveys completed was associated with the upland study areas (T-1 and
RT-1). Because the surveys were conducted early in the growing season, herbaceous layers were
just beginning to form. Therefore, herbaceous vegetation in most sampling quadrats represented
an insignificant percentage of the ground cover (which usually consisted of leaf litter at the time
of sampling). ' ‘ '

The number of tree and sapling/shrub species observed in Study Areas T-1 and RT-1 are
listed in Appendix D (Tables D-6 and D-7) Both areas are mature oak/hickory forests, although
the dominant oak and hickory species in each area are different. The dominant trees at Study Area
" T-1 are northern red oak and mockernut hickory, while the dominant trees at Study Area RT-1 are
“persimmon, black oak, and bur oak. The understory communities (i.e., saplings, shrubs, and

vines) at both T-1 and RT-1 are typical of oak/hickory.forests being dominated by dogwood,
redbud, elm, black oak, sumac, trumpet creeper, and various grapes. 'Species.diveréity and
community equality were evaluated using the Shannon Index and Mann-Whitney test, respectively
(Appendix D [Tables D-6 and D-7]). These tests indicated that there are no significant differences
“between the tree and sapling/shrub communities in the quarry and the reference area.

In lowland study areas (T-3 and T-4), only tree data were collectéd, whereas data are
available for all four vegetative layers at Study Area T-2. Because data associated with
comparable reference areas could not be collected, no formal evaluations could be made. In

~summary. the tree commuhities at each of the three lowland study areas appear to be typical of
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Missouri floodplain forests, dominated by common species such as cottonwood, silver maple, box
. elder, green ash, and various willows.

‘ State and FederaLliste_d plant species were not observed during the routine vegetation
surveys. Plant species that represent potential food resources for local wildlife are identified in
“Appendix D (Tables D-6 and D-7). Typically, wildlife food sources from these plants consist of

fruits, nuts, and seeds, and occasionally tender twigs and shoots. .In addition, most of the common
vines in the study areas, such as Virginia creeper, trumpet creeper, bittersweet, and several species

- of grape, are an important food source for songbirds, upland game birds, deer, and ‘small
* mammals. ‘ ’ '

54.3 Threaten'ed and Endangered Species Survey Results

Threatened and endangered species surveys were conducted for four listed species that have
been observed in the area of the Quarry Residuals Operable Unit to determine if the area was

~ being utilized for feeding, nesting, and/or roosting activities. These species include the bald eagle,

loggerhead shrike, Swainson's hawk, and northern harrier.

The only State or Federal listed species observed during these surveys within the area of
the operable unit was the bald eagle. The surveys were conducted along the St. Charles County
well field levee near the boat ramp, which provided a clear view of the Missouri River, Howell
Island (a known wintering area for bald eagles), and the St. Charles County well field. Bald
eagles were observed roosting on Howell Island and periodically in trees along the levee of the
well field. Many individuals were observed flying along the Missouri River, probably foraging
for food. No individuals were observed flying, roosting, or foraging within the well field. Data
collected during bald eagle surveys are summarized in Appendix D (Table D-8).

5.4.4 Wetland Delineation

Wetland delineations have been initiated along Femme Osage Creek, Little Femme Osage

Creek, and the Femme Osage Slough in accordance with the U.S. Arm‘y’Corps of Engineers

guidelines (Ref. 25). These areas have been identified as wetlands on the U.S. Fish and Wildlife
Service National Wetlands Inventory map (Ref. 26).

Femme Osage Slough

Opén waters associated with the Femme Osage Slough are classified by the National
Wetlands Inventory as unconsolidated bottom, lower perennial riverine wetland, or permanently
flooded wetlands (Ref. 26). The slough supports a diverse aquatic community including numerous
macroinvertebrate, amphibian, and fish species. Potential jurisdictional wetlands are located at
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the end of the northwest arm where hydrophytic vegetation occurs along the banks of a shallow
expansion of the slough. Dominant plant species on the lower shallow slope include false
pimpernel, cottonwood seedlings, and arrowhead. Slightly higher on the bank, the dominants
include purple ammannia, beggar-ticks, flatsedge, and love grass. Jurisdictional wetland
determination would require evaluation for hydric soils. ' '

Hydrophytic vegetation also occurs along the south bank of the slough. These communities
occur sparsely (less than 20% areal coverage) in areas of exposed sediments along the lower

portion of the bank during the middle to late part of the growing season and after surface water -

levels have dropped. Dominant species are flatsedge, false pimpernel, love grass, cottonwood
seedlings, and purple ammannia. Areas higher on the bank are vegetated variously between 20%
(on steeper slopes) and 100%. Common species within these communities include beggars ticks,
love grass, box elder, silver maple,‘black willow seedlings, green ash, pigweed, flatsedge, and
morning glory. ' ' '

Litle Femie Osaoe Cresk

The Little Femme Osage Creek is identified by the National Wetlands Inventory as a lower

~ perennial riverine wetland with an intermittently exposed, unconsolidated bottom. Temporarily-
- flooded palustrine forested wetlands occur sporadically along portions of the creek. North of the -
Katy Trail, the creek area supports a variety of forested and herbaceous vegetation communities

that are dominated by hydrophytic species such as clearweed, silver maple, box elder, American

: ‘evlm, beggar-ticks, smartweed, lady's thumb, wood nettle, and white grass.

The banks of the Little Femme Osage Creek south of the Katy Trail are sparsely vegetated
and lack a well developed floodplain. A dike extends along the east side of the creek. A portion
of the creek is identified in the National Wetlands Inventory as a temporarily.flooded, palustrine
forested wetland, and scrub-shrub wetland. Common speéies in vegetated areas along the banks
include dogbane, sandbar willow, pigweed, flatsedge, blue vervain, and beggars ticks. This
portion of the creek has been rerouted to form a new confluence with the Femme Osage Creek.

Femr_ne Osage Creek

The Femme Osage Creek, downstream of the confluence with the Little Femme Osage
Creek, has been rerouted to form a new confluence with the Missouri River. The channel is steep
sided and bordered on each side with dikes. The creek is classified by the National Wetlands
Inventory as a lower perevnnial riverine wetland with a permanently flooded unconsolidated

~ bottom. A narrow band along the right side of the channel is identified as a temporarily flooded

palustrine emergent wetland. The creek lacks a well developed floodplain, although forested areas

DOE/OR/21548-587, Rev. 2 (Final) ; ‘ 5-8 022498



S

REMEDIAL INVESTIGATION FOR THE QUARRY RESIDUALS OPERABLE UNIT: WELDON SPRING SITE, WELDON SPRING, MO

to the north of the creek occasionally retain overbank floodwaters and support hydrophyuc specxes

_ such as silver maple box elder, beggars ticks, false nettle, arrow head, and buttercup.

5.5  Significant Observations

The ecological investigations indicate that there are no adverse impaéts to biological -
communities in the vicinity. of the quarry. This conclusion is based on the following:

« Survey data indicate no significant differences in species diversity and community
equalxty between study areas and reference areas for trees and saplings/shrubs.

« Communities south of the quarry are typical of Missouri floodplain habitat.

.+ Fish surveys conducted at the Femme Osage Slough and Little Femme Osage Creek
show a diverse and typ1ca1 fauna is present.

+ Herpetofauna survey results indicate no significant differences between numbers and
types of species observed at the quarry and the reference location. o

* No State or Federal listed species were found during herpetofauna and vegetation |
- surveys. Federal threatened bald eagles were observed during winter surveys in the
_ area between the quarry and the Missouri River.

~+ Potential wetland areas exist in the quarry residual area and will require further
delineation if remedial action is taken in these areas.
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6 SOIL INVESTIGATIONS

This section summarizes the results of .soil investigations performed to establish
- background levels for site related contaminants in soils and to evaluate the vertical and horizontal

extent of soil contamination, both inside and outside the quarry. A lithologic descrrptlon of the
units of interest is also presented, with an emphasis on factors that could affect groundwater

_movement. Contamination of soil and bedrock in the quarry proper is discussed separately from
areas outside the quarry because these areas are composed of different soil types and were
contaminated by separate processes. ' ’

6.1  Previous Investigations

_ In 1979, Lawrence Berkeley Labt)ratory sampled soil along the rim of the quarry and north -
and south of the slough (Ref. 27). In 1984, Oak Ridge Associated Universities performed soil -

sampling to a depth of 3 ft to determine the extent and magnitude of radionuclide contamination
- along the perimeter fence at the quarry and in the area of the Femme Osage Slough (Ref. 28). In

addition, United Nuclear Corporation collected samples from the surface to the top of bedrock’

north and south of the slough (Ref. 29). Information derived from these studies formed the basis
- for the quarry residuals investigations. :

6.2  Quarry Proper
6.2.1 Soil and Rock

Unconsolidated soils in the quarry area include glacially derived loess; residual soil formed
by weathering of the bedrock (residuum); and sediment deposited by the Missouri River and its
tributaries (alluvium). '

Loess, a silty clay soil developed frorn wind-blown materials deposited during and
following the Wisconsin glaciation (Ref. 30), is present in upland areas including the rim of the
quarry. Borehole logs indicate that the loess deposits in the vicinity of the quarry are from 15 ft

to 30 ft thick and are likely composed of the Peoria Loess and Roxana Silt. These loess deposits .

are not saturated in the vicinity of the quarry.

Resrduum a stiff clay with chert and limestone fragments is the product of weathermg of
the underlying limestone and is present on the bluff and. in areas north of the quarry. Based on
geologlc logs, the residuum ranges from 3 ft to 18 ft thick and is not saturated in the vicinity of
the quarry. | '
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Native soils (loess and residuum) adjacent to the rim of the quarry were disturbed during
mining of the ciuarry and waste disposal activities. Undisturbed soils (i.e., soils that were not
moved from their natural location) may underlie disturbed soils, but in some areas, disturbed soils
compfi’se the entire surface-to-bedrock interval. The soil cover along the quarry rim and on an
isolated limestone knoll inside the quarry is up to 30 ft thick. Near-vertical fractures intersecting

the Klmmsw1ck Limestone walls and benches of the quarry are also filled w1th disturbed and'

undxsturbed soﬂs

Soil, gravel, and sediment from surface water runoff and remediation activities have
accumulated in floor fractures and .depressions and in the lowest portion of the quarry, referred
to as the “sump.” Floor depressions are broad features greater than 2 ft deep. Sediment
thicknesses in the floor depressions and in the “sump” range from less than 1 in. to approxnnately
18 in., but are typlcally less than 3 in. in depth.

Floor fractures in bedrock units are restricted to the Kimmswick Limestone benches (the

484 ft bench and the 500 ft bench) and are generally less than 0.5 ft wide, with a few exceeding.

2 ft. The trend, frequency, and aperture of quarry fractures are discussed in detail in Sec_tidn 8.

"The volume of soil, sediment, and rock material in fractures and depressions is minbr compared

to the total volume of rock and soil present in the quarry.

 6.2.2 Remedial Investigations - Quarry Proper

Soil was sarnpled at locations within the quarry proper and at two background locations
‘as shown on Figure 6-1 and as detailed in Table E-1 of Appendix E. So_me soil samples were
Jtaken prior to completion of the bulk waste removal in areas that would eventually be inaccessible.
. Sampling was designed t6 meet the following objectives: | ’ '

1.  Identify contamination in disturbed soils, fracture soils, and sump soils .(residuals)
remaining after bulk waste removal. Because the performance criteria for bulk
waste removal were based on visual observation, screening guidelines were
established to guide additional removal processes (Ref. 2). Samples were collected
on 30 ft (or smaller) grids from the surface to 5 ft, with additional random samples

~ collected to a depth of 3 ft. After excavation of soils which failed the screening
- guidelines, newly exposed surfaces were resampled for parameters that prompted
removal action.

2. Characterize contaminant levels in residual soils after the bulk waste removal was
completed.
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‘Samples were analyzed for radionuclides, nitroaromatic compoundé (1,3,5-trinitrobenzene;
1,3-dinitrobenzene; 2,4,6-trinitrotoluene;  2,4-dinitrotoluene;  2,6-dinitrotoluene;  and
nitrobenzene), metals, polynuclear aromatic hydrocarbons (PAHs), and polychlorinated biphenyls
(PCBs). : - .

-
-
-
-
-

4 . SOl SAMPLING LOCATION
- * BACKGROUND SAMPLE LOCATION
) QUARRY BOUNDARY

T STATE HIGHWAY 94

KATY TRAIL

FIGURE 6-1 ~ Soil in Quarry Proper: Sampling Locatiohs

In addition to soil sampling in the quarry proper, rock comprising the inner quarry walls
was also investigated for radionuclide contamination. Other contaminants were not investigated
because only radionuclides were found at significantly elevated levels in quarry soil. Gamma

detectors (Nal and Geiger-Mueller) were used to measure radiological contamination on rock -

surfaces. As stated in the sampling plan, the bottom 6 ft of the quarry walls was assumed to be
the critical area for contamination because this area was in direct contact with the bulk waste. In

- addition to gamma measurements of rock surfaces, a pressurized ion chamber (PIC) detector was

used to measure the dose from ambient gamma radiation at 16 locations in the quarry.
6.2.3 Nature and Extent of Soil Contamination in the Quarry Proper
- Sample locations inside the quarry proper, including background locations, are shown on

Figure 6-1 and are detailed in Table E-1 of Appendix E. Background samples were analyzed for
radiochemical an_d geochemical parameters and metals (Table H-5, Appendix H). Data on soil in
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the qu‘arr‘y proper are divided into three groups based on location characteristics. These groups

are:
e Soil- ~ Loose soils mantling rim and slopes.
» Fractures - Soils and sediments in wall and floor fractures.
- o Sump Sediments on ramp and floor of sump.
6.2.3.1 Soils. Laboratory results from soil sampling in the quarry proper are

summarized in Appendix E (Tables E-2 through E-5). The soil data sets contain results from
undisturbed soils and remediated surfaces within the quarry proper. For naturally occurring
parameters, the upper 95% confidence limit about the mean for the sample group (UCL95,) was
‘compared to the upper 95% confidence limit about the means -for derived background (UCL95;),
as described in Section 3. This comparison is illustrated-in Figure 6-2A. Maximum values for
nitroaromatic compounds are shown in Figure 6-2B. Based on criteria given in Section 3, six
metals, six radionuclides, four nitroaromatic compounds, PAHs, and PCBs are identified as
potential contaminants.

Disturbed Soils: Disturbed soils on the rim and knoll of the quarry have background or Iow
contaminant levels. As shown in Figure 6-2A, many parameters exceed background, but'o‘nly'
selenium, silver, A'zinc, Ra-226, and Th-230 are present at significantly elevated levels (ratios >2
in Figure 6-2A). None of these contaminants exceed the 'screening guidelines given in Section 3
'A (Ref. 6). In comparison to thorium, radium and uranium levels are notably low in disturbed soils.

Elevated soil contaminant levels primarily occurred in the highest part of the quarry on the - '
northeast slope (Figure 6-1). This area was remediated during the last phases of bulk waste
removal. Prior to remediation, the northeast slope contained small isolated pockets of concentrated
radium- and thorium-rich material interspersed with disturbed native soil. The random, discrete’
distribution of these materials, location in the highest part of the quarry, and the characteristic
insolubility of radium and thorium in the pH range of quarry soils indicate that contamination in
this area resulted from primary deposition of waste material, not mobilization and redeposition.

Characterization of soils along the north and east face of the quarry rim was not completed
due to access problems. Although samples collected from the top of the north rim did not show
c'ontamination,'ele’vated levels were discovered near an area called the "triangle” (Figure 6-1).
- The remains of a buried drum containing Ra-226 wastes were discovered and removed near this
area, but elevated radiation détector readings indicate that additional contamination may still be
present. This area cannot be safely accessed to continue characterization. Plans are being prepared
to provide safe access for characterization and potential remediation. -
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FIGURE 6-2A Soil in Quarry Proper: Background Comparison for Naturally
" Occurring Parameters '

The bar graphs display the UCL95 value for each data group. (U‘CL955) divided by the
UCL95 value for derived background (UCL95;). Values greater than 2 indicate significant
deviation from background (Section 3) Note: Ratio set to 1 if 100% of sample data were
below the limit of detection.
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The distribution of contaminants in the "triangle” area appears to be similar to that of the
northeast slope of the quarry (Figure 6-1). Wide dispersion of the contaminants is not expected.

Plans for safely accessing the triangle and the north and east soil faces are being developed. Under |

current planning, these areas would be sampled and remediated, if necessary, during quarry
restoration. A small area of residual contamination in a ditch next to the asphalt pad will also be
removed during restoration. These activities will ‘be described in relevant engineering and
sampling plans. Results of these actions will be presented in appropriate documents and will also
be incorporated into the Quarry Residual Administrative Record.

Fractures: Fractures in the quarry wall contain mostly undisturbed soils and have low
levels of contamination. In contrast, fractures and depressions in the quarry floor contain

sediments that have been eroded from the rim and higher benches. In some fractures and

depressions, fine-grained material containing radium, thorium, and uranium are present. All
radium, thorium, and uranium isotopes are significantly elevated with respect to background, but
do not exceed the screening guidelines presented in Section 3. Aluminum, selenium, and silver

_ are also elevated in these sediments, but other metals are only slightly above background. None
of the metals exceed the screening guidelines. (See Section 3.) '

Undisturbed soils are likely present in the deeper portions of fractures intersecting the

“benches but are not documented for this study. Attempts to sample the deeper portions of these
fractures were not successful because sémpling devices (augers) encountered rock protrusions and
irregularities at relatively shallow depths. Samples of fracture fill were collected from three
shallow borings on the 484 ft bench, but the deepest boring extended only 4 ft before encountering
rock. Sample results from these borings indicate that elevated concentrations of uranium are
present at all levels sampled. Because concentrations do not élppear to diminish with depth,
uranium-contaminated sediments probably are present deeper in these fractures. '

_ Sump Sediments: - Soils in the sump area consist of materials that have eroded from the

rim, benches, and fractures of the quarry. Sediment has been transported to the sump during
major storms and also during washdown of the quarry in the final stages of bulk waste removal.
Much of this material was removed, but a thin layer (< ()'.'5 ft) remained after bulk waste removal.
As in the floor fractures, the major contaminants in the sump are radionuclides (Ra-226, Th-230,
and U-238). However, only Ra-226'exceeds the screening guidelines. Low levels of PAHs were
detected in some samples. Plausible sources of these contaminants are surface water runoff from

nearby asphalt areas used for equipment access and lubricants from equipment operating in the .

‘quarry.

6.2.3.2 Rock Surfaces. Results from radiological surveys of -the quarry rock
surfaces (benches and walls) performed from January to May 1996 are shown in Figure 6-3. With
- One exception along the north wall, survey readings were at background, indicating that the.bulk
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waste had not contaminated the bedrock. A small area of contamination was detected below the
500 ft bench where a rusting drum containing radiological wastes lay against the northeast wall.
Prior to bulk waste removal, the rusting of this drum resulted in accumulation of iron hydroxides,
which readily sorb metals such as uranium, radium, and thorium, on the quarry wall.

Other elevated survey readings (Figure 6-3) occurred in floor fractures or depressions
where sediment and fine particles of waste materials, especially yellow cake, have accumulated.
These materials may be residual from the waste storage period or may have collected in these areas
during wash-down activities and subsequent rainfalls. _ 1

Results from the PIC measurements are shown in Figure 6-4 performed during May 1996.
Gamma radiation dose rates were measured 1 m above the floor of the quarry at several locations

as designated on the map. Most of these measurements were made using a Reuter-Stokes:

Envirorimenta]_ PIC. Later, a portable gamma-ray scintillation detector with the response

‘calibrated in micro-Roentgens per hour («R/hr) against a sealed Ra-226 source was substituted and
-provided equivalent readings. The portable instrument was preferred because it was easier to

handle, and instrument response checks were easier.

6.3 Outside the Quarry Proper

6.3.1 Soil Materials

Alluvial sediments are present in the valleys along the Missouri River, the Femme Osage

Creek, and the Little Femme Osage Creek. Differences in composition and grain size are

dependent upon depositional history and parent material. Up to 120 ft of alluvium was deposited
in the Missouri River floodplain and is divided into a fine-grained unit and a coarse-grained unit.

Fine-grained alluvium was deposited primarily during floods associated with the Missouri

River, the Femme Osage Creek, and the Little Femme Osage Creek. These sediments have
accumulated in overbank and backwater. areas throughout the floodplain. Fine-grained deposits

~comprise the upper 15 ft to 25 ft of the Missouri River floodplain and consist of silty clay and

clayey silt with organic matter and some fine sand. The coarse-grained alluvium consists of fine-
to medium-grained sands with some silt grading to coarse-grained sand, cobbles, and boulders

| “with depth. Approximately 20 ft to 80 ft of coarse-grained alluvium is present at the base of the

floodplain.

Near the quarry, fine-grained deposits also comprise the full section of the alluvium

associated with the Little Femme Osage Creek. These deposits are reworked glacial tills eroded
from upland areas north of the quarry and consist of silty clay and clayey silt with alternating
layers of fine sand, sandy silt, sandy clay, and stiff clay with gravel.
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6.3.2 Remedial Investigations - Outside the Quarry Proper

- Surface and subsurface soils were collected outside the quarry to characterize the horizontal
and vertical extent of contamination. Sampling focused on the area south of the quarry, especially
between the Katy Trail and the Femme Osage Slough. This area included Vicinity Property 9,
which was remediated in 1996 under the Chemical Plant Record of Decision (Ref. 9).

During' an initial study in support of this remedial investigation (Ref. 31), surface samples
(0 ft to 0.5 ft) were collected from 14 sampling units in the area between the Katy Trail and the

slough (Figure 6-5). A composite sample was prepared from nine random samples obtained from -

each of these units. The composites were analyzed for radionuclides, sulfate, metals, and

nitroaromatic compounds_ (1,3,5-TNB; 1,3-DNB; 2,4,6-TNT; 2,4-DNT; 2,6-DNT; and -

nitrobenzene).
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FIGURE 6-5 Soil Outside the Quarry Proper: Surface Sampling Locations

In a second investigation, surface and subsurface samples were collected from soil borings

taken in the quarry area, the St. Charles County well field, and at three background locations
-(Figure 6-6). In most cases, these borings extended to bedrock. -Sample intervals were O ft to 0.5
- ft, 0.5 ft to 2 ft, 2 ft to 5 ft, and at 5 ft or 10 ft intervals to bedrock. All samples were analyzed
for total uranium and arsenic. Selected samples were analyzed for analytical parameters defined
in Table H-5, Appendix H. A summary of the sampling locations, coordinates, and intervals, as
well as boring logs, are provided in Table E-6 and Attachment E-1. ‘Data from the upper 2 ft
‘interval for borings 25, 27, and 38 (Group SQ) were not included in data summaries and statistical
analyses because these soils were removed during remediation of Vicinity Property 9.
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6.3.3 Vicinity Property 9

Vicinity Property 9 (VP 9) was an area between the quarry and the slough and south of the

Katy Trail where uranium contaminated soils were identified by investigations performed during

the 1980s. The contaminated area was approximately 550 feet long, 200 feet wide, -and Qpposite
a bedrock fracture zone described in Section 8. The highest uranium levels were found at depths
ranging from 2 to 5 feet below ground surface, and the contamination was attributed to
groundwater flow from the quarry (Ref. 28, 29, and 30).

More recently, several borings were advanced to bedrock, and soils were sampled.in the
VP 9-area as part of this Remedial Investigation. Laboratory results indicate that the highest

uranium levels were in the upper 6 inches of the soil profile, which also contained abundant
organic material (Table E-7, Appendix E). Elevated uranium levels were identified though the

- entire length of borings QRSB-25, 27, 38, and 40. In the remainder of the borings in the VP 9

area, uranium contamination was limited to specific intervals which correlated to.-zones of iron

~ oxide staining or higher contents of organic material. Intervals with a relatively high percentage
of sand showed the lowest uranium levels. The VP-9 area was later remediated in January 1996
under the Chemical Plant ROD (Ref.9). '

6.3.4 Nature and Extent of Soil Contamination Outside the Quarry Proper

The analytical results from soil samples taken outside the quarry proper were separated into
four groups as shown below based on location: ' ‘

e Group WQ: Soils west of the quarry and north of the slough

~* Group EQ: Soils east of the quarry and north of the slough
e Group SQ: Soils south of the quarry and north of the slough
e Group SS:  Soils south of the slough

For naturally occurring parameters, the UCL95, for each group was compared to the
UCL9S,, as defined in Section 3. This comparison is shown on Figure 6-7A. Based on the
definition in Section 3, four metals, three inorganic anions, three radionuclides, and four
nitroaromatic compounds have been identified as potential contaminants (Figure 6-7A). None of

these potential contaminants exceed the screening guidelines presented in Section 3. The following

discussions focus on these parameters and detected anthropogenic parameters (Figure 6-7B). Data
for the sample groups are presented in Tables E-8 through E-10 of Appendix E.
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'FIGURE 6-7A Soil Outside Quarry Proper: Background Comparison for Naturally
Occurring Parameters

The bar graphs display the UCL95 value for each data group (UCL95¢) divided by the UCLS5

- value for derived background (UCL95;). Values greater than 2 indicate significant deviation
from background (Section 3) Note: Ratio set to 1 if 100% of sample data were below the limit
of detection..
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FIGURE 6-7B ~  Soil Outside Quarry Proper: Mak_imum Nitroaromatic Compound
' Concentrations

6.3.4.1 - Potential Contaminants. Levels of Pb-210, Ra-226, Ra-228, Th-228, and
U-238 exceed background in at least one of the four soil groups. With the exception of U-238,
Pb-210 (EQ), and Th-228 (SQ and SS), radionuclides are only slightly above background. In
- .general, the highest radionuclide levels occur in soil directly south of the quarry (Group SQ), with
the highest U-238 levels occufring near the former Vicinity Property 9 area. In soils east and west .
of the quarry, elevated U-238 levels generally occur in the 2 ft to 5 ft interval. '

Chloride, fluoride, and sulfate significantly exceed background in at least one soil group
in the quarry area. Chloride-and fludride levels are above background in soils west of the quarry
and sulfate levels are above background in soils south and west of the quarry. The highest values
occur in surface samples of soils directly south of the quarry. Elevated sulfate was identified at
a depth of 40 ft to 45 ft in boring 31 west of the quarry.

‘Lead and zinc are the only metals significantly above background, as shown on Figure
E 6-7A. The highest concentrations of these metals are found south and east of the quarry. Other
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metals that marginally exceed background are randomly distributed throughout the sample groups.
In general, the highest metals concentrations occur in the upper 5 ft of the soil profile.

_ Low levels of nitroaromatic compounds were detected in soils to the east, west and south
of the quarry (groups EQ, WQ and SQ). The highest levels were measured in Grdup SQ as shown
on Figure 6-7B. These compounds were generally detected in the upper 5 ft interval, but were
also found in the 10 ft to 20 ft interval at some locations. Nitroaromatic compounds were not.
detected in soil samples collected from locations south of the slough. A

Several pesticides, PCBs, semivolatile compounds, and volatile compounds were detected
at low levels at isolated locations. These parameters are identified in Table E-10 of Appendix E.
Detections of common 1eiborat0ry contaminants, such as acetone and methylene chloride, are
considered suspect and not representative of soil in the areas sampled.

6.3.4.2 Extent of Contamination Outside the Quarry Proper. Soils contaminated
with uranium and nitroaromatic compounds are generally limited to the area directly south of the
quarry, which includes the Vicinity Property 9. During excavation of soils in this area, field
personnei noted that the highest concentrations of uranium were associated with- tree roots and a
shallow, dark layer of soil, which was assumed to be rich in organic matter. The apparent
association of high uranium levels with organic matter, which readily sorbs uranium (see
~ discussion of Kd values in Section 9), is consistent with the hypothesis that groundwater carrying
dissolvéd uranium was responsible for contamination of Vicinity Pfoperty 9. Other observations

that support this hypothesis, include: V

» Vicinity Property 9 is downgradient of the quarry.
» Elevated levels of uranium are present in groundwater in this area.

e Other relatively insoluble radionuclides,' such as thorium and radium, that are
associated with uranium are not present at similarly elevated levels in these soils. The
- absence of these species indicates that spills or discharges of water from the quarry are

not likely sources. '
Groundwater transport and subsequent sorption of uranium on organic material and iron
‘and manganese oxides or precipitation of solid phases in anaerobic soil zones, may also be
- responsible for the sporadic occurrences of elevated uranium at deeper levels. Nitroaromatic
compounds detected in the upper 5 ft of soil also likely result from groundwater transport and
sorption on organic matter. The occurrence of nitroaromatic compounds at deeper intervals may
reflect the 'presence of organic material in these areas, as nitroaromatic compounds are not readily
sorbed onto soils (Ref. 59). | |
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The metals and various organic compounds that have been detected at slightly elevated
levels in shallow soils south and east of the quarry may have been transported in groundwater from
the quarry to these areas. However, | groundwater transport from the quarry is not the only
plausible source of metals. They could also be derived from flood-related overbank deposits of
fine sediment carried by the Missouri River or from runoff from the former Weldon Spring
Ordnance Works down the original Little Femme Osage Creek drainage. These sources are
discussed in Section 7 as plausible contributors of elevated metals in the Femme Osage Slough and
the Little Femme Osage Créek. '

6.4  Significant Observations
« Limestone bedrock in the quarry proper does not have fixed contamination.

¢ Soil in wall fractures within the quarry has background or low levels (less than two
times background) of contamination.

« Isolated areas of contamination are present' in the “triangle” area‘and in a ditch south
of the asphalt area. Characterization in the “triangle” area will be performed when
safe access has been established to this area. These areas are scheduled to be -
remediated during quarry restoration activities.

* Soil in quarry floor fractures and depressions and at the base of the sump is
contaminated with radium, Th-230, and uranium. Other contaminants are either
present at low levels or were not detected.

«  Low levels of uranium are sorbed onto soils located between the quarry and the slough. -

' Low levels of other contaminants (radionuclides, nitroaromatic compounds, and

metals) also occur in this area, primarily in the upper 5 ft interval. Transport of

contaminants to this area by groundwater appears to be a plausible explanation for
elevated uranium and nitroaromatic levels. ‘ |

* Overbarnk flooding by the Missouri River may be a source of elevated metals in surface
‘soils south of the quarry '
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7 SURFACE WATER AND SEDIMENT INVESTIGATIONS

This section describes surface water features in the vicinity of the Weldon Spring Quarry
and presents data collected to characterize the nature and extent of contamination in surface water
and. sediments. Plausible sources of contamination for. these media are evaluated and the
interaction between surface water and groundwater is examined. '

7.1  Physical Description

Precipitation falling in the vicinity of the quarry infiltrates into the subsurface or flows
overland to drainages and streams which carry water to the Missouri Rlver Significant surface -
water features are shown in Flgure 7- 1 '

Near the quarry , most surface runoff is captured by the Little Femme Osage Creek and the
'Femme Osage Creek (Ref. 8). Minor runoff also flows into the quarry and collects in the sump
area, thus contributing to the quarry pond. The Little Femme Osage Creek, which is immediately

e ~west of the quarry, drains upland areas to the north and joins the Femme Osage Creek

approximately 2,000 ft southwest of the quarry. Below this confluence, the Femme Osage Creek
~ flows east to the Missouri River, which flows in a northeasterly direction approximately 1 mi to
" the south of the quarry. Flow gradients in the lower reaches of the Femme Osage Creek and Little
Femme Osage Creek are relatively flat. At high water stage, the Missouri River backs up into
“these creeks causing flow rates to decrease and water levels to rise. During these periods, creek
and river water mix, and fine-grained sediments carrled by the river may be deposited in the creek' :
channels

The Femme Osage Slough is an isolated, 1.5 mi long body of water approximately 500 ft
south of the quarry. The slough was formed in 1960 when downstream reaches of the Femme
A Osage Creek and the Little Femme Osage Creek were cut off from their natural channels by a -
* levee constructed by the University of Missouri to prevent flooding of nearby farmland and the
St. Charles County well field (Ref. 33). Pre-1960 channels for these streams are shown in Figure
7-2.

Although the floodplain south of the quarry is protected by a levee, flooding is common
in this area. Recent flooding of this area occurred in 1993, 1994, and 1995, and typically occurs
every 3 to 5 years. The levee system also slows recession of ﬂood waters. After flood events,
1 to 2 months are required to fully drain flood waters from this area (Ref. 8). Water elevations

for 100-year and 500-year floods at Missouri River Mile 49 (near the confluence of the Femme
‘Osage Creek and the Missouri River) are 472.8 ft above mean sea level (MSL) and 474.6 ft MSL,
respectively (Ref. 8). The 100-year flood elevation on the Femme Osage Creek is 474 ft
(Ref. 34). ‘
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Sediments in the Femme Osage Creek, the Little Fermme 'Osage Creek, and the Femme
- Osage Slough primarily consist of fine-grained alluvium derived from erosion and redeposition
of upland glacial till soils. These sediments are interlayered with fine river sediments deposited {
during flood and high water stages of the Missouri River. Based on field observations, the slough }
and creek sediments range from light brown silty clay to a darker brown silty clay. 5

7.2 Surface Water and Sediment Investigations

Numerous investigations have been performed to characterize the nature and extent of
contaminants in surface water and sediments near the quarry. Studies performed prior to these
mvestlgatlons are summarized in Table F-1 of Appendix F. Surface water data have also been
~ presented in annual environmental monitoring reports (Refs.- 35, 36, 37, 38, 39, 40, 41, and 42).
Tasks performed to support quarry residuals investigations are described in Appendlx F,
Table F-2.
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7.3 Nature and Extent of Contamination

The results of previous and remedial investigations are summarized in- the following

sections. For ease of discussion and for statistical analysis, surface water and sediment sampling

results are grouped by location. Surface water and sediment data collected as part of special

~ studies conducted in 1988, 1991, 1992, and 1994 (Refs. 43, 44, and 45) are incorporated into the
appropriate groups for statistical analysis. The sample groups are:

« CK Little Femme Osage Creek and the downstream portion of Femme Osage

Creek (locations 1001, 1002, 1014, 1016, and 1017; special study locations -

for surface water and sediment FCO1-FCO06) (Figure 7-1).

s USL Upper Femme Osage Slough (loéations 1003, 1004, 1005, 1010,‘ 1018, |
1019, 1020, and 1021; special study ‘locations for surface water and_,_

sediment: FS01-FS05 and for sediment: 4069-4076) (Figure 7-1).

o [SL Lower Femme Osége Slough (locations 1007, 1009 and 1022; and special V

study locations for surface water and sediment: FS06-FS08 and sediment:
-4067-4068) (Figure 7-1). -

. 'MR ' Missouri River (surface water locations 1'01‘1-1013 and sediment: 4090 and
4091) (Figure 7-1).

* BKG - Background (locations 1023 and 1024) (Figure 7-1).

In addition to the locations described above, sediment samples were taken at locations 4067 ‘

through 4076 (Figure 7-1). Locations 4067 and 4068 are. included in the statistical analysis for
group LSL, the lower Femme Osage Slough. Locations 4069 through 4076 are included in the
statistical analysis for group USL, the upper Femme Osage Slough. Sediment samples were taken
. along the Missouri River, 4090 and 4091, and are grouped as MR. The statistical approach and
- definition of potential contamination applied to sediment data were the same as those applied to
surface water data. '

7.3.1 Background Characterization
Background data for surface water and sediments were collected from two locations on the

Femme Osage Creek (Figure 7-1). The background locations are upstream of the quarry and have
not been influenced by the activities at the quarry. During high Missouri River stage, this area

- has a depositional environment that is similar to the Little Femme Osage Creek and the Femme

Osage Slough. Because data have only been collected at these locations since December 1995, the

DOE/OR/21548-587, Rev. 2 (Final) 7-4 - . ' 022498



REMEDIALINVESTIGATION FOR THE QUARRY RESIDUALS OPERABLE UNIT: WELDON SPRING SITE, WELDON SPRING, MO

background data sets are quite small. As these data sets are limited, the full range of background
variation 'is‘probably underestimated, which may lead to calculation of low values for the upper
95% confidence limit about the mean for derived background (UCL95;). Based on criteria
presented in Section 3, low values for UCL95, could increase the number of parameters identified
as contaminants in these media. '

Locations 1001 and 1016 (Figure 7-1) on the Little Femme Osage Creek are also

rupgradlent of the quarry and were used as background locations in earlier studies. These locations -

 were not used .as background for this investigation because the Little Femme Osage Creek
_continues to receive runoff from the former Weldon Spring Ordnance Works. Locations 1001 and
1016 were grouped with the downstream locations on the Little Femme Osage Creek (CK).

7.3.2 Surface Water Characterization
‘ Surface water samples were analyzed for the parameters shown on Table H-5, Appendix
H. Data summaries for samples collected from the Little Femme Osage Creek, the Femme Osage

Slough, the Femme Osage Creek, and the Missouri River are shown in Figures 7-3A and 7-3B and
presented in Tables F-3 through F-5 of Appendix F. -

Data for naturallv occurring parameters are compared to background in Flgure 7- 3A a

- _ ‘serles of bar charts that quantify the magnitude by which the upper 95% confidence limit about

- the mean for the sample group (UCL95;) for each parameter in each group exceeds UCL9SB.
These graphs show that numerous parameters deviate significantly from background (i.e., have
ratios >2) and are considered potential contaminants. ‘Aluminum, manganese, and total uranium
also exceed water quality standards in one or more groups. Elevated levels of aluminum and
manganese, which are not soluble in the pH-Eh range of surface water in the vicinity of the
quarry, probably reflect incorporation of suspended sediment in the samples. Uranium is the
_ primary contaminant in surface water in the vicinity of the quarry. Locations where uranium
levels exceed background are shown in Figure 7-4. Nitroaromatic compounds were only detected
_in the Little Femme Osage Creek; maximum values for these compounds are shown in Figure

~ 7-3B. Herbicides, pesticides, PCBs, and semivolatile and volatile organic compounds were not
detected in any surface water samples. - '

In the CK sample group, 28 naturally occurring parameters exceed background
- (Figure 7-3A). Of these, four metals (aluminum, chromium, silver, and zinc) and three
radiochemical paramete_rs (gross alpha, gross beta, and Ra-226) significantly exceed background
(i.e., have ratios >2). Aluminum, antimony, iron, and manganese also exceed water quality
standards. Low levels of nitroaromatic compounds were also present in the CK sample group' as
shown in Figure 7-3B, none of which exceed water quality standards.
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- FIGURE 7-3A Surface Water: Background Comparison for Naturally Occufring’
' Parameters '

The bar graphs display the UCL95 value for each data group (UCL95;) divided by the
UCL95 value for derived background (UCL95,). Values greater than 2 indicate s:gmf;cant
deviation from background (Section 3) Note: Ratio set to 1 if 100% of sample data were
below the limit of detection.
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In the USL sample group (Figure 7-3A), 26 naturally occurring parameters exceeded

background. Of these, one anion (sulfate), eight metals (aluminum, chromium, iron, lead,

manganese, sodium, strontium, and zinc), and three radiochemical parameters (gross alpha, gross

‘beta, and total uranium) are significantly greater than background (i.e., have ratios >2).
Aluminum, ant1m0ny, iron, manganese thallium, gross .alpha, and total uranium exceed water
quality standards.

In the LSL sample group (Figure 7-3A), 23 parameters exceed background. Of these, two
anions (nitrate and sulfate), ten metals (aluminum, arsenic, chromium, iron, lead, manganese,
nickel, sodium, strontium, and zinc), and three radionuclides (gross alpha, gross beta and total
uranium) significantly exceed background (i.e., have ratios >2) As in the USL group,
aluminum, antimony, iron, ‘manganese, thallium, gross alpha, and-total uranium exceed water
quality standards. -

Data for the Missouri River (MR sample group) are also compared to background in Figure
7-3A. Contaminated water from the quarry-is a m1n1mal fraction of the Missouri River water
budget, but at high water stage the river contributes a significant fraction of the water in the
Femme Osage Slough and also contributes to the lower reaches of the Little Femme Osage Creek
‘and the Femme Osage Creek. As shown in Figure 7-3A, 27 parameters in the MR group exceed

‘backg'round.- Of these, all five inorganic anions (chloride, fluoride, nitrate, nitrite, and sulfate’

[bromide was not analyzed]), eleven metals (aluminum, antimony, arsenic, cobalt, iron, lead,
lithium, manganese, potassium, sodium, and zinc), and four radiochemical parameters (gross
alpha, gross beta, Ra-226 and Th-232) significantly exceed background (i.e., have ratios >2).
Aluminum, antimony, iron, lead, manganese, and thallium also exceed ‘water quality standards.

7.3.3 Potential Sources of Surface Water Contamination

- The Little Femme Osage Creek'méy receive contaminated water from several sources.
Runoff from the Weldon Spring Ordnance Works production area, which lies upstream of the
- quarry, 1s the likely source of nitroaromatic cbmpounds detected in the creek. These compounds

were detected at upstream locations that are not impacted by the quarry. Elevated levels of metals
may also be derived from this area, but they could also result from migration of contaminated
groundwater from the quarry. In addition, overland discharge of contaminated water from the
quarry during a U.S. Geological Survey (USGS) study (Ref. 33) or influx of Missouri River water
durmg flooding may have contaminated creek sediments, which continue to release these metals
“to the stream. ’

Several plausible sources could contribute contaminants to the Femme Osage Slough.
Elevated total uranium levels in both the upper and lower, portions of the slough, as shown in
Figure 7-4, may result from groundwater seepage along the north bank of the slough, runoff from
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the Vicinity Property 9 area prior to remediation, or desorption of uranium from contaminated -
sediments in the slough. The latter source is difficult to defend because uranium concentrations
in slough water do not appear to correlate with concentrations in slough sediments. Elevated

metals in the slough may be derived from contaminated groundwater seepage, mixing with

Missouri River water, and/or desorption of metals from contaminated sediments. The first two

processes are also plausible sources for elevated sulfate levels. '

The data indicate that the water from the Missouri River, which is periodically introduced

_ into. the slough and backs into the Little Femme Osage Creek, is a possible contributor to the

elevated concentrations in both these water bodies. Many of the metals that are elevated in the
creek and slough are also elevated in the river.

Thallium and antimony, although not elevated above background, may exceed water quality
standards, 2 ng/L and 6 ug/L, respectively. This is due to the detection limits for surface water
samples are greater than the MCLs for these parameters. Surface water locations will be sampled -
and re_arialyzed for thallium and antimony using lower detection limits.

7.3.4  Sediment Characterization
Sediment éamp]és were collected at locations identified in Figure 7-1 and were analyzéd
for the parameters listed on Table H-5, Appendix H. Data summaries are presented.in Tables F-6

through F-8 of Appendix 15

Data for naturally occurring parameters are compared to background in Figure 7-5, a series

of bar charts that quantify the magnitude by which UCL95; for each parameter in each group

exceeds UCL95; for background. These graphs show that numerous parameters significantly
exceed background (i.e., have ratios >2) and are considered potential contaminants. However,
none of these potential contaminants exceed screening guidelines presented in Section 3.
Locations where U-238 exceeds background are shown in Figure 7-6. Anthropogenic parametefs,
including nitroaromatic compounds, were not detected in any sample group.

In the CK sample group, sulfate, four metals (antimony, calcium, magnesium, and

strontium), and U-238 significantly exceed background (i.¢., have ratios >2).- None of these

constituents exceeds the screening guidelines presented in Section 3. .
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FIGURE 7-5 Sediment: Background Compariéon' for Naturall'y Occurring Parameters

The bar graphs display the UCL95 value for each data group (UCL95 ) d|v1ded by the UCL95 value
for derived background (UCL95;). Values greater than 2 indicate significant deviation from
background (Section 3) Note: Ratio set to 1 if 100% of sample data were below the limit of
detection. :
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In the LSL and USL sample groups, three inorganic anions (chloride, fluoride, and
sulfate), 18 metals (aluminum, beryllium, cadmium, calcium, chromium, copper, iron, lithium,
magnesium, manganese, mercury, molybdenum, nickel, potassium, selenium, Sodium, strontium,
and vanadium) and three radionuclidés (Ra-228, Th-230, and U-238) significantly -exceed
background (i.e., have ratios >2). Concentrations of most metals are highest in the LSL group,
whereas uranium and sulfate are highest in the USL group as shown in Flgure 7-5.

Missouri River sediment samples are generally at or below background levels (Figure 7-5).
Sulfate is elevated above background. The locations for the MR sample group were sampled only
once (after the 1995 flood) and analysis did not include the entlre list of analytes, as indicated in

.

Flgure 7-5.
735 _Sources of Sediment Contamination

The elevated metal levels in the CK sample group could result from flood deposition of
suspended sediment in Missouri River water; discharge of contaminated quarry pond water during
-a USGS study (Ref. 33), or wastewater discharge and runoff from the former Weldon Spring
Ordnance Works. Most likely, sediment contamination in the Little Femme Osage Creek is from
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the result of a combination of these sources. The slightly elevated U-238 levels in these sediments
may have resulted from runoff from former Vicinity Property 8 prior to remediation (Figure 7-2).
Vicinity Property 8 was located immediately upslope from the quarry and was an isolated area of
radiologically contaminated soil. ' ‘

~ Sediments in the slough were also probably contaminated by a combination of processes.
Prior to 1960, the lower reaches of the creeks that became the Femme Osage Slough were areas
that favored settling of suspended fine material from potentially contaminated upstream sources.

Metal contamination in the LSL sample group (Figure 7-5), which is closest to the Missouri River - .

inlet valve, likely reflects deposition of colloidal phases and fine-grained sediments carried in
suspension by the Missouri River during controlled inflow or flood events. U-238 in the USL
sample group, which is closest to the quarry, likely results from quarry-contaminated groundwater
seeping into the slough at discrete points along its north bank and runoff from the Vicinity
Property 9. '

7.4  Groundwater and Surface Water Interaction
' 7.4;1 Quarry Pond

Although technically a surface water body, the quafry pond is isolated from the surface
~water system. The quarry pond collects rain water and surface water runoff from the rim and
higher levels of the quarry proper. The pond also receives some groundwater discharge along its
northern, upgradient, wall and discharges to the groundwater via near horizontal partings near the
Kimmswick Limestone/Decorah Group contact along its southern wall.

“Prior to bulk waste removal, the quarry pond maintained an elevation of 465 ft MSL,
which is approximately 10 ft above the Kimmswick Limestone-Decorah Group contact (see Section
"~ 8 for a detailed discnission). During the bulk waste removal action, water was continuously
pumped from the pond to the quarry water treatment plant to facilitate the waste removal. At the
end of this action in December 1995, approximately 0.5 ft of water and sediments remained on
the floor of the sump, which is at an elevation of about 439 ft MSL. In mid-December 1995, the
pumping was stopped and the pond was allowed to recharge according to the plan presented in the

Quarry Residual Sampling Plan, Addendi_tm 2: Phase 2 Sampling (Ref. 2). In March 1996, the

- pond was pumped down again because uranium levels exceeded the 600 pCi/l criterion set in the
- recharge study. Natural recharge resumed in mid-April 1996.

The quarry pond was routinely monitored before the start of bulk waste removal.
Chemical data from this monitoring were reported in the Weldon Spring annual site environmental
reports for 1987 through 1993 (Refs. 35, 36, 37, 38, 39, 40, 41, and 42). The pond was also
sampled for metals, inorganic anions, radionuclides, and nitroaromatic compounds in March 1996,
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before the pond"was pUmped. Results from this Sampling are presented in Appendix F, Table F-9.

Total uranium (1,090 pCi/l) was the only parameter found at significantly elevated levels
in the March 1996 sampling event. Trace levels of nitroaromatics and Ra-226 and Ra-228 were
~ also detected (less than 1.0 pCi/l). Since resuming quarry recharge in mid-April 1996, uranium
is the only parameter that is routinely monitored. During this period, uranium levels have

fluctuated between 400 and 550 pCi/l but have never exceeded the 600 pCi/l criterion. Uranium
and precipitation data collected during the recharge period are shown as a function of time in -

Figure 7-7. This decrease in uranium levels is likely attributed to the remediation of the northeast
corper early in 1996. Prior to this, contaminated soils and materials were accessible to
~ precipitation and contributed to the run-off collected in the quarry pond.

7.4.2 United States Geological Survey Groundwater and Surface Water Studies

The USGS conducted a study to identify the interaction between groundwater and surface .

water systems in the quarry area (Ref. 46). Three staff gages were installed along the Little
Femme Osage Creek; four were installed in the Femme Osage Slough; and one was installed in
the Missouri River downstream of the slough. In addition, piezometers were installed in the
shallow alluvium north and south of the slough. Tables F-10 and F-11 of Appendix F presents
~ water level measurements for each gage and lists the mean daily stage in the slough based on PMC
data. '

The USGS study concluded that the Femme Osage Slough is a source of gradual recharge.

to the alluvial aquifer except in extreme flood conditions (Figure 7-8). Analysis of surface water
and groundwater levels for this remedial mvesttganon indicates that the alluvial aqurfer dtscharges
to the slough along its northern bank at several locations mnnedtately southeast of the quarry.

Additional discussions regarding the interaction between the alluvral aquxfer and the slough are

presented in Section 8.
15 Significant Observations

» Total uranium concentrations have been in the 400 pCl/] to 550 pCi/l range since the
- pond was pumped down in April 1996. :

» Surface water and sediments of the Little Femme Osage Creek have been influenced
by activities at the former ordnance works.

DOE/OR/21548-587, Rev. 2 (Final) - 7-13 ' ' 022498




vi-L

1200

- Total Uranium (pCi/l)

Recharge Pump
l Down

|

Recharge

1400

1000

800

[Uranium

600

4/[ Precipitati‘o'n

400

Precipitation (inches)

200

-Date

[FIGURE 7-7 Surface Water: Quarry Pond Uranium. Concentration and Precipitation as a Function of Time

DOE/OR/21548-587




CI-L

Elavation in Feet

Elevation in Feet

iOO 200 300 400 500 600 0 100 - 200 - 300 400 . 500 600

DistanceinFest C - C'

LOCATION MAP
7z /’,;/

24

3
=
=
2
g /i 7
w ‘
LEGEND
: : Alluvium i
0 100 200 300 400 500 600 700 Kimmswick Formalion -~ - 188 Groundwater Biiface
Decorah Group — = 1935 Groundwater Surface
Distance In Feet D - D’ 3 :
: _i Plattin Limestone ~ 1996 Groundwater Surface
. 1 Joachim Dolomite
FIGURE 7-8

Cross Sections Showing Relationship of Femme Osage Slough to Groundwater Levels in Alluvium
' : ' ' . DOE/OR/21548-587




S

REMEDIAL INVESTIGATION FOR THE QUARRY RESIDUALS OPERABLE UNIT: WELDON SPRING SITE, WELDON SPRING, MO

Many of the elevated parameters in the surface water of the upper and lower Femme
Osage Slough are also elevated in the Missouri River, which is routinely diverted to, -

or floods, the slough.

Surface water and sediments in the Femme Osage Slough have probably been impacted
by migration of uranium-contaminated groundwater from the quarry.

Runoff from the Vicinity Property 9 may have impacted surface water and sediment
concentrations in the Femme Osage Slough. '

Uranium, magnesium, and aluminum exceed their respective water quallty standards

_ (Table 3-1) in surface water outside the quarry.

UCL95; for uranium is 66.5 pCi/l in the upper Femme Osage Slough and 13.3 in the
lower Femme Osage Slough. :

Thallium will be re—ahalyzed in surface water with a detection limit less than or equal
to the MCL to determine its presence.
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8 HYDROGEOLOGIC INVESTIGATIONS

The results of hydrogeologic studies supporting _thé Quarry Residuals Remedial

Investigation are presented in this section. Historical and recent information pertaining: to
geology, hydrostratigraphy, and aquifer characteristics of the alluvium and bedrock were evaluated
and correlated to develop the site conceptual groundwater model. The model describes the

physical framework of the underlymg aquifer and potential groundwater pathways for contaminant

migration.
8.1 Hydrogeologic Setting

The generalized hydrostratigraphy in the Weldon Spring area is presented on Figuré 8-1.

Regional aquifers include shallow, middle, and deep bedrock systems and the alluvial system (Ref. a
~ 49). Upper and lower confining units are also defined in the regional hydrostratigraphy. The
shallow bedrock aquifer system and the upper confining unit shown on Figure 8-1 are not present

near the quarry.

8.1.1 Site Geology

Geologic descriptions of the bedrock units and alluvium in the vicinity of the q’uafry are

- 'pfesented in the following sections. Geologic units are described in descending order.

8.1.1.1 Alluvium. The alluvial deposifs associated with the Missouri River and its
tributaries are discussed in Section 6. In summary, coarse-grained deposits comprise the bottom

20 ft to 80 ft of the Missouri River floodplain. These sediments consist of fine- to medium-

grained sand with some silt which grades with depth to coarse-grained sand with cobbles and
boulders. Fine- gramed deposits comprise the upper 15 ft to 25 ft of the Missouri River floodplain
and the full thickness of the Little Femme Osage Creek and the Femme Osage Creek alluvium.
These materials were deposited during floods in areas of decreased flow velocity. The fine-
"grainéd alluvium consists of silty clay and clayey silt with alternating layers and lenses of fine

- sand, sandy silt, sandy clay, and clay with gravel. Cross-sections (Figure 8-2 and 8-3) illustrate

coarse-grained materials extending into the area north of the slough. In the close vicinity of the
quarry, this primarily occurs near well clusters 1013/1014/1031 and 1015/1016/1046. These
coarser materials are coincident with bedrock lows which occur in these areas.

8.1.1.2 Bedrock. Bedrock units of interest to this investigation are the Kimmswick -

Limestone, Decorah Group, Plattin Limestone, and Joachim Dolomite.- The quarry was mined
through the Kimmswick Limestone and into the upper portion (approximately 15 ft) of the Decorah
Group. :
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The Kimmswick Limestone is medium to coarsely crystalline, highly fossiliferous, medium
to thickly-bedded, and cherty near the base (Ref. 50). Solution-enlarged vertical to near-vertical
joints and joint intersections are characteristic of this formation. Several thin shale zones are
present at the base of the Kimmswick Limestone. The upper portion of this unit has been eroded
in the quarry area. The Kimmswick Limestone, where present ranges from 8 ft to 70 ft thick in

- the study area.

Underlying the Kimmswick Limestone is the Decorah Group which is a thin to medium-
bedded finely crystalline to lithographic limestone containing interbedded clayey, fossiliferous
" shales (Ref. 50). This formation ranges from 15 ft to 36 ft thick as indicated by coring. A thm
metabentonite layer 1s present near the base of this formation.

The Plattin Limestone conformably underlies the Decorah Group and is a thin to medium
bedded, finely crystalline to lithographic limestone with some chert. The lower 5 ft to 10 ft of this
formation is a dolomitic, oolitic, argillaceous limestone with thin pebble conglomerate beds. The
formation ranges from 82 ft to 121 ft thick, as indicated by rock cores. Solution-enlarged joints
have been documented in the Plattin Limestone (Ref. 50), although none were identified in rock
cores from the quarry area. - '

_ The Joachim Dolomite is predominantly a thinly bedded, yellowish-brown, argillaceous
* dolomite containing interbedded limestone and shale: Only the upper 15 ft of the Joachim
Dolomite was investigated. Literature indicates the typical thickness of the formatron ranges from
90 ft to 110 ft (Ref. 1).

Cross sections of the quarry area (Figures 8-2 and 8-3) illustrate the current geologic

~ model. Of particular interest is the sloping surface along the alluvium-bedrock contact. The lower

portion of the Kimmswick Limestone and the Decorah Group is present beneath the alluvium north

of the slough. The Plattin Limestone, which was eroded by the Missouri River, forms the base
of the alluvium south of the slough. '

The bedrock topography map (Figure 8-4) shows the effects of natural erosional processes
in the quarry area independent of the formation. In addition, man-made depressions (including
the quarry) are evident. Zones where intense weathering and erosion have occurred are
represented by rap1d changes in bedrock surface elevations. The most obvious of these is along
the edge of the floodplain where the limestone bedrock has been eroded by the Missouri River to
form the bluffs north of the Katy Trail. South of the bluffs, the bedrock surface slopes gradually
beneath the alluvrum until Just south of the Femme Osage Slough where it flattens even. further to
the southeast.
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* Smaller depressions represent more localized weathering, which is often linearly oriented
and .represents intense weathering along near-vertical fractures. An example can be seen
immediately west of the quarry near the Little Femme Osage Creek (Figure 8-4). In this area, a
tributary creek has likely eroded the bedrock in a northeast to southwest direction and deposited
alluvium in the erosional valley. This valley forms the northwest side of a bedrock ridge that
parallels the valley and extends out into the floodplain. Where saturated, these lmear bedrock
lows control the direction and velocity of groundwater flow.

A geophysical survey was performed on the Missouri River floodplain south of the quarry
to determine the topography of the underlying bedrock surface (Ref. 52). The results of this
survey indicate that the bedrock has an undulating surface with occasional ridges and troughs that
are likely the result of channel-controlled erosion along the ancient meanders of the Missouri
- River. On average, bedrock depths determined from the geophysmal survey are within 5 ft of

~ depths obtained from field borings. :

: 8.1.2 - Hydrostratigraphy
8.1.2.1 - Régional. The hydrostratigraphy in the Weldon Spring area is presented in

Figure 8-1. The Kimmswick Limestone is the middle aquifer, and the Decorah Group, Plattin
Limestone, and Joachim Dolomite comprise the lower confining unit that overlies the deep aquifer

- - system (Figure 8- 1). Confining conditions result, in part, from low permeability shale layers in

the Decorah Group (Ref. 49). Although saturated, the Decorah Group, Plattin Limestone, and

Joachim Dolomite are not utilized as a source of potable water due to extremely low yields (Ref..

 49). The Kimmswick Limestone yields small to moderate quantities of water to wells in the
surrounding region (Ref. 49). :

The deep aquifer system (Figure 8-1) includes units from the St. Peter Sandstone down to
. the Potosi Dolomite and is one of the most productive aquifers in Missouri (Ref. 49). The deep
aquifer is used by many municipalities and public water supply companies, primarily in western
and northern St. Charles County (Ref. 49). »

The alluvial aquifer underlies the floodplain of the Missouri River and is capable of
_supplymg large quantities of water (600 to 2,600 gpm per well) for municipal, industrial, or
domestlc use (Ref. 49). :

8.1.2.2 Local. Water bearing units in the vicinity of the quarry include limestone
bedrock (Decorah Group and Plattin Limestone) and Missouri River alluvium, which are in
contact with each other along an erosional surface (Figures 8-2 and 8-3). In the vicinity of the
quarry, the Kimmswick Limestone is typically unsaturated, or the water table is near the base of
the formation. Although saturated, the Decorah Group, Plattin Limestone, and Joachim Dolomite
are not utilized locally as a water source because their yields are extremely low (Ref. 49).
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REMEDIAL:INVESTIGATION FOR THE QUARRY RESIDUALS OPERABLE UNIT: WELDON SPRING SITE, WELDON SPRING, MO

The alluvial aquifer of the Missouri River valley is a major source of drinking water for
St. Charles County. The county currently operates eight production wells capable of producing
22 million gallons per day (MGD) at peak demand. The capacity of the associated water treatment
plant, which is north of the well field, is 22 MGD. Typically, only four or.five of the wells are
used on a rotating basis, producing 10.5 MGD (Ref. 53). : '

. 8.1.3 Aquifer Recharge and Discharge

~ The limestone bedrock units (Klmmswmk leestone Decorah Group, and Plattin
Limestone) are recharged by the following mechanisms:

. Downward flow from the overlying shallow aquifer system (Burlington-Keokuk
Limestone and Fern Glen Formation) through the upper leaky confining unit in upland

areas to the north.

o Infiltration of both precipitation and runoff through the overburden in the vicinity of
the quarry. - -

e Infiltration of precipitation directly into the bedrock fractures iﬁ and near the quarry.
e Infiltration of quarry pond water.

The allﬁviél aquifer is recharged by the following mechanisms:

o’ Inﬁltratibn of surface water (e.g., the Femme Osage Slough and the'MisSouri River).

. 'Ivnfiltralltion of precipitation. |

-« Discharge from the limestone bedrock.

Measurements from piezometers installed between the St. Charles County well field and |
the Missouri River show infiltration from the river into the alluvium (Ref. 54). An electrical

analog model of the St. Charles County well field showed that under normal operation 66 % of the
- water pumped is induced infiltration from the Missouri River (Ref. 54). The model also indicates
_ that the percentage of water derived from the river increases as the rate of productlon increases
-(Ref 54)

8.2 ' Previous Investigations

_ " Numerous hydrogeologic investigations have been performed in the vicinity of the quarry
to characterize the uppermost groundwater and refine the understanding of groundwater flow and

~ contaminant migration. An extensive monitoring well network (Figure 8-5), primarily utilized to -

DOE/OR/21548-587, Rev. 2 (Final) 8-8 . - 022498
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REMEDIAL INVESTIGATION FOR THE QUARRY RESIDUALS OPERABLE UNIT: WELDON SPRING SITE, WELDON SPRING, MO

monitor groundwater quality, is present at the quarry. A detailed discussion of the monitoring
network is presented in Appendix G and a list of monitoring wells is provided in Table G-1 of
Appendix G. Additional piezometers were, installed and later abandoned by the U.S. Geological
Survey (USGS) in an investigation of the groundwater system in the quarry and well field areas.
A summary of previous investigations is provided in Table G-2 of Appendix G.

8.3 Remedial Investigations

Hydrogeologic investigations were performed to characterize the physical factors affecting
the distribution, fate, and transport of contaminants in the vicinity of the quarry. The testing
‘locations and monitoring wells in the area immediately around the quarry are shown in Figure 8-6.
A summary of the hydrogeologic characterization tasks is presented in Table G-3 of Appendix G.

8.3.1 Potentiometric Surfaces and Dirgction of Groundwater Flow

During this remedial investigation, water levels were measured in a total of 87 alluvial and
 bedrock monitoring wells and piezometers to determine the distribution of hydraulic head in the
underlying aquifer. The typical depth to water ranges from 10 ft to 15 ft in the well field and 75
ft to 100 ft along the quarry rim. The large difference in depth to water is in part a reflection of
the land surface elevation which is approximately 100 feet higher along the quarry rim.

Several general observations can be made about groundwater levels which are independent ‘

of the temporal conditions:

e Groundwater levels measured in the bedrock along the southern rim of the quarry are
consxstently higher than levels measured in the alluvium.

e Groundwater ]evels in the alluvium north of the Femme Osage Slough are hlgher than
those measured in the alluvium south of the slough. -

« Groundwater levels in the bedrock of the quarry rim are consistently higher in the
eastern portion compared to those in the western portion.

The potentiometric surface maps reflect three hydrologic conditions (Figures 8-7 through
" 8-9): (1) normal or typical water levéls, (2) low water (drought), and (3) high water (flood). The
maps illustrate the fact that the most significant response of the system to each condition is
fluctuation in groundwater levels; however, flow direction generally is not influenced by seasonal
variations. Groundwater flow direction is consistently south to southeast from the bedrock into
the alluvium. Groundwater flow is to the west and south from:the northeast corner of the quarry.
~ South of the slough, the direction of groundwater flow has an increasing eastward component,
likely due to the influence of the Missouri River and/or pumping in the St. Charles County well
field. :

DOE/OR/21548-587, Rev. 2 (Final) 8-10 ' 022498
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The map for February 1996 illustrates the typical potentiometric surface for the shallow

aquifer in the vicinity of the quarry (Figure 8-7). Data from this month were selected because
groundwater levels are within typical ranges for the area, and additional static water level data are -

available from a USGS study (Ref. 46). Dewatering during bulk waste removal has depressed the
groundwater surface around the quarry pond. A steep hydraulic gradient occurs in the bedrock
while the gradient in the alluvium is gradual. Groundwater mounds are evident around two
piezometers (S-7 and S-11) south of the sloﬁgh and coincide with a thick sequence of blue clay
observed during installation of these piezometers (Ref. 46). The clay is similar to materials
‘observed near the Little Femme Osage Creek and may be a relic of a former tributary creek in the
floodplain. These clays may allow for localized perched or confining conditions in this area (Ref.
46).

Data from October 1988 have been used to illustrate the potentiometric surface in the
shallow aquifer during low water level conditions (Figure 8-8). The configuration of the
potentiometric surface during this period is similar to that of typical conditions; even with

. significantly lower water levels, indicating the groundwater flow direction is unchanged.

. Data from April 1995 were used to represent high water level conditions (Figure 8-9).
These measurements were obtained one month before the Missouri River flooded the area. The
~: potentiometric surface is similar to typical groundwater conditions; however, the gradient within
‘the bedrock is steeper in the eastern part of the quarry. Effects of dewatering are also evident as
shown by the depression in the groundwater surface. The influence of high stage of the Missouri
River and pumping in the well field can be seen in the water levels of piezometers adjacent to the

river (S-16, S-22, and S-23). These conditions result in a reversal of the gradient. The reversal

is also present, but to a lesser degree, during typical conditions. The gradient in the alluvium is

relatively flat, and groundwater mounding is evident around piezometers S-7 and S-11, as

~discussed above.

Hydrographs of well clusters in the vicinity of the quarry were used to determine the

vertical head distribution between and within the bedrock and alluvium and were constructed from
data obtained from 1987 through 1996 (Figures 8-10 through 8-14). North of the slough, the
hydraulic head within the alluvium generally decreases with depth, indicating downward
movement of groundwater. Within the alluvium south of the slough, the hydraulic head also
~decreases with depth. Closer to the river, the hydraulic head within the alluvium'is uniform or
- increases with depth, indicating the vertical component of movement is negligible, and the
horizontal flow component is predominant. ’
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In the bedrock north of the slough, the hydraulic head in the Decorah Group is less than,
~or equal to, that in the overlying alluvium. This indicates that these units likely act as one
hydrologic unit due to weathering and fracturing of the bedrock, and that downward movement
occurs in this localized area. The hydraulic head in the Plattin Limestone is higher than in the
overlying alluvium indicating discharge from the bedrock into the alluvium. South of the slough,
~ the head distribution is difficult to assess due to the slow stabilization of water levels in bedrock
. piezometers, although it is believed that the Plattin Limestone discharges groundwater upward to ‘
- the alluvium. E ‘

8.3.2 Interaction of Groundwater and Surface Water at the Femme Osage Slough

A comparison of typical static water levels in wells adjacent to the slough and the surface
water elevation of the slough indicates that at most locations, the slough is a source of recharge
to the alluvial aquifer (Figure 8-15) (i.e., slough levels are higher than groundwater levels).
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