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Abbreviations

AEC U.S. Atomic Energy Commission
ARAR applicable or relevant and appropriate requirement
BTLs baseline tolerance limits

CERCLA Comprehensive Environmental Response, Compensation, and Liability Act
CWA Clean Water Act

DCE dichloroethene

DNB dinitrobenzene

DNT dinitrotoluene

DOE U.S. Department of Energy

EE/CA Engineering Evaluation/Cost Analysis
EMS Environmental Management System

EPA U.S. Environmental Protection Agency
ESD explanation of significant differences

ft feet

GPS global positioning system

GWOU Groundwater Operable Unit

IC institutional control

ISMS Integrated Safety Management System
LCRS Leachate Collection and Removal System
LM Office of Legacy Management

LTS&M Long-Term Surveillance and Maintenance
MCL maximum contaminant level

MDC Missouri Department of Conservation
MDNR Missouri Department of Natural Resources
MDNR-Park Missouri Department of Natural Resources Division of State Parks
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MNA monitored natural attenuation

MoDOT Missouri Department of Transportation
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NB nitrobenzene

}Ju.i ggmmnem of Energy Weldon Spring Site Annual Report for Cagggalr\gegrl %(5) ; (3)

Page vii



NEPA
NPDES
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National Environmental Policy Act
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order of magnitude
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Resource Conservation and Recovery Act
Record of Decision

relative percent difference

Superfund sitewide ready for anticipated use
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total effective dose
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Executive Summary

The Weldon Spring, Missouri, Site located in St. Charles, Missouri, is a Comprehensive
Environmental Response, Compensation, and Liability Act (CERCLA) site. The objective of this
report is to summarize the activities, provide a compliance status, and report annual inspection
and environmental monitoring results from the calendar year 2013 for the site. The report is
prepared in accordance with the requirements of the Long-Term Surveillance and Maintenance
Plan for the Weldon Spring, Missouri, Site (LTS&M Plan) (December 2008a) and the Federal
Facility Agreement (DOE 2006).

Compliance Summary

The Weldon Spring site is listed on the National Priorities List and is governed by CERCLA.
The Weldon Spring site has been subject to meeting or exceeding applicable or relevant and
appropriate requirements of federal, state, and local laws. Many of these regulations no longer
apply due to reduction in physical activities and waste-handling at the site.

Compliance activities which occurred during 2013 include attainment of the Superfund Sitewide
Ready for Anticipated Use designation from the U.S. Environmental Protection Agency (EPA) in

a letter dated March 2, 2013, and management and termination of a storm water permit.

Inspection Summary

The Weldon Spring site was inspected November 5 through 7, 2013. The inspection was
conducted in accordance with the LTS&M Plan and associated inspection checklist.
Representatives from the U.S. Department of Energy (DOE), the DOE contractor S.M. Stoller
Corporation (Stoller), the EPA, the Missouri Department of Natural Resources and the Missouri
Department of Conservation participated in the inspection.

The main areas inspected at the site were the Quarry, the disposal cell, the Leachate Collection
and Removal System (LCRS), monitoring wells, assorted general features, and areas where
institutional controls have been established.

Institutional control areas were inspected to ensure that restrictions such as soil excavations,
groundwater withdrawal, and residential use were not being violated. Each area was inspected
and no indication of violations of the restrictions was observed.

Inspection of the disposal cell consisted of walking 10 transects over the cell and around the cell
perimeter and using handheld global positioning system (GPS) equipment to navigate the
transects. Inspectors examined six previously marked areas of the cell for signs of rock
degradation and determined that the areas were still in good condition. An inspection of the
LCRS indicated that the system was in good condition. Forty-six of the 106 groundwater
monitoring wells were inspected and were in good condition. The inspection also included other
site features, such as the prairie, site markers, and roads.
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Environmental Monitoring Summary

The environmental monitoring program at the Weldon Spring site includes collecting
groundwater samples from monitoring wells at the former Chemical Plant, the Quarry, and
adjacent properties and sampling selected springs and other surface water near the former
Chemical Plant and Quarry. The former Chemical Plant, the Quarry groundwater, and the
disposal cell each have separate monitoring programs.

Groundwater monitoring at the former Chemical Plant focuses on the selected remedy of
monitored natural attenuation (MNA) for the Groundwater Operable Unit. Total uranium,
nitroaromatic compounds, trichloroethene (TCE), and nitrate have been monitored at locations
throughout the former Chemical Plant area and offsite. Sampling has targeted areas of highest
impact in the shallow aquifer and migration pathways associated with paleochannels in the
weathered unit of the Burlington-Keokuk Limestone. The monitoring network is designed to
provide data either to show that natural attenuation processes are acting as predicted or to trigger
implementation of contingencies if these processes are not acting as predicted.

Performance of the MNA remedy is assessed through sampling monitoring wells within the areas
of impact to verify that contaminant concentrations are declining or remaining stable and will
meet cleanup standards within a reasonable time frame. Overall, natural attenuation is occurring
as expected and concentrations are stable or decreasing, with the exception of uranium in the
unweathered unit of the Burlington-Keokuk Limestone beneath the former Raffinate Pits area.
This area of impact is the focus of an ongoing special study.

Detection monitoring of selected wells, springs, and a surface water location verifies that lateral
and vertical migration remains confined to the current area of impact and that lateral
downgradient migration within the paleochannels is minimal. Contaminant concentrations in
downgradient and fringe locations have been behaving as expected; however, uranium levels in
one downgradient well in the former Raffinate Pits area are higher than predicted. This impact is
being assessed as part of the special study. Although uranium levels in the former Raffinate Pits
area have changed since the implementation of the MNA remedy, increasing in some
unweathered unit wells, the overall remedy remains protective. Groundwater flow directions are
unchanged, and impacted groundwater is contained within the paleochannels in this area and is
migrating along the expected pathways.

Long-term monitoring is the selected remedy for groundwater in the Quarry Residuals Operable
Unit. Total uranium, nitroaromatic compounds, and geochemical parameters are monitored in the
area of impact and in the Missouri River alluvium. Groundwater is sampled under two programs
that focus on the area of impact in the Quarry proper and north of the Femme Osage Slough and
the non-impacted Missouri River alluvium south of the Femme Osage Slough. Overall, uranium
levels in the area of impact are decreasing or remaining stable. Analytical results of samples
from monitoring wells south of the slough indicate that uranium levels are similar to background
for the Missouri River alluvium. The data continue to indicate that a strongly reducing
environment is prevalent in the groundwater immediately south of the slough. This type of
environment is not favorable for the migration of uranium.
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Groundwater, spring, and leachate samples are collected as part of the detection monitoring
program for the disposal cell. Under the monitoring program, data from signature parameters
(barium and uranium) from each location are compared to baseline tolerance limits to track
general changes in groundwater quality and determine whether statistically significant evidence
of contamination due to cell leakage exists. The data from the remainder of the parameters are
reviewed to evaluate the general groundwater quality in the vicinity of the disposal cell and to
determine if changes are occurring in the groundwater system. The results indicate that there is
no evidence of leakage into the groundwater beneath the disposal cell. The general groundwater
quality in the detection monitoring wells and spring is consistent with historical data. Leachate is
sampled to verify its composition, and its composition has remained relatively unchanged for the
past few years.

Surface water monitoring was conducted in the vicinity of the former Chemical Plant and the
Quarry to measure the effects of groundwater and surface water discharge on the quality of
downstream surface water. Monitoring results for the surface waters in the vicinity of the former
Chemical Plant show relatively low levels of uranium that are consistent with levels from
previous years. Uranium levels in the Busch Conservation Lakes 34, 35, and 36 and Dardenne
Creek remain low. Uranium levels in the slough continued to be elevated, a condition that began
in 2006 when the slough dried out due to drought conditions.

Historical water quality and water level data for existing wells is available on the DOE Office of
Legacy Management website at http://www.lm.doe.gov/land/sites/mo/weldon/weldon.htm.
Photographs, maps, and physical features can also be viewed on this website.
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1.0 Introduction

1.1 Purpose and Scope

This report summarizes the activities, compliance status, annual inspection, and environmental
monitoring results from calendar year 2013 for the Weldon Spring, Missouri, Site. The report is
prepared in accordance with the requirements of the site’s Long-Term Surveillance and
Maintenance (LTS&M) Plan (DOE 2008a) and the Federal Facility Agreement (DOE 2006). The
Weldon Spring site is a Comprehensive Environmental Response, Compensation, and Liability
Act (CERCLA) site.

1.2 Site Description

The Weldon Spring site is located in St. Charles County, Missouri, about 30 miles west of

St. Louis (Figure 1). The site comprises two geographically distinct, U.S. Department of Energy
(DOE)-owned properties: the former Weldon Spring former Chemical Plant and Raffinate Pit
sites (Chemical Plant) and the former Weldon Spring Quarry (Quarry). The former Chemical
Plant is located about 2 miles southwest of the junction of Missouri State Route 94 and Interstate
64. The Quarry is about 4 miles southwest of the former Chemical Plant. Both sites are
accessible from Missouri State Route 94.

During the early 1940s, the Department of the Army acquired 17,232 acres of private land in

St. Charles County for the construction of the Weldon Spring Ordnance Works facility. The
former Ordnance Works site has since been divided into several contiguous areas under different
ownership, as depicted in Figure 2. Current land use of the former Ordnance Works site includes
the former Chemical Plant and Quarry, the U.S. Army Reserve Weldon Spring Training area, the
Missouri Department of Conservation (MDC), the Missouri Department of Natural Resources
(MDNR) Division of State Parks (MDNR-Parks), Francis Howell High School, a St. Charles
County highway maintenance (formerly Missouri Department of Transportation [MoDOT])
facility, the Public Water Supply District #2 water treatment facility, the St. Charles County law
enforcement training center, the village of Weldon Spring Heights, and a University of Missouri
research park.

The former Chemical Plant and Quarry areas total 228.16 acres. The Former Chemical Plant
property occupies 219.50 acres, and the Quarry occupies 8.66 acres.

1.3  Site History
1.3.1  Operations History

In 1941, the U.S. government acquired 17,232 acres of rural land in St. Charles County to
establish the Weldon Spring Ordnance Works. In the process, the towns of Hamburg, Howell,
Toonerville, and 576 citizens of the area were displaced. From 1941 to 1945, the Department of
the Army manufactured trinitrotoluene (TNT) and dinitrotoluene (DNT) at the Ordnance Works
site. Four TNT production lines were situated on what was to be the Chemical Plant. These
operations resulted in nitroaromatic contamination of soil, sediments, groundwater, and some
offsite springs.
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Following a considerable amount of explosives decontamination of the facility by the Army and
the Atlas Powder Company, 205 acres of the former Ordnance Works property were transferred
to the U.S. Atomic Energy Commission (AEC) in 1956 for the construction of the Weldon
Spring Uranium Feed Materials Plant, now referred to as the Weldon Spring Chemical Plant. An
additional 14.88 acres were transferred to AEC in 1964. The plant converted processed uranium
ore concentrates to pure uranium trioxide, intermediate compounds, and uranium metal. A small
amount of thorium was also processed. Wastes generated during these operations were stored in
four raffinate pits located on the Chemical Plant property. Uranium-processing operations
resulted in the radiological contamination of the same locations previously contaminated by
former Army operations.

The Quarry was mined for limestone aggregate used in the construction of the Ordnance Works.
The Army also used the Quarry for burning wastes from explosives manufacturing and disposal
of TNT-contaminated rubble during Ordnance Works operations. These activities resulted in the
nitroaromatic contamination of the soil and groundwater at the Quarry. In 1960, the Army
transferred the Quarry to AEC, which used it from 1963 to 1969 as a disposal area for uranium
and thorium residues (both drummed and uncontained) from the former Chemical Plant.

Uranium-processing operations ceased in 1966, and on December 31, 1967, AEC returned the
facility to the Army for use as a defoliant-production plant. In preparation for the defoliant-
production process, the Army removed equipment and materials from some of the buildings and
disposed of them principally in Raffinate Pit 4. The defoliant project was canceled before any
defoliant was manufactured, and the Army transferred 50.65 acres of land encompassing the
raffinate pits back to AEC while retaining the Chemical Plant. AEC, and subsequently DOE,
managed the site, including the Army-owned Chemical Plant, under caretaker status from 1968
through 1985. Caretaker activities included site security oversight, fence maintenance, grass
cutting, and other incidental maintenance. In 1984, the Army repaired several of the buildings at
the Chemical Plant, decontaminated some of the floors, walls, and ceilings, and isolated some
equipment. In 1985, the Army transferred full custody of the Chemical Plant to DOE, at which
time DOE designated the control and decontamination of the Chemical Plant, raffinate pits, and
Quarry as a major project.

1.3.2 Remedial Action History

The U.S. Environmental Protection Agency (EPA) placed the Quarry and former Chemical Plant
areas on the National Priorities List in 1987 and 1989, respectively. Initial remedial activities at
the former Chemical Plant (a series of Interim Response Actions authorized through the use of
the Engineering Evaluation/Cost Analysis [EE/CA]) process) included:

e Removal of electrical transformers, electrical poles and lines, and overhead piping and
asbestos that presented an immediate threat to workers and the environment.

o Construction of an isolation dike to divert runoff around the Ash Pond area to reduce the
concentration of contaminants going offsite in surface water.

e A detailed characterization of onsite debris, the separation of radiological and
nonradiological debris, and the transport of materials to designated staging areas for
interim storage.
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e Dismantling of 44 Chemical Plant buildings under four separate Interim Response Actions.

e Treatment of contaminated water at the former Chemical Plant and the Quarry.

Remediation of the Weldon Spring site was administratively divided into four operable units
(OUs): the Chemical Plant OU, the Quarry Bulk Waste OU, the Quarry Residuals OU (QROU),
and the Groundwater OU (GWOU). The Southeast Drainage was remediated under a CERCLA
removal action and documented through an EE/CA report (DOE 1996a) and the Decision
Document for the Southeast Drainage (DOE 1996b). The following sections describe the
selected remedies.

1.3.2.1 Chemical Plant OU

In the Record of Decision for Remedial Action at the Chemical Plant Area of the Weldon Spring
Site (DOE 1993), DOE established the remedy for controlling contaminant sources at the former
Chemical Plant (except groundwater) and disposing of contaminated materials in an onsite
disposal cell. The remedy included the remediation of 17 offsite vicinity properties affected by
former Chemical Plant operations. The vicinity properties were remediated in accordance with
Chemical Plant Record of Decision (ROD) cleanup criteria. The Chemical Plant Operable Unit
Remedial Action Report (DOE 2004a) was finalized in January 2004.

The selected remedy included:

e Removal of contaminated soils, sludge, and sediment.

o Treatment of wastes by chemical stabilization/solidification, as appropriate.

e Disposal of wastes removed from the former Chemical Plant and stored Quarry bulk wastes
in an engineered onsite disposal facility.

1.3.2.2  Quarry Bulk Waste OU

DOE implemented remedial activities for the Quarry Bulk Waste OU set forth in the Record of
Decision for Management of the Bulk Wastes at the Weldon Spring Quarry (DOE 1990b).

The selected remedy included:

e Excavation and removal of bulk waste (i.e., structural debris, drummed and unconfined
waste, process equipment, sludge, soil).

e Transportation of waste along a dedicated haul road to a temporary storage area located at
the former Chemical Plant.

o Staging of bulk wastes at the temporary storage area.
1.3.2.3  Quarry Residuals OU (QROU)

The QROU remedy was described in the Record of Decision for the Remedial Action for the
Quarry Residuals Operable Unit at the Weldon Spring Site, Weldon Spring, Missouri

(DOE 1998). The QROU addressed residual soil contamination in the Quarry proper, surface
water and sediments in the Femme Osage Slough and nearby creeks, and contaminated
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groundwater. The Quarry Residuals Operable Unit Interim Remedial Action Report
(DOE 2003b) was finalized in November 2003.

The selected remedy included:

e Long-term monitoring and institutional controls (ICs) to prevent exposure to contaminated
groundwater north of the Femme Osage Slough.

e Long-term monitoring and ICs to protect the quality of the public water supply in the
Missouri River alluvium and the implementation of a well-field contingency plan.

e  Confirming the model assumptions regarding the extraction of contaminated groundwater
and establishing controls to protect naturally occurring attenuation processes.

1.3.2.4  Groundwater OU

DOE implemented the Interim Record of Decision for Remedial Action for the Groundwater
Operable Unit at the Chemical Plant Area of the Weldon Spring Site (DOE 2000a), which was
approved on September 29, 2000, to investigate the practicability of remediating trichloroethene
(TCE) contamination in Chemical Plant groundwater using in situ chemical oxidation. It was
determined, based on extensive monitoring, that in situ oxidation did not perform adequately
under field conditions; therefore, the remediation of TCE was reevaluated with the remaining
contaminants of concern.

In the Record of Decision for the Final Remedial Action for the Groundwater Operable Unit at
the Chemical Plant Area of the Weldon Spring Site (DOE 2004b), DOE established the remedy
of monitored natural attenuation (MNA) to address contaminated groundwater and springs. The
Interim Remedial Action Report for the Groundwater Operable Unit of the Weldon Spring Site
(DOE 2005b) was finalized in March 2005.

The selected remedy included:

e Sampling of groundwater and surface water, including springs, to verify the effectiveness of
naturally occurring processes to reduce contaminant concentrations over time.

e ICs to prevent exposure to contaminated groundwater at the former Chemical Plant and to
the north toward Burgermeister Spring.

1.3.2.5  Southeast Drainage

Remedial action for the Southeast Drainage was addressed as a separate action under CERCLA.
The Engineering Evaluation/Cost Analysis for the Proposed Removal Action at the Southeast
Drainage near the Weldon Spring Site, Weldon Spring, Missouri (DOE 1996a) was prepared in
August 1996 to evaluate the human and ecological health risks within the drainage. The EE/CA
recommended that selected sediment in accessible areas of the drainage should be removed with
track-mounted equipment and transported by off-road haul trucks to the Chemical Plant. Soil
removal occurred in two phases: 1997 to 1998, and in 1999. More details are included in the
Southeast Drainage Closeout Report Vicinity Properties DA4 and MDC7 (DOE 1999).
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1.4 Final Site Conditions

Contamination remains at the Weldon Spring site at the following locations:

e An onsite disposal cell contains approximately 1.48 million cubic yards of
contaminated material.

e Residual groundwater contamination remains in the shallow aquifer beneath the former
Chemical Plant, at the former Quarry, and at some surrounding areas.

e A few springs near the former Chemical Plant discharge contaminated groundwater.
e Residual soil and sediment contamination remain in the Southeast Drainage.

o Fixed radiological contamination remains within a culvert within the Southeast Drainage
under Missouri State Route 94.

e Residual soil contamination remains at inaccessible locations within the former Quarry.

1.5 Compliance Summary

The Weldon Spring site is listed on the National Priorities List and is therefore governed by the
CERCLA process. Under CERCLA, the Weldon Spring Site Remedial Action Project
(WSSRAP) was subject to meeting or exceeding the applicable or relevant and appropriate
requirements (ARARSs) of federal, state, and local laws and statutes, such as the Resource
Conservation and Recovery Act (RCRA), the Clean Water Act (CWA), the Clean Air Act, the
National Historic Preservation Act, the Safe Drinking Water Act, the Endangered Species Act,
and Missouri State regulations. Because DOE is the lead agency for the site, DOE must
incorporate National Environmental Policy Act (NEPA) requirements as well as DOE orders.
Section 1.5.1 summarizes compliance with applicable federal and state regulations,

Section 1.5.2, summarizes compliance with major DOE orders, and Section 1.5.3 discusses
compliance agreements and permits. The physical completion of the project has reduced or, in
some cases, eliminated the applicability of certain ARARs.

1.5.1 Federal and State Regulatory Compliance
1.5.1.1 Comprehensive Environmental Response, Compensation, and Liability Act

The Weldon Spring site has integrated the procedural and documentation requirements of
CERCLA, as amended by the Superfund Amendments and Reauthorization Act, and NEPA.
Section 1.3.2 discusses the remedial actions conducted under CERCLA.

The site reached construction completion under CERCLA on August 22, 2005. The site also
received the EPA Superfund Sitewide Ready for Anticipated Use (SWRAU) designation from
EPA in a letter dated March 20, 2013. The SWRAU performance measure reports sites
documented as ready for reuse when the entire construction-completed National Priority List site
meets the following requirements:

e All cleanup goals in the RODs or other remedy decision documents have been achieved for
media that may affect current and reasonably anticipated future land uses of the site, so that
there are no unacceptable risks; and

e All institutional or other controls required in the RODs or other remedy decision documents
have been put in place.
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After a review of all relevant site documents, including the RODs, LTS&M Plan, five-year
reviews, annual inspections and monitoring data, and ICs documentation, EPA determined that
DOE has achieved the SWRAU performance measure for all DOE-owned land at the site. This
includes the former Chemical Plant and Quarry areas and totals approximately 229 acres. The
SWRAU measure was recorded as completed in the EPA Comprehensive Environmental
Response, Compensation, and Liability Information System database on February 13, 2013.

Because some areas of the site are still contaminated beyond levels that would allow unlimited
use and unrestricted exposure, CERCLA requires that the remedial actions be reviewed at least
every 5 years. These reviews are commonly called five-year reviews. DOE completed the fourth
five-year review report for the site in September 2011.

DOE issued the Explanation of Significant Differences, Weldon Spring Site (ESD) (DOE 2005a)
in accordance with CERCLA in February 2005. It clarified the use restrictions for the separate
operable units that are necessary for the remedial actions specified in the RODs to remain
protective over the long-term. The ESD clarified specific requirements for each site area that
needed use restrictions and established how DOE would implement, maintain, and monitor the
specific requirements.

DOE developed the LTS&M Plan, which addressed the full scope of the site management
activities necessary to ensure that conditions at the Weldon Spring site remain protective over the
long-term. The LTS&M Plan is revised periodically to ensure its applicability to changing site,
regulatory, or procedural conditions. In addition to addressing such activities as long-term
groundwater monitoring and disposal cell maintenance, the LTS&M Plan was developed and
issued to ensure that the use restrictions identified in the ESD were properly imposed and
maintained. The LTS&M Plan included a detailed IC Implementation Plan, which includes a
process for evaluating and identifying specific IC mechanisms that best accomplish the
objectives set out in the ESD. Consistent with EPA guidance on selecting ICs, various IC
mechanisms were evaluated, including government controls, proprietary controls, enforcement
tools, and informational devices. Redundant mechanisms were employed to increase the
effectiveness of the ICs.

The status of implementing the additional ICs discussed in the ESD and LTS&M Plan is
presented below:

e Special Use Area designation under the State Well Drillers’ Act: The “Special Use Area”
under the Missouri well code was finalized in the Missouri regulations and became effective
August 2007 (10 CSR 23-3.100[8]). This is a special regulation that DOE and the Army
pursued with MDNR that requires additional drilling protocols and construction procedures
to be implemented by regulations on any well construction within the restriction boundaries.
This IC is complete.

e Memorandum of Understanding with the Army: The Army and DOE signed the
memorandum in September and October 2009, respectively. This IC is complete.

o Easements with surrounding affected state agency landowners (MDC, MDNR-Parks,
MoDOT) for implementing the use restrictions required on state properties: DOE established
easements to restrict use of the contaminated groundwater in the area of the hydraulic buffer
zone, to restrict land use in the Southeast Drainage, and to restrict land use at the Quarry

Weldon Spring Site Annual Report for Calendar Year 2013 U.S. Department of Energy
Doc. No. S11570 June 2014
Page 8



reduction zone. DOE and MDNR-Parks finalized and signed the easement regarding the
MDNR-Parks property in September 2009. The easement with MDC was finalized in July
2011, and the easement with MoDOT was finalized in June 2012. The MoDOT property
was transferred to St. Charles County, and the restrictive easement was conveyed with the
land transfer and is still in effect. This IC is complete.

1.5.1.2  Resource Conservation and Recovery Act

Hazardous wastes at the Weldon Spring site have been managed as required by RCRA, a
substantive ARAR. Waste management has included the characterization, consolidation,
inventory, storage, treatment, disposal, and transportation of hazardous wastes that remained
onsite after the closure of the Weldon Spring Uranium Feed Materials Plant and wastes that were
generated during remedial activities.

Section 121(e)(1) of CERCLA states that no federal, state, or local permit shall be required for
the portion of any removal or remedial action conducted entirely onsite; therefore, a RCRA
treatment, storage, and disposal permit was not required at the site during remedial activities.

The Weldon Spring site no longer routinely generates any hazardous waste and has deactivated
its RCRA generator identification number.

1.5.1.3  Clean Water Act

The Weldon Spring site had three National Pollutant Discharge Elimination System (NPDES)
permits during 2013. The first permit (MO 0107701), which covers discharges from the leachate
collection and removal system (LCRS), is maintained as a contingency to current disposal
methods. The second permit (MO 0129917) was for the sanitary sewer system for the site, which
had been closed and replaced by the new wastewater treatment system. The third permit
(MORAO01773) was a storm water permit obtained on August 23, 2012. See Section 1.5.3.1 for
additional discussion of these permits.

1.5.1.4  Safe Drinking Water Act

Safe Drinking Water Act regulations are not applicable because maximum contaminant levels
(MCLs) apply only to drinking water systems, not groundwater. However, under the National
Contingency Plan, MCLs are relevant and appropriate to groundwater that is a potential drinking
water source. The principal ARARs for the impacted groundwater at the former Chemical Plant
are the MCLs and Missouri water quality standards, which were established in the GWOU ROD
(DOE 2004b) and are shown in Table 1.
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Table 1. Federal and State Water Quality Standards for the Former Chemical Plant GWOU

Constituent Standard Citation
Nitrate (as N) 10 mg/L 40 CFR 141.62
Total Uranium 20 pCi/L 40 CFR 141
1,3-DNB 1.0 ug/L 10 CSR 20-7°
2,4-DNT 0.11 pg/L 10 CSR 20-7°
NB 17 ug/L 10 CSR 20-7°
TCE 5 pg/L 40 CFR 141.61
2,6-DNT 1.3 pg/L Risk-based"
2,4,6-TNT 2.8 pg/L Risk-based®

® Missouri Groundwater Quality Standard, Code of State Regulations (CSR).
® Risk-based concentration equivalent to 107° for a residential scenario.
°Risk-based concentration equivalent to 107 for a residential scenario.

DNB = dinitrobenzene; DNT = dinitrotoluene; NB = nitrobenzene; mg/L = milligrams per liter;
Mg/L = micrograms per liter; pCi/L = picocuries per liter; TNT = trinitrotoluene; TCE = trichloroethene

Long-term groundwater monitoring for the QROU consists of two programs. Groundwater
monitoring is necessary to continue to ensure that uranium-contaminated groundwater has a
negligible potential to affect the well field owned by Public Water Supply District #2. The first
program details the monitoring of uranium and 2,4-DNT south of the slough to ensure that levels
remain protective of human health and the environment. The second program consists of
monitoring groundwater contaminant levels within the area north of the slough until they attain a
predetermined target level indicating negligible potential to affect groundwater south of

the slough.

Uranium concentrations south of the slough and in the area of production wells at the well field
remain within the observed natural variation within the aquifer. The MCL for uranium of 20
picocuries per liter (pCi/L) (30 micrograms per liter [g/L]) has been established as a trigger
level only in this area. If concentrations in groundwater south of the slough exceed the MCL of
20 pCi/L, DOE will evaluate risk and take appropriate action.

Under current conditions, groundwater north of the slough poses no imminent human health risk
or impact to the potable water of the well field. A target level of 300 pCi/L for uranium

(10 percent of the 1999 maximum) was established to represent a significant reduction in the
contaminant levels north of the slough. The target level for 2,4-DNT has been set at 0.11 pg/L,
the Missouri Groundwater Quality standard.

1.5.1.5 Emergency Planning and Community Right-to-Know Act
The site no longer stores large quantities of chemicals and none above a threshold level;
therefore, the site was not required to submit a 2013 Emergency Planning and Community

Right-to-Know Act Tier II report.

Based on the chemical usage in 2013, the Weldon Spring site is not required to submit a Toxic
Release Inventory report.
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1.5.2 DOE Order Compliance
1.5.2.1 DOE Order 458.1, Radiation Protection of the Public and the Environment

DOE Order 458.1 which replaced DOE Order 5400 in June 2011, establishes primary standards
and requirements for DOE operations to protect members of the public and the environment
against undue risk from radiation. DOE operates its facilities and conducts its activities so that
radiation exposures to members of the public are maintained within established limits.

The estimated total effective dose to the hypothetical maximally exposed individual was due to
consumption of water from Spring SP-5304 in the Southeast Drainage. This dose was calculated
to be 0.088 millirem (mrem), which is well below the 100 mrem guideline for all potential
exposure pathways. Refer to Section 5.6.2 for additional information regarding the total effective
dose calculation.

1.5.2.2  DOE Order 231.1B, Environment, Safety and Health Reporting

DOE Order 231.1B, Environment, Safety and Health Reporting, ensures the collection and
reporting of information on environment, safety, and health that is required by law or regulation.
This directive also includes requirements for occurrence reporting. There were no occurrence
reports issued for the site during 2013.

1.5.2.3 DOE Order 436.1, Departmental Sustainability

DOE Order 436.1, Departmental Sustainability, requires that contractors integrate numerous
environment-related requirements already placed on them by existing statutes, regulations, and
policies through the use of an Environmental Management System (EMS) incorporated into an
Integrated Safety Management System (ISMS). EMS requirements must be addressed in the
contractor’s ISMS, which must be submitted for DOE review and approval under Department of
Energy Acquisition Regulation 970.5223-1, “Integration of Environment, Safety and Health into
Work Planning and Execution” (48 CFR 970.5223-1).

DOE Order 436.1 incorporates the requirements of Executive Order 13423, Strengthening
Federal Environmental, Energy, and Transportation Management, and Executive Order 13514,
Federal Leadership in Environmental, Energy, and Economic Performance. DOE Order 436.1
also requires the implementation of an EMS that reflects the elements and framework found in
the International Organization for Standardization (ISO) 14001:2004(E), Environmental
Management Systems—Requirements with Guidance for Use, or the equivalent. DOE’s Office of
Legacy Management (LM) EMS integrates the four core elements of ISO 14001:2004(E): (1)
planning, (2) implementation and operation, (3) checking and corrective action, and (4)
management review. These elements are commonly referred to as a Plan-Do-Check-Act
continuous cycle and apply to all LM and contractor work processes and activities. LM and its
contractors are committed to systematically integrating environmental protection, safety, and
health into management and work practices at all levels so that the LM mission is accomplished
in a manner that continually integrates environmental aspects during planning, implementation,
monitoring, project evaluation, and closeout. Guidance for identifying environmental aspects,
objectives, and targets that are related to proposed activities is included in the EMS and ensures
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that LM staff and contractors maintain compliance with applicable regulations and appropriately
plan and implement activities.

The EMS provides mechanisms for planning and mitigating the negative impacts that proposed
projects or actions could have on the environment by mandating environmental compliance;
promoting the use of post-recycled-content materials; recycling to the extent practicable;
conserving fuel, energy, and natural resources; minimizing the generation of greenhouse gases
and hazardous wastes and the use of toxic chemicals; and enhancing disrupted ecosystems.

Table 2 provides a list of items recycled during 2013.

Table 2. Recycled Items and Quantities

Material Recycled Quantity
Paper 533 pounds
Cardboard 234 pounds
Plastic 93 pounds
Batteries 40 pounds
Glass 115 pounds
Aluminum 5 pounds
Toner cartridges 6

1.5.3  Permit and Agreement Compliance
1.5.3.1 NPDES Permits

The Weldon Spring site had three NPDES permits during 2013. The first permit (MO 0107701),
which covers a discharge pipeline from the LCRS, is maintained as a contingency to current
disposal methods. No water has been discharged under this permit since 2002. The current
permit expired in April 2013. A renewal application was submitted to the MDNR in October
2012. The MDNR transmitted a draft permit to DOE for review on January 8§, 2014, and
comments were provided to MDNR on January 21, 2014. The permit was sent out for public
comment on March 21, 2014 and was finalized on May 21, 2014.

The second permit (MO 0129917) was for the point source discharge of treated sanitary sewage.
A new wastewater treatment system was installed beginning in October 2012. The system uses a
Wisconsin Mound leach field system, which does not require an NPDES permit. The wastewater
is highly pretreated before being introduced into the mound system and consists of a septic tank
to remove solids and a BioMicrobics system to reduce total suspended solids, biochemical
oxygen demand, and fecal coliform bacteria. The system became operational on

November 15, 2012. An application to terminate the NPDES permit (MO 0129917) for the
previous wastewater treatment plant was submitted to MDNR on January 31, 2013. On

March 5, 2014, DOE received a letter notifying them that the permit was terminated.

A storm water permit was attained for the demolition of the administration building and
installation of the new wastewater treatment system, which took place in 2012 using the new
MDNR e-permitting system on August 23, 2012. The permit number was MORAO01773. The
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permit required regular inspections and could not be terminated until approximately 70 percent
vegetation coverage was established in the disturbed areas. It was determined that the areas had
70 percent vegetation coverage in July 2013, and a letter and Form H, Termination of a General
Permit, was submitted to MDNR on July 11, 2013. An MNDR representative inspected the area
on August 15, 2013, and on September 9, 2013, DOE received a letter notifying termination of
the permit.

1.5.3.2  Federal Facility Agreement

EPA and DOE signed a Federal Facility Agreement in 1986 and amended it in 1992. The main
purpose of the agreement is to establish a procedural framework and schedule for developing,
implementing, and monitoring appropriate response actions at the site in accordance with
CERCLA. EPA, DOE, and MDNR subsequently signed an updated Federal Facility Agreement;
EPA provided the final signature on March 31, 2006 (DOE 2006).

1.5.3.3  Metropolitan St. Louis Sewer District (MSD) Agreement

The Weldon Spring site has approval from the MSD to discharge treated disposal cell leachate
and purge water from groundwater sampling at their Bissell Point Plant. The MSD approval
was renewed on December 16, 2013. DOE received notification in April 2004 that the leachate
must meet the radiological drinking-water standard for all radionuclides, including the

30 microgram per liter (ug/L) (20 picocuries per liter [pCi/L]) standard for uranium prior to
acceptance. The disposal cell untreated leachate uranium concentration was very close to this
limit in 2004; therefore, DOE exercised a pretreatment contingency process and began treating
the leachate through a system of cartridge filters and ion exchange media that is selective for
uranium. The leachate was sampled after pretreatment and found to be significantly below the
30 pg/L limit. The untreated levels continued to be close to the 30 pg/L limit during 2013, so the
leachate pretreatment continued, and the discharge levels remained significantly lower than the
30 pg/L limit.

1.6 Geology and Hydrogeology

Due to lithologic differences, including geologic features that influence groundwater flow, and
the geographical separation of the former Chemical Plant and Quarry areas, separate
groundwater monitoring programs are established for the two sites. This section presents
generalized geologic and hydrologic descriptions of the two sites, and Figure 3 provides a
generalized stratigraphic description for reference. Hydrogeologic descriptions of lithologies
monitored for each program are discussed in Sections 5.2.1.1 and 5.2.2.1. The Weldon Spring
site is situated near the boundary between the Central Lowland and the Ozark Plateau
physiographic provinces. This boundary nearly coincides with the southern edge of Pleistocene
glaciation that covered the northern half of Missouri over 10,000 years ago

(Kleeschulte et al. 1986).

The uppermost bedrock unit underlying the former Chemical Plant is the Mississippian
Burlington-Keokuk Limestone. Overlying the bedrock are unconsolidated units consisting of fill,
topsoil, loess, glacial till, and limestone residuum of thicknesses ranging from a few feet to
several tens of feet.
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Typical
System Series Stratigraphic Unit Thickness Physical Characteristics Hydrostratigraphic Unit
(feet)®
Holocene Alluvium 0-120 Gravelly, silty loam Alluvial aquifer
Quaternar i i i
y Pleistocene Loess and glacial drift® 10-60 Silty clay, gravelly clay, silty loam, or loam over residuum from
weathered bedrock
S . Limestone, limey dolomite, finely to coarsely crystalline, massively - .
Moramecian Salem Formation 0-15 bedded, and thin-bedded shale Locally a leaky confining unit
S Shale and thin- to medium-bedded finely crystalline limestone with
Warsaw Formation 0-80 .
interbedded chert
Mississippian Burlington-Keokuk Limestone 100-200 Che!'t'y ||mestope, very fine to very cgarsely crystalline,
fossiliferous, thickly bedded to massive .
Osagean - ——— - Shallow aquifer system
. Cherty limestone, dolomitic in part, very fine to very coarsely
Fern Glen Limestone 45-70 . ) .
crystalline, medium to thickly bedded
Kinderhookian | Chouteau Limestone 20-50 bD:(IjZchjtlc argillaceous limestone, finely crystalline, thin to medium
Sulphur Springs Grotip Quartz arenite, fine to medium grained, friable
Devonian Upper Bushberg Sandstone 40-55 Upper leaky confining unit
Lower part of Sulphur Springs Calcareous siltstone, sandstone, oolitic limestone, and hard
Group undifferentiated carbonaceous shale
Cincinnatian Maquoketa Shale® 0-30 CaIcare(_)us to dolomitic silty shale and mudstone, thinly laminated
to massive
Kimmswick Limestone 70-100 leggtone, coarsely crystalline, medium to thickly bedded, Middle aquifer system
fossiliferous and cherty near base
Decorah Group 30-60 Shale with thin interbeds of very finely crystalline limestone
Champlainian Plattin Limestone 100-130 Dc_)Iomltlc limestone, very finely crystalline, fossiliferous, o _
thinly bedded Lower confining unit
- . . _ Interbedded very finely crystalline, thinly bedded dolomite,
Ordovician Joachim Dolomite 80-105 limestone, and shale; sandy at base
St. Peter Sandstone 120-150 Quartz arenite, fine to medium grained, massive
Powell Dolomite 50-60 Sandy dolomite, medium to finely crystalline, minor chert and shale
Cotter Dolomite 200-250 _Arglllaceous, qherty dolomite, fine to medium crystalline,
Canadian interbedded with shale
Jefferson City Dolomite 160-180 Dolomite, fine to medium crystalline
Roubidoux Formation 150-170 Dolomitic sandstone Deep aquifer system
Gasconade Dolomite 250 Cherty dolomite and arenaceous dolomite (Gunter Member)
Eminence Dolomite 200 Dolom|t(_-3, medium to coarsely crystalline, medium bedded
Cambrian Upper to massive. - - - -
. . Dolomite, fine to medium crystalline, thickly bedded to massive;
Potosi Dolomite 100
drusy quartz common

@ Thickness estimates vary depending on data source.
® Glacial drift unit includes the Ferrelview Formation and is saturated in the northern portion of the Ordnance Works where this unit behaves locally as a leaky confining unit.
°The Warsaw and Salem Formations are not present in the Weldon Spring area.
“The Sulphur Springs Group also includes the Bachelor Sandstone and the Glen Park Limestone.

° The Maquoketa Shale is not present in the Weldon Spring area.

Figure 3. Generalized Stratigraphy and Hydrostratigraphy of the Weldon Spring, Missouri, Site



Three bedrock aquifers underlie St. Charles County. The shallow aquifer consists of the
Mississippian Burlington-Keokuk Limestone and Fern Glen Formation, and the middle aquifer
consists of Ordovician Kimmswick Limestone. The deep aquifer includes formations from the
top of the Ordovician St. Peter Sandstone to the base of the Cambrian Potosi Dolomite. Alluvial
aquifers of Quaternary age are present near the Missouri and Mississippi Rivers.

The Weldon Spring Quarry is located in low limestone hills near the northern bank of the
Missouri River. The middle Ordovician bedrock of the Quarry area includes, in descending
order, Kimmswick Limestone, Decorah Formation, and Plattin Limestone. These formations are
predominantly limestone and dolomite. Massive Quaternary deposits of Missouri River alluvium
cover the bedrock to the south and east of the Quarry.

1.7 Surface Water System and Use

The former Chemical Plant and Raffinate Pits areas are located on the Missouri—Mississippi
River surface drainage divide. Elevations on the site range from approximately 608 feet (ft)
above mean sea level near the northern edge of the site to 665 ft above mean sea level near the
southern edge. (The disposal cell is not included in these elevation measurements.) The natural
topography of the site is gently undulating in the upland areas, typical of the Central Lowlands
physiographic province. South of the site, the topography changes to the narrow ridges and
valleys and short, steep streams common to the Ozark Plateau physiographic province
(Kleeschulte et al. 1986).

No natural drainage channels traverse the site. Drainage from the southeastern portion of the site
generally flows southward to a tributary referred to as the Southeast Drainage (or 5300 Drainage,
based on the site’s nomenclature) that flows to the Missouri River.

The northern and western portions of the former Chemical Plant site drain to tributaries of
Schote Creek and Dardenne Creek, which ultimately drain to the Mississippi River. The
manmade lakes in the August A. Busch Memorial Conservation Area, which are used for public
fishing and boating, are located within these surface drainages. No water from the lakes or creeks
is used for irrigation or for public drinking water supplies.

Before the remediation of the former Chemical Plant and Raffinate Pits areas began, there were
six surface water bodies on the site: the four raffinate pits, the Frog Pond, and the Ash Pond. The
water in the raffinate pits was treated prior to release, and the pits were remediated and
confirmed clean. The Frog Pond and Ash Pond were flow-through ponds that were monitored
prior to being remediated and confirmed clean. Throughout the project, retention basins and
sedimentation basins were constructed and used to manage potentially contaminated surface
water. During 2001, the four sedimentation basins that remained were remediated, and the entire
site was brought to final grade and seeded with temporary vegetation. Final seeding was
conducted during 2002.

The Weldon Spring Quarry is situated within a bluff of the Missouri River Valley about 1 mile
northwest of the Missouri River at approximately River Mile 49. A 0.2-acre pond within the
Quarry proper acted as a sump that accumulated direct rainfall within the Quarry. Past
dewatering activities in the Quarry suggested that the sump interacted directly with the local
groundwater. All water pumped from the Quarry before remediation was treated before it was
released. Bulk waste removal, which included the removal of some sediment from the sump area,
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was completed during 1995. The Quarry was partially backfilled, graded, and seeded
during 2002.

The Femme Osage Slough, located approximately 700 ft south of the Quarry, is a 1.5 mile
section of the original Femme Osage Creek and Little Femme Osage Creek. The University of
Missouri redirected the creek channels between 1960 and 1963 during the construction of a levee
system around the university’s experimental farms (DOE 1990a). The slough is essentially
landlocked. The slough is not used for drinking water or irrigation.

1.8 Ecology

The Weldon Spring site is surrounded primarily by state conservation areas that include the
6,988-acre Busch Conservation Area to the north, the 7,356-acre Weldon Spring Conservation
Area to the east and south, and the 2,548-acre Howell Island Conservation Area, which is an
island in the Missouri River (Figure 2).

The wildlife areas are managed for multiple uses, including timber, fish and wildlife habitat, and
recreation. Fishing constitutes a relatively large portion of the recreational use. Seventeen
percent of the area consists of open fields that are leased to sharecroppers for agricultural
production. In these areas, a percentage of the crop is left for wildlife use. The main agricultural
products are corn, soybeans, milo, winter wheat, and legumes (DOE 1992b). The Busch and
Weldon Spring Conservation Areas are open year-round, and the number of annual visits to both
areas totals about 1,200,000.

The Quarry is surrounded by the Weldon Spring Conservation Area, which consists primarily of
forest with some old-field habitat. Prior to bulk waste removal, the Quarry floor consisted of old-
field habitat containing a variety of grasses, herbs, and scattered wooded areas. When bulk waste
removal began, this habitat was disturbed. The rim and upper portions of the Quarry still consist

primarily of slope and upland forest, including cottonwood, sycamore, and oak (DOE 1990a).

1.9 Climate

The climate in the Weldon Spring area is continental, with warm to hot summers and moderately
cold winters. Air masses that are alternately warm and cold, wet and dry converge and pass
through the area, causing frequent changes in the weather. Although winters are generally cold
and summers are generally hot, prolonged periods of very cold or very warm to hot weather are
unusual. Occasional mild periods with temperatures above freezing occur almost every winter,
and cool weather interrupts periods of heat and humidity in the summer (Ruffner and Bair 1987).

The precipitation and average temperature results in Table 3 are provided by the National
Weather Service This data is used to show general climate data for the site. The St. Louis
office of the National Weather Service is located in Weldon Spring approximately 2.5 miles
from the site.
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Table 3. Monthly Precipitation and Average Temperatures for 2013

Month Total Precipitation (inches) Average Temperature (°F)
January 3.07 32.2
February 3.47 33.6
March 4.71 36.2
April 7.11 52.4
May 9.18 64.6
June 5.76 72.9
July 2.29 74.4
August 1.12 74.8
September 1.34 71.6
October 1.63 56.7
November 1.75 41.8
December 1.81 31.4

1.10 Land Use and Demography

The 2012 census (U.S. Census Bureau) estimated the population of St. Charles County to be
about 368,666. The three largest communities in St. Charles County are O’Fallon (population:
est. 81,979), St. Charles (population: est. 65,463), and St. Peters (population: est. 54,078)
(Figure 1). The two communities closest to the site are Weldon Spring and Weldon Spring
Heights, about 2 miles to the northeast. The combined population of these two communities is
about 5,000. No private residences exist between Weldon Spring Heights and the site.

Francis Howell High School is about 0.6 mile northeast of the site along Missouri State Route 94
(Figure 2). The school employs approximately 150 faculty and staff members, and about

1,780 students attend school there. The school recently constructed a new school building, which
was completed in time for the start of the 2011-2012 school year.

St. Charles County owns a maintenance facility adjacent to the north side of the former Chemical
Plant. In the past year the county used the facility for storage and processing of concrete rubble
and trees. The Army Reserve Training Area is located to the west of the former Chemical Plant.
The Army is currently constructing a large reserve center on the Army property.

The University of Missouri owns about 741 acres of land east and southeast of the high school.
The northern third of this land is being developed into a high-technology research park. MDC
operates the conservation areas adjacent to the former Chemical Plant and employs about

50 people.
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1.11 Non-Routine Activities
1.11.1 Installation of Protective Steel Monitoring Well Caps

On September 19, 2012, it was discovered that wells MW-3031 and MW-3037 had been
vandalized. It was determined that the aluminum top caps had been broken off both wells. To
assist in preventing this type of vandalism in the future, new steel well protective covers were
fabricated and installed on all monitoring wells that had the aluminum top caps. Installation was
completed on May 21, 2013.

1.11.2 Abandonment of MW-3031

After the discovery of the vandalism to MW-3031, attempts to measure the static water level in
MW-3031 revealed that a large rock had been forced down MW-3031 and was lodged in the
casing approximately 4.5 ft down from the top of the casing. The rock could not be removed, and
it was decided to abandon this well. DOE sent a letter to the EPA and MDNR on October 2,
2012, discussing the past performance of MW-3031 and the decision to abandon the well. A
drilling subcontractor performed the abandonment work on July 15, 2013.

1.11.3 Repair of Monitoring Wells

During groundwater sampling activities, the samplers observed that several wells were damaged
by ground subsidence due to drought conditions. These included MW-1013, 1015, 1016, 1018,
1046, 2033, 2034, and 4001. A drilling subcontractor repaired the wells the week of

July 15-19, 2013.

1.11.4 Tornado Damage Repair

On the evening of May 31, 2013, the site sustained some damage from a tornado that occurred
near the site. Several repairs had to be made including replacement of three air
conditioner/heating units on the Interpretive Center, straightening of telephone poles, and
replacement of the front entrance signs.
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2.0 Inspection Report

2.1 Introduction

The Weldon Spring site was inspected November 5—7, 2013. The inspection was conducted in
accordance with the LTS&M Plan (DOE 2008a) and associated inspection checklist.
Representatives from DOE, Stoller, EPA, and MDNR participated in the inspection. A
representative from the MDC participated in the inspection of the Southeast Drainage.

The main areas inspected at the site were the Quarry, the disposal cell, the LCRS, monitoring
wells, assorted general features, and areas where ICs have been established.

IC areas were inspected to ensure that restrictions such as soil excavation, groundwater
withdrawal, and residential use were not being violated. Each area was inspected, and inspectors
observed no indication of violations of the restrictions was observed.

Inspection of the disposal cell consisted of walking 10 transects over the cell and around the cell
perimeter. Inspectors used hand-held global positioning system (GPS) equipment to navigate the
transects. Six previously marked areas of the cell were located and observed for signs of rock
degradation. The LCRS was also inspected and observed to be in good condition. Forty-six of
the 106 groundwater monitoring wells were inspected and were in good condition. The
inspection also included other site features, such as the prairie, site markers, and roads.

The purpose of the annual inspection was to confirm the integrity of the visible features (such as
disposal cell, LCRS, and monitoring wells) at the site, document the site condition subsequent to
remediation and restoration, identify changes in conditions that may affect site integrity,
determine if ICs are adequately implemented, and determine the need, if any, for maintenance or
additional inspections and monitoring.

At the time of the inspection, nine Stoller personnel were employed full-time at the site. Stoller is
the LM’s Legacy Management Support contractor. Some of these employees also support other
LM sites around the nation. Also employed at the site are part-time contractor and subcontractor
employees.

The following personnel from Stoller were the lead inspectors during the inspection:

e Terri Uhlmeyer

e Randy Thompson

The following support personnel from Stoller participated in the inspection:
e Tom Welton

e Tim Zirbes

e Chris Papinsick

e Rex Hodges

¢ Yvonne Deyo
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The following personnel observed the inspection and provided oversight:
e Ken Starr, DOE

e Hoai Tran, EPA Region 7

e Patrick Anderson, MDNR

e Dan Carey, MDNR

e Jerod Heubner, MDC (Southeast Drainage only)

2.2 Inspection Results

Prior to the inspection, the site inspection agenda (Appendix A) was reviewed with the
inspection participants. A safety briefing was also held prior to the inspection, and the corrective
action report from the 2012 annual inspection was reviewed (Appendix B). The following is a
summary of the inspection results. The inspection base maps, which include the locations of the
photographs, are included as Figure 4 and Figure 5. The checklist (from Appendix H of the
LTS&M Plan) is included in this report as Appendix C. A letter to EPA and MDNR dated
November 14, 2013, documented four items observed during the inspection and the resolution.
The items are noted in the description below and were resolved the week of the inspection. There
were no outstanding items to include from the inspection.

2.2.1 Institutional Controls

Section 2.3.4 of the LTS&M Plan states “DOE will conduct a formal annual inspection of the
physical locations addressed by ICs. DOE also will evaluate whether the ICs remain effective in
protecting human health and the environment and, in coordination with EPA and MDNR, will
take appropriate action if evidence indicates the controls are not effective.”

Easements have been negotiated and finalized with surrounding state agency landowners for
implementing use restrictions required on the state properties. The state agencies included the
Missouri Department of Conservation (MDC), MDNR-Parks, and MoDOT/St. Charles County.
The easements are in place to restrict potential use of contaminated groundwater in the hydraulic
buffer zone and also to restrict land use in the Southeast Drainage area and at the Quarry site.
Figure 6 and Figure 7 provide the IC location maps from the LTS&M Plan.

The IC areas are listed in the following section as they are referenced in the inspection checklist.

2.2.1.1 Land and Shallow Groundwater Use Within the Chemical Plant Site and
Buffer Zone

Inspection Criteria: Groundwater and land use is restricted on the Chemical Plant site. Inspect for
indications of excavations into soil or bedrock and groundwater withdrawal or use in restricted
areas. If any party has been granted use of portions of the former Chemical Plant area, inspect to
ensure that land use is in compliance with the terms of the restrictions within the notation.

Inspection Results: This area was inspected, and observers found no indications of excavations
into soil or bedrock, groundwater withdrawal, or groundwater use.
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2.2.1.2  Groundwater Use in Areas Surrounding the Chemical Plant

Inspection Criteria: Groundwater use is restricted in areas on Army, MDC, and St. Charles
County (formerly MoDOT) properties, as shown on Figure 6. Inspect affected areas for ground
water or spring water (Burgermeister Spring (Spring 6301) and Spring 6303) use. Inspect to
ensure that land use continues to be in compliance with the terms of the license, easement, or
permit and the restrictions contained therein.

Inspection Results: The surrounding area where groundwater use is restricted was inspected.
This included property owned by MDC and the Army. No evidence of groundwater use was
observed, and current land use remains consistent with ICs on both properties. Burgermeister
Spring 6301 (Photo 1) and Spring 6303 on MDC property were inspected, and there were no
indications of spring water use. Spring 6303 was not flowing. All the monitoring wells inspected
were appropriately secured. The maintenance on the monitoring wells was also sufficient.
Inspectors observed that MW-4036 on the Army property did not have a contact label and that
MW-4041 on the MDC property had a new steel cap, but it was rusty. Both observations were
corrected by the end of the week of the inspection. Inspectors noted that the Army is continuing
to build a large reserve center on their property.

2.2.1.3  Groundwater (Quarry)

Inspection Criteria: Figure 7 shows the Quarry groundwater restriction area boundary. Inspect
affected areas for evidence of groundwater withdrawal or use in restricted areas. Inspect to
ensure that land use continues to be in compliance with the terms of the easement and restrictions
within the notation.

Inspection Results: The groundwater restricted area was inspected, and no evidence of
groundwater withdrawal or use in the area was observed.

2.2.1.4 Land Use in Quarry Area Reduction Zone

Inspection Criteria: Figure 7 shows the restriction boundary. A naturally occurring reduction
zone exists in soil south of the Katy Trail and north of the Femme Osage Slough. This area is
restricted from excavations. Inspect for indications of excavations into soils in the uranium
reduction zone. Inspect to ensure that land use continues to be in compliance with the terms of
the easement and the restrictions contained therein.

Inspection Results: The Quarry reduction zone area was inspected, and no indications of
excavation into soils or bedrock were observed. As required by the LTS&M Plan, information
signage and contact numbers were posted on monitoring wells at the Quarry Area reduction
zone. The labels indicate no digging is allowed in this area and include contact numbers for DOE
and MDC. Land use remains consistent with planned ICs.

2.2.1.5 Southeast Drainage

Inspection Criteria: The Southeast Drainage is restricted for residential housing in a 200 ft
corridor. Check for indications of residential use or construction in the Southeast Drainage
(200 ft wide corridor), or other activity that would indicate non-recreational use of the area.
Check Springs 5303 and 5304 for residential, commercial, or agricultural use of spring water.
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Inspection Results: The inspectors walked down the entire Southeast Drainage (Photo 2)

and observed no indications of residential use, construction, or any other activity that would
indicate non-recreational use of the area. The springs also were inspected, and no indications
of residential, commercial, or agricultural use of the springs were observed. Both of the springs
were observed to be flowing. Current land use remains consistent with planned ICs. Inspectors
observed that erosion is occurring under the culvert that crosses under the Hamburg Trail.
MDC was notified of this by e-mail on November 12, 2013, as they had been notified in 2011
and 2012.

2.2.1.6  State Route 94 Culvert

Inspection Criteria: Check for signs of disturbance of the affected region where the culvert
passes beneath State Route 94 and in the utility rights-of-way in the affected area.

Inspection Results: The State Route 94 culvert was inspected. It was noted during the inspection
that the culvert inlet was filled with tree debris. Also during the inspection, the Missouri
Department of Natural Resources (MDNR), Patrick Anderson, had some questions regarding the
culvert. An e-mail sent to MoDOT representative Stowe Johnson on November 7, 2013, included
pictures of the inlet and outlet sides of the culvert and stated the following:

During our recent annual Weldon Spring site inspection, the Missouri Department of Natural
Resources (MDNR), Patrick Anderson, questioned the integrity of the outlet of the drainage
pipeline that crosses beneath Highway 94. He inquired whether MoDOT was planning on
removing or rehabilitating any of the outlet end of the drainage culvert. This information is being
provided for informational purposes only, since DOE has no authority or involvement relating to
this aspect of the drainage pipeline.

In addition, the inlet of this same drainage culvert appears plugged with debris. Two photographs
are attached that shows the debris existing at the inlet of the pipeline.

Please let me know if you have any questions or desire additional information.

Mr. Stowe responded that he would contact the maintenance shed and have them clean out
the debris.

2.2.1.7 NPDES Discharge Pipeline from LCRS to Missouri River

Inspection Criteria: Inspect the entire length of the NPDES discharge pipeline and outfall for any
disturbance or maintenance needs.

Inspection Results: The area of the pipeline was inspected by Stoller personnel prior to the
inspection, and the manholes were cleared. Figure 8 shows a map of the pipeline and the
manhole locations. Stoller inspectors noted that no onsite disturbances of the pipeline or
disturbances of the offsite areas of the pipeline and manholes were apparent, and decided that
additional inspection of the pipeline and manholes was unnecessary at that time. The pipeline
area is inspected at least annually. This pipeline serves as a contingency for discharge of disposal
cell leachate but has not been used for that purpose to date.
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Figure 8. NPDES Discharge Pipeline Between the LCRS Support Building at the Missouri River,
Weldon Spring, Missouri, Site
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2.2.2  Disposal Cell

The disposal cell was inspected in accordance with the LTS&M Plan and the annual inspection
checklist (Photo 3). The cell inspection was divided into 10 transects (Figure 9). The inspectors
separated into two groups and walked five transects each, looking for depressions, shifts of cell
plane vertices, and other indications of settlement. In the past, slight depressions or bulges that
were noted during the inspection were included on Figure 9; however, due to the subjectivity of
visually delineating surface anomalies of the rock-covered cell, the accuracy and relevance of the
practice is questioned. DOE is investigating more-objective options that may define these types
of areas better than visual interpretations. Other items for inspection included vegetation, wet
areas, apron drains, guardrails, the stairs, and the six rock test plot areas. The inspectors took
photographs of these delineated rock test plot areas and compared them to photographs from the
previous inspection of the same areas and observed no rock degradation. The test plot areas are
shown from the original inspection in 2003 (2011 for Test Plot #6), 2012, and 2013 for
comparison (see Photos 4 through 21). Inspectors noted during the 2010 inspection that vandals
had removed some rocks from Test Plot #5. A new test plot (Test Plot #6) had been marked
during 2011 in response to a request from MDNR during the 2010 inspection. This new plot is
located on the southern face of the disposal cell (Figure 9).

In accordance with the inspection criteria included in the checklist, the inspectors also evaluated
the cell cover for wet areas or water drainage and observed that none were present. The toe and
apron drains were inspected and found to be functioning as designed. The guardrail and stairs
were in good condition. No vegetation was found on the disposal cell during the inspection.

2.2.3  Leachate Collection and Removal System (LCRS)

Stoller staff discussed operations of the LCRS with the inspection participants, presented the
LCRS data and the SOARS (System Operation and Analysis at Remote Sites) system, and
inspected the system. The fences and doors were locked and were in good condition. The system
was functioning as designed. The leachate production rates, uranium levels, and flow rates are
provided in Appendix D.

DOE continues to apply its pretreatment contingency process by pretreating the leachate through
a system of cartridge filters and ion exchange media that is selective for uranium. Leachate
samples continue to indicate that uranium concentrations are well below the discharge limit.
Leachate management will continue in this manner until uranium concentrations in the untreated
leachate are consistently below the 20 pCi/L limit.

2.24  Erosion
2.2.4.1 Chemical Plant Area
The erosion areas were observed during the inspection. Erosion channels within the entire prairie

have been mapped with GPS annually since 2007 (Figure 10). The resulting information will be
used to track the nature and extent of erosion and to determine possible action if necessary.
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Figure 9. Disposal Cell Inspection Transects and Rock Test Plot Locations at the Weldon Spring,
Missouri, Site
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2.2.4.2  Quarry Area

No erosion areas were noted during the inspection of the Quarry area.

2.2.5 General Site Conditions

General site conditions as listed in the checklist were inspected and are discussed below.
2.2.5.1 Roads

The roads consist of asphalt roads leading into the property and a gravel road that extends around
the disposal cell and to Gate D. The roads were in good condition.

2.2.5.2 Vandalism

Although the site is publicly accessible, signs are clearly posted at the disposal cell that the
viewing platform is open during daylight hours only. Public use of the site continues to increase.
Because of ongoing issues associated with this use (e.g., littering at various locations throughout
the site, including at the top of the disposal cell, increasing evidence of nighttime access), a
private security firm was hired to provide seasonal patrol coverage of the site during the evening
hours. These patrols, along with the upgraded safety-oriented security system, have dramatically
curtailed the degree of undesirable activities at the site. Signs were also posted at the disposal
cell entrance and the top of the disposal cell that state that video surveillance is being conducted.

The disposal cell monument plaques were vandalized during 2010, as indicated by the corners of
the plaques that were bent down. Subsequent inspections have documented that the plaques
continue to be vandalized. The plaques are still functional, and nothing further will be done at
this time.

2.2.5.3  Personal Injury Risks
No personal injury risks were observed.

2.2.5.4  Site Markers (Four Information Plaques on Top of Cell, Historical Markers, and
Other Information Markers)

The four information plaques on top of the cell were generally in good condition. Inspectors
noted some vandalism to the plaques where the corners had been bent down, as noted in
Section 2.2.5.2. The historical markers were inspected (Photo 22) and were in good condition.

The LTS&M Plan also requires No Trespassing signs to be posted on the LCRS fence along with
the DOE 24-hour security telephone number (970-248 6070 or 877-695-5322) that the public can
call for information. During the 2013 inspection, inspectors noted that these signs were posted on
the LCRS fence and were in good condition.

2.2.6  Monitoring Wells

Inspection of monitoring wells included wells in the disposal cell monitoring well network,
former Chemical Plant monitoring well network, and Quarry monitoring well network. The
inspection checklist required inspection of all the disposal cell wells and greater than 10 percent
of the former Chemical Plant and Quarry wells. The checklist required the wells to be inspected
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to ensure they are properly secured, locked, and in good condition and to check if they need
maintenance and have the proper ID number on the well. The wells appeared to be in good
condition, and the protective casing on many wells had been freshly painted. During regular
sampling and inspection of the wells in 2012, inspectors noted that settling of several wells
and/or well casings had damaged the wells or the concrete pads, presumably as a result of the
extreme drought over the summer. The settling affected wells MW-2033, 2034, and 4001 from
the former Chemical Plant and wells MW-1013, 1015, 1016, 1018, and 1046 at the Quarry. As
discussed in Section 1.11.3, a drilling subcontractor repaired these wells in July 2013. The
inspection included each of these wells (Photo 23).

2.2.6.1 Disposal Cell Monitoring Well Network

Each of the wells in the disposal cell network (MW-2032, 2046, 2047, 2051, 2055) were
inspected and found to be in good condition.

2.2.6.2  Chemical Plant Area Monitoring Well Network

The inspection checklist requires inspection of at least 10 percent of the wells from the former
Chemical Plant monitoring well network. This network consists of 67 DOE-owned wells and 4
wells owned by the Army. This number does not include the five disposal cell wells, although
some of those wells are monitored for the groundwater remedy. Thirty wells were inspected

(51 percent). Only 42 DOE-owned wells are monitored for the MNA groundwater remedy. The
remaining wells are monitored quarterly for static water levels only. The following wells were
inspected: MW-2012, 2013, 2014, 2017, 2023, 2033, 2034, 2053, 3024, 3025, 3026, 3027, 3031,
3040, 4001, 4006, 4007, 4011, 4026, 4027, 4029, 4031, 4032, 4033, 4036, 4038, 4040, 4041,
4042, 4043.

2.2.6.3  Quarry Monitoring Well Network

The inspection checklist requires inspection of greater than 10 percent of the wells in the Quarry
monitoring well network. The monitoring well network consists of 34 wells. The following

11 wells (32 percent) were inspected: MW-1002, 1005, 1013, 1014, 1015, 1016, 1027, 1045,
1046, 1048, RMW-1.

2.2.7 Onsite Document and Record Verification

The following onsite documents and records were verified:

e  Surveillance and Maintenance Plan: (Long-Term Surveillance and Maintenance Plan for the
Weldon Spring, Missouri, Site, December 2008.)

e NPDES storm water permit (MORAO01773) and associated Storm Water Pollution
Prevention Plan and inspection checklists. The storm water permit was obtained for the land
disturbed by demolition of the administration building and installation of the wastewater
treatment plant.

e NPDES permits: #M0-0107701, MO-0129917.
e MSD agreement and records.

o Teleconference and interview records.
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2.3 Contacts

In accordance with the checklist, inspectors notified several stakeholders prior to the inspection.
The purpose of this notification is to keep contact with the stakeholders and determine if they
have any issues or concerns. The following stakeholders were contacted:

e  St. Charles County Sheriff

e Cottleville Fire District

e  Francis Howell High School
e  Simplex-Grinnell

e  St. Charles County

The IC contacts also were notified about the inspection to maintain annual contact with the
representatives relevant to IC issues. This annual contact is used to verify awareness of the ICs
and to reiterate the requirements and/or restrictions with each representative. The representatives
contacted are listed below.

e John Vogel, MDC

e Alan Leary, MDC

e Mary Bryan, MDNR-Parks

e Quinn Kellner, MDNR-Parks

e Kevin Grimes, U.S. Army

e Tom Blair, MoDOT

e Tom Evers, MoDOT

e Stowe Johnson, MoDOT

e Craig Tajkowski, St. Charles County Engineer

The St. Charles Planning and Zoning Department also was contacted, and they verified that no
planning and zoning activities were currently taking place within one-quarter mile of the
Chemical Plant and Quarry property. The Notation of Land Ownership and easements with the
state property owners were verified to be filed and present at the St. Charles Recorder of Deeds
office by checking the county website at www.sccmo.org.

Stoller Site Manager Yvonne Deyo and Environmental Data Manager Randy Thompson were
interviewed as required by the inspection checklist.

All conversations and interviews were recorded on an Interview Record form adapted from the
EPA Comprehensive Five-Year Review Guidance. The forms for each of these contacts and
interviews are attached as Appendix E.

2.4 Recommendations/Findings

No recommendations or findings were noted during the inspection.
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2.5 Photographs

AL .

‘Photd 1. Bufgérmeister SpringA

Photo 3. View from the disposal cell looking toward the Army property
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Photo 7. 2003-Cell cover tst plot TP2; foot df north side sloe of disposal cell

A ’ -
Photo 9. 2013 Cell cover test plot TP2; bottom of north side slope
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Photo 12. 2013 Cell cover test plot TP3; rtheast ridgeline
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Photo 15. 2013 Cell cover test plot TP4; located on upper west side
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Photo 18. 2013 Ce// cover test plot TP5; /ocatd on lower west side
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Photo 20. 2012-Cell cover test plot TP6' located on. upper south side
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Photo 21. 2013 Cell cover test plot TP6; located on upper south side
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‘Photo 23. Monitoring Well MW-2034 that had been repaired
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3.0  Prairie and Garden Maintenance
Several prairie maintenance activities were performed throughout the previous 12 months.

Unfavorable weather in the spring of 2013 prevented use of a controlled burn during this period.
In June and July, spot-spraying individual small trees and Sericea lespedeza plants with herbicide
was performed as part of ongoing efforts to reduce numbers and control encroachment of
invasive weed and woody tree species throughout the prairie area.

Garden maintenance of the areas surrounding the Interpretive Center continued in 2013 and
consisted of manual weeding and periodic irrigation performed throughout the growing season.
The beds were mulched in spring to reduce weeds and improve moisture retention during
summer months. Dried seed heads from forbs were harvested and utilized for hand overseeding
on the prairie area of the site in November and December 2013. Locations in the prairie with
erosion and less plant establishment were targeted for overseeding. Several volunteer individuals
and organizations continued to perform garden maintenance activities throughout this period.
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4.0  Interpretive Center Update

The Interpretive Center is part of DOE’s LTS&M activities at the Weldon Spring site. The
purpose of this facility is to inform the public of the site’s history, remedial action activities, and
final conditions. The Interpretive Center provides information about the LTS&M program for the
site, provides access to surveillance and maintenance information, and supports community-
involvement activities.

Current exhibits in the Interpretive Center present:
e The history of the towns that once occupied the area.

e A timeline of significant events at the Weldon Spring site (from 1900 to the present).

e The legacy of the Weldon Spring Ordnance Plant and Uranium Feed Material Plant, as well
as their manufacturing wastes.

e The events and community efforts to clean up the site and the people who made it happen.
e A summary of LM’s mission.
e Anoverview of LTS&M activities at the site.

e Information pertaining to the site’s natural environment, such as soil and groundwater
conditions and the prairie.

e Information about LM’s renewable energy initiatives.

These exhibits may be changed as appropriate to reflect changing conditions or emerging issues
at and near the site. LM completed an exhibit upgrade in 2010 that included updating
information in several exhibits, adding interactive and multimedia components, creating several
new exhibits that address site-related topics, and improving the flow of foot traffic through the
Interpretive Center.

The Interpretive Center’s hours of operation are posted at the site. The current hours of
operation are:

e Monday through Friday: 9:00 a.m. to 5:00 p.m.
e Saturday: 10:00 a.m. to 4:00 p.m. (10:00 a.m. to 2:00 p.m. November 1 through March 31).
e Sunday: 12:00 p.m. to 4:00 p.m.

The Interpretive Center is closed on federal holidays.

Attendance is tracked through the following types of public activities:

e Individuals that walk into the Interpretive Center from the street during normal hours
of operation.

e Scheduled groups that participate in Interpretive Center educational programs.

o  Community-based organizations that use the Paul T. Mydler and Howell-Hamburg meeting
room to conduct business meetings.

e Scheduled groups who are unable to visit the site but are recipients of Interpretive Center
outreach presentations.
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A significant number of individuals also use site amenities (e.g., Hamburg Trail, disposal cell
perimeter road for prairie viewing, disposal cell viewing platform, native plant garden);
however, because this use does not involve entering the Interpretive Center and is often outside
of normal hours of operation, it is not consistently tracked. It is estimated that between 5,000 and
15,000 individuals per year make use of site amenities in this way.

Attendance at the Interpretive Center in 2013 was 19,850 (Table 4). The attendance was affected
by being shutdown for tornado damage and during the government shutdown. The kindergarten
through grade 12 educational community continues to have significant interest in Interpretive
Center programs. Field trips are usually scheduled at least several months in advance, and
available calendar dates fill up quickly. At times, this requires reservations to be made for the
following school year. For a few school districts that have limited funding for field trips,
outreach activities are scheduled, and Interpretive Center personnel give educational
presentations at the school. Outreach activities usually involve several classes or the entire grade
level of students.

Table 4. Interpretive Center Attendance

Year | Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec | Total

2002 301 224 190 40 31 786

2003 6 44 44 85 174 191 161 233 251 350 125 122 1,786

2004 52 61 166 182 104 324 192 353 379 850 556 354 3,573

2005 123 605 | 1,056 | 2,048 | 1,888 | 1,408 | 1,370 | 1,091 | 1,511 | 1,663 | 1,739 | 903 | 15,405

2006 542 | 1,136 | 1,595 | 1,874 | 1,685 | 1226 | 1,465 | 1,431 | 1,176 | 2,215 | 1,740 | 692 | 16,777

2007 | 1,157 | 1,022 | 2,786 | 2,479 | 2,192 | 1,960 | 1,703 | 1,129 | 1,834 | 2,811 | 1,669 | 882 |21,524

2008 | 1,132 | 1,445 | 2,261 | 3,086 | 2,489 | 1,734 | 1,556 | 1,395 | 2,412 | 2,624 | 1,705 | 1,142 | 22,981

2009 | 1,418 | 1,987 | 3,183 | 2,181 | 2,036 | 1,928 | 1,299 | 1,492 | 2,591 | 2,857 | 1,522 | 1,106 | 23,600

2010 | 1,440 | 1,441 | 2,465 | 2,378 | 2,968 | 2,002 | 1,904 | 1,117 | 2,615 | 2,696 | 2,396 | 1,534 | 24,956

2011 1,631 | 1,958 | 2,593 | 3,036 | 2,938 | 2,182 | 1,441 | 1,165 | 2,455 | 2,848 | 2,087 | 2,111 | 26,445

2012 | 1,986 | 1,687 | 2,556 | 2,663 | 2,025 | 2,107 | 1,085 | 1,787 | 2,150 | 2,041 | 1,771 | 1,360 | 23,218

2013 | 1,663 | 1,681 | 1,871 | 2,471 | 2,209 | 1,205 | 1,201 | 1,197 | 2,207 | 1,057 | 1,981 | 1,207 | 19,850

200,901

Interpretive Center marketing efforts continue to be a critical component of making the public
aware of Interpretive Center programs. Starting in 2010, Interpretative Center staff developed
several new educational programs based on teacher requests and Missouri curriculum
requirements.
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5.0 Environmental Monitoring Summary

5.1 Introduction

This section includes environmental monitoring information regarding groundwater, surface
water, air, leachate, and radiation dose analysis.

5.2  Groundwater Monitoring

The groundwater monitoring program at the Weldon Spring site includes sampling and analysis
of water collected from wells at the former Chemical Plant, the Quarry, adjacent properties, and
selected springs in the vicinity of the former Chemical Plant. The groundwater monitoring
program is formally defined in the LTS&M Plan (DOE 2008a).

5.2.1 Chemical Plant Groundwater

EPA signed the GWOU ROD (DOE 2004b) on February 20, 2004. The final GWOU ROD
specified a remedy of MNA with ICs to limit groundwater use during the period of remediation.
MNA relies on the effectiveness of naturally occurring processes to reduce contaminant

concentrations over time. The GWOU ROD establishes remedial goals and performance
standards for MNA.

In July 2004, DOE initiated monitoring for MNA as outlined in the Remedial Design/Remedial
Action Work Plan for the Final Remedial Action for the Groundwater Operable Unit at the
Weldon Spring Site (DOE 2004c). The monitoring network as presented in the Interim Remedial
Action Report for the Groundwater Operable Unit of the Weldon Spring Site (DOE 2005b) has
been modified over time as wells are added to and dropped from the network. Figure 11 shows
the current monitoring well network.

5.2.1.1 Hpydrogeologic Description

The former Chemical Plant site is in a physiographic transitional area between the Dissected Till
Plains of the Central Lowlands province to the north and the Salem Plateau of the Ozark Plateaus
province to the south. Subsurface flow and transport in the former Chemical Plant area occurs
primarily in the carbonate bedrock. The unconsolidated surficial materials are clay-rich, mostly
glacially derived units, which are generally unsaturated beneath the site. These materials become
saturated to the north and influence groundwater flow. The thickness of the unconsolidated
materials ranges from 20 to 50 ft (DOE 1992a).

A groundwater divide is located along the southern boundary of the site (Figure 12 and

Figure 13. Groundwater north of the divide flows north toward Dardenne Creek and ultimately to
the Mississippi River, and groundwater south of the divide flows south to the Missouri River.
Localized flow is controlled largely by bedrock topography. Groundwater movement is generally
by diffuse flow through an equivalent porous media until reaching localized zones of discrete
flow through secondary porosity features such as fractures and solution channels.
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The aquifer of concern beneath the former Chemical Plant is the shallow bedrock aquifer in the
Mississippian Burlington-Keokuk Limestone (the uppermost bedrock unit) and the underlying
Fern Glen Formation. The Burlington-Keokuk Limestone has two different lithologic zones—a
shallow, weathered zone and an underlying unweathered zone. The weathered portion of this
formation is highly fractured and exhibits solution voids and enlarged fractures. These features
may also be present on a limited scale in the unweathered zone, particularly in the vicinity of
buried preglacial stream channels (paleochannels). Localized aquifer properties are controlled by
fracture spacing, solution voids, and preglacial weathering, including structural troughs along the
bedrock—overburden interface. The unweathered portion of the Burlington-Keokuk Limestone is
thinly to massively bedded. Fracture densities are significantly less in the unweathered zone than
in the weathered zone. References to the “shallow aquifer” without specifying weathered or
unweathered zone, refers to the combination of both zones.

All monitoring wells at the former Chemical Plant are completed in the Burlington-Keokuk
Limestone. Most of the wells are completed in the weathered zone of the bedrock where
groundwater has the greatest potential to be contaminated. Some wells screened in the
underlying unweathered zone of the Burlington-Keokuk Limestone are used to assess the vertical
migration of contaminants. Monitoring wells within the boundaries of the former Chemical Plant
are located near historical contaminant sources and preferential flow pathways (paleochannels)
to assess the movement of contaminated groundwater in the shallow aquifer. Additional wells are
located outside the former Chemical Plant boundary to detect and evaluate the potential offsite
migration of contaminants (Figure 14).

Preferential flow zones (Figure 14) have been inferred from bedrock topography, groundwater
surface maps, hydraulic conductivity data, and subsurface tracer results (DOE 2005b).
Subsurface data indicate the presence of linear bedrock lows that are likely paleochannels (also
referred to as preglacial drainages) in the top of the weathered Burlington-Keokuk Limestone
near the northern and western boundaries of the former Chemical Plant site. The contact between
the weathered and unweathered units is lower, and hydraulic conductivities are typically higher
in the paleochannel areas. This results in preferential flow paths that coincide with the
north-trending bedrock lows that are indicated on the groundwater elevation maps of both

the weathered (Figure 12) and unweathered (Figure 13) units.

Numerous springs, a common feature in carbonate terrains, are present in the vicinity of the site.
Five springs that are monitored routinely (Figure 15) have been historically influenced by former
Chemical Plant discharge water or by groundwater that contained one or more of the
contaminants of concern.

The presence of elevated total uranium and nitrate levels at Burgermeister Spring (SP-6301),
which is approximately 1.2 miles north of the site, indicates that discrete subsurface flow paths
are present in the vicinity of the site. Groundwater tracer tests performed in 1995 (DOE 1997a)
confirmed that a discrete and rapid subsurface hydraulic connection exists between the northern
portion of the former Chemical Plant and Burgermeister Spring. These flow paths are associated
with the preglacial stream channels present beneath the site.
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5.2.1.2 Chemical Plant Hydrogeologic Data Analysis

Hydrogeologic conditions at the site are being monitored using all the wells in the MNA network
(Objectives 1, 2, 3, and 4 wells) and additional wells (Objective 6 wells) that were selected to
provide adequate coverage to identify changes in groundwater flow that might affect the
protectiveness of the remedy. The static groundwater levels of the monitoring network are
measured to establish that groundwater flow directions are not changing significantly and
causing shifts in potential contaminant migration.

The 2013 average groundwater elevations measured in the available wells at the former
Chemical Plant were compared to the current potentiometric surface maps of the weathered and
unweathered units of the shallow aquifer (Figure 12 and Figure 13). The relatively minor water
level changes did not alter the configuration of the potentiometric surfaces from 2012.
Groundwater elevations decreased in several portions of the site from the late 1990s through
about 2009 in response to the extensive remediation activities at the site. Even though changes
have occurred in groundwater elevations, the groundwater flow directions continue to be
predominantly to the north. A groundwater divide is present along the southern boundary of the
Chemical Plant site in both the weathered and unweathered units. Troughs in the groundwater
surfaces occur where paleochannels are located.

Groundwater flow directions within the unweathered zone are similar to those in the weathered
zone, with a groundwater divide along the southern site boundary, troughs in the groundwater
surface where paleochannels are located, and north to northwest flow directions (Figure 13). This
figure was constructed using the data from all available unweathered zone wells and lacks the
detail of the potentiometric map for the weathered unit due to fewer wells screened in the
unweathered unit. A groundwater high is present near well MW-3026 in the southwest corner of
the site, where Raffinate Pit #4 was located.

Groundwater elevations have generally decreased in the weathered unit of the Burlington-
Keokuk Limestone in response to the site remediation activities (Figure 16). Well MW-3028 was
pumped during 2001 (drawdown on Figure 16) as part of the field studies in support of the
Groundwater Operable Unit (DOE 2002). An exception to the decreasing groundwater elevations
is in the Frog Pond area, where surface-water infiltration in