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EXECUTIVE SUMMARY

This Weldon Spring Site Environmental Report for Calendar Year 1992 has been prepared

to provide information about the public safety and environmental protection programs conducted

by the Weldon Spring Site Remedial Action Project (WSSRAP). The Weldon Spring site is

located in southern St. Charles County, Missouri, approximately 48 km (30 mi) west of St.

Louis. The site consists of two main areas, the Weldon Spring Chemical Plant and raffinate pits

and the Weldon Spring Quarry. The chemical plant and raffinate pits are located on Missouri

State Route 94, 3.2 km (2 mi) southwest of U.S. Route 40/61. The quarry is also located on

Route 94, approximately 6.4 km (4 mi) south-southwest of the chemical plant.

The objectives of the Site Environmental Report are to present a summary of data from

the environmental monitoring program, to characterize trends and environmental conditions at

the site, and to confirm compliance with environmental and health protection standards and

requirements. The report also presents the status of remedial activities and the results of

monitoring these activities to assess their impacts on the public and environment.

The scope of the environmental monitoring program at the Weldon Spring site has

changed since it was initiated. Previously, the program focused on investigations of the extent

and level of contaminants in the groundwater, surface waters, buildings, and air at the site. In

1992, the level of remedial activities required monitoring for potential impacts of those activities,

particularly on surface water runoff and airborne effluents.

This report includes monitoring data from routine radiological and nonradiological

sampling activities. These data include estimates of dose to the public from the Weldon Spring

site; estimates of effluent releases; and trends in groundwater contaminant levels. Also,

applicable compliance requirements, quality assurance programs, and special studies conducted

in 1992 to support environmental protection programs are reviewed.

There were no unplanned releases from the site in 1992. Dose estimates presented in this

report are based on hypothetical exposure scenarios of public use of areas near the site. In

addition, release estimates have been calculated on the basis of 1992 National Pollutant

Discharge Elimination System (NPDES) and air monitoring data. Effluent discharges from the
site under routine NPDES and National Emission Standards for Hazardous Air Pollutants
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(NESHAPs) monitoring were below permitted levels tor total suspended solids and biochemical

oxygen demand except on four occasions.

MONITORING OVERVIEW

WSSRAP environmental management programs are designed to ensure that releases from

the site are at levels demonstrably and consistently "as low as reasonably achievable" (ALARA).

The ALARA principle drives the work activities related to site remediation and contaminant

cleanup programs under U.S. Environmental Protection Agency (EPA) enforcement of the

Comprehensive Environmental Response Compensation am1 Liability Act (CERCLA).

The ALARA principle is applied through effluent and environmental monitoring programs

that provide early detection of contaminants and provide data required to assess potential impacts

to the environment. Routine monitoring also ensures compliance with applicable State and

Federal permits and regulations.

The data presented in this report have been collected from a variety of monitoring

locations, stations, and sampling events. These programs include:

• An expanded air particulate monitoring progr_lm with 17 locations at the

perimeters of the chemical plant, raffinate pits, :tnd quarry, and at five off-site

critical receptor locations.

* An increase in the number of NPDES locations in order to support operations at

the water treatment plants at the chemical plant and the quarry. Twenty-seven

surface water sampling locations were maintained in 1992.

• Operation of 31 monitoring locations for measuring external gamma radiation and
radon.

• Operation of 70 groundwater wells and piezometers at the chemical plant and

quarry. Five spring locations are also monitored in the vicinity of the chemical

plant.
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• Establishment of routine geochemical monitoring to identify contaminant transport

mechanisms in groundwater.

• Monitoring of biota, including game species in the August A. Busch, Weldon

Spring, and Howell Island wildlife areas to ensure public safety and

environmental protection.

REGULATORY COMPLIANCE

The Weldon Spring site is listed on the National Priorities List (NPL) and is governed

by the CERCLA. Under the CERCLA, the WSSRAP is subject to meeting or exceeding

applicable or relevant and appropriate requirements of Federal, State, and local laws. These

include the Resource Conservation Recover>, Act (RCRA), Clean Water Act (CWA), Clean Air

Act (CAA) and, because the U.S. Department of Energy (DOE) is the lead agency for the site,

the requirements of the National Et_vironmental Policy Act (NEPA).

A major accomplishment under the CERCLA in 1992 was the presentation of the

remedial investigation, feasibility study, baseline risk assessment, and proposed plan documents

for remedial action at the chemical plant area of the Weldon Spring Site. These documents were

submitted for public revi_,,w on November 20, 1992.

Other notable compliance activities included completion of a floodplains/wetlands

assessment and publication of a notice on the site water treatment plant effluent pipeline in the

Federal Register, approval of a monitoring plan tor radionuclide and asbestos hazardous air

pollutant (HAPs) under the Clean Air Act, permitting of two additional NPDES outfalls to

support operations at the site and quarry water treatment plants, and signing of the First

amendedFederal Facilities Agreement (FFA) between the DOE and the EPA.

MONITORING SUMMARY

Environmental monitoring data showed that total emissions of radiological contaminants

from the Weldon Spring site were low in 1992. Airborne particulate monitoring indicated no

distinguishable difference in effluent releases from the Weldon Spring site as compared to

background levels. Above background radon concentrations were found in 1992, although the
release estimate was 8.9 Ci and below the 1991 release estimate for radon of 14.2 Ci.
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Release estimates for water increased from 0.059 Ci estimated in 1991 to 0.15 Ci in

1992. These effluent releases continued to be below compliance levels. Data from groundwater

and surface water monitoring indicated no measurable impact on drinking water sources from

Weldon Spring site contaminants.

Dose Estimates

In 1992, the maximum committed dose to a hypothetical individual at the boundary of

the chemical plant site was 0.21 mrem (0.0021 mSv). The maximum committed dose to a

hypothetical individual at the boundary of the quarry was 1.9 mrem (0.019 mSv). These

scenarios assumed an individual walking along the perimeter of the site--once a day at the

chemical plant/raffinate pits and twice a day at the quarry--250 days per year. This hypothetical
individual also consumes fish, sediment, and water from lakes and other bodies of water in the

area.

The collective dose, based on an affected population of 7,232, was 0.021 person-rem

(0.00021 person-Sv). This calculation is based on recreational use of the Busch Wildlife Area

and the Missouri Department of Conservation recreational trail (the Katy Trail) near the quarry.

These estimates are below the DOE guideline of 100 mrem (1 mSv) annual committed effective

dose equivalent for ali exposure pathways. Section 4 and Appendix C of this report provide

additional intbrmation on the dose assumptions and calculations.

Air Monitoring

No airborne radionuclide releases other than radon occurred at the site perimeter or at

off-site monitoring locations in 1992. Statistical analysis of air particulate data indicates that

the concentrations at the site perimeter were "o greater than those recorded at background

locations. The average radon concentration at the quarry perimeter was 0.4 pCi/1 above

background and the estimated Rn-222 release was 9.2 Ci (3.3 x 10tl Bq). The radon

concentrations at the chemical plant perimeter were 0.1 pCi/l above background. No estimated

release for Rn-222 could be calculated since there were no activities in perimeter areas of the

chemical plant where measurable radon was recorded that could be identified as potential sources
of radon emissions.
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The results of NESHAPs monitoring indicated that ali doses to the public at critical

receptor locations were less than 1.0 mrem per year. This dose is below the NESHAPs standard

of 10 mrem per year. Critical receptor locations upon which this dose was estimated included

the Missouri Highway Maintenance Facility, Francis Howell High School, and the Department

of the Army Weldon Spring Training Area.

During periods of asbestos abatement work, airborne asbestos was monitored as a part

of the nonradiological air monitoring program. The results indicated that concentrations ranging
from < 0.0002 fibers per cubic centimeter of air (f/cc) to 0.01 f/cc. These concentrations were

within the range of normal background fiber concentrations and indicated that containment was
effective.

NPDES Monitoring

Intermittent surface runoff at the Weldon Spring Chemical Plant transported uranium

from the site in 1992 through five major discharge routes as identified in Section 6 of this

report. Radionuclide release estimates were calculated on the basis of the activity of uranium.
The estimate of uranium released to water was 0.0079 Ci lhr U-234, 0.0037 Ci for U-235, and
0.078 Ci for U-238.

The annual average uranium concentration increased at the Frog Pond outfall (NP-0002)

and the Ash Pond outfall (NP-0003) due to increased work activity in these drainages. Annual

averages in the southeast area of the site (NP-0005) decreased to its lowest level since 1987.

This reduction is attributed to removal of contaminated soil during construction of the site water

treatment plant in 1991 and to effective erosion control measures.

Preoperational monitoring of the Missouri River was conducted in 1992 in support of

quarry and site water treatment plant operations. Surface water and sediment samples were

taken from the river and analyzed for uranium. The river receives discharges from the water

treatment plants.

Surface Water

Surface water monitoring in 1992 indicated that the distributions and concentrations of

contaminants remained similar to historic levels. The furthest monitoring locations downstream
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from the chemical plant (SW-2001 and SW-2016) remained within background ranges. Uranium

concentrations were at above background at Busch Lakes 34, 35, and 36 and at the Femme

Osage Slough.

Groundwater

The groundwater monitoring program included extensive monitoring for radiological and

nonradiological compounds. Radiological results for the St. Charles County well field remained

within background levels. No detectable concentrations of the six nitroaromatic compounds of

concern were found in groundwater monitoring wells south of the Femme Osage Slough, which

is near the quarry. A program of more frequent monitoring was initiated at monitoring well

MW-101 l, just south of the Fernme Osage Slough, in response to indications in the second

bimonthly sampling period that uranium concentrations had increased slightly. Statistical

analysis of the data for this location indicated no upward trend in concentrations.

At the chernical plant, uranium, sulfate, nitrate, and nitroarornatic compounds in

groundwater and springs remained near historic ranges. High concentrations of uranium

typically occur in groundwater wells near Raftinate Pit 4 and at the southeast corner of the

chemical plant. Contaminant transport continued to be confined to the upper weathered zone

of the bedrock aquifer at the plant.

Biological

The results of biological monitoring of fish from Busch Lakes 34, 35, and 36 showed

uranium concentrations ranging from 0.001 pCi/g to 0.558 pCi/g in edible portions. The levels

in Lakes 35 and 36 continued to be statistically different from background lakes, but did not

pose a threat to human health.

Com, soybeans, and rnilo were sampled under the foodstuffs monitoring program.

Uranium concentrations were less than 0.05 pCi/! with no significant difference among crop

types.

Several white-tailed deer samples were obtained from the Busch Wildlife Area to support

human health studies and were analyzed for radionuclides. Uranium concentrations in muscle
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tissue ranged from 0.003 pCi/g to 0.007 pCi/g. These concentrations posed no threat to human
health.

Several Federal and State threatened and endangered species were observed in the w_ldlife

areas, including the bald eagle, loggerhead shrike, brown creeper, Cooper's hawk, northern

harrier, and osprey. Only one species, the State-endangered Swainson's hawk was observed on

the site, and it was shown not to be nesting or breeding on the site.
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ABSTRACT

This Site Environmental Report for Calendar Year 1992 describes the environmental
monitoringprograms at the Weldon Spring Site Remedial Action Project (WSSRAP). The
objectives of these programsare to assess actual or potential exposure to contaminanteffluents
from the project area by providing public use scenarios and dose estimates, to demonstrate
compliance with Federal and Statepermittedlevels, and to summarizetrendsand/or changes in
contaminantconcentrations from environmentalmonitoringprogram.

In 1992, the maximumcommitted dose to a hypothetical individual at the chemical plant
site perimeter was 0.21 mrem (0.0021 mSv). The maximum committed dose to a hypothetical
individual at the boundary of the Weldan Spring Quarry was 1.9 mrem (0.019 mSv). These
scenarios zssume an individual walking along the perimeter of the site--once a day at the

chemical plant/raffinate pits and twice a day at the quarry--250 days per year. This hypothetical
individual also consumes fish, sediment, and water from lakes _d other bodies of water in the
area.

The collective dose, based on an effected population of 7,232, was 0.021 person-rem
(0.00021 person-Sv). This calculation is based on recreational use of the August A. Busch
Wildlife Area and the Missouri Department of Conser', ation recreational trail (the Katy Trail)
near the quarry. These estimates are below the U.S. Department of Energy guideline of 100
mrem (1 mSv) annual committed effective dose equivalent for ali exposure pathways. Results
from air monitoring for the NESHAPs program indicated that the estimated dose was 0.2 mrem

which is below the EPA standard of 10 mrem per year.

Comprehensive monitoring indicated that emissions of radiological compounds in airborne
and surface water discharges from the Weldon Spring site were 8.9 Ci and 0.1531 Ci,
respectively. No unplanned releases occurred in 1992. There was no measurable impact to any

drinking water source. Substances of concern in groundwater south of the Femme Osage Slough
and the St. Charles County well field continued to remain within background ranges.

Four additional National Pollutant Discharge Elimination System outfall monitoring

locations were adc_.xl to the program in 1992 to support preoperational monitoring at the
chemical plant and quarry water treatment play ts. Various State and Federal permit levels are
monitored under these NPDES permits. In 1992, ali permit levels were maintained except on

three, occasions for total suspended solids and once for biochemical oxygen demand. The
NPDES compliance rate was 98 % in 1992.
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1 INTRODUCTION

The Weldon Spring Site Remedial Action Project (WSSRAP) is part of the U.S.

Department of Energy (DOE) Environmental Restoration Program, one of the remedial action

programs under the direction of the DOE Office of Environmental Restoration and Waste

Management. This Site Environmental Report for Calendar Year 1992 is a summary of the

environmental monitoring results obtained in 1992 and the status of Federal and State compliance
activities.

DOE requirements for environmental monitoring and protection of the public, as well as

the mandate for this document, are designated in DOE Order 5400.1, General Environmental

Protection Program, and DOE Order 5400.5, Radiation Protection.

I.I Purpose

The purposes of the Site Environmental Report fi_r Calendar Year 1992 are to:

e Provide general information on the WSSRAP and the current status of remedial
activities.

• Present data and interpretations for the 1992 Weldon Spring site environmental

monitoring program.

• Document continuing Weldon Spring site compliance with Federal, State, and local

requirements.

• Provide dose estimates for radiological and chemical compounds as appropriate for

the Weldon Spring site.

• Summarize trends and/or changes in contaminant concentrations to support remedial

actions, ensure public safety, and maintain surveillance monitoring levels.
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1.2 Scope

In 1992, environmental monitoring activities were conducted to support remedial action

under the Comprehensive Environmental Response, Compensation and Liability Act (CERCLA),

the Clean Air Act (CAA), the National Environmental Policy Act (NEPA), the Clean Water act

(CWA), and applicable regulatory requirements. The monitoring program at the WSSRAP has

recently been modified to ensure protection of public safety and to evaluate the effects on the

environment, if any, from cleanup activities, including increased perimeter and work zone

emissions monitoring, erosion control monitoring, water treatment plant discharge monitoring,

and groundwater monitoring at new remedial action areas such as the site water treatment plant

and storage areas at the Weldon Spring Chemical Plant.

1.3 Site Description

The Weldon Spring site is located in southern St. Charles County, Missouri,

approximately 48 km (30 mi) west of St. Louis (Figure 1-1). The site consists of two main

areas, the Weldon Spring Chemical Plant and raffinate pits and the Weldon Spring Quarry. The

chemical plant and raffinate pits are located on Missouri State Route 94, 3.2 km (2 mi)

southwest of U.S. Route 40/61. The quarry is also located on Route 94, approximately 6.4 km

(4 mi) south-southwest of the chemical plant.

1.3.1 Weldon Spring Chemical Plant/Weldon Spring Raffinate Pits

The Weldon Spring Chemical Plant is a 67.2 ha (166 acres) area which operated as the

Weldon Spring Uranium Feed Materials Plant (WSUFMP) until 1966. It consists of 13 major

buildings and 27 smaller buildings (Figure 1-2). Of the former, five were used as process

buildings, and eight were major support buildings. The entire chemical rflant site is fenced, and

access is controlled'with 24 hour security.

The interiors of the eight major support buildings are heavily contaminated with uranium

while the remaining buildings are contaminated with small quantities of both uranium and

thorium. Hazardous chemical substances are also present in the buildings. Radiological and
chemical contaminants are also found in the soil in several areas of the site. These substances

include asbestos (in buildings), polychlorinated biphenyls (PCBs), nitroaromatic compounds,

metals, and inorganic ions.
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The site water treatment plant was recently constructed in the .';outheast portion of the

chemical plant area. The purpose of the plant is to treat contaminated surface waters on site to

facilitate remedial action. It consists of one process building, two effluent ponds, and one

equalization basin. Plans are under way to begin treatment of contaminated water from the

chemical plant area in 1993. The site water treatment plant discharge outfall will be located at
Missouri River mile 47.5.

The raffinate pits are on the chemical plant site in a 20.7 ha (51 acre) area that includes

four settling basins (the pits) that cover approximately 10.5 ha (26 acres) (Figure 1-2). These

pits contain radioactive residues (raffinates) from uranium and thorium processing operations at

the WSUFMP. The pits were constructed by excavating into the existing clay soils and using

the natural clay material to build dikes. They hold approximately 2.15 x 108 liters (57,000,000
gal) of contaminated water.

Ali drains and transfer lines from the raffinate pits to the chemical plant process sewers

have been sealed (Ficker 1981). In 1992, surface water covered most of the surface area of the

pits. However, small areas of sediments were exposed around the perimeter of the pits in the

late summer due to the seasonal drop in water level. The raffinate pits are radiologically

contaminated with uranium and thorium residues. Chemical contaminants include nitrate,

fluoride, PCBs, and various heavy metals.

1.3.2 Weldon Spring Quarry

The Weldon Spring Quarry is a former 3.6 ha (9 acres) limestone quarry located south-

southwest of the chemical plant area (Figure 1-3). The quarry is essentially a closed basin;

surface water within the rim flows to the quarry floor and into a pond which covers

approximately 0.2 ha (0.5 acres). The pond contains approximately 12 million liters (3

million gal) of water and is 6.1 m (20 ft) deep at its deepest point (ANL 1989). The amount

of water in the pond varies seasonally, but it is never dry. The quarry contains radiological and

chemical contaminants including uranium, thorium, metals, nitrates, PCBs, semivolatiles,

nitroaromatics, and asbestos. Access to the quarry is restricted by a locked 2.1 m (7 ft) high

chain link fence with 24 hour on-site security.
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The quarry water treatment plant was completed in 1992 and consists of a process

building and three holding basins. The treatment plant was built to support interim remedial

actions for the quarry and is further documented in the Engineering Evaluation/Cost Analysis

(EE/CA) for Proposed Management _ Contaminated Water in the Weldon Spring Quarry.

(ANL 1989). The water treatment plant discharge outfall is located approximately 2.4 km

(1.5 mi) northeast of the quarry. An underground pipeline was constructed from the quarry

treatment plant area to the Missouri River in i990. The outfall structure is located

approximately at Missouri River mile 48.3.

1.4 Site History

From 1941 to 1945, the U.S. Department of the Army produced trinitrotoluene (TNT)

and dinitrotoluene (DNT) in the Weldon Spring Ordnance Works, which covered 6,974 ha

(17,232 acres) of land that now includes the Weldon Spring site. Four of 20 TNT and DNT

production lines were located in the chemical plant area. The remaining 16 production lines

were distributed across an adjacent property which is now referred to as the U.S. Army Reserve

and National Guard Training Area. By 1949, ali but about 809 ha (2,000 acres) had been

transferred to the State of Missouri (August A. Busch Wildlife Area) and to the University of

Missouri (agricultural land). Except for several small parcels transferred to Saint Charles

County, the remaining property became the Army training area.

Through a Memorandum of Understanding between the Secretary of the Army and the

General Manager of the Atomic Energy Commission (AEC), 83 ha (205 acres) of the former

ordnance works property were transferred in May 1955 to the AEC for construction of the

WSUFMP, now referred to as the Weldon Spring Chemical Plant. Considerable explosives

decontamination was performed by Atlas Powder Company and the Army prior to WSUFMP

construction. From 1958 till 1966, the WSUFMP 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

settling basins (the raffinate pits) on the site property.

In 1958, the AEC acquired title to the Weldon Spring Quarry from the Army. The

quarry is located approximately 5.6 km (3.5 mi) south of the WSUFMP. The Army had used

it since 1942 for burning wastes from the manufacture of TNT and DNT and disposal of TNT-

contaminated rubble during the operation of the ordnance works. Prior to 1942, the quarry was
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mined for limestone aggregate used in the construction of the ordnance works. The AEC used

the quarry from 1963 to 1969 as a disposal area for uranium residues and a small amount of

thorium residue. Most of the material disposed of there consisted of building ruble and soils

from the demolition of a uranium ore processing facility in Saint Louis. These materials were

contaminated with uranium and radium. Other radioactive materials in the quarry include

drummed wastes, uncontained wastes, and contaminated process equipment.

The WSUFMP was shut down in 1966, and in 1967 the AEC returned the facility to the

Army for use as a defoliant production plant to be known as the Weldon Spring Chemical Plant.

The Army started removing equipment and decontaminating several buildings in 1968.

However, the defoliant project was canceled in 1969 before any process equipment was installed.

The Army retained responsibility for the land and facilities of the chemical plant, but the 20.6

ha (51 acre) tract encompassing the Weldon Spring raffinate pits was transferred back to the
AEC.

The Weldon Spring site was placed in caretaker status from 1981 through 1985, when

custody was transferred from the Army to the Department of Energy. In 1985, the DOE

proposed designating control and decontamination of the chemical plant, raffinate pits, and

quarry as a major project, and designation was effected by DOE Order 4240. lE, dated May 14,

1985. A Project Management Contractor (PMC) for the Weldon Spring Site Remedial Action

Project was selected in February 1986. In July 1986, a DOE project office was established on

site, and the PMC, MK-Ferguson Company and Jacobs Engineering Group, Inc., assumed

control of the site on October 1, 1986. The quarry was placed on the Environmental Protection

Agency National Priorities List (NPL) in July 1987. The DOE redesignated the site as a Major

Acquisition System in May 1988. The chemical plant and raffinate pits were added to the NPL
in March 1989.

Under the CERCLA process, a focused Rl/FS-Environmental Assessment was used to

document the proposed management of the wastes in the quarry. Compared to a full-scope

RI/FS, the focused RI/FS is appropriate for the bulk wastes since removal will decrease the

threat of release of contaminants and is consistent with a permanent remedy for the entire site

(ANL 1990b). The NEPA/CERCLA en,,ironmental documentation process for the quarry bulk

wastes is complete, and remedial activities began in 1991.
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Remedial investigations were conducted at the chemical plant/raffinate pits area in 1988

and 1989 under the CERCLA RI/FS process. These investigations included characterization of

the groundwater; on-site soil contamination; contaminated sediments in off-site surface drainages,

lakes, surface water, and springs; and chemical and radiological contaminants in the raffinate

wastes. Other smaller sampling efforts were also included. The results of each of these

investigations have been published in the Remedial hlvestigation Report for the Chemical Plant

Area of the WeMon Spring Site (MKF and JEG 1992p). The environmental documentation

process for the chemical plant area is under public review. The Record of Decision (ROD)

(DOE 1990) will mark the selection of the final cleanup and disposal method for the chemical

plant and bulk wastes from the quarry. "['he ROD is expected to be issued in September 1993.

Several small interim actions have been conducted at the WSSRAP. Interim actions are

activities that will not change the ultimate disposal method but have been conducted to mitigate

or eliminate conditions that pose immediate or potential threats to worker safety, public health,

or the environment (Peterson et al. 1988). These actions have included removal of exposed

friable asbestos, overhead piping, PCB electrical equipment, power poles, and wires; demolition

of nonprocess-building; isolation of Ash Pond; and consolidation of containerized chemicals.

A more detailed presentation of the production, ownership, and waste history of the

Weldon Spring site is available in the Remedial Investigation .fi_r Quarry Bulk Wastes

(MKF and JEG 1989b) and the Remedial Investigation for ttw Chemical Plant Area of the

Weldon Spring Site (MKF and JEG 1992p).

1.5 Geology and Hydrogeology

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).

Three bedrock aquifers underlie St. Charles County. The shallow aquifer consists of

Mississippian limestones, and the middle aquifer consists of the Kimmswick Limestone. The

deep aquifer consists of formations from the top of the St. Peter Sandstone to the base of the

Potosi Dolomite. Alluvial aquifers are present near the Missouri and Mississippi rivers.
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Clay-rich soil units overlie the Mississippian carbonate rocks in the site vicinity. A

residuum unit overlies the bedrock and is believed to be either a weathering product of remnant

Warsaw or upper Burlington-Keokuk Limestone. lt consists of clayey gravel to gravelly clay.

Overlying the residuum and/or bedrock units is glacial drift and loess of the Pleistocene Series.

These sediments consist of silty clay, clayey silt, gravelly clay, or clayey gravel. In some

upland valleys, alluvium of the Holocene Series either overlies the glacial drift and loess or lies

directly upon the Paleozoic bedrock (MKF and JEG 1992p).

The aquifer of primary concern beneath the chemical plant, raffinate pits, and vicinity

properties is composed of saturated rocks of the Burlington-Keokuk Limestone. This unit

constitutes the upper portion of the Mississippian Devonian aquifer. This heterogeneous

anisotropic aquifer can be described in terms of diffuse Darcian flow overlain by high porosity

discrete flow zones and conduits. Aquifer heterogeneity in the Burlington-Keokuk formation is

believed to be randomly distributed and is a function of fracture spacing, solution voids, and

preglacial weathering.

The Weldon Spring quarry is located in low limestone hills near the western bank of the

Missouri River. The mid-Ordovician bedrock of the quarry area is predominantly limestone and

dolomite. Near the quarry, the carbonate rocks dip to the northeast at a gradient of 11 m/km

to 15 m/km (58 ft/mi to 79 ft/mi) (Berkeley Geoscience Associates 1984).

Bedrock near the quarry is overlain in the upland areas by wind-deposited glacial debris.

In the Missouri River bottomland areas, the bedrock is overlain by as much as 30 m (100 ft) of

alluvial material. The sides of the quarry expose the Ordovician Kimmswick Limestone

Formation, and the bedrock floor of the quarry lies in the upper portion of the Decorah Group

(Figure 1-4). The Kimmswick Limestone Formation, mined during quarry operations, is

predominantly a crystalline limestone about 20 m (66 ft) thick. East and south of the quarry,

the Plattin, Decorah, and Kimmswick limestones and shales are replaced by bottomland

alluvium, consisting of a surficial layer of 3 m (10 ft) or more of silt underlain by about 6 m

(20 ft) of sand. The surficial material south of the Femme Osage Slough coarsens with depth

and southward toward the river, grading from clayey silt to sand to gravel to cobbles and

boulders. The average thickness of surficial material in the St. Charles County well field is

approximately 24 to 30 m (80 ft to 100 ft) (Layne Western Company 1986).
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The hydrogeology of the quarry area consists of highly permeable alluvial deposits which
decrease in thickness to the north and west. The water level in the alluvial aquifer is controlled

by the stages of the Missouri River. Water movement is from the river west toward the

pumping wells in the St. Charles County well field, which lies east of the quarry. This alluvial

aquifer is underlain by, and terminates against, the Kimmswick, Decorah, and Plattin
formations. These formations contribute water to the fine grained alluvium at the edge of

alluvial valley.

1.6 Surface Water System and Use

The chemical plant/rafflnate pits area is located on the Missouri-Mississippi River surface

drainage divide (Figure 1-5). Elevations on the site range from approximately 185.4 m (608 ft)

above mean sea level (msi) near the northern edge of the site to 205 m (672 ft) above msl near

the southern edge. The 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). A topographic ridge dividing the two surface

drainages bisects the raffinate pit/chemical plant area in a southwest to northeast trend.

No natural drainage channels traverse the site, although remnants of a channel through

the Ash Pond area are present. Drainage from the southeastern portion of the site generally

flows southward in a tributary referred to as the Southeast Drainage (5300 Drainageway), that

flows to the Missouri River. Six surface water bodies exist at the chemical plant area. These

are the four raffinate pits covering 10.5 ha (26 acres), Ash Pond covering approximately 1 ha

(2.5 acres), and Frog Pond covering 0.3 ha (0.7 acres).

The on-site surface waters and off-site drainages, including the Southeast Drainage, are

radiologically and chemically contaminated as a result of previous plant operations. Presently,

these areas are ponded year-round due to surface water runoff and precipitation, except Ash

Pond, which has been drying up in late summer since the construction of a diversion ditch in

1988. The waters are not used for remedial operations or by the public.

In the surrounding areas, man-made lakes in the August A. Busch Wildlife Area are used

for public fishing and boating. No swimming is allowed in the wildlife area, although some may
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occur. No surface water is used for irrigation or public drinking water supply. The northern

and western portions of the site, including the raffinate pit and Ash Pond areas, drain to
tributaries for Busch Lake 35 and Schote Creek, which in turn enters Dardenne Creek, which

ultimately drains to the Mississippi River.

Water flows from the Frog Pond area to Busch Lake 36, which discharges into Busch

Lake 35. Burgermeister Spring, a major spring with perennial flow, is also located in the Busch

Wildlife Area near Lake 34 and receives groundwater flow from bedrock beneath the chemi.cal

plant/raffinate pits area. These drainages, Burgermeister Spring, and Lakes 34, 35, and 36 are

radiologically and chemically contaminated as a result of previous plant operations.

The Weldon Spring Quarry is situated on a bluff of the Missouri River valley about

1.6 km (1 mi) northwest of the Missouri River at approximately river mile 49 (Figure 1-3). No

direct surface water runoff enters or exits the quarry due to the topography of the area. A

0.2 ha (0.5 acre) pond in the center of the quarry proper acts as a sump which accumulates both

direct rainfall within the quarry and the groundwater. This sump discharges to the groundwater.

The surface water of the sump is contaminated with radiological and chemical compounds. The

quarry pond is not used for any operational or public water supply and is maintained by the
DOE as an access controlled and restricted area.

In the Weldon Spring Quarry area, there are several surface water bodies which factor

into the monitoring program. These include the Missouri River, located less than a mile east

of the quarry, Femme Osage Creek, Little Femme Osage Creek, and Femme Osage Slough.

The Missouri River is used for transportation and recreation, and as a source for drinking water

for St. Louis City and County from a supply intake approximately 24 km (15 mi) downstream

of the quarry. Femme Osage Creek and Little Femme Osage Creek are used for irrigation and

recreational fishing. The Missouri River, Femme Osage Creek, and Little Femme Osage Creek

have been investigated and have shown no evidence of contami,'_ation from the quarry.

Femme Osage Slough, located approximately 213 m (700 ft) south of the quarry is a

2.4 km (1 mi) section of the original Femme Osage Creek and Little Femme Osage Creek. The

University of Missouri dammed portions of the creeks between 1960 and 1963 during

construction of a levee system around the University's experimental farms (ANL 1990b). The

slough receives discharge of contaminated groundwater from the quarry, increasing the uranium
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concentrations in the slough to several hundred pCi/1. The slough is used for recreational

fishing.

The DOE routinely monitors Femme Osage Slough for groundwater, surface water,

sediment, and biota. The radiological concentrations tbund in these media are used to calculate

dose to recreational users of the slough. Doses to individuals are calculated to be less than

1 mrem/yr. This information is provided to the Missouri Department of Conservation (MDOC)

which manages the wildlife area and controls use of the slough.

1.7 Ecology

The Weldon Spring site is surrounded primarily by state wildlife areas including the

2,828 ha (6,987 ac) Busch Wildlife Area to the north and the 2,977 ha (7,356 ac) Weldon Spring

Wildlife Area to the east and south. The Howell Island Wildlife Area, covering 1,031 ha

(2,547 ac) is also a part of the Busch Wildlife Area complex that includes the Busch and Weldon

'Spring wildlife areas, lt is an island in the Missouri River located southeast of the chemical

plant and east of the quarry (Figure 1-5).

The Weldon Spring Wildlife Area is densely vegetated in the area of the quarry and has

rugged terrain, whereas the chemical plant/raffinate pits area has gently rolling terrain. Most

of the surrounding area is forested (64%) with upland species consisting of white oak, northern

red oak, and shagbark hickory. Slope, palustrine, and bottomland forests consist of sugar

maple, American elm, silver maple, box elder, willow, and eastern cottonwood.

Much of the chemical plant area consists of maintained grasslands and old fields that are

periodically mowed 65.5 ha (162 acres). Grasses and forbs are found in this habitat including

big bluestem, timothy, red tip grass, foxtail, fescue, thistle, and goldenrod. The northwest

portion of the chemical plant area (22 ha [55 acres]) is relatively natural and contains forest

habitat typically found in the upland areas of eastern Missouri.

The quarry is surrounded by the Weldon Spring Wildlife Area and consists primarily of

forest with some old field habitat. Much of the quarry floor is old-field habitat and contains a

variety of grasses, herbs, and shrubs. The rim and upper portions of the quarry consist

primarily of slope and upland forest including cottonwood, sycamore, and oak (ANL 1990b).
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Twenty-nine species of mammals, 47 reptile species, and 25 amphibians species have

been reported in St. Charles County (DOE 1992c). St. Charles County is also located along the

Mississippi Flyway, a major north-south route for migratory North American birds, and over

295 avian species have been rel.,orted. The MDOC actively manages fish and game species in

the wildlife areas, and conducts a goose management program. The MDOC reports 105 species

of fish in St. Charles County, which include big fiver, warm water lake, and stream species

(DOE 1992c).

Only one Federally listed threatened or endangered species, the bald eagle, Haliaeetus

leucocephalus, occurs in the Weldon Spring area. A night roost for overwintering eagles is
located at Howell Island Wildlife Area east of the site across the Missouri River. No critical

habitat for this species exists at the quarry or the chemical plant. Two Federal candidate species

(C2) are listed for St. Charles County: the sicklefin chub, Hybopsis meeki; and the sturgeon

chub, Hybopsis gelida. These species may occur in the Missouri River near the quarry but aref

primarily restricted to the open channels of the Missouri River (Pflieger 1975). Two State

listed species are known to occur in the Weldon Spring area: the endangered Cooper's hawk,

Accipiter cooperii, and the rare wood frog, Rana sylvatica.

1.8 Climate

The climate in the Weldon Spring area is continental in nature with warm to hot summers

and moderately cold winters. Alternating warm/cold, wet/dry air masses converging and passing

through the area cause frequent changes in the weather. Temperature changes are also frequent

in Missouri. Although winters are generally cold and summers hot, prolonged periods of very

cold or very warm to hot weather are unusual. Occasional mild periods with temperature above

freezing occur almost every winter and cool weather interrupts periods of heat and humidity in

the summer (Ruffner 1978).

The average annual temperature is 12.8 ° C (55.1° F). Average daily maximum and

minimum temperatures are 19° C (66.2 ° F) and 6.5 ° C (43.8 ° F), respectively. On the

average, there are about 49 days a year when maximum temperatures are above 32.2 ° C

(90 ° F). Minimum daily temperatures below 0 ° C (32 ° F) occur about 111 days of the year.

Temperatures below -18 ° C (0° F) are infrequent, only about five days per year.

Mean annual precipitation in the area is approximately 92.7 cm (36.5 in.) Between 1951
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and 1986, the maximum monthly precipitation was 31.29 cm (12.32) in. in June of 1957. The

minimum monthly precipitation was 0.1 cm (0.04) in. in January of 1970. The maximum daily
precipitation of 11.43 cm (4.5 in.) occurred on June 15, 1957 (NOAA 1984).

Wind data recorded at St. Louis for the period 1941 to 1970 indicate that prevailing
winds are from the south during summer and fall, and from the northwest and west-northwest

during winter and early spring. The average • _nual wind speed is about 15.3 kpm (9.5 mph)
from the south.

1.9 Land Use and Demography

The population of St. Charles County in 1990 was 212,907 persons, about 20% of whom

lived in the city of St. Charles, located approximately 22.4 km (14 mi) northeast of the Weldon

Spring site. The population in St. Charles increased by 48% from 1980 to 1990. The two

communities closest to the site are Weldon Spring and Weldon Spring Heights, about 3.2 km

(2 mi) to the northeast. The combined population of these two communities is approximately

850 persons. No private residences exist between Weldon Spring Heights and the site. Urban

areas occupy about 6% of county land, and nonurban areas occupy 90%; the remaining 4% is

dedicated to transportation and water uses.

Most of the land surrounding the Weldon Spring site is State-owned wildlife areas. The

site is bordered by the August A. Busch Wildlife Area to the north, the Weldon Spring Wildlife

Area to the south and east, and the Weldon Spring Training Area to the west. The wildlife areas

are managed for multiple uses, including timber, fish and wildlife habitat, and recreation.

Fishing comprises a relatively large portion of the recreational use (Appendix H). Seventeen

percent (17%) of the area is open fields which 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 (MKF and JEG

1992a). The district staff for these wildlife areas consists of 18 full-time employees

supplemented by 15 to 20 workers during the summer months (Appendix H). The Busch and

Weldon Spring wildlife areas are open year-round, and the number of annual visits to both areas

totals about 1,200,000 (Appendix H).

Francis Howell High School is about 1 km (0.6 mi) northeast of the site along State

Route 94. The school employs approximately 160 faculty and staff, and about 1,600 students
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attend school there (Appendix H). Students and staff generally spend about 7 to 8 hours per day

at the school. The buildings are also used for other activities, such as athletic events and school

meetings. About 300 ha (740 acres) of land east and southeast of the high school is owned by

the University of Missouri. The northern third of this land is being developed into a high-

technology research park.
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2 ENVIRONMENTAL PROTECTION/RESTORATION PROGRAM OVERVIEW

2.1 Project Purpose

The U.S. Department of Energy (DOE) is responsible for the remedial action activities

at the Weldon Spring site. The DOE designated the site as a major project in May 1985, and

since then has redefined it as a Major System Acquisition. The program is known as the

Weldon Spring Site Remedial Action Project (WSSRAP). The major goals of the WSSRAP are

to eliminate potential hazards to the public and the environment and, to the extent possible, make

surplus real property available for other uses.

Remedial actions are subject to U.S. Environmental Protection Agency (EPA) oversight

under the Comprehensive Environmental Response, Compensation and Liability Act (CERCLA)

of 1980, as amended by the Superfund Amendments and Reauthorization Act of 1986 (SARA).

Remedial actions at the site are subject to CERCLA requirements because the site is listed on

the EPA National Environmental Priorities List (NPL). The DOE is also responsible for

complying with the various Federal compliance acts including the National Environmental Policy

Act (NEPA) of 1969. NEPA requires that Federal agencies consider the environmental

consequences of proposed actions as part of the decision making process. Section 3 of this

document further discusses applicable Federal, State, and local compliance requirements and the

current status of compliance activities at the Weldon Spring site.

2.2 Project Management

In order to manage the WSSRAP under the CERCLA, the proposed strategy for remedial

activities at the Weldon Spring site is organized into four separate operable units: Weldon

Spring Quarry Bulk Waste, Weldon Spring Chemical Plant, Chemical Plant Groundwater, and
.

Quarry Residuals. The Weldon Spring Chemical Plant Operable Unit includes the buildings,

soils, raffinate pits, and surface waters in the chemical plant boundary. The Chemical Plant

Groundwater Operable Unit includes the groundwater at the chemical plant and vicinity areas.

The Quarry Residuals Operable Unit includes the groundwater; quarry basin; and groundwater,

surface waters, and soils in vicinity areas. A CERCLA-NEPA document will be prepared for

each of the operable units to analyze various alternatives for conducting remedial actions at the
site.
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In 1990, the Feasibility Study for Management of Bulk Wastes at the Weldon Spring

Quarry (ANL 1990b) was issued, and the Record of Decision (ROD) (DOE 1990) was signed

in March 1991. The Remedial Investigation/Feasibility Study-Environmental Impact Statement

(RI/FS-EIS) document for the chemical plant area was issued in December of 1992, and the

ROD is expected to be signed in late 1993. The third operable unit currently under way is the

Quarry Residuals, for which the work plan is being prepared. The fourth operable unit,

Chemical Plant Groundwater, is in the pre-scoping phase.

2.3 Environmental Monitoring Program Overview

The overall goal of the WSSRAP is different from that of most of the operating and

production facilities for which DOE Order 5400.1, General Environmental Protection Program,

was developed. At the WSSRAP, environmental monitoring is conducted as required by Order

5400.1 to measure and monitor effluents and to provide surveillance of effects on the

environment and public health. In addition to these objectives, environmental monitoring

activities support remedial activities under the CERCLA. This situation requires a careful

integration of WSSRAP activities to implement, when possible, ali the environmental and public

health requirements of the CERCLA, and DOE and other relevant Federal and State regulations
and orders.

The WSSRAP also complies with Order 5400.1 requirements for preparation of an

Environmental Protection Program Implementation Plan (EPPIP) (MKF and JEG 19920. The

EPPIP details the programs in piace at the WSSRAP to provide management direction,

environmental protection goals and objectives, and the overall frame for the protection program

at the WSSRAP. In 1992, the WSSRAP reviewed and revised the EPPIP to reflect the remedial

status of the project.

Also in compliance with DOE Order 5400.1, the WSSRAP has prepared an

Environmental Monitoring Plan (EMP) (MKF and JEG 19920) which is reviewed annually and

revised as necessary. The EMP was revised in 1992 to support the environmental protection

program. These two main documents provide the basis for conducting environmental monitoring

at the Weldon Spring site and meeting the requirements of the Order.
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The Environmental Safety and Health department at the WSSRAP conducts both

radiological and nonradiological environmental monitoring programs at the site and vicinity

properties. These site monitoring programs have specifically been developed to:

• Protect the health and safety of on-site workers and the general public by
characterizing actual or potential hazards.

• Provide the capability to detect and report unplanned releases of material from the site

and implement corrective actions as necessary.

• Assess compliance with ali applicable environmental quality standards and public

exposure limits.

• Determine the background levels and site contributions of contaminants.
i

• Determine the long term buildup and predict environmental trends from site-released
contaminants.

The WSSRAP environmental protection program is separated into two distinct functions:

effluent monitoring and environmental surveillance. Effluent monitoring assesses the quantifies

of substances at the facility boundary, in migration pathways from the site, and in pathways

subject to compliance with applicable regulations (e.g., National Emission Standards for

Hazardous Air Pollutants [NESHAPs]) or permit levels and requirements (e.g., National

Pollutant Discharge Elimination System [NPDES]). Environmental surveillance consists of

analyzing environmental conditions within or outside the facility boundary for the presence and

concentrations of site contaminants. The purpose of this surveillance is to detect and/or track

the migration of contaminants. Surveillance data are used to assess the presence and magnitude

of radiation and toxicological exposures and to assess the effects, if any, on the general public
and the environment.

Until recently, environmental conditions at the Weldon Spring site remained relatively

consistent since cessation of plant operation and decontamination of some process buildings in

the early 1970s. This condition has allowed the project to establish a baseline to track the

migration of contaminants from the site. Since the site is presently under active remediation,

the nature of the waste units and their physical positions and chemical states are subject to
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disturbance. The monitoring program for 1992 was designed to address the changes in affected

pathways and constituents likely to be found in this remedial setting.

Additions to the 1992 monitoring program (as compared to the 1991 plan) included

monitoring two NPDES permitted outfalls as part of the newly constructed water treatment

plants at the quarry and chemical plant, geochemical monitoring of groundwater at the chemical

plant to monitor contaminant migration patterns, and five new air particulate monitoring stations

at the quarry, the chemical plant, and a background location to support remedial activities.

The WSSRAP environmental monitoring program monitc_rs various media for radiological

elements, primarily U-234, U-238, Ra-226, Ra-228, Th-;._28, Th-230, and Th-232. These

radionuclides are the primary contaminants of concern at the Weldon Spring site. Radiological

monitoring is conducted routinely at the perimeters and at off-site locations near the chemical

plant and quarry for air particulates, ambient gamma radiation, and radon. Radiological

monitoring is conducted on liquid effluents in the form of NPDES discharges, streams, lakes,

ponds, and groundwater wells and springs.

Nonradiological monitoring is primarily conducted at the chemical plant and quarry areas

but also includes monitoring at off-site locations to confirm that no unplanned releases have

occurred. The nonradiological compounds included in the routine 1992 monitoring program are

metals, inorganic ions (nitrate and sulfate), and nitroaromatic compounds. Other nonradiological

compounds are monitored as part of the environmental mor_itoring program. This includes

asbestos at site perimeter locations, limnological parameters for ecological studies, and

geochemical parameters such as calcium, manganese, and sodium to assist in groundwater

characterization, flow, and transport studies.

Table 2-1 lists the environmental sample types collected tbr study in the WSSRAP

monitoring program. The broadest range of radiological and nonradiological parameters is

specified in the NPDES permits for the site water treatment plant effluent. Primarily, these

compounds are associated with priority pollutant monitoring required annually at the quarry

water treatment plant.
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2.4 Project Accomplishments in 1992
TABLE 2-1 Sample Types Collected

for the Weldon Spring
S it e E n vi ro n m e n t a I Several activities were completed in

Monitoring Program 1992 under the overall plan for remediation

of the site. Three operable units are
Air

Radon currently active. Major accomplishments in
Air Particulate these units are detailed below.
Thermoluminescent dosimeter

Surface water
Lakes 2.4.1 Weidon Spring Chemical Plant
Streams
Missouri River
Stormwater discharge A significant activity in 1992 for the

Groundwater chemical plant was the presentation of the
Alluvial RI/FS-EIS documents on November 20,
Bedrock

Springs 1992. The public comment period was

Sediment November 20, 1992, through February 1993.
Lakes
Streams

Missouri River Briefing meetings on the RI/FS-EIS
Soil documents were held with Federal and State
Biota

Fish officials including U.S. senators, U.S.

Deer representatives, and Missouri legislators.
Vegetation
Agricultural Briefing meetings were also held with the
Invertebrates Francis Howell School superintendent and

Rodents deputy superintendent, a delegation of private

citizens, St. Charles Countians Against

Hazardous Waste, Weldon Spring city

officials, various other civic leaders, and the news media. The public hearing for the proposed

remedial alternatives was held on December 16, 1992. Approximately 150 people attended.

2.4.1.1 Site Water Treatment Plant. The site water treatment plant was constructed

to support interim cleanup activities at the chemical plant and raffinate pit area as directed by

the Engineering Evaluation/Cost Analysis (EE/CA) for the Proposed Management of

Contaminated Water at the Weldon Spring Chemical Plant Area (ANL 1990c). In 1992,

construction and testing of the treatment plant, equalization basin, and effluent ponds was

completed.
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An alternative method for discharging treated water to the Missouri River was required

in 1992. Flow studies (see Section 10.2.2) indicated that contaminated sediments in the natural

drainage southeast of the site were resuspending uranium due to the additional water, lt was

determined that an underground pipeline should be constructed to carry the treated water to the

Missouri River. Construction of the pipeline began in late 1992 and is scheduled to be

completed in early 1993.

2.4.1.2 Material Staging Area. The material staging area (MSA) is a 2.83 ha (7 acre)

area for staging radiologically contaminated building demolition materials. Ali building

demolition and site cleanup material, except concrete rubble, friable asbestos-containing

materials (ACM), and soil, is staged there. MSA Phases II and III, which provide additional

storage area, were completed in 1992.

2.4.1.3 Building Dismantlement. Asbestos removal, structure and equipment

dismantlement, debris cleanup, and glass and roof stabilization activities are ongoing for the two

building removal packages started in 1992. Pumping of liquids from sumps has been completed

in Building 301, one of the two main process buildings at the chemical plant, and is expected

to begin in Building 201 eacly in 1993. The mobile site water treatment plant was used to treat

the water prior to storage in the raffinate pits.

2.4.1.4 RCRA/TSCA Storage. The Resource Conservation Recovery Act (RCRA) and

Toxic Substance Control Act (TSCA) storage facility, Building 434, is currently being upgraded

in order to support waste storage capabilities and operational needs. Upgrades in 1992 included

the addition of three fireproof storage cabinets for protective equipment behind the storage

facility and consolidation area.

2.4.2 Weldon Spring Quarry Bulk Waste

At the quarry, treatment of contaminated water under the EE/CA was started the week

of November 9, 1992, and by November 18, more than 1,890,000 1 (500,000 gal) of treated

water was temporarily stored in Effluent Pond 2. On November 19, representatives of

regulatory agencies and news media assembled at the water treatment plant to witness the

operation and retrieve samples of treated water for their own analyses. Ali WSSRAP and

regulatory agency samples to date have been analyzed and indicate that the treated effluent water
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is well below permitted levels for ali parameters. The treated water was released in January

1993 to the Missouri River through a permitted outfall.

2.4.2.1 Temporary Storage Area. A temporary storage area (TSA) for quarry

materials is being constructed at the chemical plant to support cleanup of quarry bulk waste.

The TSA is a staging area for materials excavated from the quarry and transported to the

chemical plant for storage until recovery or disposal as specified by the chemical plant ROD,

In 1992, soils were compacted and the TSA surface prepared. All liners have been installed and

covered with sand and base aggregate. Currently, electrical and instrumentation work is in

progress. TSA basin hydrostatic testing was started in November 1992.

2.4.3 Weldon Spring Quarry Residuals Operable Unit

Efforts have begun on the development of a work plan for remediation investigation of

the quarry and surrounding areas, defined as the quarry residuals area. Development of the

'quarry residual area work plan was started in 1991, and work continues to identify potential

routes of human exposure to site contaminants, identify data gaps, and summarize the process

and proposed studies for the residuals investigation. Argonne National Laboratory (ANL) is

currently developing the work plan for quarry residuals, and the WSSRAP Project Management

Contractor (PMC) is developing the sampling plan.

2.5 Incident Reporting- Environmental Occurrences in 1992

DOE Order 5400.1 Part II, 2(b) requires reporting of environmental occurrences for the

calendar year as part of the site environmental report. In 1992, nine off-normal and one unusual

occurrence were categorized as environmental hazardous substances/regulated pollutants/oil

releases under DOE Order 5000.3A, Occurrence Reporting and Processing of Operations

Information. Table 2-2 lists these environmental occurrences for 1992. No occurrences

involved reportable releases, except four occurrences where NPDES permit requirements were

exceeded. Total estimated releases for radiological compounds were 0.15 Ci per year, which

included both routine and unplanned discharges. Further information is presented in Sections 4

and 6. No estimated releases were calculated for the reportable occurrences of nonradiological

parameters since the parameters are not a threat to the environment or public safety.
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TABLE 2-2 Environmental Occurrences CY1992

.............. , T , i =, , , , , , -- ' I , ,

Occurrence Report Number (al Final Date Comments
, ,

i i i i i, ,lll,ii iiii i i,ii

1992-0OO1 I/I3/92 DOI8 FICRA liquidspill-benzene < I0 Ibs
, ,,,

1992-0006 4/30/92 Chemical reaction - NOx, , , ,,

1992-0010 (b) 6/8/92 Exceeded NPDES limit for TSS at chemical plant.

1992-0013 9/11/92 Inapprop. cleaning of removable boot covers (asbestos)
, ,

1992.0017 Icl 12'7/92 Exceeded NPDES permit for TSS at SWTP
,, ,,

1992-0019 12/17/92 Exceeded NPDES permit for TSS at QWTP
,

1992-0026 12/1/92 Bldg, 201 asbestos abatement incident
,,

1992-0028 12/1/92 Rad=oactlve test water from QWTP drain piping released to
quarry pond area.

,

1992-0029 2/17193 Uranium - release of contaminated water to SE drainage
vsa NPDES outfall. '

1992-0033 2/17/93 Uranium leak ['ldg. 301 and MSA - not reportable quantity

(a) Ali occurrences off-normal except as noted
(b) Unusual occurrence

(c) Downgraded from Unusual to Off-Normal
(d) Resubmitted final report (invest=gation completed October 28, 1992)
TSS = Total suspended solids

Occurrence 1992-0010 was a discharge from the administration building via an NPDES

outfall to the Southeast Drainage which exceeded the permit level for total suspended solids

(TSS) for the reporting period ending March 31, 1992. This occurrence was a result of

inadequate flow equalization which resulted in solids washout and filter plugging. Corrective

actions included notifying the Missouri Department of Natural Resources (MDNR), design of

a flow equalization system, and increased plant monitoring, lt was determined that there was

no impact to the environment or public safety.

Occurrence 1992-0017 was a discharge of hydrostatic test water at the site water

treatment plant which exceeded permit levels for total suspended solids on September 24, 1992.

The NPDES limit is 50 mg/l for the hydrostatic tests, and sample results indicated a TSS level

of 213 mg/l. Corrective actions included notification to the MDNR, implementation of a

program to test hydrostatic water prior to release, and filtering of water if TSS limits were not
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obtained or storage of hydrostatic water for future treatment if immediate treatment was not
feasible. Itwas determined that there was no impact to the environment or public safety.

Occurrence 1992-0019 was a discharge from the quarry effluent pond to Little Femme

Osage Creek. The discharge was rainwater which accumulated in the effluent basin. The

discharge was completed in order to continue repair work on the pond. Under the NPDES

permit, the water was sampled during the discharge, and the results indicated that TSS levels
were 68 mg/1, which exceeded the permit level of 50 mg/1. Corrective actions included

notifying the MDNR, testing of effluent prior to discharge, and filtering of water if TSS limits
were not obtained, or storage of effluent for future treatment if immediate treatment was not

feasible, lt was determined that there was no impact to the environment or public safety.

Occurrence 1992-0029 was a discharge as a result of a hose coupling failure from a

manhole in the chemical plant to the Southeast Drainage. An estimated 22,680 1(6,000 gal) of

water containing 1,150 pCi/1 of uranium was released. Corrective action included mitigation

of the drainage with sandbags and straw bales, development of a procedure to test hoses subject

to freezing with potable water prior to use, and inspections of hoses. It wasdetermined that

there was no impact to the environment or public safety. 6

2.6 Special 5400.1 Related Programs

In addition to the direct program requirements and documentation required under DOE

Order 5400,1, the DOE Order specifically requests that other programs be presented in the Site

Environh;ental Report, including the groundwater protection management program, a

meteorological monitoring program, and the waste minimization and pollution prevention

program. This special section of 5400.1 also addresses programs not mandated by the Order,

including the recently implemented radiological control program, self assessments under DOE

Order 5482.1B, and the surface water management program in piace at the WSSRAP to support

the environmental pro,:ection program.

2.6.1 Groundwater Protection Management Plan

11 The WSSRAP has a formal groundwater protection and management program in piace,

and policies and practices are documented in the Groundwater Protection Program Management
Plan (MKF and JEG 1992h).
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The Groundwater Protection Management Plan outlines how monitoring programs will

be developed to assess the nature and extent of contaminants in the groundwater, to evaluate

potential impacts on public health, and to gather data tbr remedial decisions. Ali policies

pertaining to groundwater monitoring, including well installation, decontamination, construction,

sampling methods, and abandonment methods, are detailed in this plan.

The Groundwater Protection Management Plan also outlines the hydrogeological

characterization program conducted as part of CERCLA activities. These include fundamental

methods such as groundwater sampling, water level monitoring, slug tests, tracer tests, and

geologic logging.

_.6.2 Meteorological Monitoring Program

A meteorological station is located at the chemical plant to provide data to support the

environmental monitoring programs. Data from this station are used to assess meteorological

conditions and air transport and diffusion characteristics which determine possible impacts of

airborne releases. In addition, precipitation data are used to correlate water level fluctuations

and contaminant concentrations in surface water and groundwater wells.

The meteorological station provides data on wind speed, wind direction, ambient air

temperature, barometric pressure, and precipitation accumulation. The results of meteorological

monitoring in 1992 are provided in Table 2-3.

In 1992, the meteorological station was in operation the entire year except for a few days

when power to the station was lost. Procedures for maintenance, data inspection, and

performance audits were refined in 1992 under procedure ES&H 4.8.3s in order to support

quarry bulk waste removal in 1993. Maintenance records for the meteorological station were

initiated in May of 1992 so that one year of meteorological data could be obtained prior to

initiation of quarry bulk waste removal.
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TABLE 2-3 Monthly Meteorological Monitoring Results, 1992

Average
Barometric Average Wind

Total Precip. Average Temp. Pressure Speed Predominant
Month (cre) (degrees C) (millibars) (m/see) Wind Direction

May 7.11 17.0 986 2.51 N-NE

June 2.49 21.7 980 2.18 S-SE
i

July 10.2 24.7 982 2.66 S-SW

August 7.39 21.3 986 2.22 S-SW

September 9.07 19.2 986 2.49 S-SE

October 2.44 13.5 985 3.00 S-SW
,,.

November 23.9 8.1 988 3.24 S-SW

December 9.25 1.7 989 3.15 S-SE

2.6.3 Waste Minimization and Pollution Prevention Program

Waste minimization and pollution prevention activities at the Weldon Spring site have
been combined and are described in the Waste Minimizarion/Pollution Awareness Plan

(MKF and JEG 1991b). The key elements of this program are"

• Chemical Control - To minimize generation of hazardous waste, a review and

approval mechanism has been developed to control chemicals.

• Training and Awareness - Personnel at the WSSRAP maintain awareness of waste

minimization concepts and on-site policy through periodic presentations, seminars, and

other training.

• Work Activity Review - The site has developed and implemented a subcontractor

work package review system that allows each affected site organization to review and

comment on ali proposed subcontracted work. Each package is reviewed to ensure

that proper measures have been incorporated into the subcontractor requirements in

support of waste minimization and pollution prevention.
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• Recycling Program - A small but successful office recycling program was initiated by

the WSSRAP in 1990. Conceived by the employees and endorsed by project

management, the site presently reuses office materials and recycles office paper to the

extent practical, lt is also standard practice to purchase recycled paper products in

an effort to increase the markets for recyclable materials.

2.6.4 Surface Water Management Program

The WSSRAP maintains a surface water management program to ensure effective

implementation of policies detailed in DOE Orders 5400.1 and 5400.5 regarding protection of

the environment and public health and compliance with Federal and State regulations. This

program also incorporates the as-low-as-reasonably-achievable (ALARA) concept in the

execution of the program. The surface water protection program is documented in the Surface

Water Management Plan (MKF and JEG 1992k).
e

The Surface Water Management Plan identifies existing and potential water sources and

water quality categories. The plan also provides requirements and methodologies for proper

control, management, and disposition of site waters. Erosion and water control, and water

management for the quarry and site water treatment plants are also discussed in the plan. The

key elements of the plan are source identification, characterization, monitoring, engineering

controls, and management methods.

2.6.5 RADCON Program

In June 1992, the DOE issued its new Radiological Control Manual (DOE 1992c), which

specifies how the DOE expects ali facilities and contractors to conduct and manage their

radiation protection programs. The manual contains requirements for ali aspects of radiation

protection, including protective measures for internal and external contamination control,

ALARA practices, dosimetry, protective clothing and equipment, instrumentation and

= calibration, worker training, warnings and sign postings, survey procedures, waste management,

environmental surveillance, and shipping and receiving. The DOE's objective in preparing this

manual was to ensure that radiation protection programs and worker training are consistent

among DOE facilities.
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The WSSRAP is already in compliance with roughly half of the provisions in the manual

and has an aggressive implementation plan and schedule for compliance with the remaining

provisions by June 1, 1994. The WSSRAP has formed a RADCON Implementation Team,

which includes representatives from all affected departments and is responsible for ensuring that

actions necessary to attain compliance are completed as scheduled.

2.6.6 Waste Management Activities

The waste management program characterizes hazardous chemicals and wastes located

on site with the objective of securing and storing these wastes properly. This program also

consolidates sample and hazardous material packaging and shipping activities. Wastes are stored

in the on-site RCRA and TSCA storage facility, Building 434, until a final treatment or disposal

option is available. The WSSRAP has not shipped any RCRA waste off site and therefore has

not been required to comply with RCRA manifest or biennial report requirements.

The current RCRA containerized inventory includes 49 drums of asbestos-containing

material, 338 drums of RCRA-regulated material, 49 drums of MDNR regulated material, 12

drums of TSCA-regulated material, 25 drums of RCRA/TSCA-related material, nine drums of

RCRA/MDNR-related material, 85 drums of other U.S. Department of Transportation (DOT)

hazardous material, and 1,695 drums of nonhazardous material. In addition, 77 sling bags of

nonhazardous material are stored in Building 434. The drums are stored in accordance with ali

applicable RCRA and TSCA standards.

A number of areas on site are used for long term storage of bulk waste. The active bulk

waste storage areas consist of two spoil areas, the MSA, the asbestos storage area, the Ash Pond

area, and the mulch pile. The two spoil areas and the Ash Pond area are used to store soil and

concrete rubble generated during on-site construction. One spoil area is used to store "clean"

soil, i.e., soil with U-238 contamination levels less than 15 pCi/g (0.56 Bq/g). To date,

approximately 17835 m3 (23,315 cu yd) of soil has been stored at this location. A second spoils

pile is used for the storage of contaminated soil, i.e., soil with U-238 contamination levels

greater than 15 pCi/g (0.56 Bq/g). Approximately 10,787 m3 (14,100 cu yd) of soil has been

placed at this location to date. Materials are segregated on the basis of representative on-site

sampling.

The asbestos storage area is made up of fifty-five 12 m (40 ft) freight containers which
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are water tight and lashed down for security against high winds. At present, approximately

1,806 m3 (2,362 cu yd) of asbestos-containing materials (ACM) are being stored in these

containers. Used, contaminated personal protective equipment is currently being compacted and

placed in Building 434 for long-term storage.
I

TABLE 2-4 Self Assessments Conducted
2.6.7 Self-Assessment Program at WSS, 1992

The WSSRAP complies with the Surfacewater management(a_
Radiationlaboratory

guidelines presentedin DOE Order 5482.1B Fieldactivities

for a self- appraisal/assessmentprogram. In Dataverification(a)
Ecologicalcompliance

1992, 10 self-assessments of environment HazMattransportation
related activities were conducted. "Fable2-4 CERCLAadministrationrecord
is a list of these assessments. Of these 10 Chemicalcharacterization

NEPA compliance

assessments, eight were closed in 1992. Healthandsafetyrecords
Corrective actions have been designated for

(a)Openasof 12/31/92
the two open assessments;data verification

and surface water management and activities _ H

are under way to close these findings.

2.6.8 Training

Training is a key element of the environmental protection program. Through training,

each employee is instructed in the policies and procedures related to environmental protection.

On-going training sessions also continually reinforce the objectives of the program.

The training program can essentially be broken into four main areas; (1) documents, (2)

procedures, (3) special courses taught on site to convey specific policies or issues and, (4) off-

site courses designed to provide instruction for specific areas. Each new employee at the

WSSRAP is assigned training requirements based on his or her job assignment. Department

managers establish unique training matrixes for each employee that include documents,

procedures, and on-site and off-site training courses.

Course selection for each employee is specifically designed to ensure a comprehensive

understanding of position requirements and overall policies and program requirements. The need

for off-site training to augment site training is evaluated annually and included in annual budgets.
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Courses specific to waste management are reviewed and planned throughout the year for general

employee training. Other off-site courses are mandated for key individuals as a part of on-going
training and certification requirements.

The status of employee training is reported to department managers and individual

employees on a monthly basis. Monthly reports include status of documents and procedures
reviewed and training programs and off-site courses taken during the current year.
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3 COMPLIANCE SUMMARY

3.1 Compliance Status for 1992

The Weldon Spring site is listed on the National Priorities List (NPL), and therefore

Weldon Spring Site Remedial Action Project (WSSRAP) is governed by the Comprehensive

Environmental Response, Compensation and Liability Act (CERCLA) process. Under CERCLA,

the WSSRAP is subject to meeting or exceeding the applicable or relevant and appropriate

requirements of Federal, State, and local laws and statutes, such as the Resource Conservation

Recovery Act (RCRA), Clean Water Act (CWA), Clean Air Act (CAA), Toxic Substance Control

Act (TSCA), the National Historic Preservation Act (NHPA), the Safe Drinking Water Act

(SDWA), and Missouri regulations. Because the DOE is the lead agency for the site, the

procedural and documentation requirements of the National Environmental Policy Act (NEPA)

must also be met, as well as the requirements of U.S. Department of Energy (DOE) Orders.

Section 3.1.1 is a summary of applicable Federal regulations, and Section 3.1.2 is a summary

of the WSSRAP compliance with major DOE Orders.

3.1.1 Regulatory Compliance Status

Comprehensive Environmental Response, Compensation and Liability Act

The WSSRAP has integrated the procedural and documentation requirements of the

CERCLA, as amended by the Superfund Amendments and Reauthorization Act (SARA), and the

NEPA, as required by the policy stated in DOE Order 5400.4. For example, engineering

evaluation/cost analyses (EE/CAs) and remedial investigation/feasibility study (RI/FS) documents

including (RI/FS) work plans, which are CERCLA documents, contain the required NEPA

information for environmental assessments (EAs) and Environmental Impact Statements (EISs).

Proposed plans and actions are evaluated in terms of both the NEPA and the CERCLA.

The purpose of an RI/FS work plan is to summarize existing site data and to integrate

the site characterization and analysis of alternative phases of the remedial action process. The

purpose of an RI sampling plan is to collect data to confirm the presence or absence of

contaminants, the contaminant source areas, transport mechanisms, and extent of contaminant

migration, and to provide information concerning the effect of the contaminants on public health
and the environment.
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The purpose of an RI/FS is to assess site conditions and evaluate alternative remedies.

The RI report for the chemical plant area presents site characterization information and addresses

the nature and extent of contamination. Similar RI/FS documents will be prepared for the

Quarry Residuals Operable Unit and the Chemical Plant Groundwater Operable Unit. The

Baseline Assessment for the Chemical Plant Area of the Weldon Spring Site (BA) (DOE 1992c)

evaluates the health and environmental effects that may occur if no action is taken and includes

both a baseline human health evaluation and a baseline ecological assessment. The ecological

assessment information serves to satisfy the information needs of the Natural Resource Damage
Assessment Pre-assessment Screen. The Feasibility Study for the Remedial Action at the

Chemical Plant Area of the Weldon Spring Site (FS) (DOE 1992a) evaluates the alternatives for

the remedial action. The RI, BA, FS, and the Proposed Plan .['or Remedial Action and the

Chemical Plant Area of the Weldon Spring Site (PP) (DOE 1992b) (together constituting the

RI/FS-EIS) were submitted for public review on November 20, 1992. In addition, the following

documents are being prepared: the work plan for the RI/FS-EIS and a quarry residuals sampling

.plan. These documents will be sent to the U.S. Environmental Protection Agency (EPA), the
Missouri Department of Natural R_sources (MDNR), and the DOE for review in 1993.

The CERCLA and the National Oil and Hazardous Substances Pollution Contingency

Plan (NCP) spell out responsibilities and requirements for natural resource trustees. As lead

Natural Resource Trustee for the WSSRAP, the DOE notified the co-trustees that potential off-

site releases of hazardous substances may have occurred and that environmental restoration

activities are proceeding. Neither of the co-trustees, the Department of the Interior and the

MDNR, has responded to date.

National Environmental Policy Act

As required under the NEPA, a Notice of Availability for the chemical plant area RI/FS-

EIS was published in the Federal Register on November 27, 1992 (57 FR 56340). The notice

required comments by January 20, 1993. The comment period was later extended to

February 19, 1993.

In addition to six previously approved categorical exclusions, five new activities were

approved in 1992 as categorical exclusions. They were (1) site characterization and

environmental monitoring (revised), (2) general maintenance, (3) the site water treatment plant

effluent pipeline, (4) the modular office complex, and (5) the on-site laboratory.
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The site water treatment plant effluent pipeline action also necessitated a floodplains/

wetlands assessment, which was completed in 1992. The associated Federal Register notices

for the assessment and floodplains statement of findings were published on September 15, 1992

(57 FR 42564), and December 18, 1992 (57 FR 60178).

_RcsQqrceConservation _nd Recovery Act

Hazardous wastes at the Weldon Spring site are managed as required by the RCRA (as

substantive applicable or relevant and appropriate requirements [ARARs]). This includes

characterization, consolidation, inventory, storage, and transportation of hazardous and other

wastes that remained on site after closure of the Weldon Spring Uranium Feed Materials Plant

(WSUFMP) and wastes that were generated during remedial activities.

A RCRA Part B permit is not required at the site since remediation is being performed

in accordance with decisions reached under the CERCLA. Section 121(e) of the CERCLA states

that no Federal, State, or local permit shall be required for the portion of any removal or

remedial action conducted entirely on site. More information is offered in the section on Issues
and Actions.

Toxic Substances Control Act

Polychlorinated biphenyls (PCBs) are managed at the Weldon Spring site under the

requirements of the TSCA as enforced by 40 CFR 761, Polychlorinated Biphenyls (PCBs)

Manufacturing, Processing, Distribution in Commerce, and Use in Prohibitions. Quantities of

PCBs are identified and managed as discussed in Section 2.6.6 of this report.

Clean Air Act

CAA compliance requirements pertaining to tile site are found in Title I -Nonattainments,

Title III - Hazardous Air Pollutants (including National Emission Standards for Hazardous Air

Pollutants [NESHAPs]) and Title VI - Stratospheric Ozone Protection.

The Weldon Spring site is classified as a moderate nonattainment area for ozone under

Title I. The Missouri State Implementation Plan was approved by the EPA in November 1992.

This plan controls provisions that are dependent upon the degree to which an area has not
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attained the national ambient air quality standards (NAAQS). As a moderate ozone

nonattainment area, the requirements would affect source emitting nitrogen oxide (NOx) and
volatile organic compounds (VOCs). At present, sources described above do not exist at the
WSSRAP.

Under Title III, asbestos and radionuclides are hazardous air pollutants (HAPs). The

standards establish maximum levels for radionuclides and asbestos. WSSRAP plans for

monitoring radionuclides and asbestos have been approved by the EPA and are described in

detail in Section 5. The following table lists the major source categories that could potentially

apply to the WSSPAP along with the respective schedules for promulgation of the corresponding
emission standards.

Major Source Category Schedule Date

Gasoline distribution 11/I 5/94

Solid waste treotment, storage, and disposal facilities 11/I 5/94

Site remediation 11/15/2000
, ,,i ii i ..

Currently, the potential major source categories existing at the WSSRAP do not exceed

the threshold limits of 9.07 metric tons per yr (tpy) (10 tpy) of any single hazardous air pollutant

or 22.7 metric tpy (25 tpy) of a combination of hazardous air pollutants; nor does the project

currently store over 3,780 1 (1,000 gal) of gasoline per container on site. Therefore, the project

is not subject to the requirement for vapor recovery systems for gasoline distribution. However,

the Project Management Contractor (PMC) will continue to monitor the various sources for

applicability. The categories of radionuclide emitters are not yet listed because the criteria for

defining major and area sources of these pollutants have not been selected. Upon proposal of

the Maximum Available Control Technology (MACT) standards, the WSSRAP will develop

appropriate plans and budgets to comply with the standard for each of these source categories.

Sections 608 and 609 of Title VI are applicable to the WSSRAP. Section 608 establishes

requirements for national recycling and emission reduction of Class I and II substances

(chlorofluorocarbons and hydrochlorofluorocarbons, respectively). The section makes it

unlawful to release, vent, or dispose of any Class I or II substances. Requirements in

Section 608 apply to servicing, repairing, maintaining, and disposing of any refrigeration system

(old or new) or air conditioning system (old or new). Section 609 specifies requirements that

pertain to servicing motor vehicle air conditioners and applies to ali WSSRAP vehicles. The
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WSSRAP is complying with Sections 608 and 609 of Title IV of the 1990 CAA amendments by

(1) implementing a phase-out policy of ozone-depleting substances by instituting controls in the

purchasing and use of these substances; and (2) obtaining copies of the personnel training

certifications and equipment approval records for personnel and subcontractors that service any

WSSRAP ozone-containing equipment (i.e., refrigerators, heating, ventilating, and air

conditioning [HVAC] units, abandoned refrigeration units, etc.)or any WSSRAP vehicle cooling

system service.

CleanWaeer Aet

Effluents discharged to waters of the United States are regulated under the CWA through

regulations promulgated and implemented by the State of Missouri. The Federal government

has granted regulatory authority for implementation of CWA provisions to those states with a

regulatory program that is at least as stringent as the Federal program.

Compliance with the CWA at the WSSRAP includes meeting parameter limits set in three

National Pollutant Discharge Elimination System (NPDES) permits. Both effluent and erosion-

control monitoring are performed. In 1992, NPDES permit limits were exceeded during

discharge of potable water used for hydrostatic testing of tanks for the site water treatment plant.

The sump used to retain the water prior to discharge contained sediment; and the total settleable

solids (TSS) limit was exceeded. Subsequently, samples were collected which did not exceed

the permit limit. Following the incident, effluent was directly discharged without the use of a

holding sump. The permitted storm water outfalls at the site were in compliance with the

conditions of the National Pollutant Discharge Elimination System (NPDES) permit for the site.

Construction of a water treatment plant at the Weldon Spring quarry was completed in

1992. This plant is designed to remove chemical and radioactive components from the

contaminated water in the quarry to, or below, levels established in the applicable NPDES

operating permit for the quarry. The NPDES permit for the plant became effective in December

1992 when the plant was ready to discharge treated water. Once operational, batch analyses of

treated effluent water will verify compliance with NPDES limits.

Construction of a water treatment plant at the chemical plant was completed in 1992.
!

This plant has been designated as the Site Water Treatment Plant - Train 1. This Train 1 plant

will treat water from the raffinate pits and on-site ponds, shower and decontamination water
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generated during building dismantlement activities, and runoff from the temporary storage area

(TSA). The plant is scheduled to begin operation in the spring of 1993. Once operational,

batch analysis of treated water will verify compliance with NPDES limits.

Regulations passed in 1992 require that ali persons who disturb approximately 5 acres

of land and maintain existing storm water point sources must obtain permits. The WSSRAP

applied for its land disturbance permit in November 1992; the permit was issued on December

7, 1992. Refer to Table 3-1 for a summary of NPDES permits.

Rivers _nd Harbors Act

Two nationwide permits under Section 10 of the Rivers and Harbors Act and Section 404

of the Clean Water Act were obtained from the U.S. Army Corps of Engineers prior to

construction of the site water treatment plant effluent discharge pipeline and outfall structures.

The permits require that, to protect the Missouri River, certain conditions be met prior to, and

during, construction.

Safe Drinking Water Act

The SDWA was enacted by Congress in 1974 to authorize regulation of drinking water

systems, require the EPA to set national standards for levels of contalninants in drinking water,

and provide tbr protection of aquifers. Under the SARA, drinking water standards and goals

set under the SDWA became groundwater standards for completed superfund cleanups.

Currently the SDWA is not an ARAR at the WSSRAP. The SDWA will be evaluated

for its applicability during the decision-making process for the groundwater and quarry residuals

operable units.

National HistoriC Preservation A.ct

In 1986, the Missouri Department of Natural Resources Historical Preservation Officer

(HPO) determined that any archaeological resources in the chemical plant area would have been

so severely damaged or destroyed during original plant construction that further investigation
would not be warranted.
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Six sites were identified in the vicinity of the quarry. These sites will not be disturbed

during the quarry bulk waste excavation, but rt _ybe disturbed during quarry residuals activities

in the future. In that case, a mitigation action plan will be prepared at that time.

One site on the quarry haul road whi,:h required data recovery was identified. The data

recovery report was finalized in 1992.

In 1992, the HPO was consulted for proposed activities in three off-site areas. In one

area, a 122 m (400 ft) metal proces_ sewer discharge line, which extends from the site in the

direction of the Southeast Drainage, will be removed. The HPO determined that this proposed

undertaking could be initiated and completed with no adverse effect and no need for additional
review.

A second area consisted of a buried pipeline from the site water treatment Plant to the

Missouri River, which will be used to convey treated water. A cultural resources survey

indicated no sites within the proposed area,

An archeological review was conducted at a third area, the proposed soils borrow area

and haul road to the chemical plant. The soils borrow area will provide construction materials

required under the RI/FS remedial alternative for the chemical plant. Surveys were conducted

and a Phase I report was completed in January 1992. The report recommends Phase II work

tbr a few sites within the footprint of the borrow area. Phase II and possibly Phase III work will
be conducted in 1993.

Endangered Species Act

The U.S. Fish and Wildlife Service (USF,VS) was consulted under Section 7(a) of the

Endangered Species Act for both the quarry (bulk waste removal) and the chemical plant

operable units. The Missouri Department of Conservation (MDOC) was also consulted

regarding State-listed threatened and endangered species. No threatened or endangered species

or designated critical habitat is known to exist at the quarry (ANL 1990b). Therefore, no

threatened or endangered species are expected to be impacted during removal of the bulk wastes

and transfer to the chemical plant along the quarry haul road.
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A biological assessment was prepared for the chemical plant area and has been included

in the RI/FS-EIS documents (DOE 1992c). The MDOC has also been consulted pertaining to
State-listed threatened or endangered species. The assessment concluded that no threatened or

endangered species or critical habitats exist in the chemical plant area (DOE 1992a). Similar

conclusions were made for off-site remedial alternative areas proposed for the chemical plant.

Ecological surveys were conducted for the three proposed off-site areas as discussed in

the National Historic Preservation Act section of this report. In 1993 an environmental

assessment will be prepared for the borrow area which will evaluate any impacts to Federal

and/or State threatened and endangered species. No impacts to endangered species were
determined for the two other off-site areas.

Executive Order 11988 Floodplain Management

The site water treatment plant effluent discharge pipeline consists of a buried pipeline to

the Missouri River and an outfall structure in the river bank. Due to the construction activity

in the floodplain of the river and the requirements of l0 CFR Part 1022 of the DOE

FloodplainsWetlands Environmental Review Requirements, a floodplains/wetlands assessment

was prepared and a Notice of Floodplains/Wetlands Involvement and a Statement of Findings

were published in the Federal Register in September (57 FR 4256) and December 1992 (57 FR

60178), respectively.

The Feasibility Study ibr Remedial Action at the Chemical Plant Area of the Weldon

Spring Site (DOE 1992a) contains a floodplain/wetlands assessment which concludes that

temporary impacts from the interim action will be localized and minimal. The EIS availability

notice in the Federal Register (see discussion in the NEPA section) serves as a notice for the

floodplain/wetlands assessment. The substitution is allowable under 10 CFR 1022.14.

Executive Order 11990 Protection of Wetlands

Wetlands identification and delineation procedures were performed for the wetlands areas

through which the site water treatment plant pipeline route crosses. The wetlands assessment

was combined with the floodplain assessment (described above), as was the Federal Register
notice.
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The floodplain/wetlands assessment in the RI/FS-EIS for the chemical plant area

concludes that the loss of on-site wetlands will not result in significant adverse impacts. In fact,

remediation of the on-site wetlands will have a positive effect on the surrounding environment

by eliminating contaminated wetlands. A wetlands mitigation plan will be developed with

consultation from Federal, State, and local agencies.

3.1.2 DOE Order Compliance

3.1.2.1 DOE Order 5400.5, Radiation Protection of the Public and the

Environment. DOE Order 5400.5 establishes nine primary standards and requirements for

DOE operations to protect members of the public and the environment against undue risk from

radiation. The DOE operates its facilities and conducts its activities so that radiation exposures

to members of the public are maintained within established limits.

The annual dose to the maximally exposed member of the public as a result of activities

at the Weldon Spring site was below the 100 mrem (1 mSv) guideline for ali potential exposure

modes. The 10 mrem (0.1 mSv) annual dose limit for public exposure to airborne emissions,

excluding radon and its respective decay products as specified in 40 CFR Part 61, National

Emission Standards for Hazardous Air Pollutants, was not exceeded in 1992. The appropriate

dose evaluation techniques were used to assess 1992 environmental monitoring and surveillance

data in compliance with this requirement.

ALARA practices were implemented to minimize exposures to the public as far below

the limits as is reasonably achievable. The ALARA process was implemented at the site on a

continual basis. Each time a different remediation activity was initiated on the site, ALARA

objectives were established for ali remedial activities to maintain potential exposures as low as

reasonably achievable. Routine ALARA inspections were conducted to ensure that appropriate

actions were being implemented during work activities. These methods are specified in standard

operating procedure ES&H 1.1.5a, WSSRAP ALARA Procedure.

The site was not used as a disposal facility in 1992, and it did not contain the specified

wastes; thus it was not subject to the requirements given in 40 CFR Part 191, Environmental

Radiation Protection Standards'for Management and Disposal of Spent Nuclear Fuel, High Level

and Transuranic Radioactive Waste. In addition, the site did not operate a public drinking water
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supply and therefore was not subject to the requirements of 40 CFR Part 141, National Primary

Drinking Regulations.

Contaminated soil columns, drainage systems, and groundwater liquid discharges that

have been discontinued were managed or decontaminated pursuant to the procedures and

requirements of DOE Order 5480.4, Environmental Protection, Safety, and Health Protection
Standards. The natural drainage systems at the Weldon Spring site were not governed by this

paragraph. The terms "contaminated liquid discharges" and "liquid wastes" refer to discharges

from operating facilities. The site facilities ceased operations in 1966. Storm water runoff did,
on occasion, exceed the Derived Concentration Guideline (DCG) of 600 pCi/l (22.2 Bq/l) for

natural uranium, but the annual averages for the runoff were below this criterion. Cleanup

operations at the WSSRAP were under way to eliminate the source areas and to reduce the levels
of contaminated discharge in accordance with the provisions of NEPA and CERCLA.

Twelve out-of-service vehicles were surveyed and released from the WSSRAP in

September 1992. A comprehensive radiological survey was performed on each vehicle, and they
met the DOE release guidelines as specified in this order for release of real property, personal

property, and materials and equipment. Therefore, the vehicles were released for unrestricted
use.

The public exposure reporting requirements specified in 5400.5 have not been utilized

by the WSSRAP because there were no occurrences that would require such reporting.
However, records and reports were maintained according to DOE Order 5400. I and DOE Order

5484.1. Records of ali environmental monitoring and surveillance activities conducted at the

Weldon Spring site in 1992 are being maintained in accordance with the requirement of this

order. Ali reports and records generated at the WSSRAP in 1992 pursuant to DOE Order

requirements presented data in the units as specified by the applicable regulation or order.

3.1.2.2 DOE Order 5820.2A, Radioactive Waste Management. DOE Order 5820.2A

establishes policies, guidelines, and minimum requirements by which the DOE manages its

radioactive and mixed waste and contaminated facilities. The Weldon Spring site was in

compliance with the applicable portions of Chapter III (low-level waste), Chapter V

(decommissioning of radioactively contaminated facilities), and Chapter VI (administrative

activities related to the Waste Management Plan). The types of wastes addressed in Chapters

I, II, and IV were not present at the site.
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The WSSRAP was in compliance with the waste management requirements for protection

of the public health and safety, external exposure limits, and protection of groundwater

resources. The WSSRAP has implemented a waste minimization program in an effort to reduce

the quantity of radioactive and mixed waste generated. The program, which is described in the

Waste Minimization/Pollution Prevention Awareness Plan (MKF and JEG 199 lb), was developed

as a requirement of DOE Order 5400.1. The requirement for waste segregation is documented

in this plan and the Waz're Management Plan (MKF and JEG 1993a).

The WSSRAP was in compliance with the requirements for characterizing waste materials

in order to permit proper segregation, treatment, storage, and disposal. The Waste Analysis

Plan (MKF and JEG 19921) provided the means to obtain the characterization information

necessary to classify, treat, store, and dispose of wastes. The Environmental Monitoring Plan

(EMP) (MKF and JEG 19920) provided the rationale and details for environmental monitoring

of the storage areas. Since the WSSRAP did not receive waste from other facilities, waste
J

acceptance criteria or performance assessment requirements were not applicable. The PMC is

currently preparing a response to the DOE request for WSSRAP storage area requirements. The

requirements for long-term storage were not applicable since waste was stored at the Weldon

Spring site only as a step toward final disposal. The WSSRAP did not ship low-level waste;

however, samples were shipped for radioactive and chemical analysis.

Management of low-level waste was conducted in accordance with the requirements of

DOE Order 5700.6C, Quality Assurance and, where appropriate, ASME/NQA-1. Ali records

and reports, including analytical data and waste manifests, were maintained as permanent
records.

Chapter V of the Order outlines the requirements for decommissioning of radioactively

contaminated facilities. The WSSRAP was in compliance with the requirements of this chapter

by conducting the site remediation under the CERCLA process, which includes the requirements

for characterization, environmental review, engineering, and site closure.

Chapter VI of the Order provides guidance on the development and maintenance of a

waste management plan, including the format and content requirements of the plan. Although

the Order requires that each site develop a waste management plan to serve as an annual report,

the WSSRAP plan was developed to serve as a guidance document for day-to-day waste
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management operations. The Waste Management Plan (MKF and JEG 1993a) is submitted to

DOE Headquarters (HQ) for review and comment annually.

3.1.2.3 DOE Order 5400.1, General Environmental Protection Program. The

WSSRAP conducted both radiological and nonradiological environmental monitoring programs

at the site and vicinity properties. Environmental monitoring was conducted as required by DOE

Order 5400.1 to measure and monitor effluents and to provide surveillance of effects on the

environment and public health. Environmental characterization activities were also directed by

the Order and, for remedial activities, under the CERCLA. This situation required a careful

integration of WSSRAP activities that supported, when possible, ali the environmental and public

health requirements of the CERCLA and DOE and other relevant Federal and State regulations
and orders.

The WSSRAP was in compliance with Order 5400.1 requirements tor preparation of an

Environmental Protection Program Implementation Plan (EPPIP) (MKF and JEG 19920. The

EPPIP details the programs in place at the WSSRAP to provide management direction,

environmental protection goals and objectives, and the overall frame for the protection program

at the WSSRAP. In 1992, the WSSRAP reviewed and revised the EPPIP to reflect the remedial

status of the project. The project has prepared an Environmental Monitoring Plan (EMP) (MKF

and JEG 19920) which is reviewed annually and revised as necessary. The EMP was revised in

1992 to support the environmental protection program. These two main documents provided the

basis for conducting environmental monitoring at the Weldon Spring site and meeting the

requirements of the Order.

In addition to the plans developed for overall environmental monitoring and protection,

the WSSRAP annually reviews and revises, as necessary, the Groundwater Protection

Management Plan (MKF and JEG 1992h) and the Waste Minimization and Pollution Awareness

Plan (MKF and JEG 1991b). The groundwater plan documents the policies and practices in

piace to assess the nature and extent of contaminants in the groundwater, to evaluate potential

impacts to public health, and to gather data for remedial decisions. The waste minimization plan

includes policies for waste control, training and awareness, and subcontractor work review, lt

also establishes a site recycling program.

3.1.2.4 DOE Order 5400.3, Hazardous and Mixed Waste Program. DOE

Order 5400.3A mandates management of radioactive and hazardous wastes. At the WSSRAP,
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radioactive hazardous and mixed wasteswere managed in a manner that provided protection of

the environment and protection of the health and safety of the public and site personnel.

Implementation of the Order is described in the Wasw Management Plan (MKF and JEG 1993a).

Ali waste management activities including generation, characterization, storage_

packaging, minimization, transportation, and treatment or disposal were accomplished in a

manner that was consistent with these broad objectives. Waste management activities were

conducted in compliance with ali applicable laws, requirements, regulations, and good practices
governing the management of hazardous, radioactive, mixed and uncontaminated, nonhazardous

waste. The WSSRAP Waste Management Program has been developed to ensure that the

objectives of these orders are achieved and that waste generation is minimized.

3.1.2.5 DOE Order 5480.1B, Environment, Safety, and Health Program for

Department of Energy Operations. DOE Order 5480.1B mandates (1) protection of the

environment and the health and safety of the public, (2) assurance of safe and healthful

workplaces and conditions of employment for all employees of DOE and DOE contractors, (3)

protection of government property against loss and damage, (4) compliance with applicable

statutory requirements, and (5) presence of a quality assurance program to ensure quality of
design and standards.

Implementation of these requirements is described in the Environmental Protection

Program Implementation Plan (EPPIP) (MKF and JEG 1992f). The EPPIP describes DOE

activities and CERCLA requirements, activities, and functions concerned with controlling air,

water, and soil pollution, and limiting the risks to personnel and the public. The activities

include but are not limited to, environmental protection, occupational safety, industrial hygiene,

health physics; emergency preparedness; radioactive, hazardous, and mixed waste management;

and quality assurance.

3.1.2.6 DOE Order 5480.4, Environmental Protection, Safety, and Health

Protection Standards. DOE Order 5480.4 requires the WSSRAP to comply with ali applicable

DOE Orders and guidelines and Federal, State, and local regulatory requirements. This section

describes compliance activities and status.
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3.1.3 Regulatory Issues

Below, outstanding regulatory issues as well as corrective actions are discussed. New

issues are items originated in 1992; old issues appeared in calendar year 1991 and previous

years.

3.1.3.1 New Issues

1. Federal Facilities Agreement

The First Amended Federal Facilities Agreement (FFA) (EPA 1992) between the DOE

and EPA was signed in January 1992. The agreement establishes a procedural

framework and schedule for developing, implementing, and monitoring appropriate

response actions in accordance with the CERCLA, the NCP, superfund guidance and

policy, and the RCRA. It also requires implementation of the final remedial actions in

accordance with the CERCLA and operation and maintenance of the selected remedial
actions.

The WSSRAP has prepared a draft FFA implementation plan as part of the program to
track scheduled FFA deliverables.

2. DOT Requirements for Stored Hazardous Wastes

Standards in the Missouri State Code of Regulations which are applicable to generators

of hazardous wastes address pretransport, containerization, and labeling requirements (10

CSR 25-5.262(2)(C)1. Under these standards the hazardous wastes must be labeled,

marked, and packaged according to 49 CFR Parts 173, 178, and 179 during the entire

on-site storage period.

Corrective. Action

The PMC believes that current waste container management methods provided adequate

protection of the environment and site workers and that compliance with the new

transportation requirements would not increase the level of protection during storage.

A waiver from the packaging requirements was being sought. Until the waiver is

m:\users\joanne\aser92\section.3 48



060793

approved, as new wastes are identified, they will be placed in containers that meet the

new DOT regulations package requirements according to the DOT schedule. Hazardous

material containers currently stored in Building 434 were being relabeled to meet the

requirements.

3.1.3.2 Old Issues

1. Disposal of PCB wastes beyond allowable time limits. On August 24, 1990, eight
drums of nonradioactive PCB-contaminated oil and a nonradioactive PCB transformer

were removed from a concrete pad (Substation 411) and placed in storage in Building
434.

On August 20, 1991, the PCB oils and transformer were sent off site for treatment

and/or disposal. Pursuant to 40 CFR 761.65(a), PCB containers and articles must be

removed from storage and disposed of within one year from the date when first placed

' into storage. The required disposal date tbr the Substation 411 PCB items was August
24, 1991.

The certificates of disposal for the drums and the transformer list August 27, and

September 3, 1991, respectively, as the final disposal dates. An Occurrence Report

was submitted in compliance with DOE Order 5000.3A because the one-year storage

limitation was exceeded. The receiving facility notified the EPA of the late

destruction of the PCBs per 40 CFR 761.215(c)(I).

Corrective Action

The PCB items were disposed of after the August 24, 1991, deadline due to delays

caused by recent changes in the DOE nationwide policy for off-site release of

nonradioactive material. The policy required the WSSRAP to develop procedures and

obtain hea.dquarters approval for off-site shipment and disposal of nonradioactive

material. The procedures were submitted to DOE-HQ on September 20, 1991. DOE-

HQ sent back the procedures with comments. The WSSRAP incorporated the

comments and returned the procedures to DOE-HQ for final approval on January 1,

1992. An approval letter was received by the site DOE office on August 8, 1992.
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2. Application of R(_RA to resid_e_ on tanks and piping systems. The MDNR has taken

a position, in the form of comments provided on the WSSRAP EE/CA for

contaminated structures, that any RCRA-listed or characteristic residues on the

surfaces of tanks and pipes must be managed in accordance with the RCRA. The

MDNR defines residue as anything that cannot be removed by rinsate. The regulatory

basis for the State's position is the closure of tank systems addressed in 40 CFR

264.197 and closure performance standards stated in 40 CFR 264.111. The

ramifications of the State's position with regard to WSSRAP building dismantlement
activities are that no removable hazardous waste residues should remain in tank

systems (including ancillary components) that will be stored at the newly constructed

material staging area (MSA). Of immediate concern was the possibility that the pipes
and tanks removed to date could be contaminated with RCRA residues and thus would

be improperly stored. Specific cases included the overhead piping removal conducted
under Interim Remedial Action-6 (IRA-6) and dismantlement of the steam plant,

J

Building 40 I.

Corrective Action

The WSSRAP identified the chemical species associated with overhead piping

currently stored near Pads 109 and 110. Selected piping was examined to determine

if visible residues were present. In addition, representative swipe testing was

performed to detect removable residues. None of the samples showed any RCRA

characteristics present.

At the steam plant, three chemical systems--the water softener (ion exchange resin

and acid/base regenerates), the refrigeration units, and the feedwater treatment system

(consisting of phosphate and sodium sulfite components)--were identified as potential

sources of hazardous waste. During the dismantlement, samples of the ion exchange

resin from the water softening system and coolant from the refrigeration units were

analyzed for RCRA characteristics. None were detected. As a follow-up, the sodium

sulfite mix tank was sampled to determine if residual hazardous wastes were present,
and the results demonstrated that the tank was free of RCRA characteristics. An acid

storage tank, which was a component of the water softener, was sampled and found
to contain no RCRA characteristic waste.
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Identification and characterization of residues in building tanks, equipment, and piping

was ongoing. The WSSRAP determined that there are no listed waste residues in the

building tanks, equipment, or piping. To date, a small quantity of RCRA

characteristic residue has been found in the process piping in Building 108.

For proposed building dismantlement, the WSSRAP has agreed to coordinate and

review the RCRA issue with the State on a building-by-building basis. The State and

the WSSRAP agreed that the WSSRAP would submit a list of buildings and structures

to be excluded from individual review based upon the nature and type of building

and/or structure. This list of buildings was compiled and sent to the MDNR.

A site visit from the MDNR resolved State questions and supported the WSSRAP

determination of buildings excluded from review. Approval from the MDNR was

received in early 1992.

3. Storage of PCB wastes beyond allowable time limits (40 CFR 761.65[a1).

Approximately 28,120 liters (7,400 gal) of tributyl phosphate (TBP) contaminated with

radionuclides and PCBs in excess of 50 parts per million (ppm) were contained in

tanks on the Weldon Spring site. In addition, preliminary analyses indicated the TBP

was also contaminated with mercury exceeding the regulatory level for toxicity

characteristic (TC), thereby making it a RCRA hazardo'is waste. Also on site were

small amounts of radiologically contaminated PCB wastes, including electrical

capacitors and PCB-contaminated soil and oil.

Ali PCB wastes identified to date by investigative and remedial activities have been

present since the plant was operational in the 1950s and 1960s. The WSSRAP

continued to locate and identify ali PCB-containingmaterial and piace it in proper
storage.

Corrective Action

In December 1989, the WSSRAP-DOE sent a letter to EPA-Region VII notifying them

that the one-year storage limitations had been exceeded. The WSSRAP is pursuing
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an ARAR waiver in the Record qf Decision (ROD) concerning storage limitations of

PCB wastes.

The WSSRAP planned to send the TBP to the Oak Ridge Gaseous Diffusion Plant

Incinerator for destruction and, during 1992 continued to await word on whether the

State of Tennessee would allow the TBP to be shipped to Oak Ridge. No decision

was made; however, the WSSRAP pursued an ARAR waiver in the site ROD for an

alternative treatment technology.

An attempt by the WSSRAP to decontaminate the radiologically contaminated PCB

c_pacitors failed. Therefore, the capacitors will remain on site and eventually be

disposed of with other radioiogically contaminated material when a viable disposal

option is identified.

4. Storage of Land Disposal Re.stricted Waste Beyond Allowable Time Limits

_40 .CFR 268.50_)

The Weldon Spring site was storing 20 containers of mixed waste in Building 434 that

were classified under the Land Disposal Restrictions (LDRs) as California List Waste.

This waste is prohibited from storage under 40 CFR 268.50, which prohibits storage

of LDR waste unless solely for the purpose of accumulation of such quantities as are

necessary to facilitate recovery, treatment, or disposal.

Corrective Action

The August 29, 1991, Federal Register announced the EPA policy of placing a low

enforcement priority on the storage of certain mixed wastes that are prohibited from

land disposal under the RCRA LDRs. The wastes affected included spent solvents,

dioxins, and California List Wastes. The EPA recognized the lack of treatment and

disposal options for these wastes and stated this policy will apply at least until

December 31, 1993.

The Weldon Spring site will include in the chemical plant ROD an ARAR waiver for

storage of LDR waste based on the fact that the schedule for final disposition of the
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wastes is controlled by the decision-making process for remediation of the chemical

plant area.

5. Sumassing the Missouri State maximum permissible exposure limit for radon at the

quarry (19 CSR 20- 10.040)

The Missouri Code of State Regulations limits quarterly averaged radon concentrations

outside controlled areas to 1 pCi/l. This concentration was regularly exceeded at one

quarry perimeter monitoring station and occasionally exceeded at other quarry

perimeter monitoring stations.

Corrective Action

The long-term solution is the excavation and final disposal of the bulk waste (which

is the primary radon source). This is addressed in the quarry ROD.

3.1.3.3 National Emission Standards for Hazardous Air Pollutants Compliance. The

WSSRAP has developed an alternate method for NESHAPs point source monitoring and

compliance as provided in 40 CFR 61.93 (b)(5), whereby air concentrations were monitored at

five designated critical receptor locations on and around the Weldon Spring site. The WSSRAP

plan is contained in the report Plan._r Monitoring Radionuclide Emissions Other Than Radon

at Weldon Spring Site Critical Receptors (MKF and JEG 1992i), which has been approved by

the EPA. The EPA has also approved the WSSRAP plan to report annual monitoring results

and effective dose equivalents at critical receptor locations via the annual site environmental

report.

The air at each critical receptor location is continuously sampled for radionuclides. The

air sampling filters 'from each location are separately composited and analyzed annually for the

radionuclides that are major contributors to the effective dose equivalent; i.e., U-234, U-238,

Th-228, Th-230, Th-232, Ra-226, and Ra-228. Air sampling filter collection, handling, and

analysis methods are specified by the EPA such that radionuclide concentrations that would cause

an effective dose equivalent of 10% of the standard (i.e., 1 torero) are readily detectable and

distinguishable from background. The quality assurance program described in Section 5 of the

WSSRAP NESHAPs compliance plan meets the requirements of 40 CFR Part 61 Appendix B.
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Detailed information, including calculations on radiation monitoring and dose calculations, are
found in Section 4.

Two types of asbestos-containing material (ACM) are found at the WSSRAP: friable and

nonfriable. Friable ACM includes asbestos insulation, fiberglass pipe, and equipment wrapping.

Nonfriable ACM includes Transite siding, floor tile, and asphalt roofing material. The

WSSRAP was in compliance with 40 CFR 61. 145, the NESHAPs standard for demolition and

renovation. Abatement activities were in compliance with Asbestos Hazard and Emergency

Response Act (AHERA), and asbestos was collected and monitored in accordance with

29 CFR 1926.58. Removal, handling, and management of ACM is detailed in the Waste

Management Plan (MKF and JEG 1993a) and was monitored according to procedure ES&H
3.1.4s, Airborne Fibers - Area Monitoring. Detailed information and results of the 1992

monitoring are discussed in Section 5.5.

3.1.3.4 Satisfaction of Reporting Requirements. Reporting requirements set by

various agencies include release reporting under the CERCLA and SARA Title III, and reporting

of audit deficiencies from functional appraisals conducted by the DOE at the WSSRAP.

3.1.3.4.1 Release Reporting. There were no reportable quantity releases from the

Weldon Spring site that were not exempted as Federally permitted releases. Consequently, no

release reports under CERCLA or SARA Title III were required.

3.1.3.4.2 SARA Title III Report. The WSSRAP was not a manufacturing facility

according to the Standard Industrial Classification (SIC) Codes 20-39, and was therefore not

required to submit the annual Toxic Release Inventory under Section 313 of the SARA.

3.1.3.5 Audit Summary. A functional appraisal of selected environmental, safety,

health, and quality assurance programs, and Conduct of Operations (CONOPS) was conducted

at the WSSRAP by the DOE Oak Ridge Field Office from March 2 to March 6, 1992. The

appraisal was performed to assist the WSSRAP in its self-assessment program. No tiger-team
audits were conducted in 1992 for environmental issues.

Table 3-2 summarizes the number of deficiencies resulting from the functional appraisal

of selected environmental safety, health, and assurance programs. Forty-one of the 59

deficiencies have been closed out and are awaiting DOE approval and closeout.
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TABLE 3-2 Results of Oak Ridge Functional Appraisal

Deficiencies Internally Externally
Cited Closed (al Closed

,,,

National Environmental Policy Act (NEPA) 4 2 1

Water Pollution Control (WPC) 4 2 O

Hazardous Materials Waste Management (HMWM) 3 3 0

Environmental Quality Assurance (EQA) 10 9 6

Clean Air Act (CAA) 3 3 1

Health Physics (HP) 5 5 2

Industrial Hygiene (lH) 6 4 1

Industrial Safety (IS) 6 2 •1

Transportation Safety (TS) 4 4 0

Fire Protection (FP) 2 1 1

Quality Assurance (QA) 3 2 1

Conduct of Operations (CONOPS) 9 4 3

TOTAL 59 41 17

(a) As of December 31, 1992, the finding was resolved.

3.1.4 Summary of Permits for 1992

Various permits were maintained by the WSSRAP for remedial activities including

NPDES, excavation, and floodplain permits. Table 3-1 summarizes these permits. Other

permits included:

• One excavation permit frorn the Missouri Highway Transportation Commission

(MHTC) for installation of the effluent pipeline crossing Highway 94. This permit

will expire in June of 1993.
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• Two nationwide permits under the Rivers and Harbors Act and Clean Water Act

issued by the Department of the Army for the effluent pipeline from the site water

treatment plant to the Missouri River and for the accompanying outfall structure at the
river.

* One floodplain development permit from the St. Charles County Planning and Zoning

Commission for the quarry staging area and the quarry water treatment plant.

* One floodplain development permit from St. Charles County Planning and Zoning

Commission for construction of a portion of one of the effluent ponds at the quarry.

3.2 Compliance Status for the Period January 1 - April 15, 1993

Compliance status remained unchanged under the RCRA, the TSCA, the CAA, the

Endangered Species Act, the National Historic Preservation Act, Executive Orders 11988 and

11990, and DOE Orders.

Comprehensive Environmental Response, Compensation and. Liability Act

The draft Record of Decision fi_r the Remedial Action at the Chemical Plant Area of the

Weldon Spring Site was submitted to DOE-HQ, EPA, and MDNR for review and comment on

February 11, 1993. The close of public review for the RI, BA, FS, and Proposed Plan was

February 19, 1993. DOE-HQ, EPA, and MDNR comments were received March 17, 1993.

Meetings were held March 24 and 25 to discuss and finalize ali ROD issues and

CERCLA/NEPA integration. A draft final of the ROD was submitted to DOE-HQ, EPA, and

MDNR for review on April 3, 1993.

National Environmental Policy ACI

Onecategorical exclusion (CX) for the physical testing trailer was sent to DOE, Oak

Ridge, for approval.
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Clean Water Aft

The first batch of contaminated quarry pond water was treated and released January 6,
1993.

Representatives of Federal, State, and local agencies and organizations were at the quarry

water treatment plant to collect samples of potential eftquent prior to discharge, including the

EPA, MDNR, St. Charles County, St. Louis County Water Company and St. Louis County

Health Department.

Two excavation permits from the Missouri Highway and Transportation Department were

issued March 16, 1993 for installation of security fencing at the quarry and fencing and signs

at the state right of way.
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4 RADIATION DOSE ANALYSIS

One purpose of environmental monitoring is to detect the presence of atmospheric and

liquid releases of radionuclides at the Weldon Spring site and ensure that such releases are not

harmful to public health and safety. This section evaluates all monitoring results for airborne,

surface, and groundwater discharges of radiological contaminants. It then utilizes the data to

calculate potential dose equivalents to the general public and doses to aquatic biota. These

calculations are evaluated against U.S. Department of Energy (DOE) guidelines contained in the

Radiological Control Manual (DOE 1992c) and in DOE Order 5400.5.

Dose estimates were developed for a maximally exposed individual and for a collective

population. Dose calculations were based upon several scenarios which are presented in this

chapter. A review of the exposure pathways is also presented. An exposure pathway analysis

evaluates possible human exposure conditions related to radionuclides released from the Weldon

Spring site and determines which pathway are complete.

The U.S. Environmental Protection Agency (EPA) National Emission Standards for

Hazardous Air Pollutants (NESHAPs) establishes criteria for release of airborne radioactive

particulates. Airborne radionuclide concentrations are monitored at designated critical receptor

locations and a dose is calculated for each receptor. Critical receptor locations are areas where

members of the public abide or reside and there is potential exposure to airborne radioactive

particulate contaminants.

In all, three major dose calculations are presented in this section; a maximally exposed

individual, a collective population, and NESHAPs critical receptors. The exposure conditions

used in the dose calculations are further discussed and presente,., in the respective environmental

monitoring sections of this report.

4.1 Pathway Analysis

In order to develop the specific elements of the environmental monitoring program at the

Weldon Spring site, the potential exposure pathways and health effects of the radioactive and

chemical materials present at the site and the quarry are reviewed annually. These analyses of

exposure pathways, required by DOE Order 5400.1, are based on the sources, release

mechanisms, types, and locations of contaminants; the probable environmental fates of the
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contaminants; and the locations and activities of potential receptors. Pathways are then

reviewed to determine if a link can be shown between one or more contaminant sources, or one

or more environmental transport processes to an exposure point where human or ecological

receptors are present.

Table 4-1 lists the six complete pathways for exposure from contaminants evaluated by
the Weldon Spring site environmental monitoring program. These pathways are used to

determine radiological and nonradiological exposures from the site. Of the six complete

pathways, only three were applicable in 1992 and used in calculations for dose estimates. These

were Liquid (B), Liquid (C), and Airborne (B).

TABLE 4-1 Exposure Pathways for theWeldon Spring Site

Applicable to 1992.
Dose Estim_*e

', ,,

Liquid(A) Ingestion of groundwater from local wells downgradient from the site. N
, H,

Liquid(B) Ingestion of game and fish inhabiting wildlife area. Y

Liquid(C) Ingestion of surface water and sediments. Y

Airborne(A) Inhalation of particulates dispersed through wind erosion and remedial N
action.

Airborne(B) Inhalation of radon emitted from contaminated sods. Y

External Direct gamma radiation from contaminated soils. N
,,,

There was no contribution to effective dose equivalents (EDEs) from Pathway Liquid (A)

(Table 4-1), ingestion of drinking water from local wells. Currently, no detectable

concentrations significantly different from background concentrations occur in the production

wells near the Weldon Spring Quarry. No drinking water wells are located in the chemical

plant/raffinate pits area.
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The airborne (A) pathway was not used since there are no detectable air particulate

concentrations above background levels. In 1992, air monitoring results indicated that releases

from the site were at background levels. Gross alpha results from air particulate monitoring

were not found (at the 95% confidence level) to differ statistically from background results for

all on-site and off-site monitoring stations (see Section 5.3.3). Therefore, no airborne

radionuclide releases other than radon occurred at the site perimeter or off-site locations.

There was no contribution to effective dose from the external pathway. Statistical

analysis of the results obtained from the external gamma monitoring program indicated that there

was no reason to suspect that any of the locations monitored were greater than background at

the 95% confidence level (see Section 5.2). The airborne particulate pathway was complete,

i.e., a potential exposure route existed although there was no contribution to a hypothetical

individual or the collective population dose from either the chemical plant/raffinate pits area or

the quarry area. Airborne particulate concentrations indicated that at a 95% confidence level
G

the measured results were not greater than the background results obtained (see Section 5).

The applicable public dose standards or limits for exposure that the Weldon Spring Site

Remedial Action Project (WSSRAP) is required to meet are as follows:

. NESHAPs standard of l0 mrem (0.10 mSv) annually for airborne emissions other

than radon at critical receptor locations.

• DOE guideline of 100 mrem (I mSv) annual effective dose equivalent for ali exposure

pathways.

4.2 Radiological Release Estimates

Radiological release estimates were. calculated for airborne radon and surface water
releases, Table 4-2 shows the emissions to the environment tor each radionuclide and their

respective half-lives. The dashes in Table 4-2 indicate that the amount of radioactivity released

to the environment was not distinguishable from background levels. However, above

background radon gas concentrations were observed at six locations at the quarry and two

locations at the chemical plant (see Section 5).
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The average radon concentration at the quarry area perimeter was 0.4 pCi/l above

background. A box model was utilized to predict the radon release rate for the year from the

quarry. This model assumes that airborne contaminants are dispersed homogeneously within the

modeled volume of air. The contaminated area within the quarry was used to estimate the radon
release. In 1992, the estimated Rn-222 release was 9.2 Ci (3.3 x 1011Bq). These calculations

are provided in Appendix C.

Radon concentrations at the chemical plant perimeter were 0.1 pCi/1above background.
A model was not used to predict total off-site releases from radon based on the above-

background measurements at the chemical plant/raffinate pits perimeter. Models require
identification of a source and an estimate of an emission rate. There have been no activities or

changes in these areas which could be identified as potential sources of above-background radon
emissions.

Intermittent surface water runoff was found to have transported uranium from the site

during 1992 through five major discharge routes. These routes were monitored through monthly
sampling of the runoff water, as required under the site National Pollutant Discharge Elimination

System (NPDES) permit. The discharge of natural uranium from the NPDES outfalls is

discussed in Section 6. lt is assumed that uranium occurs naturally on an activity basis (49.1%

U-234, 2.3% U-235, and 48.6% U-238) on WSSRAP properties. Using NPDES natural

uranium values in conjunction with the activity ratios listed above, the U-234, U-235, and U-238

releases to water have been calculated and are presented in Table 4-2. Other radionuclides were

not routinely monitored in surface water during 1992.

TABLE 4-2 Radionuclide Emissionsto the Environment

, , ,

Activity of Radionuclide Activity of Radionuclide Activity of Radionuclide

Radionuclide Relessed to Air (Ci) Released to Water (Ci) Released to Waters (gms) Half-Life (Yrs)
,,

U-238 -- 7.44E-02 221000 3.47 E09

U-235 -- 3.52E-03 1630 7.04E08
,

U-234 -- 7.52E-03 12 2.34E05
,=,

Th-232 -- NA NA 1,40E10

Th-230 -- NA NA 7,40E04
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TABLE 4-2 Radionuclide Emissions to the Environment (Continued)

,,_1 i 'lPi - , i

Activity of Radionuclide Activity of Radionuclide Activity of Radionuclide
Radionuclide Released to Air (Ci) Released to Water (Ci) Released to Waters (gma) Half-Life (Yrs)

" i li ii iii Jill i ' "I

Th-228 -- NA NA 1.910
. , ,,. ,...,

Fla-229 -- NA NA 5.76
, .,,,.. i

Ra-226 -- NA NA 1,600
,,,

Rn-222 8.9 NA NA 3.82 days
, ,,,

Total Activity 8.9 O, 1531 (al 222642 NA
i i i i "' " [ '""

NA Not analyzed for this radionuclide
(al Total uranium value obtained from Table 6-7

4.3 Expc_re Scenarios

Three scenarios from the exposure pathways (Table 4-1) were used to assess dose from

the Weldon Spring Site. First, conditions were set to determine dose to a maximally exposed
individual at each of the main site areas: the chemical plant/raffinate pits, the quarry, and the

vicinity properties. A second dose, for a collective population, was calculated for users of the

August A. Busch Wildlife Area. The results of these estimates were then compared to

applicable standards to ensure the safety of members of the public and the environment. A dose
was not calculated for the total population within an 80 km (49.6 mi) radius of the site as
recommended in DOE Order 5400.5, for reasons explained below.

A third set of dose calculations was performed to meet NESHAPs monitoring

requirements. These calculations were performed using results obtained from high volume

samplers located at critical receptor locations. Extensive monitoring at the site perimeters
indicated no above background radioactive particulate concentrations and no external gamma

exposure resulting from WSSRAP activities. This conclusion is based on statistical mlalysis of

low volume air particulate results (see Section 5). Although, several perimeter environmental

radon sampling locations were greater than background, no above background concentrations
were detected at off-site locations in the near vicinity of the site. Calculations of collective

population doses utilizing perimeter and off-site monitoring data determined the dose to be less

than 1 person-rem per year from ali pathways to affected populations. Since ali off-site 1OW-
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volume air particulate samplers and radon gas detectors other than background stations are
within a 13 km (8.1 mi) radius and none have yieldedabove backgroundconcentrationsof gross
alpha or radon gas for any airbornepathway, the incorporationof calculation of a dose for the
total populationwithin 80 km (49.6 mi) of the site is unrealistic.

The scenarios and models used to evaluate these radiological exposures wereconservative

but appropriate. Although radiation doses can be calc,,lated or measured for individuals, it is
not appropriate to predict the health risk to a single individual. Estimates of health risks are

based on statistical data collected from large groups of people exposed to radiation under various

circumstances. Statistical models are not applicable to single individuals. Therefore, dose
equivalents to a single individual are estimated by hypothesizing a maximally exposed individual

and placing this individual in a reasonable, but very conservative scenario. This is appropriate

when the magnitude of the dose to a hypothetical maximally exposed individual is small, as is
the case at the WSSRAP. The scenarios and resulting estimated doses used in the calculations

are outlined in Table 4-3. In addition, the percentage of the DOE guideline of 100 mrem is

provided. A comparison to the EPA limit of 10 mrem was not done since this limit applies only

to the airbt_,ne exposure pathway, excluding radon, and there was no contribution from this

pathway other than radon in the dose calculation.

The collective population dose estimate is the product of the effective dose equivalent

estimate at the exposure point and the number of persons exposed. Exposure points are locations

where members of the public are potentially exposed to airborne radioactive particulate

concentrations, radon gas concentrations, external gamma radiation, or radionuclide

concentrations in water or food at above-background levels. The effective dose equivalent is

calculated by estimating radionuclide concentrations in the air, water, food, and external gamma

pathways at a given exposure point. These concentrations and reasonable exposure scenarios

are used to estimate the amount of radioactivity ingested or inhaled and the amount of external

gamma radiation received by the potentially exposed population.

The NESHAPs committed effective dose equivalent (CEDE) estimate is based on the

isotopic analysis of the high volume samples collected from critical receptor locations. Although

statistical analysis indicates there is not reason to suspect at the 95 % confidence level that gross

alpha analysis of low volume samplers results at perimeter and off-site locations, including the
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critical receptor locations, were greater than background, dose estimates were required to

maintain compliance with NESHAPs.

Ali ingestion and inhalation calculations were pertbrmed using the methodology described

in International Commission on Radiation Protection (ICRP) Reports 26 and 30 for a 50-yr

committed effective dose equivalent (ICRP 1977 and 1978). Fifty-year committed effective dose

equivalent conversion factors were obtained from the EPA Federal Guidance Report No. 11

(Eckerman 1988).

4.4 Dose Estimates

Dose estimates for the exposure scenarios are presented in Table 4-3 and were calculated

utilizing 1992 monitoring data. Calculations for dose scenarios are provided in Appendix C.

Dose estimates were far below the guidelines set by the DOE for annual public exposure and

EPA limits with regard to NESHAPs.

The effective dose equivalent (EDE) for the hypothetical maximally exposed individual

from ali exposure pathways was 1.9 torero. This value represents 1.9% of the DOE guideline

of 100 mrem above background for ali exposure pathways. For comparison, the annual average

exposure to natural background radiation in the area of the site results in a CEDE of

approximately 300 torero. The collective population dose was 0.021 person-rem for recreational
users at the Busch Wildlife Area.

The maximum calculated dose for NESHAPs critical receptors was 0.19 + 0.33 mrem

CEDE at AP-4006 for the individual who was assumed to reside there 365 days per year, 24

hours per day. Although analysis of the high volume filters collected for NESHAPs monitoring
allowed a dose estimate calculation of 09 + 0.33 mrem at AP-4006, there is some additional

uncertainty associated with the analytical results because data quality objectives established in

the NESHAPs Monitoring Plan were not met for either precision or accuracy. A corrective

action report has been written in order to attempt and meet the data quality objectives in 1993.

Although to first state that there were no above background airborne particulate releases

from the site and then to estimate a dose at critical receptor locations would seem to be

contradictory, it is not. The statistical analysis of gross alpha results obtained at perimeter and

off-site locations did provide data which indicated that there were no measurable above

rn:\users\ioanne\aser92\section.4 66



060793

background airborne particulate releases at the site. Although isotopic analysis of the high

volume samples collected at critical receptors allowed estimates of very small doses, the error

associated with ali the results was near to, or greater than, 100% of the estimated dose. Such

a large error is not unexpected when dealing with concentrations that are near analytical

detection limits. In addition, the fact that none of the data quality objectives were met for the

high volume sample data is also believed to be a result of measuring concentrations near the

detection limits. As a result, although dose calculations are required for NESHAPs, it is correct

to state that there were no above background airborne particulate emissions from the site.

4.4.1 Radiation Dose From the Chemical Plant/Raffinate Pits to a Hypothetical Maximally

Exposed Individual

This section discusses the estimated committed effective dose equivalent to a hypothetical

individual assumed to frequent the perimeter of the chemical plant/raffinate pits and to receive

a radiation dose by the three pathways identified above. No private residences are adjacent to

the site. Therefore, all calculations of dose equivalent due to direct gamma exposure, airborne

radioactive partic_,,ate inhalation, and radon progeny inhalation assumes realistically less than
100% residence time. Recreational use of the Busch Wildlife area is considered in the

assessment of the exposure to a maximally exposed individual at the chemical planVraff'mate pits
area since some of the lakes in the area receive effluent from the site. None of these lakes are

used as sources of drinking water, but recreational use of the wildlife area includes fishing and

boating. Thus, the Liquid (B) pathway, fish ingestion, and the Liquid (C) pathway, incidental

water and sediment ingestion, are potential pathways for exposure.

Two radon monitoring stations at the chemical plant, perimeter RD-2001 and RD-3002,

were found to be greater than background at the 95% confidence level (Figure 5-1). The

northern boundary of the chemical plant is accessible to members of the public. The scenarios
are as follows:

* An individual is assumed to walk along the northwestern perimeter once per day,

250 day/yr.

• An individual is assumed to abide near the northwestern perimeter 12 rain/day.

m:\users\joanne\aser92\section.4 67



060793

• Radon gas concentration were 0.1 pCi/l above normal background at the northern

perimeter, based on monitoring results and the CAP-88 computer air dispersion
model.

• The average fresh-water fish consumption rate was 6.5 g/day (0.23 oz/day)

(EPA 1988a).

• The average U-238 concentration in fish was 0.017 pCi/g (0.0006 Bq/g), collected
from Busch Lake 36, where the concentration was the highest of the three lakes

receiving runoff from the site (see Section 8.3.1.1).

• An individual made 10 trips per year to the Busch Wildlife Area.

• The individual spent 5.7 hr boating per visit (MDOC 1991).

• While boating, the individual spent 25% of the time swimming.

• While swimming the individual ingested 0.05 liters/hr (0.05 qt/hr) of water

(EPA 1988a).

• The concentration of uranium in surface water was 171 pCi/l, (6,327 Bq/m3) from

Busch Lake 36 (see Section 6), which had the highest average surface water

concentration of the three lakes receiving runoff.

• The average uranium concentration of surface sediments was 110 pCi/g (4.1 Bq/g)
from Busch Lake 34, which had the highest concentration.

Based on the exposure scenario and assumptions described above, a maximally exposed

individual who frequented areas receiving surface water runoff from the chemical plant/raffinate

pits and the chemical plant perimeter received a total effective dose equivalent of 0.21 mrt_,n
(0.0021 mSv) from inhalation of radon, ingestion of water and sediment, and ingestion of fish
from contaminated waters.
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• Radon gas concentration were 0.1 pCi/1 above normal background at the northern

perimeter, based on monitoring results and the CAP-88 computer air dispersion
model.

• The average fresh-water fish consumption rate was 6.5 g/day (0.23 oz/day)

(EPA 1988a).

• The average U-238 concentration in fish was 0.0!7 pCi/g (0.0006 Bq/g), collected
from Busch Lake 36, where the concentration was the highest of the three lakes

receiving runoff from the site (see Section 8.3.1.1).

• An individual made 10 trips per year to the Busch Wildlife Area.

• The individual spent 5.7 hr boating per visit (MDOC 1991).

• While boating, the individual spent 25% of the time swimming.

• While swimming the individual ingested 0.05 liters/br (0.05 qt/hr) of water

(EPA 1988a).

• The concentration of uranium in surface water was 171 pCi/l, (6,327 Bq/m 3) from

Busch Lake 36 (see Section 6), which had the highest average surface water

concentration of the three lakes receiving runoff.

• The average uranium concentration of surface sediments was 110 pCi/g (4.1 Bq/g)
from Busch Lake 34, which had the highest concentration.

Based on the exposure scenario and assumptions described above, a maximally exposed

individual who frequented areas receiving surface water runoff from the chemical plant/raffinate

pits and the chemical plant peritneter received a total effective dose equivalent of 0.21 mrem

(0.0021 mSv) from inhalation of radon, ingestion of water and sediment, and ingestion of fish
from contaminated waters.
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4.4.2 Radiation Dose From the Weidon Spring Quarry to a Hypothetical Maximally
Exposed Individual

This section discusses the estimated committed effective dose equivalent to a hypothetical

individual assumed to frequent the perimeter of the Weldon Spring Quarry. No private

residences are adjacent to the quarry site; therefore, ali calculations of radon progeny inhalation
(Airborne B) assume a realistic residence time of less than 10,3%. The scenario is based on a

hypothetical individual who routinely walked along the northern boundary of the quarry on State
Route 94.

Scenarios and assumptions particular to this dose calculation are summarized as follows:

• No contribution from pathways Liquid(B) or Liquid(C) of Table 4-1 was determined

because access to the quarry was controlled by 24 hour security and a 2.4 m (8 ft)

chain link fence topped with barbed wire. Fishing, swimming, and drinking water

from the quarry pond were not realistic exposure pathways.

• The individual walked along State Route 94 twice per day, 250 day/yr.

• The average residence time near the quarry was 6 rain/trip (ANL 1990b).

• The highest measured concentration of radon gas was 1.3 pCi/l (44.4 Bq/m 3) above

normal background at station RD-1001 of the quarry perimeter (see Section 5.1.3).

• The equilibrium ratio between radon gas and its progeny was 50%•

• The effective dose equivalent conversion factor was 1.0 rem/working level month

(WLM) (10 mSv/WLM) (ICRP 1981).

The dose to the hypothetical _naximally exposed individual at the quarry was 1.9 mrem

(0.019 mSv) from inhalation of radon daughters.
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4.4.3 Radiation Dose From Vicinity Properties to a Hypothetical Maximally Exposed
Individual

• This section discusses the estimated effective dose equivalent to a hypothetical individual

assumed to frequent the Femme Osage Slough, south of the quarry. This scenario provides a

very conservative but plausible exposure assessment. No private residences are adjacent to the

slough (it is situated on land currently rnanaged by the Missouri Department of Conservation

(MDOC) as part of the Weldon Spring Wildlife Area); theretbre, ali direct gamma exposure
calculations assume a realistic less than 100% residence time. This scenario utilizes the

exposure pathways and is based on a hypothetical individual who fished at the Femme Osage

Slough.

Scenarios and assumptions particular to this dose calculation are summarized as follows:

,, No contribution to the estimated dose was included from radon progeny

concentrations, Airborne (B), because the slough is contaminated only with uranium.

Consequently, above-background concentrations of radon were not found.

,, The average U-234, U-235, and U-238 concentrations in fish samples taken from the

Femme Osage Slough were 0.0043 pCi/g, (see Section 8.3.1.2).

• The fresh water fish consumption rate was 6.5 grams/day (0.23 oz/day) (EPA 1988a).

• No contribution from pathway Liquid (C) was included because the stagnant water

-= conditions made it unlikely that the slough would be used for recreational swimming.

The dose to the maximally exposed individual at the vicinity property from consumption
of fish tissue as discussed above was 0.003 mrem (0.00003 mSv) committed effective dose

equivalent (CEDE).

4.4.4 Collective Population Dose

This section discusses the estimated collective effective dose equivalent to the populations

assumed to frequent the Katy Trail located south of the quarry, and at the Busch Wildlife Area.

This scenario provides a very conservative but plausible exposure assessment. Since the results
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from ali critical receptor monitoring locations were not significantly different from background
concentrations at the 95 % confidence level, no collective effective dose equivalent estimate was

made for populations at or beyond the critical receptor locations. In addition, statistical analyses

of the radon and external gamma measurements made near the quarry along the Katy Trail
indicated that there was no reason to suspect at the 95 % confidence level that the results were

greater than background. As a result, no collective effective dose was calculated for the

population on the Katy Trail. The scenario used for the Busch Wildlife Area is based on

recreational use tor fishing and boating activities.

Scenarios and assumptions particular to this dose calculation are summarized as follows:

• No contribution from radon and its progeny was included in the Katy Trail estimate.
Results from the measurements near the trail indicated that there was no reason to

suspect at the 95% confidence level that results were greater than background.

• The MDOC estimates that approximately 15,000 persons per year use the Busch

Wildlife Area, which is adjacent to the chemical plant/raffinate pits area, while

another 3,800 persons participate in recreational boating activities. Busch Lakes 34,

35, and 36 receive runoff from the chemical plant/raffinate pits site, and all three

" lakes are utilized for fishing and boating purposes. Therefore, a second point for
,;

potential exposure of a population through ingestion of fish, water, and sediment from

these lakes was these !8,800 persons.

• On average, 7,232 fish per year are caught from the Busch lakes (MDOC 1991).

• If a different person consumes each fish, the affected population would be 7,232

persons.

• The highest average U-238 concentration in the fish collected from Lakes 34, 35, and

36 was 0.017 pCi/g (Section 8.3.1.1).

• The average time spent at the Busch Wildlife Area per boating trip was approximately
5.7 hr.
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• Each of 3,800 visitors made only one visit to the area and spent 25% of the time

swimming.

• Maximum water concentrations were 171 pCi/l (6.3 Bq/l) (Section 6) and sediment

concentration 110 pCi/g (4.1 Bq/g)(ESE 1993).

The estimated population dose tor the Busch lakes ingestion scenario were 0.007 person-

rem (0.00007 person-SV) for fish, 0.013 person-rem (0.00013 person-SV) for water, and

0.0014 person-rem (0.000014 person-SV) for sediment. Consequently, the collective population

dose estimate for ali applicable scenarios for the Busch Wildlife Area exposure point was 0.021

person-rem (0.00021 person-Sv). This dose is considered insignificant as compared to the dose

received from natural background sources.

4.5 NESHAPs Release Estimates

In 1990, the WSSRAP initiated an environmental airborne particulate monitoring program

sensitive enough to detect airborne radionuclide concentrations other than radon at the levels

specified in the NESHAPs (40 CFR 61 Subpart H, Appendix E). Thi regulation requires that
radionuclide emissions other than radon be identified and that effective dose equivalents to

members of the public be calculated using EPA approved procedures and computer models, or

other procedures for which the EPA has granted prior approval. The WSSRAP has chosen to

meet these requirements by measuring airborne radionuclide concentrations at designated critical

receptor locations rather than using computer modeling. The WSSRAP monitoring plan is

contained in the Plan For Monitoring Radionuclide Emissions Other Than Ration at Weldon

Spring Site Critical Receptors (MKF and JEG 1992i) which has been approved by EPA Region
VII.

Potential airborne emissions at the site result from wind dispersal of surface soils and

fugitive dust generated during remedial actions. The most accurate method of dose estimation

at critical receptor locations near the site is to measure airborne concentrations at these locations.

Critical receptors are locations where members of the public abide or reside and have a potential
to encounter off-site concentrations of radionuclides other than radon during remediation of the

Weldon Spring site.
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Five critical receptor locations have been identified around the site. The common

boundary of the chemical plant and the Missouri Highway Maintenance Facility (AP-2001), the

WSSRAP administration building (AP-2005), Francis Howell High School (AP-4006), the

Weldon Spring Training Area on the Department of the Army property to the southwest

(AP-4008), a,,d 150 m (0.1 mi) from the nearest residence to the quarry (AP-4011). A
i, ..-.

background location was selected at AP-4007 and was moved to the new background station,

AP-4012, in December 1992. Each station has a high volume air sampler as well as a low

volume sampler. The locations of these monitoring stations are shown in Section 5, Figures 5-1,
5-2, and 5-3.

An exposure scenario was developed and a dose estimate was calculated for each critical

receptor location as shown in Table 4-4. Other assumptions used in the dose calculation are:

• Breathing rate of 1.25 m3/hr (44.1 ft3/hr) (Cember 1983).

,, Fifty-year committed effective dose equivalent conversion factors provided in EPA

Federal Guidance Report No. 11 (Eckerman 1988).

The results of ',he NESHAPs dose calculations are presented in Table 4-4. Isotopic air

monitoring results from high volume and low volume samplers provide emission concentrations

for use in NESHAPs dose estimates that are shown in Tables 4-5 and 4-6, respectively. The

high volume data was used for the dose calculation since the detection limits were more accurate

with the larger volume of air sampled. The doses were all less than 0.2 mrem per year at each

critical receptor location for both high and low volume results and were similar to the total

committed effective dose equivalent calculated for NESHAPs in 1991.

Statistical evaluation of the high volume results indicated that stations AP-2001 and

AP-2005 were statistically significant. However, when the tact that the data quality objectives

were not met tor either precision or accuracy, and that the laboratory did not provide the error

associated with the total uranium analysis (i.e., the error from the total uranium analysis could

not be included in the evaluation of statistical significance), the determination of statistical

significance also contains uncertainty. Statistical evaluation of the low volume data indicates that

none of the stations was statistically significant. However, the low volume data had a

significantly greater percentage of error than the high volume data due to the higher minimum
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TABLE 4-5 NESHAPs Isotopic Air Monitoring Results Effective Dose Equivalent
Contributions, 1992

.., . : -.

Net Concentration :bl CEDEIb) Annual CEDE{b)

Radionuclide Period (pCilml) (torero) (torero)
,,,',. -..

AP-2OO1 Missoun Highway Maintenance Facd_ty __........
..,

Total U (al 1st Quarter -1.23E- 11 -8.86E-04,.,

2nd Quarter 5.38E-12 3,87E-04
.,__,

3td Quarter 1.56E-10 1.12E-02

4th Quarter 1,O6E-10 7.61E-03 1,83E-O2
....

Ra-226 1st Quarter -8,67E-12 + 7.99E-11 -4.47E-05 _- 4.11E-04m,,,

2nd Quarter 3,87E-11 + 1.O7E-10 2,OOE-04 _ 5.51E-04

3rd Quarter -3.32E-11 = 1.O4E-10 -l.71E-04 +_.5.38E-04

4th Quarter -7.33E-12 _ 1.O8E-10 -3.78E-O5 _+ 5,54E-04 -5.37E-O5 ± 1,03E-O3
.... , , ;.. ,,,,

Ra-228 1st Quarter -3.16E-11 _ 1.14E-10 -9.O4E-05 +_.3.27E-04
, __

2hd Quarter -6.64E-11 = 1.22E-;O -1.9OE-O4 ± 3.49E-04
,,

3rd Quarter 1.0lE-11 __ 1.13E-lO 2,89E-O5 +_ 3,23E-04r-,.,,

4rh Quarter -4.73E-11 _ 1.17E-lO -1,36E-04 _+ 3.35E-04 -3.87E-O4 ± 6.67E-04
,,., .", '.,%,,

Th-228 1st Quarter 4,69E-12 _- 2.67E-_1 9.62E-04 ' 5.47E-03

2nd Quarter 1.18E-11 _+ 4.63E-11 2.42E-03 _ 9,5OE-03....

3rd Quarter 4.50E-11 +_ 6.O5E-11 9.23E-03 _ 1 24E-02
..,

4rh Quarter 1.25E-11 _+ 2.79E-11 2.57E-03 _- 5,72E-03 1.52E-02 +_ 1.75E-02
,,,, ..'.,

Th-230 1st Quarter 1.79E-11 __ 2.67E-11 3.50E-03 __.5.21E-03.........

2hd Quarter -2.03E-11 +_.5.32E-11 -3,97E-03 :t: 1.O4E-02

3rd Quarter 4.37E-12 ± 6,51E-11 8.53E-04 ± 1,27E-02 .............

4rh Quarter 4.21E-11 + 3.48E-1] 8.23E-03 _- 6.81E-03 8.61E-03 :t: 1.85E-02

TH-232 1st Quarter -1,57E-12 4- 2.66E-11 -1,55E-03 +_ 2.61E-02

2nd Quarter -1.11E-11 +_ 4.63E-11 -1.10E-02 _+ 4.55E-02

3td Quarter 7.72E-12 :t: 4,95E-11 7,59E-03 +_ 4,87E-02

4rh Quarter 3.16E-11 ± 2.75E-11 3.11E-02 ± 2.7OE-02 2,62E-O2 ± 7.65E-02
L,

Total I Annual N/A N/A 6.79E-02 ± 8,07E-02
, ,,., , ::_

(a) Error was not report by analytical laboratory,

lh) Indicated error/range is at the 9.5% confidence level.
CEDE = committed effective dose equivalent
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TABLE 4-5 NESHAPs Isotopic Air Monitoring Results Effective Dose Equivalent
Contributions, 1992 (Continued)

Net Concentration oj CEDE_ Annual CEDE_b_

Radionuclide Period (/JCiiml) (r_rem) (mrem)
'I_,TI

AP-2005 WSSRAP Administration Building
.....

Total U (al 1st Quarter 1,76E-10 __O OOE _00 ! 58E-02 _- O.OOE+O0
,,

2nd Quarter 2.93E-10 ± O,OOE+OO 2.63E-02 ± O.OOE _00 , ,,

3rd Quarter 2,45E-10 + O.OOE+O0 2.21E-O2 _- O,OOE+O0

4rh Quarter 4.67E-10 : O,OOE+OO 4,20E-02 _+ O.OOEtO0 1,06E-01 +_ O.OOE+OO

Ra-226 1st Quarter -3.57E-12 ± 8.54E-1t -2.30E-O5 ± 5,50E-O4

2hd Quarter 3.13E-11 ± 1.03E-10 2.O1E-O4 _+ 6.62E-04

3rd Quarter -3.48E-11 __9 1OE-11 -2,24E-O4 ± 5.86E-04

4rh Quarter 2,88E-11 +_ 1.19E-10 1.85E-04 ± 7.64E-04 1.40E-04 :t: 1.29E-03

Ra-228 1st Quarter -3.67E-11 __ 1.11E-10 -1.32E-04 _+ 3 99E-04
L

2nd Quarter -1.88E-11 __ 1.10E-10 -6,74E-05 ± 3.93E-04

3rd Quarter 4.90E-11 ± 1,12E-10 1.75E-04 __.4,00E-04

4rh Quarter 1.27E-11 ± 1.18E-10 4.53E-05 _+ 4,23E-04 2.18E-05 ± 8,08E-O4
....

Th-228 1st Quarter 563E-12 __.2.59E-11 1.44E-03 +_ 6,64E-03

2hd Quarter 4,69E 12 +_.4.47E-11 1.20E-O3 ± 1.15E-02

3rd Quarter 3,83E-1 I +_ 5.06E-11 9.81E-03 +_ I 30E-02

4thQuarter 1,48E-12 : 285E-11 3 80E-O4 ± 7 30E-03 1.28E-02 ± 1,99E-02

Th-230 1st Quarter 3.08E-11 +_ 2.84E-11 7.52E-03 _.+6 33E-03

2hd Quarter -4.65E-11 +_ 5.05E-11 -I.14E-02 +_.] 23E-02

3rd Quarter 2.31E-11 z 6.00E-11 5,65E-03 ± 1.45E-02

4rh Quarter 1,72E-11 + 3.48E-11 4.19E-03 _- 8.51E-03 6.00E-03 ± 2.21E-02

Th-232 1st Quarter 7.30E-12 +_ 2,81E-11 8.97E-03 +_ 3,46E-02

2hd Quarter 1,84E-11 + 4.92E-11 2.26E-02 +_ 6.05E-02
,,,

3rd Quarter -9.44E-14 + 3.75E-11 -1.16E-04 ± 4.61E-02

4rh Quarter 1.29E-11 ± 2.58E-11 1.59E-02 +_ 3,17E-02 4.73E-02 ± 8,94E-02

Ali Annual N/A N/A 1.73E-01 ± 9.42E-O2

(al Error was not report by analytical laboratory.
(b) Indicated error/range is at the 95% confidence level.
CEDE = committed effective dose equlvalr.,t
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TABLE 4-5 NESHAPs Isotopic Air Monitoring Results Effective Dose Equivalent
Contributions, 1992 (Continued)

.li iIII

-- Net Concentration 'm CEDE'bi Annual CEDE {b} /

Radionuclide Period (pCilml) (mrern) (mrem) J

&P-4006 Francis Howell High School- Residence !c)
ii'l

Total U(al 1st Quarter -2.O1E-11 ± O.00E+00 -5.O8E-O3 * O.00E.OO........ 1.05E-02 ± 0.OOE+OO....

2nd Quarter 2,35E 11 +- O.OOE+OO 5.94E-O3 _- O.OOE+OO _

3td Quarter 2.21E-I1 _ O.OOE+O0 5.56E-O3 +_.O.OOE+OO
.,

4th Quarter 1.61E-11 • O,OOE+00 4.07E-O3 ± O,00E+O0

....

-- Ra-226 1st Quarter 5,O4E-11 _- 8.50E-11 9.10E-O4 :t: 1,53E-O3__,_ -2.03E-O4 :t: 3.4OE-03

2nd Quarter -1.02E-10 +__8,84E-11 -1,84EO3 -c-_1.60E-O3 _

3rd Quarter 5.25E-13 _ 9.29E-11 9,47E-O6 z 1.68E-O3

4rh Quarter 3.99E-11 _ 1.09E-10 7.20E-04 _ 1,97E-O3

-- Ra-228 lstQuarter .4.19E.11 _,* 1.11E-10 -4,20E-04 ± 1.11E-O3__._ 3.2OE-O4 ± 2.28E-03

2nd Quarter 3.21E-11 + 1.09E-10 3.23E-04 + 1.09E-O3

3rd Quarter -1.34E-11 _+ 1.15E-10 .1.35E-04 +_ 1.15E-O3 __

4th Quarter 5.5OE-11 +__1,20E-10 5.52E-04 +_ 1.20E-03....

-- Th-228 1st Quarter 7_96E-12 ± 2.58E-11 5.73E-O3 ± 1,85E-02 __ 2.84E-03:1:5,52E-02

2nd Quarter -7,32E-12 ± 4.8OE-11 -5,27E-03 +_.3.45E-O2 __

3td Quarter -1.O2E-11 _+ 4,78E-11 -7,32E-03 ± 3.44E-02 _.,.

4th Quarter 1.35E-11 + 2.54E-11 9.7OE-03 _+ t,82E-O2
.....

-- Th-230 lstQuarter 1.37E-11 _+ 2.82E-11 9.36E-03 +_....1 93E-O2 __ 1.24E-01 _ 5.68E-02

2nd Quarter 5,76E-11 4- 5.04E-11 394E-02 4- 3 45E-02

3rd Quarter 8,66E-11 + 5.12E-11 5.93E-02 _+ 3,51E-O2 __.,,

4rh Quarter 2.40E-11 +_ 3.03E-11 1.64E-02 _ 2,07E-O2,...,

-- . --
Th-232 1st Quarter 8.31E-13 ± 2,80E-11 2.86E-03 - 9.64E-02 __ I 13E-02 * 2.39E-01

2nd Quarter .4.94E-12 _+ 4,46E-11 -1,70E-02 ± 1.54E-O1 _.,..

3td Quarter 1.41E-11 +_ 3.93E-11 4,86E-02 _ 1.35E-01 _,.,

4th Quarter -6.71E-t2 +_ 2.23E-11 -2.31E-02 + 7.69E-O2
==

Ali Annual N/A N/A .... 1.49E-01 + 2.52E-01
i

- lal Error was not report by analytical laboratory.
(b) indicated error/range is at the 95% confidence level.
(c) CEDE calculations are based on continuous exposure scenario for residence, A student scenario CEDE would give a result

- approximately 3.5 times smaller.
CEDE = committed effective dose equivalent
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TABLE 4-5 NESHAPs Isotopic Air Monitoring Results Effective Dose Equivalent
Contributions, 1992 (Continued)

, ,= : ,,,,,, ' : ' !

I Net Concentration (b) CEDE (b) Annual CEDE(b} iRadionuclide Period _Ci/ml) (mrem) (torero)
ii

AP-4OO7 Backgrou,nd

Total U(a) 1st Quarter 1.46E-10 NA NA

2n,J Quarter 2.03E- 10 NA
,,, _ __

3rd Quarter 1.85E-10 NA
,,,,

4th Quarter 2.31E-10 NA ....

RA-226 1st Quarter 1.80E-11 ± 2.98E-11 NA NA

2nd Quarter 6.13E-11 ± 3.45E-11 NA

3rd Quarter 5.21E-11 ± 3.34E-11 NA
.....

4rh Quarter 8.85E-11 __.4,19E-11 NA
,,

Ra-228 1st Quarter 7.45E-11 +_ 4.16E-11 NA NA

2nd Quarter 7.64E-11 ± 4.10E-11 NA
,,

3td Quarter 3.01E-11 ± 3.26E-11 NA

4rh Quarter 9.33E-11 ± 4.48E-11 NA
,ff ....

Th-228 1st Quarter 0.00 +_.8.63E-12 NA NA

2hd Quarter 2.49E-11 ± 1.61E-11 NA

3rd Quarter 2.36E-11 _ 1.55E-11 NA

4th Quarter 1.43E-11 ± 1.05E-11 NA
,,,

Th-230 ls_ Quarter 9,42E-12 ± 8.63E-12 NA _ NA

2hd Quarter 1.21E-10 ± 1.93E-11 NA

3rd Quarter 1,11E-10 ± 1.95E-11 NA
--4

4thQuarter 5.90E-11 + 1.24E-11 NA

Th-232 1st Quarter 2.35E-12 ± 9.42E-12 NA NA

2nd Quarter 3.53E-11 ± 1.69E-11 NA

3td Quarter 3.01E-11 ± 7.32E-12 NA

4th Quarter 2.86E-12 ± 8.57E-12 NA
' -- "" ,,,,

la} Error was not report by analytical laboratory.
(b) Indicated error/range is at the 95% confidence level.
CEDE = committed effective dose equivalent
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TABLE 4-5 NESHAPs Isotopic Air Monitoring Results Effective Dose Equivalent
Contributions, 1992 (Continued)

,,,

Net Concentration (bJ CEDE _b_ Annual CEDE lh)

Radionuclide Period (pCi/ml) (mrem) (torero)

AP-4008 U,S. Army Weldon Spring Training Area I
=

.......... ,,. ,...... I

Total U(a) 1st Quarter 4.46E-11 _ O.OOE+OO 3.21E-03 _.+O,00E+O0

., ,

2nd Quarter -2.35E-11 ± O.OOE+OO -1.70E.03 ± 0.OOE+00

3rd Quarter -2.21E-11 _ O.OOE+OO -1.59E-03 +_.O,00E+00

4rh Quarter -1,61E-11 ± O.OOE+OO -1.16E-03 ± 0,OOE+O0
-1,24E-O3 + O.OOE+OO

Ra-226 1st Quarter -1,18E-11 ± 8.18E-11 -6.O9E-05 _+ 4,21E-O4

2hd Quarter 1.02E-10 ± 1,15E-10 5.26E-04 _.+5,92E-04
....

3rd Quarter -5,25E-13 t 9,75E-11 -2.70E-O6 _+ 5,02E-O4

4th Quarter -3,99E-11 + 1.05E-10 -2.O6E-04 _.+5,42E-04 2.57E-O4 ± 1.O4E-03
, ,,.........

Ra-228 1st Quarter -6,89E-12 + 1.16E-10 -1.97E-05 ± 3.32E-O4
...........

2nd Quarter -3,21E-11 _+ 1.15E-10 -9.21E-05 ± 3,29E-O4
,..

3rd Quarter 1,34E-11 _+ 9.77E-11 3.85E-05 ± 2.80E-04

4rh Quarter -5,5OE-11 + 1.12E-10 -1.58E-04 _+ 3,2_.E-04 -2,31E-04 ± 6.32E-O4
....,_ ,.

Th-228 1st Quarter 1,24E-11 ± 2.78E-11 2.55E-03 _+ 5.7OE-03

2hd Quarter 7,32E-12 ± 4,55E-11 1,5OE-O3 ± 9 33E-O3

3rd Quarter 1.02E-11 _4-4.71E-11 2.O9E-03 _+ 9,67E-O3
, .....

4rh Quarter -1,35E-11 ± 2,45E-11 -2.77E-O3 ± 5.03E-O3 3.38E-O3 ± 1.54E-O2
..

Th-230 1st Quarter 4.27E-11 ± 2,90E-11 8.45E-03 ± 5,75E-O3
,.-- .,,

2nd Quarter -5.76E-11 + 5.02E-11 -1.13E-02 +_ 9.81E-O2

3rd Quarter -8.66E-11 +_.4.73E-11 -1.69E-02 _.+9,24E-03
,.... L

4rh Quarter -2.4OE-11 + 3.03E-11 -4.68E-O3 ± 5.93E-O3 -2.44E-02 + 1.58E-02
.,

.,,,. .._ ,,

Th. 232 1st Quarter 6,2OE-12 + 2.76E-11 5.95E-03 + 2,65E-O2
,..

2nd Quarter 4.94E-12 + 4.78E-11 4.86E-03 +_ 4.7OE-O2
......

3rd Quarter -1.41E-11 ± 3,36E-11 -1.39E-O2 ± 3,3OE-02

4rh Quarter 6.71E-12 ± 2,34E-11 6.6OE-03 + 2,3OE-O2 3.53E-03 ± 6.73E-02
,.

Ali Annual N/A N/A -1.87E-O2 + 7.O9E-O2
,,,,

=

(a) Error was not report by analytical laboratory.
(bl Indicated error/range is at the 95% confidence level.
CEDE = committed effective dose equivalent
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TABLE 4-5 NESHAPs Isotopic Air Monitoring Results Effective Dose Equivalent
Contributions, 1992 (Continued)

Net Concentration (bl CEDE (bl Annual CEDE(_1

Radionuclide Period (pCi/ml) (mrem) (torero)
m . ,

AP-4011 Quarry Residence I
,,., ,, I

Total U (al 1st Quarter -7.26E-12 +_.O.OOE+OO -1.83E-03 _ O.00E+OO

2hd Quarter -2.87E-11 _+0.OOE,00 -7.25E-03 +_ O.00E+O0

3rd Quarter -3.62E-11 +_O.OOE+OO -9.13E-O3 +_ O.OOE+OO
, ,,.

4rh Quarter 1.07E-11 + O.OOE +00 2.7OE-03 _ O.OOE +OO -1.55E-02 ± 0.OOE +OO
,. ,,.

Ra-226 1st Quarter -4.65E-12 ± 1.07E-10 -8.39E-05 +__1.92E-03

2nd Quarter -4.13E-11 + 8.71E-11 -7.44E-04 ± 1.57E-O3

3rd Quarter 3.11E-12 +_ 9.31E-11 5.61E-05 ± 1.68E-03

4th Quarter -7.35E-11 _+ 1.02E-10 -1.33E-03 ± 1.84E-03 -2.10E-03 +_ 3.52E-03

Ra-228 1st Quarter -6.77E-12 +_.8.57E-11 -6.80E-05 __.8.60E-O4
...

2nd Quarter 1.07E.10 + 1.22E-10 1.07E-03 _ 1.22E-O3

3rd Quarter -2.20E-11 +_9.78E-11 -2.21E-04 ± 9.82E-O4

4th Quarter -3.49E-11 _+ 1.15E-10 -3.5OE-O4 __.1.15E-O3 4.33E-04 ± 2.13E-O3
,,,.,

Th-228 1st Quarter 3.15E-12 _+ 2.56E-11 2.27E-O3 ± 1.84E-O2

2nd Quarter 2.74E-11 ± 4.9OE-11 1.97E-02 +_ 3.52E-O2
.=

3td Quarter -4.93E-12 _ 4.37E-11 -3.55E-03 + 3.14E-O2

4th Quarter -9.27E-12 + 2.58E-11 -6.67E-03 +_ 1.85E-O2 1.17E-O2 ± 5.39E-O2

Th-230 1st Quarter 1.50E-11 + 2.45E-11 1.O4E-02 ± 1.70E-O2

2hd Quarter -7.30E-11 _ 4.92E-11 -5.O7E-O2 __.3.41E-O2

3rd Quarter -4.01E-11 __.5.18E-11 -2.78E-02 _+.3 60E-O2

4rh Quarter -3.94E-12 ± 3.29E-]1 -2.74E-O3 + 2.28E-02 -7.08E-02 _+ 5.72E-O2

Th-232 1st Quarter 7.98E-13 +_ 1.88E-11 2.68E-03 +_.6.33E-02
,,..

2nd Quarter -1.85E-11 ± 4.55E-11 -6.36E-02 _+ 1.57E-O1
....

3rd Quarter -4.14E-12 __ 3,56E-11 -1.43E-02 ± 1.23E-01

4rh Quarter 9.66E-12:1:2.39E-11 3.33E-02 ± 8.24E-02 -4.19E-O2 ± 2.25E-01
....... ,;,.,

I Ali Annual N/A N/A -1.18E-01 + 2.38E-01,.

(al Error was not report by analytical laboratory.
(bl Indicated error/range is at the 95% confidence level.
CEDE = committed effective dose equivalent
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TABLE 4-6 NESHAPs Isotopic Air Monitoring Results for Low-Volume Samplers
1992

,,, ;'

Net Annual
Concentration(b) CEDE(b)

Radionuclide (uCi/ml) (torero)
.....

AP-2OO1
,,,.

Total U(a) 8.13E-12 2.34E-03

Ra-226 4.97E-11 __.1.3OE-10 1.O2E-O3 __.2.68E-03

Ra-228 1,28E 10 + 5.46E-10 1,47E-O3 ± 6.25E-03
.... ,.

Th-228 -4.41E-13 __.1.64E-10 -3.62E-O4 _+ 1.35E-01
i,,

TH-230 2.55E-11 __.1.68E-10 1.99E-O2 ± 1.31E-01

1 -232 O.OOE-O0 ± 1.52E-10 O.OOE-O0 ± 5.99E-01
• , :_ ,.

I CEDE 2.44E-02 +_.8.72E-01
Total

.,,,, ......... ;

AP-2005

Total U(a) 1.69E-1 2 4.88E-04
,,,L .........

Ra-226 7,32E-12 +_ 1.18E-10 1.51E-04 _.+2.44E-03
Ra-228 2.53E-11 _+ 1.84E-10 2.90E-04 _+ 6,06E-03

.,. i

Th-228 2.75E-12 __.1.80E-10 2,26E-03 + 1.48E-01

TH-230 5.21E-11 +_ 1.81E-10 4,08E-02 _+ 1.42E-01
.......... ,..

TH-232 O.OOE-OO +_.1.6OE-10 O.OOE-O0 _+.6.3OE-01
, ,, ,,=

I Total CEDE 4,39E-02 _- 9.28E-01
7._ ,,

I AP-4006

Total U(a) -1.39E-12 -3.19E-04

Ra-226 1.75E-11 + 1.2OE-IO 2.88E-04 _+ 1,98E-O3

Ra-228 4.75E-11 ± 5.44E-10 4.36E-O6 _+ 4.98E-03
....... ,

Th-228 -4,41E-13 _+ 1.68E-10 -2,9OE-04 4- 1.1OE-O1,,,
Th-230 -3.08E-12 ± 1,58E-10 -1.93E-03 + 9.86E-02

,. ,,, ru-

Th-232 O.OOE-OO _ 1,55E-10 O,OOE-OO _+ 4.88E-O1
..... ....

Total CEDE -2.24E-03 + 7.O4E-01
,...... .., ,

AP-4008

Total U(a) 1,55E-12 4,45E-O4

Ra-226 -6,61E-12 __.1.9OE-10 -1.36E-04 __.2.24E-O3
,,.

Ra-228 6.11E-11 __.5,56E-10 7.OOE-04 +_ 6.37E-O3

Th-228 -4,41E-13 + 1.66E-10 -3.62E-04 _ 1.36E.O1
• ,

'Th-230 5,52E-12 +_ 1.6OE-10 4.31E-03 +_ 1.25E-01

Th-232 I c}.OOE-O0 ± 1,5OE-10 O00E-O0 + 5.90E-01
i .........,i

Total CEDE 4.96E-03 + 8.6OE-01
....
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TABLE 4-6 NESHAPs Isotopic Air Monitoring Results for Low-Volume Samplers
1992 (Continued)

Net Annual
Concentration(b) CEDE(b)

Radionuclide (uCi/ml) (mrem)
,,,,, ,, '_-' ,, , ,.- ., ,,

I AP-4011

Total U(a) 1.58E-12 3.63E-04

Ra-226 -1.41E-11 ± 9.88E-11 -2.33E-04 + 1.63E-03
.. ,,.,

P,a-228 7.67E-11 ± 5,65E-10 7.03E-04 :t: 5.18E-03
L ,,, ,

Th-228 -4.41E-13 ± 1.63E-10 -2,90E-04 ± 1.07E-01
J

Th-230 2.48E-12 _+ 1.64E-10 1,55E-03 ± 1,O3E-01

. -

Th-232 O,OOE-O0 +_.1.62-10 O,OOE-O0 ± 5,11E-01
,.=" ,',., _ ..

I 2.09E-03 ± 7.28E-O1Total CEDE
.. ...............

I AP-4007Background = ,,

Total U(a) 2.87E- 12 N/A

Ra-226 1,41E-11 +_ 3.99E-11 N/A

Ra-228 1.28E-11 ± 1.90E-10 N/A

Th-228 4.41E-13 _.+5,98E-11 N/A
,.,

Th-230 4.85E-12 ± 5,69E-11 N/A

Th-232 O.OOE-O0 ± 5,38E-11 N/A
m

la} Error was not reported by analytical laboratory.
(bi Indicated error range is at the 95% confidence level.
(c) CEDE calculations based on continuous exposure scenano
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detection levels. Because the analysis results were well below the detection limits, the error or

uncertainty associated with the analysis results was great, and the results were not statistically

significant.

The results of the data quality review of precision and accuracy for the NESHAPs high

volume samples indicated that the data quality objectives established in the Plan for Monitoring

Radionuclide Emissions Other Than Radon at Weldon Spring Critical Receptors

(MKF and JEG 1992i) were not achieved. Only 46% of the spiked samples met the established

accuracy requirements while the plan specitqes that at least 85% must meet the requirements.

In addition, only 36% of all samples analyzed met the precision requirements while, again, the

plan calls for 85%. The analytical precision of the ratio of U-238 to U-234 could not be

determined because the samples were analyzed tor total uranium rather than isotopic uranium

due to barium interference with isotopic uranium analysis of the glass fiber high volume filters.

A corrective action plan has been prepared to meet the established accuracy requirements.

The plan specifies that accuracy, as determined by the results of spiked samples, must

be considered acceptable if the analytical results of the samples are within _+.50%of the known

values. The plan also specifies that precision must be determined by averaging the results of

three duplicate analyses. The degree of precision is considered acceptable if the standard

deviation of duplicate analyses is within 50% of the average for 85 % of the duplicate data sets.

In addition, the plan specifies that precision must be calculated for the ratios of U-238 to U-234.

The degree of precision is considered acceptable if the standard deviation of the ratios of U-238

to U-234 are within +_50% of the average for each composite sample.

Although the data quality objectives were not met, it is possible to conclude that the

concentrations measured at the critical receptor locations were essentially at background. The

analytical results of the samples were less than, or at, the minimum detectable concentration

levels, and ali the dose calculation results were less than 0.2 torero.

4.6 Radiation Dose to Native Aquatic Organisms

Benthic invertebrates were collected from on-site and off-site locations (see Section

8.3.1.2) to calculate dose to native aquatic organisms as required in DOE Order 5400.5. The

dose calculation was made using the highest concentration detected in a sample from Frog Pond

which contained 32 pCi/g of total uranium.
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The dcJseto native aquatic organisms was calculated for calendar year 1992 and compared

to the DOE guideline of 1 rad/day. The absorbed dose rate to these organisms was found to be

0.04 rad/day.

4.7 Highlights

• The effective dose equivalent for the maximally exposed hypothetical individual from

ali pathways was 1.9 torero. This value represents 1.9% of the DOE guideline of 100

mrem above background.

• The NESHAPs standard of 10 mrem annually for airborne emissions was not exceeded

in 1992. The committed effective dose equivalents were calculated as <0.2 mrem

for each of the criticz", receptor monitoring locations.
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5 ENVIRONMENTAL RADIATION MONITORING PROGRAM

The Weldon Spring Site Remedial Action Project (WSSRAP) operates its environmental

monitoring and surveillance program in accordance with the U.S. Department of Energy (DOE)

Orders in the 5400 series and as designated in the Environmental Monitoring Plan for Calendar

Year 1992 (MKF and JEG 1992o). The substances present as wastes on the site require

monitoring for both radiological and nonradiological constituents. This section describes

radiological monitoring results tbr radon, external gamma radiation, and airborne radioactive

particulates at various site perimeter and off-site locations. Provided below for each of the

parameters mentioned is a program overview, summary of applicable standards, actual

monitoring results, and an assessment of any associated environmental impacts.

5.1 Radon Gas Monitoring Program

5.1.1 Program Overview

Both U-238 and Th-232 are naturally occurring radionuclides in soil and rock. Radon,

Rn-220 and Rn-222, is a naturally occurring radioactive gas found in both the uranium and

thorium decay series, lt is formed by the natural radioactive decay of Ra-224 and Ra-226,

respectively. A fraction of the radon produced from the radioactive decay of naturally occurring

U-238 and Th-232 diffuses from soil and rock into the atmosphere, accounting for natural

background airborne radon concentrations. Radon is produced at the Weldon Spring site from
these natural sources as well as from the Ra-224 and Ra-226 contained in contaminated waste

materials.

Airborne radon concentrations fluctuate with both soil conditions and meteorological

conditions. The amount of radon that actually enters the atmosphere varies depending on a

number of parameters which include radium concentrations in soil, soil moisture content, soil

porosity, soil density, and atmospheric pressure. Of these, the moisture content of the soil is

the most variable and is primarily responsible tbr quarterly and annual changes in airborne radon
concentrations.

The radon environmental monitoring program primarily utilizes a pair of radon detectors

at each of 30 permanent monitoring locations; seven at the Weldon Spring Chemical Plant

perimeter, eight at the Weldon Spring Quarry perimeter, seven at the raffinate pits perimeter,
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and eight at off-site locations. Radon monitoring locations are identified with an "RD" prefix

in Figures 5-1, 5-2, and 5-3. On-site monitoring locations are distributed around the perimeter

to ensure adequate detection of radon dissipating from the site under various atmospheric
conditions. Locations RD-4001, RD-4004, RD-4005, and RD-4006 monitor background radon
concentrations.

The radon detectors used in this program are Terradex Track Etch Type F detectors that

are sensitive to all isotopes of radon. These detectors are deployed quarterly. In addition, the

radon environmental monitoring program utilizes continuous radon and radon daughter monitors.

Continuous radon and radon daughter monitors were placed at locations AP-4007 (moved to AP-

4012, at the end of the year), AP-3004, AP-1009, and AP-4006 as shown in Figures 5-1 and

5-2. The continuous monitors are portable, fully automated instruments capable of continuously

monitoring for radon, and radon and thoron daughters. The continuous radon and radon

daughter monitors were placed in operation in January 1992 and removed for calibration in mid-

March. The monitors were started again in mid-June. Comparativeness tests were performed

from April to June to determine if the samplers were operating alike. Correction factors were

developed from the testing and used to correct performance tor each detector to yield

comparable data that can be evaluated statistically.

5.1.2 Applicable Standards

The primary applicable standard or guideline for radon concentrations is the derived

concentration guideline (DCG) for unrestricted areas which is an annual average of 3 pCi/1

(111 Bq/m 3) above background as specified in DOE Order 5400.5.

5.1.3 Monitoring Results

Table 5-1 summarizes the quarterly and annual average radon (Rn-220 and Rn-222)

concentrations detected at ali Weldon Spring site perimeter and off-site monitoring locations.

For each monitoring location, quarterly radon concentrations were compared to the four

background locations to determine if any significant differences existed at a 95% confidence

level. Those locations that were statistically greater than background were compared to the

DCG. For the DCG comparison, the average annual background concentration was subtracted

from the annual average concentration, then compared (Table 5-1).
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TABLE 5-1 1992 Track Etch Radon Results (a)

i

1st 2nd I 3rd 4rh Annual Standard

Location Quarter Quarter 1 Quarter Quarter Average Deviation Percent ofI.D, pCi/I pCi/I pC=/I pC_/I pCi/I pCi/I Guideline (b)
,

WSQ

RD-1001 1.1 1,3 1.7 0.7 1.2 0.3 31 !

RD-1OO2 1,9 1.4 1,6 1,1 1.5 0.4 42
,,,

RD-IOO3 0.7 0,5 0,7 0,8 0.7 0,2 14
,,,,

RD- 1004 0.4 0,3 0,3 0.4 0,3 O. 1 4.....

RD-IOO5 0.4 0.4 0.3 0.4 0.3 O.1 4

RD-1OO6 0.4 0.3 0,3 O.4 0.3 0,3 3

RD-1007 0.5 0.2 0.2 O.3 0,3 0,1
,,, ,=

RD-IO08 0.4 0.3 N'A 0.2 0.3 0.1
,,

WSCP

RD-2001 0.3 0,4 0.3 0.3 O'.3 0,1 2

RD-2002 0.2 0,2 0,4 0,2 0.2 O.1

RD-2003 0.3 0.3 0.1 0.2 0.2 O.1

RD-2004 0.3 0.3 0,2 0.2 0,2 O.1

RD-2005 0,3 0,2 0.2 0,1 O 2 0,1.
RD-2006 0.3 0.2 0,3 O.1 02 0.1

RD-2007 NIA N/A N,'A 0.2 0.2 0.O

I WSRP

RD-3001 0.3 0.4 0.4 O,1 0.3 O.1

RD-3002 0.4 0.4 0,4 0.2 0.3 O.1 4

RD-3OO3 0,3 0,5 0,2 0.2 0.3 0.1

RD-3004 0.2 0.4 0.2 O.1 0.2 0.1

RD-3005 N/A N/A N/A 0.3 0.3 O.O

RD-3006 N/A N/A N/A 0,4 0.4 O.O

RD-3007 N/A N/A N/A 0.3 0,3 O.O

OFF SITE

'RD-4OO1 0.3 0.2 1 0.2 O,1 0.2 O.1

RD-4002 0.5 0,2 0.1 0.2 0,2 O.1
,= ,,,

RD-4OO3 0.4 0.2 0.3 0.2 0.3 O.1

'RD-4004 0.3 0.3 0.3 O.1 0.2 O.1

* RD-4005 0.4 0.3 ,3.2 0.2 O,2 O, 1

• RD-4OO6 0.4 0.3 0,3 O. 1 O,3 O. 1
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TABLE 5-1 1992 Track Etch Radon Results (a) (Continued)

...... '- , , • ..... _ -- .._

1st 2nd 3rd 4th Annual Standard

Location Quarter Quarter Quarter Quarter Average Deviation Percent of
I.D. pCi/I pCi/I pCdl pCi/I pCi/I pCi/I Guideline {b)

,--'. , ...... _, ,,' _i _ ,, ,.,----

RD-4007 N/A N/A 0.2 0.2 0.2 0.1
,,,,,,, = --

RD-4008 NtA N/A 0.2 0.4 0.3 0.1
..... " " z __

t.I Results include natural background,

(bi Percent of guideline is calculated by taktng the year-to-date average minus the average of the background stations
divided by the DOE concentration gu=deline for RN-222 of 3 pCi/L (100 Bq/m*3) annual average above background for
uncontrolled areas,

' Denotes background station

N/A Denotes missing track etch detector or a detector that was not deployed, such as prev, ous quarters for new monitoring
stations.

WSCP = Weldon Spring Chemical Plant

WSQ = Weldon Spring Quarry

WSRP = Weldon Spring Rafhnate Pits

For each monitoring station, the results obtained from the pair of detectors were averaged

to achieve a quarterly average radon concentration. These averages were used to calculate the

annual average radon concentration at each location. The annual standard deviation was

calculated by taking the square root of the sum of the squared quarterly standard deviations.

The annual background concentration was determined by calculating the arithmetic

average of concentrations reported for the four background monitoring locations. These are

RD-4001, RD-4004, RD-4005, and RD-4006. These data yielded an annual average background

radon concentration (Rn-222 and Rn-220) in 1992 of 0.2 pCi/l (7.4 Bq/m3). The average

background radon concentration did not change significantly from the 1991 average of 0.3 pCi/l

(I I. 1 Bq/m3).

The results from continuous radon measurements were daily averages calculated from

hourly concentration measurements for each location. Weekly averages were calculated from

daily averages, and then a sliding average was computed. Sliding averages represent the average

of ali data collected at each monitoring station from the actual day the monitor began operation

in calendar year 1992 to date.
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Table 5-2 summarizes results obtained from the continuous radon and radon daughter

monitors. At each monitoring station, the monitors recorded hourly concentration

measurements. These measurements were reviewed weekly to identify any unexpected increases.

Table 5-2 shows the quarterly and annual averages for each of the monitoring locations. The

annual averages obtained with the radon gas monitors were also compared to the DCG after

subtracting the background station AP-4007 result and are shown in the table.

It should be noted that the results obtained from the continuous monitors are consistently

approximately 0.5 pCi/l greater than the results obtained from the radon track etch detectors.

The continuous monitor results are believed to be biased high, This is probably a result of the

annual calibration performed at the DOE facility in Grand Junction, CO. The detectors are

calibrated at 5 pCi/l, 10 pCi/l, and 20 pCi/l airborne concentrations. The possibility of

lowering these calibrated concentrations to more closely represent environmental concentrations

is being investigated. In addition, the continuous monitors require a great amount of

maintenance and do have a significant amount of downtime. This situation could have some

effect on the averaged monitoring results.

5.1.4 Data Analysis

Statistical analysis of the results from the radon track etch detectors indicated at the 95 %

confidence level that the measured concentrations at six of the eight monitoring locations at the

quarry perimeter were greater than the background monitoring location concentrations. In

addition, the analysis indicated that measurements from one of the chemical plant locations and

one of the raffinate pit locations were greater than the background station results. The analysis

indicated that for ali other stations there was no reason to suspect that the results were greater

than background.

5.1.4.1 Chemical Plant/Raffinate Pits. Statistical analysis of the concentrations

measured at monitoring location RD-2001 and RD-3002 indicated that the measured results were

greater than background. Both of these monitoring stations are located at the perimeter

boundary between the chemical plant/raffinate pits and the Weldon Spring Training Area. The

average concentrations at both RD-2001 and RD-3002 exceeded background by 0.1 pCi/l. The

statistical test used is largely based on the averages and standard deviations of the sample

groups. When the standard deviations of the sample groups are small, the test is able to detect
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smaller differences between the two groups. Because the standard deviation between the

quarterly analysis results for these two sample locations was small, the hypothesis test was able

to conclude that the sampling locations were greater than background when the difference

between the average concentration was only 0.1 pCi/1. Although the failure of these two stations

may be the result of the potential for 5 % false positive conclusions associated with the statistical

test at the 95% confidence level, potential impacts were assessed for a hypothetical individual

as discussed in Section 4. The quarterly measured radon concentrations from ali stations ranged

from 0.1 pCi/1 to 0.5 pCi/1 at the chemical plant/raffinate pits monitoring locations.

5.1.4.2 Quarry. The measured concentrations at the quarry indicated that six of the

eight sampling locations were greater than background. These results were not unexpected based

on previous years measurements and the tact that the quarry contains a significant amount of

radium contamination. In addition, the quarry is surrounded by steep walls, and this tends to

stagnate the air inside it. This inhibits dispersion and results in an increased concentration at

the perimeter of the quarry. The impact of the above background radon concentrations to a

hypothetical maximally exposed individual was assessed as described in Section 4.4.2. The

measured results ranged from 0. I pCi/l to 1.9 pCi/l.

5.1.4.3 Off Site. Statistical analysis of the results from off-site locations indicated that

there was no reason to suspect at the 95 % confidence level that any of the stations were greater

than backgroued. The radon concentration measurements at off-site locations ranged from

0. I pCi/l to 0.5 pCi/1. These ,esults are similar to results obtained during previous years.

5.1.4.4 Five Year Trend Analysis of Radon Gas. Figure 5-4 shows the annual average

radon concentration for the monitoring stations at the quarry, chemical plant, raffinate pits, and

off-site locations. The results shown include natural background radon concentrations. The

results at the quarry in particular seem to indicate a significant downward trend. This trend

appears to continue in 1992; however, it can partly be attributed to the addition of two stations

at the quarry near the water treatment plant, which is further away from the contaminated soils
than the other stations.
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5.2 Gamma Radiation Monitoring

5.2.1 Program Overview

Gamma radiation is emitted from radioisotopes in the U-238 and Th-232 decay series.

Elevated concentrations of a number of these isotopes are present in many areas of the Weldon

Spring site. Gamma rays are ionizing electromagnetic radiation emitted from the nuclei of

atoms. The environment contains natural gamma radiation emitting substances, primarily

potassium-40 and radioactive isotopes of the uranium and thorium series found in the earth.

Cosmic radiation is high-energy radiation that originates in outer space and filters through the

atmosphere to the earth's surface. Together, these two sources account for natural background

gamma radiation. The United Nations Scientific Committee on the Effects of Atomic Radiation

(UNSCEAR 1982) estimates the typical external annual effective dose equivalent from ali

naturally occurring radiation to be 30 mrem/yr (0.3 mSv/yr) from cosmic sources and

35 mrem/yr (0.35 mSv/yr) from terrestrial radiation for a total of 65 mrem/yr (0.65 mSv/yr).

Gamma radiation is monitored at the Weldon Spring site using environmental

thermoluminescent dosimeters (TLDs) deployed at 29 monitoring stations. Eight stations are

located along the perimeter fence of the chernical plant (Figure 5-1); six are located in the

vicinity of the raffinate pits; seven are located along the quarry perimeter fence (Figure 5-2),

and eight are off site (Figures 5-1 and 5-3). Monitoring stations TD-4001, TD-4004, TD-4005,

and TD-4006 measure natural background at locations unaffected by the site. Environmental

TLDs are exchanged on a quarterly basis.

5.2.2 Applicable Standards

There is no specific standard or guideline for gamma radiation other than the DOE

requirement of maintaining the dose to a member of the public below 100 mrem from ali

pathways including gamma radiation. This requirement is specified in DOE Order 5400.5.

5.2.3 Monitoring Results

To determine background levels of gamma radiation in 1992 as measured by TLDs, the

quarterly gamma radiation measurements at the four background monitoring stations were
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averaged to produce the annual average background gamrna radiation dose rate. This yielded

an average rate of 69 mrem/yr (0.69 mSv/yr) with a standard deviation of 3.4 mrem/yr (0.034

mSv/yr). This average background rate approximates the UNSCEAR (1982) estimate of

65 mrem/yr (0.65 mSv/yr) for this area.

Table 5-3 summarizes the quarterly and annual average gamma radiation monitoring

results at the 16 chemical plant perimeter monitoring stations, Francis Howell High School, the

Weldon Spring Army Reserve Training Area, and the four background monitoring stations. The

results reported in the table include quarterly averages and annual totals for each monitoring

station with the standard deviation for each. The standard deviations reported in this table

reflect the error propagated by summing the square of the quarterly standard deviations and then

taking the square root. TLDs were found missing at station TD-4004 during the second and

fourth quarters and at Station TD-4001 during the third quarter. In order to calculate an annual

total gamma exposure rate, the missing data were replaced with the average of the remaining

quarterly TLD results for those monitoring stations.

5.2.4 Data Analysis

Statistical analysis of the results of the TLD detectors indicatext that at the 95%

confidence level there was no reason to suspect that radiation at any of the stations was greater

than background. Based upon statistical analysis, there was no reason to believe that above

background external gamma exposure to members of the public occurred as a result of activities
at the WSSRAP.

5.2.4.1 Chemical Plant/Raffinate Pits. The annual total gamma exposure

measurements from the TLDs at the chemical plant and raftinate pits ranged from 48 mrem to

78 mrem. These results are comparable to results obtained in previous years for these areas.

5.2.4.2 Quarry. The annual total gamma exposure measurements from the TLDs at the

quarry ranged from 61 mrem to 78 torero. These results are comparable to results obtained in

previous years for this area.

5.2.4.3 Off Site. The annual total gamma exposure measurements at off-site locations

ranged from 50 mrem to 86 torero. These results are comparable to results obtained during

previous years.
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TABLE 5-3 1992 Environmental TLD Results (a)

m

Location 1st 2hd 3rd 4rh Annual
I.D. Quarter Quarter Quarter Quarter Total(b) Standard

(mrem) (torero) (mrem) (mrem) (torero/vr) Deviation

WSQ

TD-IOO1 18 9 19 15 61 5,,..

TD-1002 18 29 16 14 77 6

TD-IOO3 17 35 13 13 78 8

TD-IOO4 18 29 14 13 74 6

TD- 1005 12 30 13 73 5

TD-lO06 17 28 12 12 69 3
, , ,,,

TD-IOO7 18 31 14 14 77 3

TD-IOO8 15 33 13 13 75 3
,,,

WSCP

TD-2001 17 30 12 11 70 5

TD-2002 18 30 12 12 72 4
, ,

TD-2003 14 30 ] 2 13 68 4

TD-2OO4 17 32 16 13 78 6

TD-2005 17 29 10 74 4
.....

TD-2006 17 30 12 12 71 4

TD-2007 12 48

WSRP
, ,,,

TD-3001 16 37 13 11 78 4

TD-3002 13 25 8 7 53 7

i TD-3003 17 31 13 12 74 4
TD-3004 14 29 10 71 7

TD-3005 14 54 - .

TD-3006 16 64
,,

I OFF SITE

"TD-4001 :19 32 15 12 79 2

TD-4OO2 17 23 7 7 48 3

TD-4OO3 25 6 6 50 3

"TD-4OO4 15 32 13 12 72 2
,i

"TD-4005 17 30 10 8 65 6

"TD-4OO6 17 29 11 11 68 2

TD-4007 17 32 10 8 67 2
.....

TD-4008 18 32 15 86 2
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5.2.4.4 Five Year Trend Analysis of TLDs. Gamma radiation exposure monitoring

results from the last five years are represented graphically in Figure 5-5. The graph represents

the yearly averages of results from monitoring stations at the quarry, chemical plant, raffinate

pits, and off-site locations. The results shown include natural background dose rates. No

significant trend was evident, which was expected since no large scale remediation was started
at the site in 1992.

5.3 Radioactive Air Particulate Monitoring

5.3.1 Program Overview

Radioactive air particulates are airborne dust particles that carry radioactive contaminants.

The radioactive isotopes that are the primary contributors to long-lived natural background

radioactivity on dust particles are Po-210 and Ph-210, both of which are naturally occurring

decay products of Rn-222 (radon). Background concentrations of radioactive air particulates

vary depending on decay products of soil moisture, wind, and geological conditions. Many

areas within the boundaries of the Weldon Spring site contain above-background concentrations

of radionuclides in the soil, which could result in increased airborne radioactive particulate

concentrations. Increased airborne radioactive particulate emissions from the site could also

result from remedial work activities, such as movement of equipment or vehicles in contaminated

areas, or from wind erosion.

The radionuclides present at the site are members of the U-238 and Th-232 decay series.

These radionuclides emit alpha particles during decay which pose a potential respiratory hazard.

In order to monitor these alpha particles, low volume air sampler filters were analyzed for long-

lived gross alpha activity. These samplers collect airborne particulates by drawing ambient air

through mixed cellulose ester filters with a 0.80 micron pore size. The filters are then analyzed

on a gas flow proportional detector to determine the amount of gross alpha activity in the

particulates collected on the filter surface.

5.3.1.1 Program Modification. In 1992, the WSSRAP initiated a number of changes

in the radioactive airborne particulate monitoring program. These changes included installation

of several new particulate monitoring stations, including a new background station.
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At the beginning of 1992, the WSSRAP operated 11 low volume air particulate

monitoring stations. Five of these (AP-2001, AP-2002, AP-3003, AP-3004, and AP-2005) were

located around the chemical plant perimeter as shown on Figure 5-1. In 1992, two additional

stations (AP-2013, and AP-3014) were added to this perimeter network. Also in 1992, the

WSSRAP employed three previously existing low volume stations at off-site locations. These

were the Francis Howell High School (AP-4006), the Army training area (AP-4008), and two

residences located approximately 0.7 km (0.4 mi) west of the quarry (AP-4011).

The monitoring station at the August A. Busch Wildlife Area (AP-4007) was used to

monitor background levels in the vicinity of the chemical plant during most of 1992. This

station is approximately 0.8 km (0.5 mi) from the chemical plant perimeter to the northwest.

The terrain between the chemical plant and this station is hilly and forested, providing a

significant physical barrier to airborne particulates originating from the chemical plant/raffinate

pits. In addition, winds from the southeast are relatively rare in this region.

Just prior to the end of 1992 a new background station (AP-4012) was activated. This

station was placed approximately 12 km (7.5 mi) from the Weldon Spring site in accordance

with the background station location requirements specified in the Environmental Regulatory

Guide for Radiological Effluent Monitoring and Environmental Surveillance (DOE 1991). During

this same time period, the former Busch Wildlife Area background monitoring station was

relocated to near the wildlife area headquarters, thus removing a portion of the physical barrier

which had previously existed between the chemical plant/raftinate pits and the monitoring

station. As a result, the Busch Wildlife Area station will be used as a regular off-site monitoring

station in the future.

The off-site monitoring stations are shown on Figures 5-1 and 5-2. Three monitoring

stations (AP-1015, AP-1016, and AP-1017) were also added to the two previously existing

stations (AP-1009 and AP-1010) at the quarry perimeter at the end of 1992. The quarry

monitoring stations are also shown on Figure 5-2.

The WSSRAP air particulate monitoring network now consist of 17 monitoring stations,

which is an increase of more than 50% in monitoring capacity.
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5.3.2 Monitoring Results

The annual average long-lived gross alpha concentrations and the calculated standard

deviations for the 17 air monitoring stations are summarized in Table 5-4. The annual averages

were calculated by averaging the uncensored weekly air particulate analysis results. Uncensored

data refers to ali reported values whether less than, or near, the minimum detectable amount.

The use of uncensored data complies withe the requirements of the DOE Environmental

Regulatory Guide for Radiological Effluent Monitoring and Environmental Surveillance

(DOE 1991). Utilizing uncensored data in ali data manipulation minimizes any bias in the

arithmetic averages and standard deviations.

TABLE 5-4 1992 Radioactive Air Particulate Gross Alpha Results

Number of Sample

Annual Average Long-Lwed Values Above
Monitoring Station Gross Alpha Concentration Standard Deviation MDC(c)/'Total Number of

Identification Number ( x 1O _5/jCi/ml)(b_ ( x 1O 15pCilml ) Samples
,.' ,,,',

AP-2001 1.22 0.70 42/52
,=

AP-2002 1.36 0.62 47/52
,, ,,= ,, ,,

AP-3OO3 1.07 O 48 32/36.....

AP-3004 1 20 0.65 44/52
.....

AP-2005 1 . 17 0.50 44/50....

AP-4006 1.06 0.42 47/52 ,,

AP-4007 1.28 O.51 52/52
,,,

AP-4008 1.08 0.46 47/50
.... ,,

AP-IO09 1.33 0,64 47/51

AP-1010 1.34 0,64 33/44 ,,

AP-4011 1.11 0.48 47/52 ,,,,,,,

AP-4012 1 , 18 0.35 2/2

AP-2013 1.04 0.47 38/41
,=

AP-2014 1,22 0,73 27/29 ,,,

AP-1015 0.95 0.58 2/3

AP-1016 0.85 0.44 2/3

AP-1017 1,03 0,51 19/24
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The typical minimum detectable concentration (MDC) for low volume air

particulate samples collected at the Weldon Spring site monitoring stations is 6.9 x 10"t6/_Ci/ml

(0.026 mBq/m3). This MDC is low enough to allow detection of Th-232, the radionuclide with

the lowest derived concentration guideline (DCG) found at the site. The most restrictive

inhalation DCG for Th-232 is 7 x 10"L5_Ci/rnl (0.26 mBq/rn3) (DOE 5400.5). Inhalation DCGs

are airborne radioactive contaminant concentrations which, if inhaled by a member of the public

continuously for 1 yr, would result in a committed effective dose equivalent of 100 mrem

(1 mSv).

5.3.3 Data Analysis

Statistical analysis of the results from the low volume airborne particulate samplers

indicate that the concentrations of airborne radioactive particulates are no greater than

background levels.

5.3.3.1 Chemical Plant/Raffinate Pits. The average concentrations at the chemical

plant/raffinate pits area perimeter ranged frorn 1.04 x 1015 _Ci/ml to 3.06 x 10"tS /zCi/ml.

These results are similar to those measured during previous years.

5.3.3.2 Quarry. The average concentration at the quarry area perimeter ranged from

0.85 x 10"15#Ct/ml to 1.34 x 1015/zCi/ml. These results are similar to those measured during

previous years.

5.3.3.3 Off Site. The average concentration at the off-site locations ranged from

1.06 x 1015/J.Ci/ml to 1.28 x 10"15_Ci/ml. These results are similar to those measured in the

past.

5.4 Unrestricted Area Radioactive Contamination Monitoring

5.4.1 Program Overview

The Weldon Spring site contains areas of radioactive contamination resulting from work

practices during former uranium and thorium refining operations. Most of the processing

involved refining uranium, thus uranium is the primary contaminant at the site. The unrestricted

area radioactive contamination monitoring program includes radiological surveys of locations in

rn :\users\joanne\aser 92\sec t=on.5 103



060793

both the controlled and uncontrolled areas at the site. Site roadways are monitored to ensure

that removable contamination is kept free from these accessible areas. In addition, the Katy

Trail is surveyed because it is used by the public. The radiological surveys are usually

performed monthly or at least on a quarterly basis. To date, these surveys confirm that

radioactive contamination is not being carried into unrestricted areas.

Since 1986, the WSSRAP has employed an unrestricted-area monitoring program to

ensure that radioactive contamination is not migrating from the site as a result of remedial action

operations in areas used by the general public. The unrestricted area contamination monitoring

program focuses on taking in situ nleasurements and collecting swipe samples. In situ

measurements are taken with either alpha detectors or beta-gamma detectors. Measurements are

collected over a 1 minute counting interval and then converted to disintegrations per minute per

100 cm 2 (dpm/100 cm2 or dpm/15.5 in."). These measurements determine the total radioactivity

on the surface. The total radioactivity is interpreted as being the radioactivity contained within

the material plus any removable or loose surticial radioactivity.

Removable surficial contamination levels are measured at each location using a dry cloth

or paper swipe. The swipes are wiped (smeared) over a surface area of approximately 100 cm 2

(15.5 in.Z). Swipes are analyzed for 1 minute using an alpha scintillation detector. The count

rate results are corrected for detector efficiency to yield measuretnent results in dpm/100 cm 2

(dpm/15.5 in.2).

Figure 5-6 shows the monitoring locations for the roadways outside the controlled area

and Figure 5-7 illustrates the approximate 1,130 m (1,243 yd) stretch of the Katy Trail that is

included in the monitoring program. This section of the trail was selected for monitoring

purposes due to its proximity to the quarry and the Femme Osage Slough. The 10 monitoring

locations were selected along the trail to cover the area diagramed on Figure 5-7. Variations

in monitoring locations were made in the general vicinity of the I0 locations to check tor any

possible contamination over the entire length of the investigated portion of the trail.

5.4.2 Monitoring Results

Table 5-5 lists the annual average beta-gamma and alpha monitoring results at each road

survey location, and Table 5-6 gives the average beta-gamma and alpha monitoring results for
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each location along the Katy Trail. The tables reflect annual averages and standard deviations

based upon actual net survey results, lt should be noted that many of the values obtained

throughout the year were below the minimum detectable activity (MDA) or the detection limit

of the instruments. For the purpose of calculating arithmetic means and standard deviations, the

DOE recommends reporting and use of actual net concentrations whether negative, positive, or

zero (DOE 1991). Therefore, the negative results reported tor removable alpha at some of the

locations are acceptable and allow the use of uncensored data sets, which ensures that the annual

averages and standard deviations remain unbiased parameters.

5.4.3 Data Analysis

The results of monitoring tor the site show that fixed contamination is present at a few

locations, but at levels well below the DOE uranium surface contamination guidelines for

unrestricted use, which is 5,000 dpm/100 cm 2 (5,000 dpm/15.5 in.2). The probable cause of

the contamination is deposition of atmospheric releases of uranium during operation of the

Weldon Spring Uranium Feed Material Plant (WSUFMP). Since the air monitoring program

was initiated, there has been no increase in the levels of removable contamination on the

uncontrolled area roadways at the Weldon Spring site.

The results from all monitoring locations along the Katy Trail indicate background

radiation levels. These data show that no radioactive contamin: "ion is migrating from the quarry

or the Femme Osage Slough onto the Katy Trail, and thus, there is no identifiable probability

of radiological contamination to users of the trail.

5.5 Airborne Asbestos Monitoring

During periods when asbestos abatement was occurring on site, environmental monitoring

for asbestos was conducted at the Francis Howell High School (FHHS) monitoring location and

at site perimeter monitoring locations. In addition worker exposure and work area monitoring

were conducted at the WSSRAP. FHHS samples were collected daily, and site perimeter

samples were collected at a frequency of two samples, i.e., one upwind sample and one

downwind sample, per week.
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Two building dismantlement projects were initiated after July 23, 1992. A total of 102

environmental air samples was _;ollected. Sixty-nine samples were collected from the FHHS

station and 33 samples were collected from seven site perimeter stations.

Samplers were generally operated for 7 to 8 hours per day, corresponding to the period

during which asbestos abatement operations were being conducted.

Two different methods tor sample analysis were utilized in the asbestos monitoring

program. Samples analyzed by Phase Contrast Microscopy (PCM) provided a measurement of
total airborne concentrations for fibers having the size and shape characteristics typical of

asbestos fibers. PCM methodology does not distinguish between airborne asbestos and

nonasbestos fibers having similar morphology. Selected samples were analyzed by Transmission

Electron Microscopy (TEM) to provide a measurement of total airborne asbestos fiber
concentrations. No asbestos fibers were detected on any of the _amples analyzed by TEM.

The PCM results of the environmental samples collected at the FHHS and site perimeter

locations are provided in Tables 5-7 and 5-8. As determined by PCM analysis, results from the

FHHS ranged from <0.0002 fibers per cubic centimeter of air (f/cc) to 0.01 f/cc with an

average result of 0.001 f/cc. Results from the upwind locations of the site perimeter ranged
from <0.001 f/cc to 0.003 f/cc with an average result of 0.001 f/cc. Results from the

downwind locations of the site perimeter ranged from <0.001 f/tc to 0.002 f/cc with an average

result of 0.001 f/cc.

The environmental air samples collected from the FHHS and the site perimeter are ali

considered to be within the range of normal background fiber concentrations, indicating that

asbestos fibers were effectively contained during asbestos abatement operations. This conclusion

is also supported by the results of the on-site asbestos work zone area monitoring program.

5.6 Highlights

® Statistical analysis indicated that six radon monitoring locaaons at the quarry

perimeter and two locations at the chemical plant perimeter were statistically greater

than background. The highest measured concentration was 42 % of the DCG guideline
for Rn-222.
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TABLE 5-7 Summary of Asbestos Air Monitoring Results from Francis Howell High
School

PCM Analysis
,,,

Month/Year Number of Samples Range (al Average(al
iii .... i' ''"

"

July 1992 7 <0.001 -0.002 0.001
,,,

August 1992 15 <0,0005 - 0.004 0,001
,m ,,

September 1992 14 0.0009 -0.006 0.002

October 1992 17 <0,0005 -0.010 0,002

November 1992 5 <0.0005 - <0.001 0.001

Annual Average 0.001

(ai Units for the range and average values are in fibers per cubic centimeter (f/cc) of air. For purposes of averaging, the
detection limits were treated as actual fiber concentrations for those samples reported as below detectable quantities.

TABLE 5-8 Summary of Asbestos Air-Monitoring Results for Upwind and Downwind
Samples from the Weldon Spring Site Perimeter (a)

Upwind Samples Downwind Samples
.. ,, ....

Number of Number of

Month/Year Samples Range (b) Average Ib) Samples Range (b) Average (bl
i . =

July 1992 2 <0.001 <0.001 2 <0,001- 0.002
0.002

August 1992 4 <0.001- 0,002 Ali 4 sample's Ali 4 samples <0.OO1
0.003 had the same were:

result <0,001
....

September 1 <0.001 <0.001 Both samples Both samples 0.001
1992 had the same are: 0.001

result

October 3 Ali three 0.001 Ali 3 samples Ali 3 samples 0.001

1992 samples were: had the same are: 0.O01
<0,001- result

0.001

December 3 O.001 0.001 Ali 3 samples 0.001-O,001 0.001
1992 had the same

result

Annual Average 0.001 Annual Average 0.001

(a) Ali samples were analyzed using Phase Contrast Microscopy (PCM).
(bl Units for the range and average values are in fibers per cubic centimeter of air (f/cc). For purposes of averaging, the

detection limits are treated as actual fiber concentrations for those samples reported as below detectable quantities.
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• TLD results from the chemical plant, quarry, and off-site locations ranged from

48 mrem to 79 torero. Statistical analysis of the monitoring results indicated that there

was no reason to suspect at the 95 % confidence level that these values were greater

than background.

• Statistical analysis of gross alpha airborne particulate results indicated that there was

no reason to suspect at the 95% confidence level that these values were greater than

background.

m:\users\joanne\aser92\section.5 l [ 2



060793

6 SURFACE WATER PROTECTION

The environmental monitoring program tor chemical and radiological constituents in

surface waters includes National Pollutant Discharge Elimination System (NPDES) monitoring

and surface water monitoring at streams, ponds, and lakes. The NPDES program is

administered by the Missouri Department of Natural Resources and regulates storm water and

wastewater discharges. .,.

6.1 Program Overview

The surface water protection program at the Weldon Spring site consists of effluent

monitoring and surface water monitoring. Effluent monitoring is conducted as defined by the

NPDES permits. The surface water surveillance program is operated to maintain a sufficient

database to allow the Weldon Spring Site Remedial Action Project (WSSRAP) to monitor on-site

and off-site water conditions. This monitoring allows the project to gauge the impacts of on-site

source areas on downstream receptors and evaluate the effects of remedial activities. The

following sections describe these two program components in detail and discuss the results of

the monitoring programs for the 1992 monitoring year. Section 6.4 describes the highlights for
1992.

6.1.1 Effluent Monitoring

The effluent or NPDES monitoring program at the Weldon Spring site establishes

sampling requirements for eight discharge points, or outfalls, and hydrostatic test water

discharges at both the Weldon Spring Quarry and the Weldon Spring Chemical Plant. The

objective of the NPDES effluent monitoring program is to maintain compliance with NPDES

permit requirements in order to protect the health of downstream water users and to protect the
environment.

Five storm water outfalls (NP-0001 to NP-0005) and two wastewater treatment plant

outfalls (NP-0006 and NP-0007)are located at the chemical plant/raffinate pits (Figure 6-1).

Outfall NP-0006 is the outfall for the treated effluent frorn the administration building sanitary

wastewater treatment plant. Outfall NP-0007 is the outfall for the site water treatment plant

facility. While these seven NPDES outfalls all have "monitoring only" requirements, the two
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treatment plant outfalls also have effluent limitations. In addition, hydrostatic test water

associated with testing at the site water treatment plant was discharged under two separate

permits.

Storm water from the chemical plant/raffinate pits was discharged via wet weather

tributaries south to the Missouri River and north to Schote Creek. The sanitary sewage

treatment plant effluent and site water treatment plant hydrostatic test water were discharged via

the Southeast Drainage to the Missouri River. The site water treatment plant pipeline hydrostatic

test water was discharged to wet weather tributaries to the Missouri River. There was no

discharge from the site water treatment plant in 1992.

The Weldon Spring Quarry has one NPDES outfall, NP-1001, for treated water from the

quarry water treatment plant, which was constructed to support remedial activities. This outfall

is located on the Missouri River at approximately river mile 47.5 (Figure 6-2). Treated water

from the plant was discharged directly to the Missouri River. Hydrostatic test water from the

plant was discharged tinder two separate permits. Test water from the plant was discharged to

Little Femme Osage Creek, and test water from the effluent pipe line was discharged directly
to the Missouri River.

6.1.2 Surface Water

The surface water surveillance program was established to monitor the levels of

radiological and chemical contaminants in surface water bodies at the Weldon Spring site and

in downgradient rivers, streams, lakes, and surface water bodies affected by either surface run-

off or groundwater seepage from the site.

6.1.2.1 Chemical Plant, Raffinate Pits, and Vicinity Properties. Eleven surface water

locations were monitored to evaluate water bodies downgradient of the contaminated water

sources at the chemical plant/raffinate pits (Figure 6-3). These locations included Ash Pond

(SW-2010) and Frog Pond (SW-2011) at the chemical plant. At the August A. Busch Wildlife

Area, Lake 34 (SW-2004), Lake 35 (SW-2003 and SW-2012), Lake 36 (SW-2002 and SW-

2005), and Dardenne Creek (SW-2001, SW-2007, and SW-2016) were monitored. Surface

water location SW-2015 is a holding pond at the material storage area (MSA) at the chemical

plant. The holding pond receives rain water discharge from the MSA. Each location except the
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raffinate pits was sampled quarterly for total uranium, and annually for nitrate, sulfate, metals

including the toxicity characteristic metals (beryllium, thallium, and antimony), and radiological

parameters including Ra-226, Ra-228, Th-230, and Th-232. Additionally, the four raffinate pits

(SW-3001 through SW-3004) were sampled annually for nitrate, sulfate, total uranium, and the
,. "3 '3radiological parameters, Ra-226, Ra-228, Th-'330, and Th-,,3,..

6.1.2.2 Weldon Spring Quarry. Thirteen surface water locations which have been, or

could potentially be, impacted by groundwater seepage were monitored at the quarry and
surrounding areas (Figures 6-2 and 6-4). Surface waters monitored were the Little Femme

Osage Creek (SW-1001 and SW-1002), the Femme Osage Creek (SW-1014), the Femme Osage

Slough (SW-1003 through SW-1005, SW-1007, SW-1009, and SW-1010), the Missouri River

(SW-1011 through SW-1013) and the quarry pond (SW-1008). These locations were sampled

bimonthly (every other month) for total uranium and annually for Ra-226, Ra-228, Th-230, Th-

232, gross alpha, gross beta, nitroaromatics, nitrate, sulfate, arsenic, and barium. The quarry

pond (SW-1008) was sampled bimonthly for ali parameters noted above, except arsenic and

barium were sampled once in 1992.

Beginning in August 1992. monitoring location SW-1007 (in the Femme Osage Slough)

and several monitoring wells at the quarry were sampled more frequently due to elevated total

uranium concentrations in a shallow groundwater monitoring xvell (MW-1011)adjacent to the

Femme Osage Slough. Location SW-1007 was sampled to determine if there was a correlation

between total uranium concentrations in the slough and the shallow groundwater.

6.2 Applicable Standards

6.2.1 Effluent Monitoring

The WSSRAP is subject to, and complies with, Executive Order 12088 which requires

ali Federal facilities to comply with applicable pollution control standards. Effluent discharges

from the site are authorized by seven NPDES permits issued by the Missouri Department of

Natural Resources (MDNR). The MDNR requires specific parameters to be sampled under the

permits. Each parameter is assigned effluent limits or a "monitoring only" status. "Monitoring

only" is a status where concentrations are reported but not limited by the permit. The sampling

frequency and reporting requirements are also specified in the permits and are summarized in
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Tables 6-1 through 6-3. Priority pollutant monitoring is required at both the quarry and site

water treatment plant NPDES locations on an annual basis. The list of priority pollutants

required for analysis is shown in Appendix D.

Effluent is also regulated by DOE Order 5400.5 which requires a limit of 600 pCi/1 for

natural uranium. This limit is known as the derived concentration guideline (DCG). The DCG

estimate is presented in Section 4.

6.2.2 Surface Water Monitoring

Surface water monitoring is performed under the requirements of the Federal

environmental protection laws and requirements and internal DOE policies. DOE Order 5400.5,

Radiation Protection o./'the Public atm the Environment, designates the DCGs for ingestion of

drinking water as:
e

Natural Uranium 600 pCi/l

Thorium-230 300 pCi/l

Thorium-232 50 pCi/l

Radium-226 100 pCi/1

Radium-228 100 pCi/1

Selected parameters listed in the Missouri Water Quality Standards (Missouri Clean Water

Commission Regulation 10 CSR 20-7.031) are also monitored (Table 6-4). The Proposed U.S.

Environmental Protection Agency (EPA) drinking water standards tor radionuclides that occur

at the Weldon Spring site are also summarized in Table 6-4. These regulatory levels are used

as a gauge to evaluate the contaminant levels in the surface water. MCLs and other drinking

water standards are used as references by the WSSRAP, but are not directly applicable because

the affected surface water does not represent a public drinking water supply, as defined in

EPA 40 CFR, Section 141.1, Subpart A.
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TABLE 6-2 Treated Effluent Parameter Limits and Monitoring Requirements
Quarry Water Treatment Plant (NPDES Permit MO-0108987)
Site Water Treatment Plant (NPDES Permit MO-0107701)

I River Water SW-lO11, SW-1012,Parameter NP-O007, k_J-1001, SW-5311 (c) SW-1013, SW-1015 (c)

Gross Alpha Monitor pCi/I Monitor pCi/I

Gross Beta Monitor pCi/I Monitor pCi/I

Uranium, Total (di Monitor pCi/I (bl Monitor pCi/I

Radium-226 Monitor pCi/I Monitor pCi/I

Radium-228 Monitor pCi/I Monitor pCi/!

Thorium-230 Monitor pCi/I Monitor pCi/_

Thorium-232 Monitor pCi/I Monitor pCi/I

Flow Monitor GPD NR

Biochemical Oxygen Demand Monitor mg/I NR

Chemical Oxygen Demand 90/60 mg'l (a NR

Total Suspended Solids 50/30 mg/I (a) NR

pH 6 - 9 SU NR

Arsenic, Total O. 10 mg/I NR

Barium, Total 1.50 mg/I NR

Cadmium, Total 0.02 mg/I NR

Chromium, Total O. 10 mg/I NR

Copper, Total 1.00 mg/I NR

Iron, Total 0.60 mg/I NR

Lead, Total O. 10 mg/I NR

Manganese, Total O. 10 mg/I NR

Mercury, Total 0.004 mg/I NR

Selenium, Total 0.02 mg/I NR

Silver, Total O. 10 mg/I NR

Zinc, Total 5.00 mg/I NR

Cyanide, Total 0.0075 mg/I NR .

Asbestos Monitor fibers/I NR

2,4-DNT 0.22 pg/I NR

Fluoride, Total 4.0 mg/I NR
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TABLE 6-2 Treated Effluent Parameter Limits and Monitoring Requirements Quarry
Water Treatment Plant (NPDES Permit M0-0108987) Site Water
Treatment Plant (NPDES Permit M0-0107701) (Continued)

River Water SW- 1011, SW- 1012,
Parameter NP-O007, NP-IO01, SW-5311 (cl SW-1013, SW-1015 (el

Nitrate as N 20 mg/I /Monitor at Quarry NR

Sulfate as SO4 500 mg/I NR

Chloride Monitor mg/I NR

Priority Pollutants Monitor mg/I NR

Whole Effluent Toxicity 10% Mortality NR

Polonium 210 (Quarry only) Monitor _°1 NR

Actinium 227 (Quarry only) Monitor _el NR

Radon (Quarry only) Monitor (el NR

(al Daily maximum/monthly average
lh) Water will not be discharged if greater than 100 pCi/I
(¢) Grab samples are analyzed once per batch
(d) Uranium in Missouri River sediments (SD-4090 and SD-4091) and terrestrial and aquatic flora are monitored up and

downstream of QWTP Outfall on a semi-annual basis.

lo) Semi-annual monitoring.
NR No monitoring requirements

TABLE 6-3 Hydrostatic Test Water Effluent Limits and Monitoring Requirements for
the QWTP, SWTP, QWTP Pipeline, SWTP Pipeline (a}

Permit Limit

Parameter Frequency = once/batch

Flow Monitor-Total Gallons
i

Oil and grease 15 mg/I

Total suspended solids 50 mg/I

(al NPDES permits MO-G680001, MO-G680002, MO-G680004 and MO-G680005, respectively.

QWTP = Quarry Water Treatment Plant

SWTP = Site Water Treatment Plant
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TABLE 6-4 Regulatory Drinking Water Standards for Surface Water Monitoring

Concentration

Parameter mg/I Standards

Antimony 0.006 MDWS

Arsenic (al 0.O5 MDWS

Barium (al 1 .O MDWS

Beryllium 0.004 MDWS

Cadmium (al 0.01 MOWS

Chromium (ai 0.O5 MOWS

Cobalt NS MDWS

Copper lbl 1.0 MOWS

Iron(bi 0.3 MDWS

Nitrate (as N) la) 10 MDWS

Sulfate (bl 250 MOWS

Chloride (bl 250 MDWS

Lead 0.05 MOWS

Manganese lbl 0.05 MOWS

Mercury 0,002 MOWS ,,

Nickel 0.1 MDWS

Selenium 0.01 MDWS

Silver 0.05 MDWS

Thallium NS MDWS

Uranium 0.02 MDWS

Zinc (bl 5.O MDWS

Fluoride 2.2 MOWS

TDS (bi 500 MDWS

2,4-DNT 0,00011 MOWS

Adjusted gross alpha 15 pCi/I MDWS

Ra-226 20 pCi/I (proposed) EPA

Ra-228 20 pCi/I (proposed) EPA

Rn-222 300 pCi/I (proposed) EPA

Uranium total (proposed) 20.0 pg/I EPA
(13.6 pCi/I)

Primary maximum contaminant level
(b) Secondary maximum contaminant level

NS No drinking water standard
MDWS Missouri drinking water standards

EPA EPA Drinking Water Standards for Radionuclides_

_
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6.3 Monitoring Results

6.3.1 NPDES Monitoring Results

6.3.1.1 Radiological Analysis. Annual average uranium concentrations at the storm

water discharge points ranged from 6.0 pCi/l (0.2 Bq/l), which is 1% of the DCG, at NP-0004

to 516 pCi/l (19.1 Bq/l), which is 86% of the DCG, at NP-0001. Annual average gross alpha

concentrations range from 15 pCi/1 (0.6 Bq/l) at NP-0004 to 435 pCi/l (16.1 Bq/l)at NP-0003.

The annual average radionuclide concentrations tor all the storm water outfalls are shown in
Table 6-5.

On November 19, 1992, samples of treated water were collected from Effluent Pond 2

at the quarry water treatment plant. Uranium was not detected in the sample. The results of

that sampling event are included here even though the water' was not discharged in 1992

(Table 6-6). Water from the quarry water treatment plant is discharged at outfall NP-1001 to
the Missouri River.

In addition to the above, hydrostatic test water was discharged from the quarry water

treatment plant, basins, and effluent pipeline; from the site water treatment plant, basins and

effluent pipeline; and from the temporary storage area (TSA) basin. Storm water was also

discharged from the TSA basin. Hydrostatic test water was discharged from uncontaminated

areas only and therefore radiological monitoring was not a requirement of these NPDES permits.

The TSA basin water was discharged and monitored as storm water and hydrostatic test water.

The MDNR gave permission in 1992 to discharge from the TSA basin to a drainage channel on

the west side of the basin since it was impractical to discharge to a permitted outfall. The

annual average uranium and gross alpha concentration of TSA effluent were 3.5 pCi/l

(0.13 Bq/l) and 4.6 pCi/l (0.17 Bq/l), respectively.

Estimated quantities of total uranium released off site through surface water runoff are

presented in Table 6-7. As a result of a review of watershed areas and runoff numbers, the

parameters used for calculating the total uranium released are more conservative than those used

in previous years; therefore, the figures are higher. The runoff curve numbers were calculated

from data contained in WSSRAP Ctwmical Plant Su.rface Water and Erosion Control Report
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TABLE 6-6 Analytical Results for Limited Parameters and Radionuclides Quarry
Water Treatment Plant Effluent Outfall NP-IO01 - Batch No. 001 NPDES
Permit MO-0108987

' 'I',', ,,

Parameter Concentration pg/I (al
=1 i= =

COD 1.0 mg/I

TSS < 2.0 mg/I

Arsenic <20.0

Barium 3 .O

Cadmium < 5.O

Chromium < 600

Copper < 17 .O

Iron 126

Lead < 2.O

Manganese 8 .OO

Mercury < O. 10

Selenium < 1 .O

Silver < 1 .O

Zinc < 15.0

Cyanide < 5.00

2,4-DNT <O.019

Fluoride < 0.05 mg/I

Nitrate as N <0.02 mg/I

Sulfate as SO 4 28.0 mg/I

Chloride 29.3 mg/1

Gross alpha < 2 pCi/I

Gross beta 7.0 pCi/I

Uranium <0.2 pCi/l

Ra-226 <0.3 pCi/I

Ra-228 1.I pC=/I

Th-228 <0.4 pCi/I

Th-230 <0.4 pCi/I

Th-232 <0.4 pC=/I
•

(al Unless otherwise noted.

COD = Chemical Oxygen Demand
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TABLE 6-7 1992 Estimated AnnuaI Release of Natural Uranium from NPDES Outfalls

,,, ,,,

Total

Drainage % of Average Rainfall Total Total U (bl Total U lc)
Area prempitatlon Concentration Volume Runoff Release Release

Outfalls Acres (al as Runoff (el pCi/I Mgal/yr Mgal/¥r Ci/yr Kg/yr tR)
i|l| i ', i

NP-O001 20,2 90 (50) (f) 351 _a) 18.36 16,44 .02184 32.08
and
NP-O005

.....

NP-O002 75.1 79 (28.9) Irl 228 68,27 53.93 .04654 68.37
(57.3) (lI

,.....

NP-O003 74.6 69 (28_ d) 514 67.82 46.80 .084671 1 24.38
(60.1) (fl

,,.

NP-O004 5.6 81 (51 )(li 6 5.09 4.12 .00OO9 O. 14
,..

NP-IO01 .... .00015 I_l -- .512 2,9 x 10 .9 4.3 x 10 .7
,,.,, ,.

Totals 175.5 .... 159.54 121,29 ,1531 224.97
.....

(al Assuming flow at NP-O005 is 3 times flow at NP-O001 (conservative).
(bl 3.785 x 10 .6 x average concentrat=on (pCi/I) x total runoff (Mgal/yr), constant is conversion factor.
(cl 5.56 x 10 .3 x average concentrat=on (pCi/I) x total runoff (Mgal/yr), constant is conversion factor.
td) One half the detection limit.
(o_ Runoff curve number.

(f) Values used in calculating 1991 total uranium releases.

(MKES 1991) and are higher than those used in previous years. The change is a result of

recalculating the numbers and does not represent any physical change to the project. Also, the

estimated watershed included the entire watershed contributing to the outfall which increased the

figure for the annual storm water runoff. Previous estimates of watershed area did not include
off-site areas or some of the minor on-site subwatersheds. The total uranium released from

outfall NP-1001, the treated quarry water treatment plant effluent, was negligible (Table 6-7).

It appears that the total uranium released has increased, but on the basis of the average uranium

concentrations at the outfalls and precipitation, total uranium released for 1992 is similar to that
released in 1991.

Annual average uranium concentrations in NPDES outfalls from 1988 through 1992 are

shown in Table 6-8. Concentrations in 1992 increased at outfalls NP-0001 through NP-0003,

decreased at outfall NP-0005, and did not change at outfall NP-0004 compared to 1991
concentrations. Each outt'all is discussed below"
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TABLE 6-8 Annual Average Uranium Concentrations atNPDESOutfalls1988-1992

Uranium Concentrations pC_/I

Outfall Location 1988 1989 1990 1991 1992 ,,

NP-O001 539 3.68 413 475 516

NP-O002 141 145 139 158 228

NP-O003 1,178 280 89 456 478

NP-O004 6 7 8 6 6

NP-O005 497 347 364 581 296

.... <0.0003NP-IOO1 ....

• The average uranium concentrations at NP-0001 increased slightly for 1992. The
outfall is scheduled to be eliminated in 1993.

• The average uranium concentration has increased at outfall NP-0002, but remains
below the DCG. Increased work activity in the watershed may account for the

increased uranium levels.

• Uranium levels at outfali NP-0003 have increased. Three measurements in February

and March were over 1,000 pCi/l, which contributed to the increase. The higher

levels are the result of discharges from Ash Pond caused by snow melts, lower

evaporation rates, and greater precipitation during these months.

• Uranium levels at NP-0004 have been consistent over the last 5 years at less than

10 pCi/I. The NPDES permit requires that samples be collected 4 to 10 days after
a storm event. The low uranium levels indicate that the seepage from the raffinate

pit at NP-0004 is not significant.

• Average annual uranium levels at NP-0005 have decreased to the lowest level since

annual averages were recorded in 1987. The reduction is due to contaminated

material and soil being removed from the area of the watershed where the site water

treatment plant is located and the effective erosion control measures implemented in
the area.
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Radium and thorium were monitored one time at storm water outfalls NP-0002, NP-0003,

NP-0004, and NP-0005 and for the single batch of treated water at the quarry water treatment

plant. Radium and thorium measured highest at outfall NP-0005 with values of 9.1 pCi/l for

Ra-226, 4.3 pCi/l tor Ra-228, 2.0 pCi/l for the Th-228, 3.3 pCi/l for Th-230 and 1.2 pCi/l for

Th-232. Thorium was not detected in the quarry water treatment plant effluent and radium was

measured at 0.2 pCi/l tor Ra-226 and 1.1 pCi/l for Ra-228. All radium and thorium data are

presented in Appendix B as monthly averages.

6.3.1.2 Physical and Chemical Results. Physical analyses (settleable solids and total

suspended solids) and chemical analyses (nitrate, pH, lithium, oil, and grease) were performed

on storm water and hydrostatic test water samples. Additional parameters were monitored in

the quarry water treatment plant effluent and in storm water samples collected for required

permit application analyses.

6.3.1.2.1 Chemical Plant Storm Water. The annual itverages for the physical and

chemical parameters for storm water outfalls NP-0001 through NP-0005 and the TSA basin

water are shown in Table 6-5. Ali other parameters are reported in Appendix D.

Settleable solids require "monitoring only" in the permit and will not have an established

discharge limit until the Record ol"Decision (ROD) for the chemical plant area is reached. Fifty-

three of 55 analyses for settleable solids in 1992 were 0.1 ml/l/hr or less. On February 6, 1992,
settleable solids were 60.0 ml/l/ht at NP-0005 due to a water line break at an off-site area.

Other than the water from the break, there was no natural runoff flow. On November 3, 1992,

settleable solids were 1.1 ml/l/ht at outfali NP-0005. This was attributed to the construction

activities at the site water treatment plant. Additional erosion control measures were added at

that water treatment plant in response to the analytical results.

Total suspended solids (TSS) is also a "monitoring only" requirement in the NPDES

permit for the five storm water outfalls, but only if erosion control is in piace and designed for

a 1 in 10 year, 24 hour storm. Otherwise, a TSS limit of 50 mg/l applies. Erosion control is

designed and in place for a 1 in 10 year, 24 hour storm at the WSSRAP. TSS decreased in

1992 at outfalls NP-0001 through NP-0004 as compared to 1991 averages. TSS increased at

outfall NP-0005 over the 1991 averages because of land disturbance during construction of the

site water treatment plant. The average (without the 1,890 mg/l value due to the water line

break on February 6, 1992) was 170.0 mg/i versus the 1991 average of 30 mg/l.
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The pH of storm water is a "monitoring only" requirement in the NPDES permits if

erosion control is in place and designed for a l in 10 year, 24 hour storm. Otherwise pH must

be in the range of 6.0 to 9.0. The required erosion control is in place. After the ROD, the pH

will have a permitted range of 6.0 to 9.0. In 1992, pH was in the range of 6.0 to 9.0 except

for three instances where the values were slightly below 6.0 (5.7, 5.8, and 5.9). Two of the

values were recorded for storm water measured on the same day (February 24, 1992), with a

third pH on that day of 6.0. Since it is unlikely that storm water from three sources would be

low in pH, a malfunction of the meter on that day is the suspected cause. Calibration records

were checkeo and the meter was found to have been properly calibrated. Only one other pH

level was below 6.0, a 5.8 pH was measured in water from the TSA basin on September 29,
1992.

Nitrate as nitrogen (N) is a "monitoring only" requirement for storm water in the NPDES

permits. The annual averages for 1992 were slightly lower than the 1991 averages at NP-0001

and NP-0003. The averages at NP-0002 and NP-0005 were slightly higher, and the average at

NP-0004 was significantly higher. The average at NP-0004 is suspect since nitrate values of

562 mg/l (grab) and 516 mg/l (colnposite) were recorded for samples collected on

December 9, 1993. The historical high tbr nitrate at NP-0004 was on an order of magnitude

lower. Another suspect sample was collected from a TSA basin discharge in the same month,

and a nitrate value of 745 mg/l was reported. This result was later found by the laboratory to

be in error. A nitric acid preserved sample had been analyzed for nitrate by mistake. These

high values are currently being verified with the contract laboratory. Only one other sample was

collected at NP-0004 with a nitrate as N value of 0.570 mg/l. No other circumstances were

noted that could have resulted in these high nitrate values.

Lithium is a monitoring only parameter for storm water in the NPDES permit and was

detected only at outfall NP-0005. In nine out of 14 samples at outfall NP-0005, no lithium was

detected above a detection limit of 100 _g/l. The highest detected value was 142 /_g/l on

February 6, 1992, the day a water line broke and TSS was 9,890 mg/l. The next highest value

was 39.0/.rg/1.

6.3.1.2.2 Administration Building Sewage Treatment Plant. The sanitary sewage

treatment plant serving the administration and composite building is discharged to outfall

NP-0006. The NPDES permit authorizing the discharge requires quarterly monitoring. In 1992,

NP-0006 was out of compliance once with TSS limits and once with biochemical oxygen demand
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(BOD). TSS was 23.0 mg/l on February 12, 1992, which exceeded the monthly average limit

of 15 mg/l and the weekly average limit of 20 mg/i. On March 4, 1992, BOD was 11.6 mg/l

and on March 27, 1992, BOD was 13.0 rng/l which caused the monthly average limit of

10.0 mg/1 to be exceeded. Operational controls were moditied by the subcentractor to bring the

treatment plant into compliance. No other noncompliances were noted. Beginning in late

September, sewage was removed by a subcontractor, and the discharge temporarily eliminated

while a flow equalization system was added to the plant to improve operations. The plant did

not discharge for the remainder of 1992.

6.3.1.2.3 Preoperational Monitoring. Preoperational monitoring of the Missouri River

surface water was conducted in 1992 at sample locations SW-1011 through SW-1013.

Preoperational seolrnent samples were collected at locations SD-4090 and SD-4091 for total

uranium. The results showed 1.4 pCi/g and 1.2 pCi/g tor the sediment samples. These results

may be found in Appendix B. Preoperational monitoring of radiological parameters was also

conducted on surface water at the mouth of the Southeast Drainage (SW-5311) to monitor the

effect of any future potential discharges from the site water treatment plant. The monitoring

results are located in Appendix A.

The Missouri River was monitored tor radionuclides in conjunction with the release of

Batch 001 from the quarry water treatment plant. The batch was released in January 1993, and

data will be presented in the 1993 site environrnental report. The data will also be published

in the Quarterly Environmental Data Sunlmary - First Quarter of 1993.

6.3.2 Surface Water Monitoring Results

6.3.2.1 Surface Water at the Weldon Spring Quarry. The surface water monitoring

locations at the Weldon Spring Quarry were sampled for total uranium, Ra-226, Ra-228,

Th-228, Th-230, Th-232, gross alpha, and gross beta in 1992. The average uranium values

continued to indicate that the highest levels for surface water are found in the quarry pond (SW-

1008), which is within the quarry area, and the portion of the Fernme Osage Slough (SW-1003,

SW-1004, SW-1005, SW-1010) downgradient of the quarry, The annual averages for the

surface water locations are summarized in Table 6-9. The uranium levels in the quarry pond

remained within historical ranges. The uranium levels in the Little Femme Osage Creek
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TABLE 6-9 Annual Averages for Total Uranium, Gross Alpha, Gross Beta and
Isotopic Radionuclides (pCi/I) 1992

iii i

Monitoring Total Gross Gross
Location Uranium Alpha Beta Ra-226 Ra-228 Th-228 Th-230 Th-232

SW-1OO1 0.91 < 2.00 8.90 < 0.20 < 0.90 < 0.20 4.80 < 0.20

SW-lOO2 1.50 NS NS NS NS NS NS NS,,,,,,

SW-1OO3 50.0 77.0 72.0 < 0.20 < 0.90 < 0.20 2.20 < 0,20

SW-1OO4 89.8 180 140 0.40 1.40 < 0.20 2.10 < 0.20

SW-lO05 24.5 30.O 28.0 < 0.20 < 0.90 < 0.20 1.50 < 0.20

SW-lO07 12.0 17.O 14.0 < 0.20 1.30 < 0.20 0.30 < 0.20

SW- 1008 753 1048 484 0.7 3 4.43 O.29 0.75 < O.44

SW-lOO9 8.74 12.O 19,O 0.60 < 0.90 < 0.20 < 0.20 < 0.20

SW- 1010 43.6 NS NS NS NS NS NS NS

SW-lO11 5.33 10 14 1.10 2.60 0.60 1.60 0.60

SW-lO1 2 3.88 NS NS NS NS NS NS NS

SW-1013 4.57 NS NS NS NS NS NS NS

SW-1014 2.08 NS NS NS NS NS NS NS

NS = not sampled or not scheduled for sampling in 1992

(SW-1001 and SW-1002) and the Femme Osage Creek (SW-1014) remained close to the

background level of 2.17 pCi/l for total uranium. The uranium levels in the Missouri River

(SW-1011, SW-1012, and SW-1013)also remained within the background level of 4.10 pCi/l.

The DCG of 600 pCi/l for total uranium in discharge water is established in DOE Order
5400.5. This level is used as a referenceable criterion for the quarry pond because the pond is

a source of potential contamination of the St. Charles County well field. The annual average

for uranium from the quarry pond was 126% of the DCG (753 pCi/l).

The DCG for total uranium in drinking water systems is 24 pCi/1. This criterion was

used for the Missouri River because the fiver is a source of drinking water. This value was not

exceeded in any of the Missouri River samples.
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The quarry surface water locations were sampled once tbr gross alpha and gross beta,

except for the quarry pond (SW-1008), which was sampled bimonthly. The results for these

locations were within historical ranges. Elevated levels are concentrated in the western portion

of the Femme Osage Slough and the quarry pond. The annual averages are summarized in

Table 6-9. The Missouri Drinking Water Standard of 5 pCi/l tbr gross alpha and 50 pCi/1 for

gross beta were exceeded in the quarry pond (SW-1008).

The DCGs for isotopic radium and thorium, as established by DOE Order 5400.5, were

not exceeded at any of the surface water locations monitored during 1992. The Missouri

Drinking Water Standard of 5 pCi/l for combined Ra-226 and Ra-228 was exceeded only one

time within the quarry pond (SW-1008) adjacent to the source material with a value of 15.942

pCi/l.

Isotopic radium and thorium were analyzed once at surface water locations around the

quarry and bimonthly at the quarry pond. The levels of these isotopes were within historic

ranges with the highest concentrations reported from the western portion of the Femme Osage

Slough and the quarry pond. The results for the monitoring locations are summarized in
Table 6-9.

The quarry pond, SW-1008, was also sampled for other radionuclides. A summary of

ali the radiological isotopic concentrations in the quarry pond is presented in Table 6-10. These

values indicate isotopic levels are within the expected ranges and ratios based on the isotopic

levels in the quarry bulk wastes and the solubility of the isotopes in water. Radon levels are

elevated due to the relatively short half-life of Rn-222 and its ability to migrate through the bulk

wastes and become dissolved in the quarry pond water.

A study was performed to determine the variation in levels of radiological isotopes with

respect to horizontal location at the pond, depth in the pond, and dissolved and undissolved

contribution to the total concentration in the water. The analytical results are in Appendix A

as SW-1008. The designations of "A," "B," or "C" indicate the location in the pond; the

designations "03" or "08" indicate the depth below the surface; and the designation "F" indicates

that the sample was filtered. The restllts of this study indicated that the contaminants in the

quarry pond are homogeneous and are primarily dissolved in the water and not bound to

suspended material within the water.
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TABLE 6-10 Annual Averages of Isotopic l adionuclide in the Quarry Pond, SW-
1008, 1992

Concentration

Isotope pCi/I
,,, i ,m

Actiniurn-227 < 3.54

Protactinium-231 < 0.43

Lead-210 42.2

Poloniorn-210 < 0.34

Ra-226 0.73

Ra-228 4.57

Rn-222 266

Th-228 <0.44

Th-230 O.81

Th-232 <0.44
i

U-234 378

U-235 38.0

U-238 500
• ,

Nitroaromatic compounds were at quarry surface water sampling locationsl Two

locations, the Little Femme Osage Creek (SW-1001) upstream from the quarry, and the quarry

pond (SW-1008), indicated detectable concentrations of the six nitroaromatic compounds

analyzed. The annual averages for these locations are summarized in Table 6-11. The

concentrations withn the quarry pond were within histon,: ranges for nitroaromatics. The only
other instance where concentrations of nitroaromatics were detected at SW-1001 was in 1988.

The origin of the nitroaromatics is linked to the former Weldon Spring Ordnance Works. The

Little Femme Osage Creek was the drainage for the ordnance works area (Valley 5600), and

previous sampling of several springs discharging to this valley have yielded detectable

concentrations of nitroaromatic compounds. The Federal ambient water quality standard for

surface water of 0.11 _g/l for 2,4-dinitrotoluene was exceeded only in the quarry pond.

Ali surface water monitoring locations at the quarry were sampled for nitrate and sulfate.

The a_a!yse_s indicated no notable nitrate concentrations. Nitrate concentrations were within

m:\users\joan,_s\a,,,,; " 2\section.6 135



060793

background in the Little Femme Osage Creek and the Femme Osage Creek. The annual

averages for nitrate at the quarry are summarized in Table 6-12.

TABLE 6-11 Annual Averages at Monitoring Locations with Detectable
Nitroaromatics Results (pg/I), 1992

1,3,5 1,3 2,4,6 2,4 I 2,6 I

Monitoring Locations TNB DNB TNT DNT 1 DNT I NB

SW-lO01 <0.03 < 0.09 0.07 0.04 0.01 < 0.03
,,,

SW-lO08 < 0.11 < 0.16 4.75 5.53 0.43 < 0.19

TABLE 6-12 Annual Averages for Inorganic Anions (mg/I), 1992

SW-lO01 0.59 27.0 SW-1009 < 0.10 47.0
..... ,,,

SW-lO02 0.17 50.1 SW-lO10 0.14 39.3
,,

SW-1003 < 0.20 86.2 SW-lO11 1.39 80.1

SW-1004 < 0.10 70.7 SW-1012 2.00 85.9

SW-1005 < 0.10 63.1 SW-1013 1.70 87.5

SW-1007 < 0.10 42.5 SW-1014 0.80 30.6
,,,, ....

SW-1008 < 0.11 69,6

Sulfate levels in surface water in the western portion of the Femme Osage Slough were

elevated but within historic ranges. These elevated levels were likely due to the migration of

water from the quarry sump via groundwater tlow into the slough and are similar to the

concentrations reported for the quarry pond. Sulfate levels in the Little Femme Osage Creek

and the Femme Osage Creek remained similar to background levels. The annual averages for

sulfate in surface waters at the quarry area are summarized in Table 6-12. The quarry pond was

also sampled for chloride and fluoride in 1992. The results for chloride (I 1.3 rag/l) and fluoride

(0.69 rag/l) were within historical ranges.
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The maximum contaminant level (MCL) standards for nitrate (10 mg/l) and sulfate

(250 rag/l) (Table 6-4) were not exceeded at any quarry locations in 1992. The MCL of 4 mg/l

for fluoride and the secondary MCL of 250 mg/l for chloride were not exceeded in 1992 for the

quarry pond.

The quarry surface water monitoring locations were also sampled for arsenic and barium

in 1992. Arsenic levels were relatively uniform in the Femme Osage Slough and the quarry

pond. The annual average concentrations in the Little Femrne Osage Creek and the Femme

Osage Creek were below detection limits. The annual averages for arsenic are summarized in
Table 6-13.

TABLE 6-13 Annual Averages for Monitoring Locations with Detectable Metals
Results (pg/I), 1992

,.
II

Monitoring Location Arsenic Barium ]1 Monitoring Locatton Arsenic Barium,_._ , . ,. ,,

SW-1001 < 2.00 90.1 SW-1009 < 2.00 123
,, . ,

SW-1002 < 2.00 80,9 SW-1010 < 2.00 60.7
, t

SW-1003 2.29 89,4 SW-1011 4.79 302
,. ,..

SW-1004 < 2.00 65.7 SW-lO12 < 2.00 261
.,,

SW-1005 3.79 120 SW-1013 4.50 219

SW-1007 2.20 125 SW-1014 < 2.00 77.8
,,.

SW-1008 3.70 85,2
,.

Barium levels in the western portion of the Femme Osage Slough were consistent with

the annual average in the quarry pond. Elevated levels were reported tor the eastern portion of

the slough (SW-1007 and SW-1009) and at SW-1005 in the western portion, but ali were within

historic ranges. Barium annual averages are shown in Table 6-13. The annual averages for the

Little Femme Osage Creek and the Femme Osage Creek were within background ranges. The

MCLs for arsenic (50 Fg/l) and barium (1,000 _g/l) (Table 6-4) were not exceeded at the quarry
locations.
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The quarry pond (SW-1008) was also sampled for cadmium, chromi::rn, copper, iron,

lead, manganese, mercury, selenium silver, and zinc in 1992. These metals were below
detection limits as shown in Appendix B.

The quarry pond was sampled once for pesticides in 1992. Results indicate no detectable

concentrations of pesticides are present.

The water quality characteristics of biochemical oxygen demand (BOD), chemical oxygen

demand (COD), total dissolved solids (TDS), and total suspended solids (TSS) were measured

for the quarry pond. The results are summarized in Appendix B.

6.3.2.2 Surface Water at Weldon Spring Chemical Plant. The annual averages of

the 1992 surface water monitoring program parameters for the Weldon Spring Chemical Plant

and the raffmate pits and vicinity property are given in Appendix A. These data indicate that

concentrations of the measured parameters generally remained within historical ranges.

Sampling locations SW-2001 and SW-2016, which are both downgradient from the

chemical plant/raffinate pits, had metal, sulfate, and nitrate values similar to those of the

background location (SW-2007) and to those of uncontaminated surface water within the region.

Background values were also observed at locations SW-2002 through SW-2005 for nitrate,

sulfate, and metals.

Uranium values are shown in Table 6-14. Uranium at SW-2001 and SW-2016 was

similar to the background levels reported from SW-2007. Uranium values at SW-2002 through

SW-2005 were significantly higher than background. Average values tor 1992 ranged from 10.9

pCi/l at SW-2003 to 82 pCi/1 at SW-2002. SW-2012 was not sampled in 1992 because of dry
conditions.

The MSA basin (SW-2015) had uranium levels below the DCG level of 600 mg/1.

Uranium levels at Frog Pond (SW-2011) were ali above 200 pCi/l; the yearly average for this

location was 247 pCi/l. Lead was detected in Frog Pond but was below the regulatory level of

0.05 rag/1. The former ordnance works site is a plausible source for the lead. Because lead is

relatively insoluble under the surface water conditions at the site, this detection likely reflects

the presence of lead sorbed onto suspended material. Surface water samples are not filtered per
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TABLE 6-14 Annual Averages for Uranium and Anions in Surface Waters at
The Weldon Spring Chemical Plant and Raffinate Pits in 1992

IUranium, Total Nitrate Sulfate

..... pCi/I mg/I mg/I

SW-2001 1.38 0.76 40.6

SW-2002 82.5 O.17 34,4
,, ......

SW- 2003 10.9 0,50 17/4

SW-2004 13,5 1.20 22.4

SW-2005 28,9 1.30 28.9.....

SW- 2OO7 0.94 < O, 10 24,8
,,,

SW-2010 2240 0,27 BKG
.,_

SW-2011 248 0.38 57,1

SW-2016 1,96 1,00 48.6

SW-3001 92,5 534 408

SW-3002 1110 103 800

SW-3003 205 1760 636 ....

SW-3OO4 1600 O. 12 67,3
,, ,

BKG = at background levels

standard project procedures, thus concentrations of metals and uranium may vary as a function

of the suspended sediment fraction in a surface water sample. Uranium values at Ash Pond

(SW-2010) were extremely heterogeneous averaging 960 pCi/l and appear to be related to the

length of time the water has been retained in the pond. Although uranium is elevated in Ash

Pond and Frog Pond, nitrate, sulfate, and metals are below detection limits or within background

ranges except for lead in Frog Pond.

Gross alpha and gross beta are bulk measurements of the total radiological content of

surface water bodies (i.e., ali radioactive elements that emit either alpha or beta particles

contribute to these measurements). In ali off-site surface water bodies, both gross alpha and

gross beta were below detection limits. However, at Frog Pond (SW-2011) and Ash Pond
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(SW-2010) these parameters were well above drinking water standards, reflecting the high levels

of uranium in these ponds.

Surface water in the raffinate pits was monitored to provide data in support of operation

of the site water treatment plant. Ali four raftinate pi; were generally within historical ranges

for nitrate, sulfate, uranium, and radiological parameters. Historically, measured values for

each of these parameters display considerable scatter; new maximum values recorded in 1992

were unlikely to reflect significant changes in the raffinate pits. A new nitrate high of 103 mg/l
was measured for Pit 2, which previously had values less than 5 mg/l. At present, it is unclear

whether this value is an analytical artifact or reflects a change in Pit 2. This question will be

re-examined when the 1993 nitrate data are available. The following radiological parameters

exceeded DCGs in the raffinate pits: Ra-226 (164 pCi/l) in Pit 1, Th-230 (622 pCi/1) in Pit 1,

and total uranium in Pit 2 (1300 pCi/l, 920 pCi/1) and Pit 4 (2200 pCi/l, 1000 pCi/l).

Although not Federally regulated for surface water, most'parameters analyzed as a part

of the chemical plant surface water monitoring program were below DCGs and regulatory

drinking water standards presented in Section 6.2.2. The few exceptions occurred in on-site

surface waters and included nitrate, sulfate, and uranium at the raffinate pits and uranium, gross

alpha, and gross beta at Ash Pond (SW-2010) and Frog Pond (SW-2011).

6.4 Highlights

• Four additional NPDES outfalls were added to the 1992 monitoring program to

support work at the chemical plant and the quarry water treatment plant facilities.

• NPDES permit limits were exceeded four times in 1992; once for total suspended

solids and once for biochemical oxygen demand at outfall NP-0006; and two times for

total suspended solids for hydrostatic test water discharges.

• Annual averages for uranium concentrations tor 1992 as compared to 1991 decreased

at outfall NP-0005, increased at outfalls NP-0001 through NP-0003, and remained

consistent at NP-0004. The change in concentrations is attributable to increased

remedial activities at the chemical plant.
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* The first batch of contaminated water from the quarry pond was successfully treated

in the quarry water treatment plant and passed ali permit requirements.

• Radiological monitoring at the quarry continued to indicate high concentrations of

radiological isotopes in the quarry pond (SW-1008), but these concentrations were

within historic ranges.

• Nitroaromatic compounds were found in 1992 in the upgradient location, Little

Femme Osage Creek. Monitoring in 1988 also detected nitroaromatics at this

location, but their origin is linked to the former ordnance activities north of the

quarry.

• Surface water concentrations at the chemical plant, raffinate pits, and vicinity

properties area remain within historic ranges with the exception of SW-2005, which

increased slightly in 1992.
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7 GROUNDWATER PROTECTION

7.1 Program Overview

The groundwater monitoring and protection program at the Weldon Spring Site Remedial

Action Project (WSSRAP) includes sampling and analysis of water collected from wells at the

Weldon Spring Quarry, the Weldon Spring Chemical Plant and raffinate pits, and the vicinity

properties. This program also includes monitoring of springs on the vicinity properties affected

by WSSRAP operations. The groundwater protection program is formally defined in two

documents: the Groundwater Protection Program Management Plan (MKF and JEG 1992h) and

the Environmental Monitoring Plan fi_r 1992 (MKF and JEG 1992o). The Management Plan

describes the management, structure, and scope of the program, whereas the Monitoring Plan

defines the monitoring schedule and i,nplementation of the program.

The general goals of the WSSRAP groundwater program are:

* Characterization of chemical and hydrological properties of the groundwater system.

• Monitoring existing contamination until final decisions regarding the remediation are
made.

• Control of potential new sources of contamination.

• Protection of public water resources.

In addition, specific goals in 1992 for the groundwater program included:

• Development of a baseline for studying long and short term effects of source removal.

• Development of a baseline for studying effects of containment ponds associated with

the quarry water treatment plant.

• Provision of sufficient data to perform spatial and temporal trend analysis.
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• Provision of information to support the Groundwater Separate Operable Unit activity

planning in 1993.

Because of differences in the geology, nature of contamination, and proximity to

drinking-water-production wells, specifics for fulfilling these objectives are different at the

quarry on the one hand and the chemical plant, raffinate pits, and vicinity properties on the other

hand. Therefore, these two areas have separate groundwater monitoring programs.

The groundwater monitoring programs of the WSSRAP are designed to detect the initial

movement of contaminants or changes in concentration of existing groundwater contamination.

At the chemical plant, this is accomplished by regularly sampling the array of on-site and off-site

perimeter wells for contaminants of concern. At the quarry, groundwater contamination has

been shown to have a preferred migration direction towards the Missouri River alluvium. These

contaminants are monitored by a single line of perimeter wells around the quarry, and a series

of lines of monitoring wells in the preferred direction of groundwater movement. Increasing

trends have been indicated in the first two of the four lines of monitoring wells. The WSSRAP

Wellfield Contingency Plan (MKF and JEG 1992t) identifies the levels of response required by
various scenarios of contaminant detection in the more distant lines of wells.

The 1992 groundwater monitoring program at the chemical plant and raffinate pits

provided for increased monitoring frequency at vicinity property wells (4000 series) to evaluate

migration of contaminants to off-site locations, and the addition of geochemical parameters to

facilitate the interpretation of groundwater data. Uranium, radiological parameters,

nitroaromatic compounds, sulfate, and nitrate were monitored at ali wells. Volatile and

semivolatile organic compounds, PCBs, and pesticides were not monitored in 1992 because

previous sampling indicated that these compounds were not present in the groundwater

(MKF and JEG 1989c). The monitoring well locations are shown in Figure 7-1.

Because the groundwater flow system beneath the chemical plant comprises both diffuse

and discrete flow components, springs are an important part of the monitoring program. Springs

that were found to be minimally impacted by the chemical plant and raffinate pits or duplicated

by other monitoring locations were eliminated from the 1992 monitoring schedule (MKF and

JEG 19920). The five springs that were retained (Figure 7-2) were scheduled for more extensive

sampling to provide the level of data necessary to support public and environmental protection
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actions. High flow and low flow samples were collected at Burgermeister Spring (SP-6301) to

test the hypothesis that high flow is dominated by a surface water component whereas low flow

is dominated by a groundwater component. Results of these efforts are discussed in
Section 7.5.1.

Groundwater monitoring occurs in both alluvial and bedrock materials at the quarry.

These locations are shown in Figures 7-3 and 7-4. Two separate monitoring components were

developed for the quarry in 1992. The first program consisted of bimonthly sampling of ali

wells north of the Femme Osage Slough (Figure 7-3) and wells MW-1010 and MW-1011

adjacent to the south bank of the slough. Included in this monitoring are wells MW-1035

through MW-1039, which are located around the quarry water treatment plant basins

(Figure 7-3). This portion of the program was developed to detect unplanned releases during

the temporary storage of pretreated and treated waters generated during quarry dewatering by

establishing baseline conditions in the vicinity of the basins.
=

The second quarry program consisted of quarterly sampling of ali monitoring and

production wells south of the Femrne Osage Slough (Figure 7-5), excluding the MW-1010 and

MW-1011 wells. Pretreated (MW-RAWW) and treated (MW-FINW) waters from the St.

Charles County Water Treatment Plant were also sampled quarterly. The four St. Charles

County monitoring wells, DOE monitoring well MW-1024, the eight St. Charles County

production wells, and treatment plant water were sampled quarterly for gross alpha in

accordance with the requirements of DOE Order 5400.5 for protection of public drinking water

supplies. This treatment plant is not operated by the DOE although it could potentially be

affected by activities at the quarry. The program also included sampling of the St. Charles

County production wells for volatile and semivolatile organics, mercury, lead, cadmium, PCBs,

and pesticides in accordance with agreements made with St. Charles County, the Missouri

Department of Natural Resources (MDNR), and the U.S. Environmental Protection Agency

(EPA).

7.2 Applicable Standards

Two main criteria were used to develop the groundwater monitoring program: (1) the

EPA Water Quality Criteria .fi_r Drinking Water (EPA 1986a), which protects public

groundwater resources, and (2) the Missouri Drinking Water Standards (MDNR 1992). A list
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of the EPA water quality standards and Missouri Drinking Water Standards for contaminants that

are routinely monitored in the groundwater program is in Table 7-1. Maximum contaminant

levels (MCLs) and other drinking water standards are used as references by the WSSRAP but
l.

are not directly applicable because the affected groundwater does not represent a public drinking

water supply as defined in EPA 40 CFR, Section 141.1, Subpart A.

Groundwater is also monitored under the requirements DOE Order 5400.5, Radiation

Protection of the Public and the Environment, which designates derived concentration guidelines

(DCGs) for ingestion of water as:

,,_ Natural uranium 600 pCi/l Ra-226 100 pCi/1

•l Th-230 300 pCi/l Ra-228 100 pCi/1

Th-232 50 pCi/l

As specified in DOE Order 5400.5, liquid effluents from DOE activities may not cause

= 'private or public drinking waters to exceed the radiological limit of an effective dose equivalent

greater than 4 mrem per year or 4% of the DCG.

- 7.3 Hydrogeology

The general geologic and hydrologic features of the Weldon Spring area are described

in Section 1.5. Presented below are specific features at the chemical plant and quarry that were
i

,_ used to develop the environmental monitoring program.
_

7.3.1 Weldon Spring Chemical Plant and Weldon Spring Raffinate Pits

_

= The chemical plant/raffmate pit area is divided into two majo,: geologic units based on

gross lithologic characteristics. These units are the unconsolidated surficial material and the

- underlying carbonate bedrock. The unconsolidated surficial mate" ial consists of fill and topsoil,

loess, glacially derived soil, till, and residuum. On average, the glacial soils are silty clays with

minor amounts of gravel. The thickness of the these materials ranges from 6.1 m to 15.3 m (20

ft to 50 ft). With the exception of residuum-filled linear bedrock depressions, or paleochannels,

and occasional perched water bodies at the base of fill layers, these materials are unsaturated.

: Lysimeters have been installed near the raffinate pits to sample soil solutions in these
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TABLE 7-1 Regulatory Drinking Water Standards

Parameter mg/I I Standards

E

Antimony 0.006 MOWS

Arsenic(a) 0.05 MOWS ,

Barium(a) 1,0 MDWS

Beryllium 0.004 MOWS

Cadmium lal 0.01 MDWS
....

0.O5 MOWSChrom=um (al

Cobalt NS MDWS

Copper(bl 1.0 MOWS

ironlbl 0.3 MOWS _

Nitrate (as N)(al 10 MOWS
,,,

Sulfate!b) 250 MOWS

Chloride (b) 250 , MDWS

Lead 0.05 MOWS

Manganese (b) O.05 MOWS

Mercury 0.002 MDWS

Nickel O.1 MDWS _

Selenium 0.01 MOWS _

Silver 0.O5 MDWS

Thallium NS MDWS

Uranium 0.02 MDWS

Zinclb) 5.0 MDWS

Fluoride 2.2 MOWS

TDS(b) 500 MDWS

2,4-DNT 0.O0011 MDWS

Adjusted gross alpha 15 pCi/I MDWS

Ra.226(¢l 5 pC=/I MDWS

Ra.228(c) 5 pCi/I MDWS

Rn-222 300 pCi/I EPA

Uranium, total (proposed) 20.0/Jg/I EPA
(13.6 pCm/I)

Primary max=mum contarmnant level
(b} Secondary maximum contaminant level
(c} Standard for combined Ra-226 and Ra-228

NS No drinking water standard
MOWS Missouri drinking water standards
EPA EPA Drinking Water Standards for Radionuclides

_

-
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unconsolidated materials but are not sampled on a routine basis. Monitoring wells have not been

completed in the unconsolidated surficial materials.

Saturated conditions are generally first encountered in the upper levels of the Burlington-
Keokuk Limestone, the uppermost bedrock unit. This unit is composed of two different

lithologic zones: a shallow, weathered zone underlain by an unweathered or competent zone

(MKF and JEG 19920). Two flow systems are present in the saturated bedrock: diffuse flow

along small fractures and bedding planes and discrete flow along preferred flowpaths such as

bedrock depressions, paleochannels, and solution enlarged fractures. Diffuse flow is relatively

slow (rates are on the order of centimeters to meters per year) and can be calculated using

equivalent porous media principles, whereas discrete flow is rapid (rates are on the order of

meters to kilometers per day) and are difficult to calculate with conventional hydrologic models.

Within the confines of the site, the aquifer generally exhibits diffuse flow properties; however,

discrete flow is thought to occur in areas of highly weathered bedrock and in residuum-filled

paleochannels (MKF and JEG 1992p).

Within the unsaturated (or vadose zone) soil layers, granular or porous flow (i.e., flow

along grain boundaries) prevails. Permeameter tests indicate that hydraulic conductivities in

these soils range from 6.9E-09 to 1.7E-07 cm/s (2.7E-09 in./s to 6.7E-08 in./s) (MKF and JEG

'991a), which translate to relatively slow vertical seepage velocities through these layers.

Where the downward-migrating seepage intersects the water table, typically within the

weathered, upper part of the Burlington-Keokuk Limestone, the flow direction changes and

becomes more horizontal (MKF and JEG 1992m). Within this regime, flow rates increase

dramatically with the change to diffuse and potentially discrete flow. The presence of elevated

uranium and nitrate levels at Burgermeister Spring, which is located 1.9 km (1.2 mi) north of

the site, is strong evidence for discrete flow in the environs of the site. To address the complex

hydrogeologic system at the site, both springs and wells are included in the groundwater

monitoring program.

Ali monitoring wells are completed in the Burlington-Keokuk Limestone. Most are

screened in or near the upper weathered portions of this formation. The remainder of the wells

are screened at deeper levels in the unweathered (competent) zone to assess vertical migration

of contaminants (Appendix E). Where possible, monitoring wells within the boundaries of the

chemical plant are located close to potential contaminant sources to assess migration into the

groundwater system. Additional wells are located on vicinity properties to evaluate movement
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of contaminants off site. Well locations are shown in Figure 7-1. Of the 66 wells that were

monitored in 1992, 33 are located within the chemical plant boundary (2000 series), five are

adjacent to the raffinate pits (3000 series), and 23 are on bordering vicinity properties (4000

series).

Springs are a common feature in weathered carbonate terrain such as that in which the

Weldon Spring site is situated. As part of site characterization, springs in the environs of the

site have been inventoried (MDNR 1991). Those that were found to be hydraulically connected

to the chemical plant or raffinate pit area or contained elevated levels of contaminants potentially

derived from the chemical plant or raffinate pits were added to the monitoring program. In the

1992 Environmental Monitoring Plan (EMP) (MKF and JEG 1992o), the number of springs

scheduled for routine monitoring was reduced to five. Three of the springs are in or near Valley

5300 (the Southeast Drainage) and the other two are in Valley 6300 (the Burgermeister Spring

branch) (Figure 7-2).

Uranium is present in the water discharged from the springs along the Southeast

Drainage; however, it is unclear whether contamination of the these springs reflects discharge

of groundwater that was contaminated by sources upstream of the drainage or by the sediments

within the drainage. Analysis of surface and near-surface sediments in the Southeast Drainage

have shown uranium levels to be highly variable. Values range from 6 pCi/g to nearly

2,000 pCi/g; background for area soils is generally less than 4 pCi/g (MKF and JEG 1992p).

The Burgermeister Spring branch receives site-contaminated groundwater and surface

water. Although the site is not located in Valley 6300, it is connected to this drainage by losing

streams that travel along subterranean conduits and emerge at springs in the Burgermeister

Spring branch. The most prominent location is Burgermeister Spring (SP-6301), a perennial

spring, which discharges water impacted by site-contaminants during high and low flow periods.

Spring 6306, which is located below Busch Lake 34 and downstream of Burgermeister

Spring, also exhibits detectable levels of uranium. Considerable evidence suggests that Lake 34,

which has elevated uranium concentrations, is a plausible source for the uranium in Spring 6306.

However, there is also evidence of a possible connection to Busch Lake 35, which is located in

the same drainage as the Weldon Spring site and also has above background uranium levels.
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"/.3.2 Weldon Spring Quarry

The geology of the quarry area is separated into upland overburden, Missouri River

alluvium, and bedrock (Figure 7-6). The unconsolidated upland material overlying bedrock

consists of up to 9.2 m (30 ft) of silty clay soil and loess deposits (MKF and JEG 1989b).

The bedrock at the quarry consists of three distinct Ordovician formations: the

Kimmswick Limestone, the limestone and shale of the Decorah Group, and the Plattin Limestone

(in descending order). The Kimmswick Limestone unconformably overlies the Decorah. It is

a coarsely crystalline, white to light-gray, medium- to massively-bedded, fossiliferous limestone

and is approximately 18.4 m (60 ft) thick. Nodular chert is irregularly scattered in the lower

portion of the unit. The Kimmswick exhibits solution features apparently associated with the

intersection of vertical joints and bedding planes. Ttle cavities and joints may be open or filled

with clay (MKF and JEG 1989b). The Kimmswick forms the bluff into which the quarry was
worked.

The Decorah Group is a light, thinly bedded limestone interbedded with green shale, lt

is approximately 9.2 m (30 ft) thick in the vicinity of the quarry and exhibits horizontal partings

or bedding planes which may be enlarged due to solutioning. The bottom of the quarry is

excavated about 4.6 sn (15 ft) into the Decorah and a thin bed of metabentonite separates the

Decorah Group from the underlying Plattin Limestone (MKF and JEG 1989b).

The Plattin Limestone is a light to dark gray, finely crystalline, thinly bedded limestone

about 31 m to 38 m (100 ft to 125 ft) thick. Thin light-green to greenish-gray shales are present

in the upper portion, and small amounts of clark gray chert are present throughout the formation.

The Plattin Limestone is the bedrock underlying the Missouri River alluvium

(MKF and JEG 1989b).

The sediment composing the al!uvium along the Missouri River varies from clays, silts,

and sands to gravels at shallower depth and coarsens to cobbles and boulders above the bedrock.
The alluvium thickness increases with distance from the bluff towards the river where the

maximum thickness is approximately 31 m (I00 ft). The alluvium is truncated at the erosional

contact with the Paleozoic bedrock bluff along the Katy Trail. Organic silts and clays with

underlying minor amounts of sand are the primary sediments between the bluff and the Femme
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Osage Slough. An underlying soil layer of silty sand is present below a depth of about 6.1 m

(20 ft) in the area of the slough (MKF and JEG 1989b).

The groundwater flow system at the quarry is composed of alluvial and bedrock aquifers.

The alluvial aquifer is predominantly controlled by recharge from the Missouri River and the

bedrock aquifer by precipitation and overland runoff. North of the Femme Osage Slough, the

aquifer and bedrock are in contact. This is believed to be the primary route for migration of

contaminants from the quarry into the alluvium.

In 1992, 36 wells, including eight municipal production wells, four county-owned

monitoring wells, and 21 DOE monitoring wells, were screened within the alluvial material

between the quarry and the Missouri River. Five of the wells, MW-1035 through MW-1039

were located west of the quarry to monitor the uppermost water bearing unit below the quarry

water treatment plant equalization basin and effluent ponds. Six wells, MW-1006 through

MW- 1009, MW- 1014, and MW- 1016 were located between the q'uarry and the slough to monitor

contaminant migration south of the quarry within tile alluvium. Monitoring wells MW-1010,

MW-1011, and MW-1017 through MW-1024 were located within the alluvium south of the

slough and were monitored to detect contaminants south of the slough. St. Charles County

monitoring wells RMW-1 through RMW-4 were monitored to ensure that the quarry

contaminants were not migrating toward the county well field, and to provide an early warning

for contaminant migration toward the well field, if this should occur. The eight county wells,

PW-2 through PW-9, were also monitored to ensure that the quarry contaminants were not

affecting the quality of the municipal well field water supply.

Fifteen DOE monitoring wells were screened within either the Kimmswick-Decorah or

Plattin Formations to monitor contaminants near the quarry within the bedrock. Monitoring

wells MW-1002, MW-1004, MW-1005, MW-1012, MW-1013, MW-1015, MW-1026,

MW-1027, MW-1029, MW-1030, MW-1032, and MW-1034 were installed to monitor

contaminants within the Kimmswick-Decorah Formations surrounding the quarry. Monitoring

wells MW-1028, MW-1031, and MW-1033 were located south of the quarry within the Plattin

Limestone to determine whether vertical contaminant migration through the fracture system has
occurred.

In 1992, eight groundwater monitoring wells were installed in the Darst Bottom area

approximately 0.6 km (1 mi) southwest of the St. Charles County well field. These wells were
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installed by the U.So Geological Survey to determine the upgradient characteristics of the

Missouri River alluvium in the vicinity of the quarry. Analyses of the groundwater from these

wells was used by the WSSRAP as background values for the St. Charles County well field.

Monitoring wells MW-1034 (Kimmswick/Dec_rah Forrnations) and MW-1035 (alluvium/
unconsolidated materials) have been classified to be upgradient for the determination of the

groundwater quality in bedrock at the quarry. No background well has been established for the

Plattin Formation which is present at the base of the quarry.

A summary of the background values for the quarry is given in Table 7-2. This table

includes the average background values followed by the ranges of values based on two standard

deviations about the mean or the average radiological error about the analytical value.

7.4 Well Abandonment

All monitoring wells at the Weldon Spring site are constructed of stainless steel or

polyvinyl chloride (PVC) and were installed and developed in accordance with accepted

procedures at the time of their installation. These procedures include the U.S. EPA RCRA

Groundwater Monitoring Technical En_wcemenr Guidance Document (EPA 1986b), which

enforces the requirements of the Resource Conservation and Recovery Act; State of Missouri

regulations; the Handbook of Suggested Practices.fi_r the Design _md Installation of Groundwater

Monitoring Wells (EPA 1989), and the Groundwater Protection Program Management Plan

(MKF and JEG 1992h).

In 1992, two groundwater monitoring wells (MW-3001, MW-3002) and two pumping

wells (PW-, and PW-3) and their associated observation wells at the chemical plant/raffinate

pits, were abandoned. The monitoring wells were abandoned due to the construction of several

interim action storage areas, specifically the Temporary Storage Area (TSA) the asbestos storage

area, and the contaminated spoils storage area.

All abandonment activities were conducted in accordance with WSSRAP procedures

ES&H 4.4.4, Subsurface Monitoring Device Plugging and Abandonment. This procedure

requires overdrilling of the well casing and construction material (grout, bentonite seal) and

tremie grouting of the hole to the surface. This process maintains the integrity of the associated

aquifer by eliminating any conduit from the ground surface.
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TABLE 7-2 Average Background Values and Statistical Ranges for Quarry
Groundwater Monitoring Locations

,,.,,. ,, ,. _ -- • , ,.,

Parameter MW-1 034 (a) MW- 1035 (b) Darst Bottoms (c) /
i | '| iI i |, , . _ .',.I ' !

Total Uranium (pCi/I) 1.78 (d) 0.61 1.96
(0.06; 3,50) (e) (-0.75; 1,97) (-3.5; 7,42)

.....

Radium-226 (pCi/I) 0.2 0,4 0.70
(± 0,3) (+ 0.4) (-0,24; 1,64)

Radium-228 (pCi/I) < 0,9 < 0.9 0.90
(+ 1,8) (+ 1.9) (-0,28; 2.08)

........

Thorium-228 (pCi/I) < 0,2 < 0,2 0.08
( _+0,6) ( + 0.6) (0.04; 0.12)

....... _ .... ,

Thorium-230 (pCi/I) 1.6 < 0,2 0.11
(+__1,0) ( + 0.6) (-0.07; 0,29)

...........

Thorium-232 (pCi/I) < 0,2 < 0.2 0.07
( ± 0,6) ( + 0.6) (-0.01; 0.15)

........

Gross Alpha (pCi/I) .,1 < 0,2 2.56
(= 3.9) (+ 3,5) (-0.74; 5.86)

__ _ ,,.

Gross Beta (pCi/I) 5.8 5.9 6.02
(+ 3,8) (+ 2.5) (0.88; 11,16)

Nitroaromatics (pg/I) No detects No detects Not analyzed

Arsenic (pg/I) < 4,0 < 4,0 3.72
(1.0; 6.0) (1.0' 6,0) (-1,0; 8.44)

,. ,

Barium (pg/I) 153,1 228.0 456.6
(116.7; 189.5) (170.2; 285,8) (169.0; 744,2)

Nitrate (mg/I) 0.84 0,13 O.13
(-0.98; 2.66) (-0.03; 0.29) (-0.03; 0.29)

Sulfate (mg/I) 88.5 41.5 35,2
(25.9; 151.1) (22.5; 60.5) (3.0; 67.4)

......

Alkalinity (mg/I) 405.0 228.3 382.5
(295; 515) (167.5; 289.1) (342.9; 422,1)

.......... --

(a) Kimmswick/Decorah Formation
(b) Alluvial/unconsolidated materials
(c) Missouri River alluvium
(d) Average background values. Values based on ali available WSSRAP data,
(6) Range is based on two standard deviations about the mean,
(f) Average radiological error
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7.5 Groundwater Monitoring Results

The results of the 1992 groundwater monitoring program are listed in Appendixes A and

B. These appendixes contain tables of all monitoring results for groundwater locations at the

chemical plant, quarry, vicinity properties, and springs located near the chemical plant. Annual

averages have been calculated for all parameters analyzed in the monitoring program and are

presented in Appendix A. Quarterly and bimonthly analytical results are presented as raw data

in Appendix B. Appendix E contains results of statistical analyses and special groundwater
studies.

7.5.1 Chemical Plant and Raffinate Pit Monitoring Results

In 1992, the measured concentrations tor uranium, nitrate, sulfate, and nitroaromatic

compounds (the primary contaminants of concern) generally remained within historical ranges

in ali monitoring wells and springs at the chemical plant, raffinate pits, and vicinity properties.

Although new highs and lows were measured at some locations, these values were generally

within the 95 % confidence interval about the mean and likely reflected normal variation in the

aquifer system rather than significant changes in groundwater conditions. As new samples are

taken from a population, new highs and lows must be expected to occur as the range of variation
(standard deviation) continues to be defined. Thus, new e×treme values are not considered

anomalous as long as they are similar to previous values and their temporal distribution about

the mean is random. The temporal variability of the data does not appear to be related to

seasonal influences (MKF and JEG 1992m) and may result from variable mixing within the

aquifer. At present, these new extreme values do not appear to constitute recognizable statistical

trends. The areal distribution of contaminants remains relatively unchanged from 1991 and is

examined in greater detail in Section 7.6. I.

This section summarizes the monitoring data for contaminants and a comparison with

background levels and water quality standards. Background levels for uranium, nitrate, and

sulfate at the chemical plant/raffinate pits area were determined by the USGS (Table 7-3) based

on averages from uncontaminated wells within the vicinity of the chemical plant and ordnance

works. Drinking water standards for uranium, nitrate, sulfate and 2,4-dinitrotoluene are listed
in Table 7-1.
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TABLE 7-3 Background Values for the Chemical Plant, Raffinate Pits, and Vicinity
Properties

Parameters Groundwater/Springs Streams

Calcium 82 mg/I 99 mg/]

Lithium 13 ,ug/I 9 pg/I

Sodium 30 mg/I 36 mg/I

Nitrate 1.6 mg/I 1.3 rag/!

Sulfate 32 mgll 76 mg/I

Uranium 3 /_g/I 2.7 pg/I
,,,

• Background values determined by U.S. Geological Survey from averages of uncontaminated wells in the vicinity of the
chemical plant (see Kleeschulte, Appendix H).

Uranium is measured in ali monitoring wells on a quarterly or semiannual basis. The

highest uranium levels continue to occur near the raffinate pits. [n 1992, uranium in 22 of the

61 monitoring wells exceeded the background level of 3 mgil (2.04 pCi/1) (Table 7-4). Of

these, only three locations (MW-3003, MW-3009, and MW-4020) exceeded the proposed MCL

of 20/_g/1 (13.6 pCi/l). New uranium highs were measured in 1992 at the following locations:

MW-2030, MW-2032, MW-2033, MW-3003, MW-3023, MW-4001, MW-4003, ana MW-4014.

None of these new maximums represent a significant increase in uranium concentrations at these

locations. Ali radiological parameters were below the water quality standards and DCGs

(Table 7-1).

Sulfate and nitrate were also measured quarterly or semiannually in ali monitoring wells

at the chemical plant, raffinate pits, and vicinity properties. The calculated background value

for nitrate (1.6 mg/1) was exceeded at 22 locations. The drinking water standard (10 mg/l) was

exceeded at 14 locations. Above-background sulfate levels (32 ing/l) were measured at 28

locations. Four of these were above the water quality standard (250 rag/l). New nitrate ,:ighs

were observed in MW-4005 and MW-4006; new sulfate highs were observed in MW-2032 and

MW-401 I.
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TABLE 7-4 Annual Averages at Monitoring Locations with Total Uranium (pCi/I)
Exceeding Background (a)Chemical Plant Area

,,

Monitoring Monitoring
Location Total Uranium @ Location Total Uranium @ _

"l"'

MW- 2017 6.65 0/2 MW-4005 2.32 1/3

MW-2019 2,65 0/2 MW-4007 2,28 0/4

MW- 2020 3,00 0/2 MW- 4009 4.06 0/4

MW- 2030 11.80 0/4 MW-4010 3.29 0/4

MW-2032 7.05 1/4 MW-4011 5.33 0/4

MW-2034 12.3 0,2 MW-4012 2.11 0/4

MW-3003 19.8 0_4 MW-4016 3.43 0/4

MW-3008 4.34 0 '4 MW-4019 2.63 0/4
,,

MW-3009 42.7 0/4 MW-4020 14.0 0/4

MW-3023 8.85 0;4 MW-4021 5.39 O/4

MW-4004 4.07 0,'3 MW-4022 7.03 0/4

(al Background uranium = 2.04 pCill (3 mg;'l).

@ = Ratio of nondetects to total number of samples,

Nitroaromatic compounds were analyzed quarterly or semiannually in all monitoring

wells. Because these are not naturally occurring organic compounds, there are no background

levels for nitroaromatics, and presently only 2,4-DNT has an ambient water quality standard.

Twenty-seven locations yielded detectable concentrations of nitroaromatic compounds

(Table 7-6); of these, 12 exceeded the ambient water quality standard of 0.11 _g/1 for 2,4-DNT.

New high values were measured for the nitroaromatic compounds at the following
locations:

• 1,3,5-trinitrobenzene at monitoring wells MW-2030, MW-2033, MW-3009, and
MW-4015.

• 2,4,6-trinitrotoluene at monitoring wells MW-2018 and MW-2030.

m:\users\loanne\aser92\sectlon.7 ] 6 l



060793

TABLE 7-5 Annual Averages for Nitrate and Sulfate (rag/I) in the Groundwater
Exceeding Background la)

.-- ,,, ,
, i ,,,,,

Monitoring Nitrate Sulfate Monitoring Nitrate Sulfate
Location Location
i ii l,

MW- 2001 28.4 BKG MW-3008 702 80.8

MW-2002 302 116 MW-3009 184 58.7

MW-2003 261 117 MW-3023 393 331

MW- 2005 66.3 BKG MW-4001 32,3 64.1,,

MW- 2006 3.60 33.5 MW- 4002 2,66 BKG .............

MW- 2008 2.07 39.0 MW- 4003 BKG 33.0
........

MW- 2009 BKG 108 MW-4005 3.93 BKG
, .....

MW-2011 5.20 BKG MW-4006 4.68 BKG

MW-201 2 BKG 72.6 MW-4011 35.8 56.7
.... , ....

MW-2014 BKG 33.5 MW-4012 BKG 49.3
..

MW-2015 BKG 1 10 MW-4013 66.0 45,0

MW-2017 BKG 728 MW-4014 2.91 BKG
,, ,.,

MW- 2019 "KG 42.1 MW-4018 3,20 BKG
,,,

MW-2020 BKG 135 MW-4020 BKG 129

MW-2028 BKG 1 23 MW-4021 BKG 260
., ,,,

MW-2030 BKG 41.9 MW-4022 BKG 35.5..,.

MW- 2032 92.8 56.2 MW-4023 3.47 89.5

MW-2034 BKG 634 ,,,

MW-3003 342 158
•, . _ ' .-,.

(o) Background nitrate = 1,6 rag/I, sulfate = 32 mg/I

BKG = value within background for this location

4
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TABLE 7-6 Annual Averages for Monitoring Wells with Detectable Concentrations
of Nitroaromatic Compounds in Groundwater

,,,,., -.

Monitoring
Location 1,3,5-TN B 1,3-DNB 2,4,6-TNT 2,4-DNT 2,6-DNT Nitrobenzene

.....

MW-2001 0.04 BKG BKG 0.09 0.06 BKG
, ,.

MW-2002 BKG BKG BKG 0.07 0.40 BKG
.......

MW-2003 BKG BKG BKG O. 17 0.84 BKG
..

MW-2005 BKG BKG 8KG 0.08 O. "13 BKG
,,.

MW-2006 9,27 BKG 1 . 10 BKG 2.11 BKG

MW-2008 0.63 BKG BKG 0.08 0.93 BKG
..,

MW- 2009 BKG BKG BKG 0.07 O.27 BKG
....

MW- 2010 O. 16 BKG O.34 0.08 O.50 BKG

MW-2011 0.59 BKG BKG 0.10 1.95 0.04

MW-201 2 2.40 BKG 0.66 0.19 1.75 BKG

MW-2013 4.80 0.13 0.67 0.28 7.45 BKG

MW-201 4 2.90 BKG BKG O. 15 0.94 BKG

MW-2020 BKG BKG BKG 0.04 BKG BKG

MW-2030 6.01 BKG 9.93 O.15 8.03 BKG
....

MW- 2032 1. 20 BKG 4.03 O. 14 3.90 BKG,

MW-2033 6.06 BKG 1,82 1.12 10.2 BKG

M3-3003 BKG BKG BKG 0.06 O. 13 BKG

MW-3008 BKG, BKG 8KG O, 13 0.32 BKG

MW-3OO9 0,21 BKG BKG 0.22 O. 10 BKG
,,,.....

MW-3023 BKG BKG BKG 7.88 8,50 BKG

MW-4001 57.8 O, 14 1.48 4,68 4,55 BKG
...

MW-4002 O. 1 1 BKG O. 13 BKG 0.09 BKG
.,

MW-4006 15.0 8KG BKG O.13 3.73 BKG

MW-4013 38.5 8KG 0.04 0.06 0.92 BKG

MW-4014 0,39 BKG BKG BKG 0.06 BKG
....

MW-4015 0,69 BKG BKG O. 10 1.00 BKG

MW-4023 O,17 BKG BKG 0.08 0.05 BKG

BKG = well below background levels
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• 2,4-dinitrotoluene at monitoring wells MW-2002, MW-2030, MW-3003, MW-3009,

MW-3023, and MW-4015.

• 2,6-dinitrotoluene at monitoring wells MW-2002, MW-3003, MW-3008, MW-3009,

MW-3023, and MW-4023.

Maa_y of these new high values are lower than the pre-1990 detection levels, and

therefore may not be historic maximums (Table 7-6).

Metals were analyzed quarterly in 34 of the monitoring wells. Although a number of

metals have been identified as potential contaminants of concern in the remedial investigation

for the chemical plant (MKF and JEG 1992p), only lead and chromium were detected at levels

that exceeded water quality standards, which are 50/_g/l for both of these elements. Two

locations recorded elevated lead values; however, these high values likely resulted from the

analysis of unfiltered samples. This topic is further discussed in Section 10.2.7. Only one

location, MW-4012, recorded chromium levels above the 50/_g/l standard; the 1992 average for

this location was 57.02/,tg/l.

Three groups of suction lysimeters are located in the vicinity of the raffinate pits. These

lysimeter networks allow collection of water samples from vadose-zone soils (i.e., soils situated

above the water table) and provide a monitor for migration of contaminated seepage from the

raffinate pits into the groundwater system. Each group contains three or four lysimeters, which

are installed at different depths. The number ranking within the group reflects the relative depth

of the lysimeter, with the deepest lysimeter having the highest number. Lysimeters LY-3601
to 3603 are located west of Raffinate Pit 4, LY-3604-3607 are north of pit 3, and LY-3608-3610

are northwest of Raffinate Pit 1.

For uraniumanalyses during 1992, samples were collected from eight of the 10

lysimeters. The results of these analyses are in Table 7-7. Uranium values were below

background levels (2.04 pC,/i) in ali lysimeters adjacent to raffinate pits 1 and 3 but were above

background in the lysimeters adjacent to Raffinate Pit 4.

The shallowest lysimeter near Raffinate Pit 4 (LY-3601) is located within the Ferrelview

Formation 3.6 m (12 ft) below the surface. Its elevation is comparable to that of the base of

Pit 4.
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TABLE 7-7 Concentrations of Uranium (pCi/I) in Suction Lysimeters

Location Concentration

LY-3601 17

LY-3602 4.3

LY-3603 6.1

LY-3604 1.7

LY-3605 <0.68

LY-3606 <0,68

LY-3607 <0,68

LY-3608 <0.68

.LY-3602 lies at 5.8 m (19 ft) and is adjacent to a soil fracture. The deepest lysimeter,

LY-3603, lies at 7.9 m (25.75 ft) and within the gravely chert residuum. The highest uranium

value was recorded in LY-3601. The other two lysimeters had similar values slightly above

background. The relationship of these uranium values suggests that seepage from Raff'lnate Pit

4 may be traveling laterally in the upper clay layer. The 1992 uranium values were slightly
lower than those recorded by the USGS in 1990 (MKF and JEG 1990).

Five springs were monitored for uranium, nitrate, sulfate, metals, and nitroaromatic

compounds. Levels of these contaminants remained within historic ranges at ali five springs.

Background levels were exceeded for uranium at four locations and water quality standards were
exceeded at SP-5303, SP-5304, and SP-6301 (Table 7-8). Nitrate exceeded water quality

standards at SP-6301, whereas sulfate was below these standards at ali locations (Table 7-9).

Nitroaromatic compounds were detected at SP-5303 and SP-6301 and exceeded the water quality

standard for 2,4-DNT at SP-6301 (Table 7-10).
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TABLE 7-8 Annual Averages for Uranium(pCi/l) Exceeding Background (a) in Springs

Monitoring Location Total Uranium

SP-5303 125 8

SP-5304 103

SP-6301 78.6

SP-6306 3.44

lal Background uranium - 2.04 pCi/I (3 rag/I)

TABLE 7-9 Annual Averages for Nitrate and Sulfate Exceeding Background (a) (mg/I)
in Springs

Monitoring Locatton N_trate Sulfate
i

SP-5201 0.19 61.4

SP-5303 0.48 63.0

SP-5304 0.79 51.5

SP-6301 32.3 58.0

SP-6303 0.21 7.9

(al Background nitrate = 1.6 mg/I, sulfate = 32 mg/I

TABLE 7-10 Annual Averages for Monitoring Locations with Detectable
Nitroaromatic Compounds (pg/I)in Springs for 1992

Monitoring 1,3,5 1,3 2,4,6 2,4 2,6 NB
Location TNB DNB TNT DNT DNT

.....
, ,,,,,

SP-5303 0.09 BKG 20 .O O.24 O.43 BKG
....

SP-6301 BKG BKG O.27 O.04 O.61 BKG

SP-6301 BKG 0.27 0.04 O.61 BKG BKG
.....

BKG = value with background for this location.
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Beginning in 1992, springs in Valley 5300 (the Southeast Drainage) were monitored at

low flow to minimize contributions from surface discharge. Uranium concentrations at these

springs (SP-5303 and SP-5304) displayed considerable variation, not unlike the range of values

previously observed when flow volume was not considered as a criterion for sampling

(MKF and JEG 1990 and 1991d). lt has not been determined whether these variations reflect

normal heterogeneity in the aquifer system or problems in defining low-flow conditions that

minimize surface water input. The absence of high sulfate or nitrate values in the Valley 5300

springs indicates that the raftinate pits are unlikely sources for the elevated uranium

concentrations found in these springs.

Burgermeister Spring (SP-6301) was monitored at high and low flow to evaluate the

relationship between contaminant levels and discharge rates, as recommended by Quinlan (1989).

Uranium levels did not correlate with flow based upon the 1992 data; however, nitrate levels

showed an apparent decrease at high flow. Monitoring of low and high flow conditions will

continue in 1993 to further examine the relationship between contaminant levels and discharge
rates.

7.5.2 Quarry Monitoring Results

Ali groundwater monitoring wells at the quarry were sampled for radiological parameters,

total uranium, Ra-226, Ra-228, Th-228, Th-230, Th-232, gross alpha, and gross beta. The

uranium values continue to indicate that the highest levels above background (Table 7-2) occur

in the bedrock downgradient from the quarry and in alluvial materials north of the Femme Osage

Slough. The annual averages for the monitoring locations exceeding background are summarized

in Table 7-11. The annum averages for monitoring locations south of the Femme Osage Slough

and in the St. Charles County well field remain within background ranges.

The proposed EPA groundwater standard of 20 mg/l (13.6 pCi/l) was exceeded at 13

locations (MW- 1004 through MW- 1008, MW- 1013 through MW- I016, MW- 1027, MW- 1028,

MW-1031, and MW-1032) during 1992. The DCG for total uranium in discharge water is 600

pCi/1 and was also exceeded at 10 of the above locations (MW-1004 through MW-1006,

MW-1008, MW-1013 through MW-1016, MW-1027, and MW-1032); however, these wells are

not directly used as drinking water sources. No production wells exceeded the DCG of 24 pCi/1

for total uranium in drinking water systems.
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TABLE 7-1 1 Annual Averages Total Uranium (pCi/I), Exceeding Background at
the Quarry

J Monitoring Location Total Uranium @ Monitoring Lo(;ahon Total Uramum @,,,

MW-1004 4700 0t6 MW-1015 1356 0/6
,,,

MW-1005 1850 0/6 MW-lO16 614 0/6

MW- 1006 3260 0,6 MW- 1027 690 0/6

MW- 1007 454 O. 6 MW- 1028 167 2/6
....

MW- 1008 5023 0/6 MW- 1030 8.52 1/5

MW- 1009 4.46 0;6 MW- 1031 21.9 0/6

MW-lO11 12.8 0/14 MW-1032 1407 0/6

MW-1013 872 0,'6 MW-1036 5.37 0/6

MW-1014 953 Oi6 MW-1038 2.58 0/6

@ = Number of nondetects to the total number of samples.
Refer to Table 7-2 for background values.

A more frequent sarnpling program was initiated for monitoring wells MW-1010 and

MW-1011 because uranium concentrations exceeded 10 pCi/1 at the MW-1011 location during

1992. Evaluation of these concentrations is required under WSSRAP procedure ES&H I. 1.7a,

Reporting Above Normal Values from Environmental Monitoring Nenvorks. The additional

monitoring was undertaken to verify the values obtained from the analytical laboratory and to

determine if there is an upward trend in uranium at that location. Subsequent trend analysis has

indicated that uranium levels are stationary at these locations. In addition to these two

monitoring locations, the Femme Osage Slough (SW-1007) and the St. Charles County

monitoring well (MW-RMW1) were also sampled more frequently as a precaution if it was

determined that an upward trend was present in MW-1011.

The St. Charles County production wells, the RMW-series wells, and pre-treated

(MW-RAWW) and treated waters (MW-FINW) from the St. Charles County water treatment

plant were sampled quarterly for gross alpha and gross beta. The annual averages for these

locations are within background for the Missouri River alluvium. The remainder of the

monitoring locations at the quarry were sampled once in 1992 for gross alpha and gross beta.

The results indicated that levels were above background (Table 7-2) in the bedrock downgradient

from the quarry and alluvial materials north of the Fernme Osage Slough and in MW-1010 south

of the slough. These averages are summarized in Table 7-12.
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TABLE 7-12 Annual Averages for Gross Alpha (pCi/I) and Gross Beta
(pCi/I),Exceeding Background at the Weldon Spring Quarry

II

Monitoring Location Gross Alpha Gross Beta II Mol_ltorlncj LocaIion Gross Alpha Gross Beta
'-" .... ,,,, ,,,,

ii

MW-1002 7.00 12.0 MW-1016 480 300
......

MW-IOO4 3700 2840 MW-1024 7,10 11.1
..,

MW-IOO5 1480 1070 MW-1026 25 18
.........

MW- 1006 4300 2230 MW- 1027 680 280
....

MW-lO07 2300 1320 MW-1028 6.80 13.0
i

MW- 1008 6000 3400 MW-1029 13.0 1 2.0
-- ,.,

MW-1009 15.0 1 1.0 MW-1030 98.0 190

MW-lO10 BKG 6.40 MW-1031 22.0 13.0
,.... ,.. .

MW-lO 11 22.0 22.0 MW-1032 860 780
....

MW-101 2 23.0 13.0 MW-1036 8.50 9.60
........

MW-1013 1100 610 MW-1039 5.00 8.70

MW- 101 4 600 510 MW-R MW2 6.58 BKG
r

, MW-1015 1400 810 MW-RMW3 6.28 10.8

Refer to Table 7-2 for background values.
BKG = value within background for this location

The Missouri Drinking Water Standard of 5 pCi/l for gross alpha was not exceeded at

any of the St. Charles County production wells. The MCL of 50 pCi/1 for gross beta was not

exceeded in the St. Charles County well field. The St. Charles County treatment plant finished

waters (MW-FINW) were in compliance with the gross alpha level of 15 pCi/1 as established
in 40 CFR 141 and endorsed in DOE Order 5400.5.

Ra-226, '_Ra-,..,.8, and isotopic thorium were analyzed once in 1992 at all groundwater

monitoring locations at the quarry. The levels of these isotopes exceeded average background

values (Table 7-2) along the Femme Osage Slough and in the RMW-series wells south of the

slough. The annual isotopic levels tor the monitoring locations exceeding background are

summarized in Table 7-13. The variation in isotope levels is considered to be the result of the
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natural variations in radiological levels in the environment. The DCG was not exceeded for any

isotope at any of the sampling locations.

TABLE 7-13 Monitoring Location and Annual Averages of Isotopic (pCi/I)
Radionuclides Exceeding Background at the Weldon Spring Quarry

Monitoring Location Ra-226 Ra-228 Th-228 Th-230 Th-232

MW-1010 0.40 BKG BKG BKG BKG
, ,

MW- 1013 O.70 BKG BKG BKG BKG
,,

MW-1017 1.21 8KG BKG 3.55 BKG

MW- 1018 BKG 3.OO BKG BKG BKG
, ,,i

MW-1019 BKG 3.00 0.23 BKG 0.20

MW-1021 1.65 BKG BKG 2.43 BKG

MW-1022 0,43 BKG BKG 2.70 BKG

MW-1023 0.98 BKG 8KG 3.4 BKG

MW- 1030 4.80 2.70 1.20 2.20 0.80

Refer to Table 7-2 for Background Values.
BKG = value within background for this location.

The Missouri Drinking Water Standard of 5 pCi/1 for combined Ra-226 and Ra-228 was

exceeded at DOE monitoring well MW-1030. Due to evidence of laboratory contamination, the

results for MW-RMWI, MW-RMW3, MW-RMW4, and the pretreated and treated waters from

the St. Charles County Treatment Plant were rejected for use and therefore are not included in

this report. The quantitative limits for radium analysis did not allow for direct reference to the

Missouri Drinking Water Standard for combined radium in groundwater.

In 1992, samples from all quarry monitoring wells and St. Charles County production

wells were analyzed for nitroaromatic compounds. Thirteen monitoring locations yielded

detectable concentrations of the six nitroaromatic compounds analyzed. The monitoring wells

were situated either in the bedrock downgradient of the quarry (MW-1002, MW-1004,

MW-lO05, MW-1013, MW-lO15, MW-1027, and MW-1032) or the alluvial materials north of

the Femme Osage Slough (MW- 1006, MW- 1007, MW- 1008, and MW- 1016). A summary of
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the annual averages for these locations is provided in Table 7-14. No detectable concentrations

were indicated in the monitoring wells south of the slough or the St. Charles County production

or monitoring wells.

The Missouri water quality standard for 2,4-dinitrotoluene (0. I I /,g/l) was exceeded at

5 locations (MW-1002, MW-1004, MW-1006, MW-1027, and MW-1032). No MCLs have been

established tor other nitroaromatic compounds in groundwater.

All monitoring wells at the quarry and the St. Charles County production wells were

sampled for nitrate and sulfate. Groundwater analyses in 1992 indicated no notable nitrate

contamination at the quarry. The highest nitrate concentrations were found in bedrock and

alluvial monitoring wells immediately south and adjacent to the quarry. Two monitoring wells,

MW-1016 and St. Charles County well MW-RMW4, exceeded the average background values

for nitrate. The MCL tor nitrate (10 rag/l) was not exceeded at any of the locations at the

quarry. The annual averages for these monitoring locations are summarized in Table 7-15.

Sulfate levels were elevated in the monitoring wells downgradient from the quarry but

north of the Femme Osage Slough. Seventeen wells exceeded the average background levels

for sulfate. The annual averages of these wells are summarized in Table 7-15. The sulfate

levels were greater than background in the St. Charles County production wells adjacent to the
Missouri River due to infiltration from the Missouri River.
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TABLE 7-14 Annual Averages at Monitoring Locations with Detectable
Nitroaromatics Results at the Weldon Spring Quarry (/1g/I)

r
.......

I Monitoring Location 1,3,5 TNB 1,3 DNB 2,4,6 TNT 2,4 DNT 2,6 DNT/ ,,• ,..... ,.... ,.

MW-lOO2 408 0.34 67,4 O,16 20.5
,,

MW-1OO4 6,33 BKG 17.4 3,45 5.35
,,.

MW- 1005 BKG BKG BKG 0,10 0.03

MW-IOO6 51.6 BKG 9.12 0.21 2.72
....

MW- 1007 O.04 BKG O,11 8KG O.04
.........

MW- 1008 O.05 O.090 O.22 8KG O. 10

MW- 1013 BKG 8KG BKG 0.05 0.O2
......

MW-lO14 BKG BKG BKG BKG BKG
.....

MW-1015 179 O.16 24,7 0.06 0.76

MW-1016 22.6 BKG 3,99 BKG 0.18
....

MW-1027 0.05 8KG 13.97 6,36 3,50
.......

MW- 1030 8KG BKG BKG 0.O4 BKG

MW- 1032 BKG BKG 0.60 O.12 0.29

Refer to Table 7-2 for background values
BKG = value within background for this location.
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TABLE 7-1 5 Annual Averages at Monitoring Locations With Nitrate and Sulfate
Results Exceeding Background Weldon Spring Quarry

Monitoring Location Nitrate ,mg/I) sulfa,e(mg,,,,11Mon,tor,,,gLoc_,,on N,trate (mgll)[ Sulfate (mgll)

MW-1004 BKG 304 MW-lO16 O.93 256

MW-1005 BKG 157 MW-lO18 BKG 70.4....

MW- 1006 O.29 336 MW- 1032 BKG 25 '1

MW-IOO7 0.29 151 MW-PWO2 BKG 114
,,

MW-1008 O. 16 257 MW-PWO 3 BKG 104 ,,=

MW- 1009 BKG 279 MW-PWO4 BKG 107

MW-1012 O.94 BKG MW-PW05 BKG 77.3

MW-1013 0.17 BKG MW-PWO6 BKG 97.9

MW-lO14 BKG 1 11 MW-RMW4 0.50 BKG

MW-1015 1.87 311

Refer to Table 7-2 for Background Values
BKG = value within background for this location.

The secondary MCL for sulfate is 250 rag/l; this standard was exceeded at seven

locations north of the slough (MW-1004, MW-1006, MV¢-I008, MW-1009, MW-1015,

MW-1016, and MW-1032).

In 1992, ali quarry groundwater monitoring wells and St. Charles County production

wells were analyzed tor arsenic and barium. Arsenic levels exceeded background in locations

adjacent to and south of the Femme Osage Slough. The annual averages for these locations are
in Table 7-16. These elevated levels are the result of natural mechanisms, not past disposal

practices at the quarry, because the arsenic values in the vicinity of the quarry proper remain

within background ranges. The Environmental Monit_ring Pian/i_r 1993 (MKF and JEG 1993c)

outlines a geochemical groundwater monitoring program for the quarry which will focus on

determining the mechanisms which cause these zones of differing concentrations.

Barium levels at the quarry have remained consistent, with the highest levels occurring

at locations immediately south of the slough. These levels are also the result of natural geologic

processes within the slough. The annual averages for these monitoring locations are summarized
in Table 7-16.
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TABLE 7-1 6 Annual Averages at Monitoring Location with Arsenic and Barium
(pg/l) Results Exceeding Background Weldon Spring Quarry

 oo,,o.,o°coo.,,on II oo,,o.'n°Uoo.,,on I
MW-lOOT 17.1 324 MW-1024 9.00 BKG

MW-1009 e .35 416 MW- 1026 20.9 396

MW-1OIO 104 361 MW-1028 BKG 290

MW-1017 149 983 MW-1030 BKG 239

MW-1018 1 14 652 MW-1033 BKG 389

MW-1019 72.4 838 MW-1036 BKG 291....

MW- 1020 25.7 BKG MW- 1039 BKG 475

MW-1021 69.4 828 MW-RMW2 14.2 BKG
, ,

MW- 1022 150 552 MW-RMW3 32.O 660

MW- 1023 66.6 BKG MW-R MW4 16,9 BKG

Refer to Table 7-2 for background values
BKG = value within background for this location.

The MCL for arsenic in groundwater is 50 #g/l and was exceeded at seven locations

south of the Femme Osage Slough (MW-1010, MW-1017 through MW-1019, and MW-1021

through MW-1023). The MCL for barium in groundwater is 1,000/zg/l and was not exceeded

at any of the monitoring locations.

The St. Charles County production wells were sampled once in 1992 for cadmium, lead,

and mercury. The levels for these metals did not exceed the average background values for the
Missouri River alluvium and all values for these metals were within historic ranges. The

St. Charles County RMW-series monitoring wells were sampled once for aluminum, calcium,

chromium, iron, lead, lithium, magnesium, manganese, nickel, potassium, silver, sodium, and

strontium. Several wells exceeded the average bcckground values for specific metals, but ali

. were w;thin historic ranges for their respective locations.

The St. Charles County RMW-series monitoring wells, the St. Charles County production

wells, untreated and treated waters form the St. Charles County water treatment plant, and DOE

.
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monitoring wells MW-1024 were sampled in the tirst quarter for organics, volatiles and

semivolatiles, pesticides, and polychlorinated biphenyls (PCBs). The results of the analyses

indicated low concentrations of toluene at nine of the 14 sampling locations and the associated

trip blank. The detection of toluene was attributed to sealing the sample vials and labels with

clear adhesive tape. Resampling of several of the wells where toluene was reported indicated

no detectable concentrations. This method of sealing organics sample vials for shipment is no

longer employed at the WSSRAP. A concentration of methylene chloride (9 _g/1) was indicted

in MW-RMW2. This concentration was attributed to laboratory contamination as a result of

container cleaning practices. No detectable concentrations of pesticides or PCBs were indicated

at any of the sampling locations.

7.6 Groundwater Analysis

In 1992, various data analysis techniques and special studies were conducted to evaluate

.contaminant migration and behavior at the Weldon Spring site. A summary of the 1992 studies

and their application to future monitoring status is presented below.

7.6.1 Areal Distribution of Contaminants at the Weldon Spring Chemical Plant

Trend analysis conducted as a part of the 1991 environmental monitoring program

indicated that neither statistically significant trends or seasonal effects were present in the

groundwater data tor the chemical plant, raffinate pits, and vicinity properties

(MKF and JEG 1992m). Because the 1992 data are generally within historical ranges and the

1991 trend analyses did not reveal any systematic relationships, trend analysis was not conducted

in 1992. Instead, the areal distribution of contaminants was analyzed in an effort to better

understand the migration of the contaminants in the groundwater system.

As stated in Section 7.3, the primary t'lux of groundwater at the chemical plant area is

thought to be sub-horizontal and mainly confined to the highly permeable, upper weathered zone

of the Burlington-Keokuk limestone. This hypothesis accounts for the presence of uranium and

other contaminants in off-site springs at levels above those observed at most on-site monitoring

wells. A vertical flow component must also be present because water levels (i.e., the

potentiometric surfaces for the water table aquifer) in deeper wells are typically lower than in

adjacent shallow wells. Because water can only move downgradient (i.e., from high to low

potentials), the flow vector cannot be strictly horizontal. Hydraulic conductivities in the vertical
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direction are significantly smaller than those in the horizontal direction, therefore vertical

migration of contaminants in the saturated zone is not expected to be an important factor.

To examine this hypothesis, the wells were divided into those that received water only

from the competent zone (deep wells) and those that were intluenced by water traveling in the

weathered zone. The distance from the top of the filter pack to the top of the weathered zone

was used as a discriminant and was calculated for each weil. The contaminants of concert', were

plotted against this distance. A subset of these diagrams is presented in Figure 7-7. In these

diagrams, negative values indicate wells that were totally within the competent zone, and positive

values indicate those that were partially or totally within the weathered zone. For each

contaminant, high values were confined to the weathered-zone (+) wells; whereas most

competent-zone-wells were at background levels or below detection limits. One exception was

GW-4011, which had slightly elevated nitrate and uranium values and has historically been above

background for these parameters. Although well logs indicate that this well is wholly within the

competent zone, it is relatively shallow. The elevated sulfate level in GW-2028 is thought to

reflect natural sulfate; this is a deep well and displays no other signs of contamination.

Based on the lithologic depth of the monitoring wells, the concentrations of seven

contaminants (nitroaromatic compounds, uranium, sulfate, and nitrate) and lithium, a potential

tracer element that is present at high levels in the raffinate pits, were contoured for the

weathered-zone wells (Figures 7-8 through 7-11). Maximum raffinate pit concentrations and

average background values are given in these diagrams (Schumacher 1990 and see Kleeschulte,

Appendix H). ,

The contour diagrams provide a schematic representation of the distribution of

compounds; the locations of minimum and maximum concentrations; and the spatial relationship

among contaminants, tracer elements, and potential sources. They are included as a visual aid

to the reader and are not intended to provide a true representation of the areal extent of

contaminant plumes_ The apparent location of a point source in the area of the raffmate pits

may inaccurately portray the distribution of potential sources across the site.
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The distribution of the nitroaromatic compounds is depicted in Figures 7-8 and 7-9.

These diagrams show multiple nitroarornatic highs, which may indicate as many as five or as

few as two discrete sources. The location of nitroaromatic highs near the raftinate pits is

coincidental; n_)source for these compounds is present there. The highs generally coincide with

process buildings and lines from the former ordnance works (MKF and JEG 1988, MKF and

JEG 1992p). The nitroaromatic contamination on the eastern side of the site, however, may also

be derived from a nearby lagoon where waste water was held during ordnance works operations.

This lagoon has been filled but still contains high levels of nitroaromatic compounds (lT 1992).

The major potential source areas are indicated by diamonds in Figures 7-8 and 7-9.

The dinitrotoluene (DNT) compounds have similar areal distributions and so are

combil_ed in Figure 7-8. A trinitrotoluene (TNT) impacted area overlaps the DNT pattern on

the eastern edge of the site, and a trinitrobenzene (TNB) area partially overlaps the DNT

patterns on the western edge of the site. TNB is also present at high levels along the northern

boundary of the site. According to the USGS (Schumacher et al. 1992; IT 1992), DNT is not

a breakdown product of TNT, but TNB is derived from TNT by photolytic degradation. This

suggests that the TNT sources for the TNB impacted areas should lie at the surface above, or

upgradient from, the TNT areas. The presence of TNT-contaminated surface soils upgradient

of the western TNB high (Schumacher et al, 1992' IT 1992) _t_pports this hypothesis.

Lithium, sodium, and nitrate are generally conserved in the groundwater environment,

although lithium and sodium are weakly sorbed onto clay, and nitrate concentrations may be

reduced by redox reactions and biological fixation of nitrogen. Calcium and sulfate also act as
conserved elements at low concentration levels; however, their concentrations are also limited

by sorption and by precipitation of calcite and barite, respectively.

The patterns for lithium and nitrate are quite similar, with the highest values occurring

in the area of raffinate pits 3 and 4 and Ash Fond (Figure 7-10). The areal extent of above-

background values for these elements suggests that the groundwater under a large fraction of the

site has been impacted by operations at the chemical plant. Whether the sources lie solely within

the areas of the raffinate pits and Ash Fond is presently uncertain. A road salt storage area for

the Missouri Highway and Transportation Department lies on the eastern boundary of the site

near Highway 94, and is a potential source of sodium, and perhaps calcium. Nevertheless, both

of these parameters are near background concentrations in this ,trea.

rn:\users\loanne\aser9 2\section.7 [ 82



060793

In contrast to these patterns, uranium and sulfate display limited distributions

(Figure 7-11). Areas of elevated uranium loosely coincide with high sulfate areas. The major

area impacted uranium lies near the raffinate pits; a small area of above background uranium

levels is present at the southeast corner of the site near Highway 94 and west of Frog Pond.

In contrast, the highest sulfate values occur in tt',e southeast corner of the chemical plant and

more moderate values are present in the vicinity of the raffinate pits. The uranium high west

of Frog Pond lies near the area where uranium ore was off loaded and prepared tor processing

during the operational period of the chemical plant. The sulfate and uranium high values near

the raffinate pits are reasonably assumed to reflect seepage from the base of these cont_,ninated

ponds; however, the elevated values _ear the southeast corner of the _hemical plant are not

clearly understood. The absence of high nitrate levels in this area suggests a source other than

the raffinate pits. A potential source for the uranium may lie beneath Building 301, whereas the

sulfate may be residual from the ordnance works. The apparent association of uranium and
sulfate in this location could be coincidental.

The contour diagrams suggest that a large area of the site has been impacted by previous

operations at the chemical plant; however, the distribution of contaminants arising from these

operations is relatively limited. This indicates that movement of contaminants in the subsurface

is controlled in part by biological or geochemical processes. G_.,,chemical controls are evaluated

in Section 10.2.8. Nitroaromatic contamination resulting from L,perations of the ordnance works

is present in several discrete areas of the site, and areas or DNT and TNT contamination

plausibly mark the location of buried source-areas for these ct_L_lpounds.

In I993, geochemical parameters will be measured for ali wells at the chemical plant.

The additional calcium, sodium, and lithium data will provide additional intbrmation on the areas

actually impacted by the chemical plant operations. The geochemical data will also facilitate

identification of potential sources, such as seepage from the raffinate pits, contaminated soils

beneath the chemical plant buildings, and off-site salt deposits, and the areas impacted by these
sources.
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7.6.2 Trend Analysis for the Quarry

Stat;stical tests for seasonal and time dependent trends were performed on the historical

and current data from those groundwater wells that exhibited an upward trend in similar analyses

which were performed for the Site Environmental Report for 1991 (MKF and JEG 1992m)

and/or exhibited an upward trend from the review of the 1992 environmental monitoring data.

For this reason, trending was performed on total uranium and nitroaromatic data only. No

significant trends tor inorganic anions or rnetals were identified from previous trend analyses

(MKF and JEG 1992m).

The monitoring locations that were trended were required to meet the following criteria;

• The monitoring location exhibited an upward trend in total uranium concentration as

determined by trend analysis conducted with 1991 data (MKF and JEG 1992m).

• The monitoring location exhibited a recent upward trend in total uranium and/or

nitroaromatic compounds during 1992 environmental monitoring.

• The historical average of total uranium and/or nitroart_matic compound concentrations

was greater than five times the detection limit.

The computer program TREND, developed at Pacific Northwest Laboratory, was used
for this testing. The method employed was the nonparametric Mann-Kendall test, which best

accounts tor nondetect values and missing data. The trend slope estimation used Sen's

Nonparametric Slope Estimator method. Seasonality hypothesis testing was conducted with

Minitab statistical software using the Mann-Whitney U-Test. These analyses evaluated the

influence of seasonal effects on groundwater behavior.

The results of the trend analysis are discussed below and presented in Tables 7-17 and

7-18. Trend direction and slope are estimated in picocuries per liter per year. A 95%

confidence interval was calculated to indicate the variability in the values about this trend line

and to indicate that these values should be interpreted as indicators, not for the prediction of

fitture concentrations, Out for areas which should be more closely monitored in the future.
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TABLE 7-17 Weloon Spring Quarry Groundwater Total Uranium Trend Analysis

Weil lD U_cation No. _t" Trcml Shq_e ConfidenceIntervals
Points qpCi, I') r} (pCI/I)

L

MW- 1004 Bcdroc k-Rim 20 Upward 435 238. 685

MW- 1005 Bedro_ k-k=m 21 Upward 274 121 - 39 I

MW- 1006 Alluvium 21 Upward 4()7 -215 - 557

M V,,'.IOO7 Alluvium 20 Star lona ry ....

MW-1008 Alluvium 20 Upward ql0 711 - 1108

MW-101 I Alluvium 31 Statlc,nary ......

MW- I013 Bedrock 24 Slat._na ry ......

MW- 1014 Alluvium 24 Statt,_nary .....

MW- l015 Bedrock 23 Upward 215 88 - 308

MW- 1016 Alluvium 22 Upward 132 58 - 224

MW- 1027 Bedroc k-Rtm [ 7 Stattonarv ......

MW- 1031 Bedrock li) Staltt,nary ......

MW-1032 Bcdro,.k 12 Upward _46 36 - 1202

Based on the above criteria, 13 of the 36 DOE monit_ring locations were selected for

seasonality and trend analyses. The locations consisted of six bedrock monitoring wells

(MW-1004, MW-1013, MW-1015, MW-1027, MW-1031, and MW-1032) and seven alluvial

monitoring wells (MW-1005 through MW-1008, MW-101 l, MW-1014, and MW-1016). Ali
of these wells were located north of the Femme Osage Slough with the exception of well

MW-1011 located on the south bank of the slough. The results of the uranium trend analysis

is presented in Table 7-17.

Based on the results of the analysis of the uraniurn data, upward trends were present in

bedrock wells on the southeast rim of the quarry (MW-1004 and MW-1005) and in the alluvial

monitoring wells southeast of the quarry (MW-1006, MW-1008, and MW-1016). These wells

were located along the orientation of the predominant fracture system in the quarry area which

appears to be the major pathway for migration of contaminants. Seasonality was not found to

be a factor at any of these locations and no upward trends were evident south of the Femme

Osage Slough.
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No previous trending had been performed on nitroaromatic data at the quarry. Five out

of 36 DOE monitoring locations were selected tor nitroaromatic trend analysis in a manner

similar to the selections for total u"anium trend analysis. The summary of the nitroaromatic

trend analysis is presented in Tabie 7-18. Nitrobenzene was not included in the statistical

analysis because the levels were consistently below detection limits.

Based on the results of the nitroaromatic compound trending analysis, upward trends were

present in monitoring wells MW-1002 and MW-1004 in the bedrock at the quarry rim and

monitoring wells MW-1015 ar,:l MW-1016 southeast of the quarry in the bedrock aJ_dalluvium.

The strongest upward trends were observed for TNB, which is a photolytic decay product of

TNT (Schumacher 1990). The source of the increasing TNB trends may be the nitroaromatic

contaminated soils withtn the quarry. Leaching of TNB produced by photolytic degradation of

TNT could release TNB to the groundwater system. Downward trends in DNB and DNT are

negligible and are likely the result of the microbial degradation of those compounds in the
subsurface.

7.6.3 Baseline Groundwater Quality Determination for Quarry Water Treatment Plant

Monitoring Wells

Monitorir" wells MW- 1035 through MW-1039, which monitor shallow groundwater in

the vicinity of the quarry water treatment plant, have been sampled since their installation in

1991. A goal of the Enviromnental Monitoring Plan .fi)r Calendar Year 1992

(MKF and JEG 1992o) was to establish baseline groundwater quality values for parameters

frequently monitored at the quarry. Monitoring well MW-1035 had previously been established

as a background well for the unconsolidated materials north of the Femme Osage Slough, and
the results for this well are summarized in Table 7-19. The result of this baseline determination

are summarized in Appendix A and will be used for comparison purposes after the quarry water

treatment plant begins operation.

7.7 Highlights

* Radiological results for the St. Charles County well field remained within background
levels for the Missouri River alluvium in 1992.
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TABLE 7-19 Average Baseline Values for the Quarry Water Treatment Plant
Monitoring Wells

Parameters MW- 1036 MW-1037 MW- 1038 MW-1039

Total uranium (pCi/I) 4.28 2.29 2,78 1.8

Ra-226 (pCi/l) 0.2 0,3 0.2 0.1

Ra-228 (pCi/]) <0.9 0.1 0.5 0.9

Th-228 (pCi/I) <0.2 <0,2 <0.5 <0.2 ,

Th-230 (pCi/1) <0.2 0.2 <0.2 0.1

Th-232 (10Oi/I) <0.2 <0.2 <0,2 <0.2

Gross alpha (pCi/I) 8.5 39 0.6 5.0

Gross beta (pCi/I) 9.6 5.9 8.1 8.7

Nitroaromatics No detects No detects No detects No detects

Arsenic (pg/I) < 2.0 < 2.0 < 2.0 <2.O

Barium (#g/I) 286.4 573,6 240.8 487.1

Nitrate (mg/I) 0,10 0.14 <0.10 0.10

Sulfate (mg/I) 59,6 19.0 47.8 50.9

Alkalinity (rag/I) 501.7 456.8 447 .O 546.5

• No detectable conr_-n.trations of the six nitroaromatic compounds of concern were

indicated in groundwater south of the Fetnme Osage Slough.

,, A more frequent monitoring program for monitoring well MW-1011, south of the

Femme Osage Slough, was initiated because uranium concentrations exceeded 10 pCi/l

in the second bimonthly period. Statistical analysis of data uncovered no upward

trend at this monitoring location.

• Trend analysis for the quarry groundwater data indicated an upward slope for uranium
in seven of the 13 monitoring wells meeting selection criteria and for four

nitroaromatic compounds in four of the five wells select'cd.
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• At the chemical plant and raffinate pits, uranium, sulfate, nitrate, and nitroaromatic

compounds in monitoring wells and springs remained within historic ranges during
1992.

• Nitroaromatics were present at detectable levels in 27 of the 66 monitoring wells at

the chemical plant and raffinate pits and uranium, nitrate, and sulfate exceeded

regulatory levels in no more than than 15 of the 66 monitoring wells. Historically

high uranium concentrations in groundwater wells were recorded near Raffinate Pit

4 of the chemical plant and raf_nate pits and at the southeast corner of the site.

• Contaminant transport continues to be confined to the upper weathered zone of the

bedrock aquifer at the chemical plant and rat'finate pits, Conduit flow appears to play

a major role in off-site contaminant transport as evidenced by the presence of elevated

uranium levels in Burgermeister Spring.
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8 BIOLOGICAL MONITORING PROGRAM

8.1 Program Description

The biological monitoring program complies with regulatory requirements including U.S.

Department of Energy (DOE) Orders, the National Environmental Policy Act (NEPA), the

Comprehensive Envinmmental Respom'e, Compensation and Liability Act (CERCLA), and

Federal and State regulations. Many of the sampling activities directed by DOE Orders 5400.1

and 5400.5 such as preoperational monitoring, effluent monitoring, and environmental

surveillance are used to support the NEPA and CERCLA biological monitoring program and

include the collection and analysis of water, soil, foodstuffs, and biota.

The NEPA requires baseline characterization information to support regulatory documents

such as environmental assessments and environmental impact statements. CERCLA site

activities also required the collection of characterization data in i992 to assess risk to ecological

resources for the Remedial Investigation/Feasibility Study (RI/FS) activities related to the

Weldon Spring Chemical Plant Operable Unit.

Activities for the biological monitoring program are selected from the results of pathway

analysis. Exposure pathways identified for human and ecological receptors are identified in

Section 2.1 of the Environmental Monitoring Plan .fi_r Calendar Year 1992 (MKF and JEG

19920). Pathways identified as complete are those that show linkage between one or more

contaminant sources, through one or more environmental transport processes, to an exposure

point where human or ecological receptors are present. These exposure pathways direct

biological sampling activities and determine the type of data that needs to be gathered,

documented, and presented.

Complete pathways applicable to biological monitoring for the Weldon Spring site are:

• Human ingestion of game and fish inhabiting wildlife areas.

• Human ingestion of foodstuffs grown in the Weldon Spring site area.

• Ingestion of invertebrates and vegetation by aquatic biota.

• Ingestion of surface water and sediments by terrestrial biota.

,, Ingestion of vegetation, crops, and soils by terrestrial biota.

• Uptake of water and sediments by aquatic biota.
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Biological monitoring supports human dose calculations, as presented in Section 4, by

providing data for the human ingestion pathways. The remaining path:ways are monitored to

support biological risk assessment studies and compliance with environmental surveillance

requirements.

Two types of data were gathered in 1992: survey and analytical. Survey data were

collected in the field, including information such as species presence, number of individuals, and

abundance. Analytical data on samples from the Weldon Spring site were received from a

subcontractor laboratory. Biological samples were analyzed for radionuclides and some specific

metals. The biological monitoring program was expanded greatly over previous years with a

number of new activities added in 1992 including bird, turtle, and mammal surveys.

8.2 Applicable Standards

DOE Orders and U.S. Environmental Protection Agency (EPA) regulations provide the

standards of compliance for the biological monitoring program. In 1992, the Weldon Spring Site

Remedial Action Project (WSSRAP) performed prescreening assessments on terrestrial foodstuffs
to establish a surveillance level. This surveillance level was determined on the basis of DOE

guidelines tor established annual effective dose equivalents ft_r humans consuming terrestrial

foodstuffs. If 1991-1992 preliminary analysis of the public do,,e indicated the annual effective

dose equivalent from ingestion of terrestrial foods was 5 mre_a or greater, sufficient sampling

and analysis will be performed to enstire that foodstuffs and radionuclides contributing at least

90% of the ingestion dose are evaluated. If the annual effective dose is between 1 mrem and

5 torero, sufficient sampling and analysis is expected to be carried out to provide reasonable

'assurance that the doses are within this range. When the annual effective dose equivalent is

between 0. i mrem and 1 torero, surveillance is expected to be performed to show whether the

radionuclides are behaving as expected (DOE 1991).

The biological monitoring program also provided data for the dose estimates on which

the discussion in Section 4 on the ingestion of biota by humans is based. This calculation was

based on the guideline that members of the public should not be exposed to radiation sources as

a consequence of ali routine DOE activities that in any one year could cause an effective dose

equivalent greater than 100 mrem (1 mSv).
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DOE Order 5400.5 also addresses the protection of native aquatic organisms from the

potential bioaccumulation of radionuclides. The Order states that the absorbed dose shall not

exceed 1 rad per day from exposure to the radioactive material in liquid wastes discharged to

natural waterways.

The EPA has established Federal ambient water quality criteria for various pollutants,

including metals and nitroaromatic contaminants found at the Weldon Spring site. Although

monitoring for nitroaromatics in surface water is conducted at the site, the levels found do not

indicate a need for further monitoring to protect aquatic life and human health as related to the

ingestion of biota. Table 8-1 lists the water quality criteria tor metals for both aquatic life and

TABLE 8-1 EPA Water Quality and Human Health Criteria for Metals

Parameter Fresh Water Aquatic L_fe_Max_mum Human Health at 10 .5 Incremental

Level #g/I Risk Level-Ingesting Aquatic
Organisms Only pg/1

Arsenic 190 O.175

Cadmium 1.1 10

Chromium (+3) 210 3.4 x 106

Chromium (+ 6) 1 I 50

Copper 12 1,000

Lead 3,2 50

Mercury 0.01 2 0.146

Nickel 96 100

Selenium 260 10

Silver 4.1 50

Zinc 320 5,000

(Source EPA 1986a)

human health. On the basis of surface water monitoring from t987 through 1992 at August A.

Busch Wildlife Area Lakes 34, 35, and 36, and Femme Osage Slough, the only metals of

concern for aquatic life are lead, mercury, silver, and zinc. Human health requires protection

from ingestion of biota containing elevated arsenic levels. Mercury is also under consideration
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since previous detection limits for surface water monitoring were not low enough to meet the

EPA criteria levels. The EPA criteria for human health risk are used in developing surveillance

levels for fish and game programs. The EPA criteria also serve as a guide in the surveillance

of benthic invertebrates, waterfowl, and zooplankton.

8.3 Monitoring Results

The biological monitoring program was divided into two study units: aquatic and

terrestrial. Studies were carried out at predetermined survey locations as detailed in the

Environmental Monitoring Plan for Calendar Year 1992 (MKF and JEG 19920). General study

locations can be found on Figure 8-1.

8.3.1 Aquatic Monitoring

Biota are primarily exposed to radionuclides and other contaminants of concern at the

Weldon Spring site by aquatic pathways. Contaminated surface water bodies and surface water

runoff from the site to off-site lakes and streams provide the main route of exposure to biota.
Characterization studies have been conducted to determine the effects of contaminants on biota

at on-site and off-site properties. Biouptake studies conducted on fish were based on human

consumption of game species.

8.3.1.1 Fish. Fish samples were collected in 19_2 to refine future monitoring

requirements by developing conclusive statements on the conditions and contaminant levels in

fish consumed by hutnans. In order to statistically define contaminant levels and differences,

if any, between fish in lakes that receive contaminated surface water from the site and those that

do not, a larger number of samples were collected in 1992 than in previous years. The number

of samples was increased to provide an adequate data set for statistical analysis and to formulate
conclusions.

In 1992, the WSSRAP and the Missouri Department of Conservation (MDOC), sampled

fish from off-site properties, including Lakes 34, 35, and 36 at the Busch Wildlife Area and

from Femme Osage Slough where elevated levels of uranium are known to exist. Lakes 33 and

37 at the Busch Wildlife Area were used as background sampling locations. These background

lakes have been shown to have no hydraulic connection to the site.
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Samples taken consisted primarily of game species such as large mouth bass, crappie,

sunfish, and catfish. Samples were prepared as whole, fillets, and fish cakes (crappie and

sunfish only), and analyzed for isotopic uranium, arsenic, and lead. Ali data below the detection

limit are presented and were used in calculations as half of the detection limit according to EPA

guidance (EPA 1989) unless uncensored data were available (Section 9.1.5).

The two highest uranium concentrations were found in whole sunfish from Lake 36

(0.204 pCi/g) and Lake 35 (0.558 pCi/g) (Table 8-2). Higher concentrations would be expected

in whole samples, since radionuclides tend to accumulate in the bones and organs. All other

samples were less than 0.050 pCi/g. Background concentrations ranged from less than 0.001

pCi/g to a high of 0.009 pCi/g. The data are presented as total uranium with detection limits

ranging from 4.8E-03 pCi/g to 4.86E-05 pCi/g.

Lead and arsenic analyses were added to the 1992 tish sampling program. Lead was

analyzed in fish in order to address levels detected in study lakes during the 1991 aquatic

'biological screening investigation (Section 8.3.1.2). Elevated levels of lead were detected in

surface water at Lakes 35 and 36 and exceeded the fresh water aquatic life maximum level of

3.2 _g/l. Due to historic arsenic values in fish, it was necessary to include arsenic to determine

if the concentrations in fish were of concern (NIKF and JEG 1_-_89a). Although Lakes 34, 35,

and 36 are connected hydraulically to the site, the elevated lead levels were found in the

background lakes as well as the study lakes. Busch Lakes 34, 35, and 36 and the site are

hydraulically connected by Ash Pond drainage, Frog Pond drain,tge, and BurgermeJster Spring.

No elevated levels of arsenic and lead have been detected leaving the chemical plant and

raffinate pits by these routes during National Pollution Discharge Elimination System (NPDES)

sampling. The source of elevated levels of lead in the study lakes is not known, although it

could be from the Weldon Spring Ordnance Works or from natural sources. Results of arsenic

and lead analyses of fish samples are presented below.

Arsenic and lead concentrations are also presented in Table 8-2. Ali results showed that

arsenic concentrations were less than the detection limit 0.046 _g/g to 3.4 p.g/g, with the

exception of 1.475 #g/g found in sunfish cakes from Lake 34 and 0.19 #g/g found in sunfish

fillets from Lake 36. Lead was detected in most of the samples taken from both the study lakes

and background lakes. Lead values from study lakes ranged from < 0.046 _g/g to 8.9/zg/g and

ranged from <0.048 _g/g to 1,4 #g/g in the background lakes. The highest concentration
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TABLE 8-2 Average Uranium and Metal Concentrations in Fish
i .....

Background Species/sample Uranium Arsenic Lead
Locations type (pCi/g) @ _g/g) @ (/Jg/g) @

i i i i i

Lake 34 Bass Fillet 0.001 0/1 <0.49 1/1 <0.049 1/1

Bass Whole 0.001 1/2 < 1.23 2/2 0.50 0/2 __

Catfish Fillet 0.017 0/2 <0.50 1/1 0.46 0/1 _

Catfish Whole 0.002 0/1 <0.48 1/1 0.56 0/1

Sunfish Fillet* <0.10 1/1 < 3.4 1/1 < 2.8 1/1.__

Sunfish Cakes 0.001 0/2 1.475 1/2 0.92 0/2

Sunfish Whole 0.003 0/2 < 1.24 2/2 0.72 0/2

Lake 35 Bass Fillet" <0.10 1/1 < 3.4 1/1 <2.8 1/1

Bass Whole 0.007 0/1 <0.48 1/1 0.29 0/1

Catfish Fillets 0.004 0/1 NA, NA

Crappie Cakes 0.011 0/2 <0.27 2/2 0.08 0/2

Crappie Whole 0.027 0/1 < 2.0 1/1 0.20 0/1

Sunfish Cakes O. 189 0/2 < 1.18 2/2 0.42 0/2

Sunfish Whole 0.558 0/3 < 0 5 3/3 1.06 0/3

Lake 36 Bass Fillets 0.005 0/1 <0.049 1/1 0.30 C/1

Bass Whole 0.035 0/1 <0.049 1/1 0.084 C/1,,

Carp Fillets 0.032 0/1 <0.046 1/1 <0.046 1/1

Sunfish :illets 0.023 0/1 0.19 0/1 <0.050 1/1

Crappie Cakes 0.176 0/1 <0.46 1/1 0.44 0/1

Sunfish Whole 0.204 0/4 < 0.06 4,'4 0.665 0/4

Famine Osage Bass Fillets 0.005 0/1 <0.49 1/1 0.11 0/1

Slough

Carp Fillets 0.005 0/1 <0.048 1/1 • 0.12 0/1

Carp Whole * 0.11 0/1 < 3.4 1/1 < 2.8 1/1

Catfish Whole 0.120 0/1 < 0.048 1/ 1 0.20 0/1

Buffalo Whole 0.002 0/1 < 1.9 1/1 0.35 0/1

Sunfish Whole 0.006 0/1 < 2.0 1/1 8.9 O/1
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TABLE 8-2 Average Uranium and Metal Concentrations in Fish (Continued)

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

Background Species/sample Uranium Arsenic Lead

Locations type (pCi/g) I @ (_g/g) @ _g/g) @
| i II iiiii ii/ 1 I =_ ' .... i[ " = L iiii

Lake 33 Bass Fillets • < 0.10 1/ ! < 3.3 1/ 1 < 2.8 1/ 1

Bass Whole 0.002 0/1 <0,048 1/1 0.079 0/1
, ,, ,,,, , , ,,,,.

Carp Fillets 0.022 012 < 0.48 2/2 0.89 0/2
,r , ..... ,, ,t

Carp Whole 0.019 0/1 <0,46 1/1 1,1 0/1

Catfish Fillets 0.008 0/1 <0.50 1/1 <0.25 1/1
,., , , , |L ..

Catfish Whole 0.031 0/2 < 0.253 212 1.4 0/2

Crappie Cakes 0.001 0/2 <0.048 1/1 <0,048 I/1
,., ,,

Crapp,e Whole 0.009 011 <0.48 1/1 0.21 0/1
m= ' " I

Sunfish Whole 0.004 0/3 <0,5 3/3 1.3 0/3
, , ,, ,= _

Sunfish Cakes 0.004 0/1 < 0.49 1/1 0.44 0/1
,., , , ,, ,

Lake 37 Bass Fillets 0.001 0/1 <0.048 1/1 0.048 0/1
,. ,.,,

Bass Whole 0.002 0/2 < 0.047 2/2 0.28 0/2
,., ,,

Catfish Fillets <0.001 1/1 <0.048 1/1 <0.048 1/1
, .

Sunfish Whole 0.004 0/1 < 1 9 1/1 1.4 0/1

' Samples could not be reenelyzed at the lower detection limit due to insufficient sample material.
@ = Number of nondetects to total number of samples.

(8.9 pg/g) was found in whole sunfish taken from Femme Osage Slough. The highest

concentrations found for edible portions were 0.89/_g/g found in carp fillets from background

Lake 33 and 0.92/zg/g in sunfish cake samples from 'Lake 34.

8.3.1.2 Benthic Invertebrates and Zooplankton. Benthic invertebrates and

zooplankton were collected in 1992 as part of the aquatic biological screening investigation

required by DOE Order 5400.5. Benthic invertebrate biomass samples were also collected for

biouptake of uranium in order to assess the exposure to aquatic biota by ingestion of

invertebrates. The 1992 study compared species diversities and population densities for benthic

invertebrates and zooplankton at contaminated areas and background locations.

Benthic invertebrates and zooplankton were sampled from Frog Pond, Busch Lakes 34,

35, 36, and Femme Osage Slough, with Busch Lakes 26 and 33 serving as background locations.
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Invertebrates were also sampled from pool and riffle habitats at Little Femme Osage Creek,

Dardenne Creek, the Southeast Drainage, Burgermeister Spring, and at a background location.

Additionally, limnological samples were taken to characterize lake and stream habitats.

Surface water was analyzed for uranium, toxicity metals (As, Ag, Ba, Cr, Zn, Pb, Hg, and Se),

total suspended solids, nitrate, phosphate, chlorophyll a, pH, temperature, conductivity,

dissolved oxygen, and Secchi disk depths. Sediments were analyzed for uranium, toxicity

metals, and sediment type. Complete restllts tor the 1992 sampling event will be available in

a 1993 final report, which will discuss sampling locations and methods, results, interpretation,

and a comparison to the 1991 results. Preliminary results for biomass and for invertebrate and

zooplankton diversity and density are presented below.

Lake, stream, and spring locations sampled in 1992 exhibited significant differences

between contaminated and background sites (ESE 1993).

Biomass samples from lake locations consisted of the benthic families: Chironomidae,

Oligochaete, Hexigenia, Corbicula, and Sphaeriidae. Average 1992 concentrations in the lake

study areas ranged from 2.90 pCi/g in Oligochaete collected from Frog Pond to 25.0 pCi/g in

Hexigenia taken from Lake 36. Background concentration,, ranged from 0.29 pCi/g in

Chironomidae from Lake 26 to 1.20 pCi/g in a composite sam?le from Lake 33.

Biomass samples collected from spring and stream locattons were primarily composed

of Asellidae, Gammaridae, Chironomidae, Physidae, Decapoda, and Hydropsychidae. Average

detectable concentrations ranged from 0.45 pCi/g in Chironomidae from the Little Femme Osage

Creek to 29.0 pCi/g in a composite sample taken from Burgermeister spring. Average uranium

concentrations for biomass samples are presented in Table 8-3.

Diversity and density results indicated that zooplankton were primarily affected by the

sizes and depths of the lakes. Larger, deeper lakes contained limnetic and large zooplankton

rotifers, whereas the smaller, shallower lakes contained notably lower numbers of larger

411 zooplankton and different communities of rotifers. No significant difference was found in

densities or diversities of zooplankton between contaminated lakes and background lakes

(ESE 1993).
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TABLE 8-3 Average Uranium Concentrations (pCi/g) in Benthic Invertebrates
Sampled during 1991 and 1992

Location Benthic 1991 Uramum 1992 Uranium
Family Concentration Concentration

Femme Osage Slough Chlronomlds < 1 30 <0.68

Others 2.6 3.01

Frog Pond Others 0.57 9.40

Chlronomlds 21.0

Ol,gochaetes 2.90

Phys=dae 13.0

.ake 33 (background) Others .. 1.20

Lake 34 Chlronom_ds 0.56 < 2.30

EphemoDtera 2 86

Ohgochaetes < 2.30

Others 0.23

Lake 35 Ch,ronom_ds 6.80 7.70

Oligochaetes 12.2

Others 16.3 3.3

Lake 36 Ephemoptera 8.16

Hexagenla 25.0

Others 49.6 4.68

Lake 26 (background) Ch,ronomlds 0.29

Ephemoptera 0.184

Hexagema <0.76

Others < 0.048 < 3.40

Lake 37 (background) Chironom=ds 0 143 Not Sampled

Ephemoptera 0.075

Na_dadae <0.204 "

Others 0.218

Dardenne Creek Others R' 17.4
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TABLE 8-3 Average Uranium Concentrations (pCi/g)in Benthic Invertebrates
Sampled during 1991 and 1992 (Continued)

Location • Benthic 1991 Uramum 1992 Uranium
Family Concentration Concentratio,_

Little Femme Osage Chironomlds 0.45

Decapods <7.60

Ohgochaetes <34.0

Others <3.10 0.777

Burgermelster Spring ae 2.4

Gammarids R' 0.66

Ohgochaetes 9.30

Others 0.499 29.0

Southeast Drainage Asselhdae 5.35

Chlronomlds 10,0

Physadae <8.S0

Others 292 4.7

Background Spring Amph_pods, .014
Ephemoptera

Ohgochaetes/ 70
Chrlnomlds

Decapods <0 15

Gammar,ds 0.155

Others 0.80

"-" Family not represented from sampling location
R' Reiected by validation process

Other - Sample not represented by at least 7S% of any one famdy

There will be two changes in the 1993 aquatic biological investigations. First, due to the

culvert connection between the north and south arms of Femme Osage Slough, a background

location will be identified for future comparison studies. During previous studies, the samples

collected from Femme Osage Slough were interpreted as a gradient from the source of

contamination to the most distant sampling location in the slough. Second, because of problems

in evaluating the Southeast Drainage, a habitat evaluation will be conducted to determine the
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quality of habitat, and to determine whether results from the Southeast Drainage are indicative

of an impacted drainage. EPA protocols (Plat'kin 1989) will be used tor this evaluation.

8.3.1.3 Aquatic Vegetation. Aquatic vegetation was sampled in 1992 to support three

data objectives: (1) to determine whether fauna feeding on this vegetation are potentially exposed

to radionuclides above background levels, thereby addressing the human exposure pathway by

ingestion of game; (2) to support dose calculation for the Baseline Risk Assessment for the

Chemical Plant Area of the Weldon Spring Site (DOE 1992c) tor biological risk; and (3) to

fulfill preoperational monitoring requirements for the quarry water treatment plant at the
Missouri River out tall location,

Aquatic vegetation samples were collected from Frog Pond and analyzed for total

uranium. Vegetation samples were collected from the exposed sediments of Ash Pond where

deer are frequently sighted, and from Memorial Lake, which served as a background location.
J

Samples were analyzed for uranium, radium, and thorium.

The aquatic vegetation (macrophytes) collected from Frog Pond showed uranium

concentration of 37.0 pCi/g. Semi-aquatic vegetation samples (sedge-rosettes) collected from

Ash Pond had uranium concentrations of 0.730 pCi/g. The background location, Memorial Lake

had uranium concentrations of 0.014 pCi/g. The samples from Ash Pond and Memorial Lake

were not rinsed in order to reflect what a deer grazing on this vegetation would consume.

Radium and thorium results are presented in Appendix F, Table F-I.

A radiological dose to waterfowl was calculated on the basis of ingestion of aquatic

vegetation, benthic invertebrates, and surface water. Ducks were assumed to consume 100

grams of aquatic vegetation, 15 grams of insects, and 500 ml of water per day. Geese were

assumed to consume twice as much per day (DOE 1992c). The highest uranium concentrations

were used for aquatic vegetation (37 pCi/grams from Frog Pond), benthics (50 pCi/g from Frog

Pond), ,and surface water (4,420 pCi/1 from Ash Pond).

Aquatic vegetation samples were not collected from Raffinate Pit 4 and the Femme Osage

Slough, as stated in the Environmental Monitoring Report for Calendar Year 1992

(MKF and JEG 19920) based upon the Baseline Assessment fi_r the Chemical Plant Area of the

Weldon Spring Site stating there is minimal dose to waterfowl foraging on aquatic vegetation

from on-site water bodies (ANL 1992). Additional aquatic sampling of vegetation from Femme
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Osage Slough will be addressed in the work plan tor the Weldon Spring Quarry residuals

remedial investigation.

Aquatic and terrestrial vegetation samples which were to be taken from the Missouri

River were required for preoperational monitoring by the National Pollution Discharge

Elimination System (NPDES) permit. Aquatic vegetation samples could not be collected at the

quarry water treatment plant pipeline discharge point due to high water levels caused by frequen_

flooding in 1992. Algae were not established along the river edges and were never abundant

enough to allow the collection of samples. Terrestrial vegetation samples consisting primarily
of cottonwood and willow saplings, trumpet creeper, and grape vine were collected in May,

August, and October, and analyzed tor uranium. Uranium concentrations were 0.32 pCi/g,

0.31 pCi/g, and 0.045 pCi/g, respectively. These results will be used as background samples

to compare with samples collected while the quarry water treatment plant is in operation.

Wetland determination surveys were continued in 1992 at Ash Pond, Frog Pond, and the

raffinate pits. Further documentation is presented as part of the RI/FS documentation for the

chemical plant, A determination was made in 1991 that wetlands at the chemical plant are not

regulated under the U.S. Army Corps of Engineers, although they may require mitigation under

the NEPA. Wetland surveys at the chemical plant were completed in 1992, and information is

currently being used to develop a mitigation plan tor chemical plant wetlands. This plan will

be presented as part of the Record _fDecision (ROD) for the chemical plant in late 1993.

8.3.1.4 Waterfowl. Waterfowl were surveyed at the Weldon Spring site and at

background ponds and lakes to identify the species and determine the time each spent on site.

These surveys were performed to support baseline risk assessment studies for the chemical plant

RI/FS and to provide data to calculate the radiological dose to humans from consumption of

game biota utilizing on-site waters.

In addition to ,.m-site surveys, waterfowl counts were taken at the Femme Osage Slough

and Missouri River to provide data for the Weldon Spring Quarry Residual Operable Unit as

described in Section 2.4.3. Prairie Lake served as the background location. Surveys were

conducted on an average of four days per month from April through October and on two days

per month in January, February, November, and December. Resident species were the focus

of the surveys since these individuals have the greatest probability of spending time on these
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waterbodies. Resident species for east-central Missouri include Canada geese, mallards, and
wood ducks.

Sightings during 1992 indicated that the site aquatic habitats were used by waterfowl for

resting, foraging, and nesting. Raffinate Pit 4 attracted most of the waterfowl, because it has

the largest surface area and plenty of aquatic vegetation, offers protection from winds, and is

relatively protected from construction activities due to the high berms of the pit. The highest

number of resident species was tbund in November 1992 and averaged 24 individuals. The

greatest number of individuals of all species observed occurred in November of 1992 with a

monthly total of 174 and a survey-day average of 35. A total of 10 goslings (with three pairs

of adult Canada geese), two Mallard ducklings, and 12 wood ducklings were observed at Pit 4

during the spring and early summer. The individuals were sighted several times in June through

August. A list of species found at the site ponds and raffinate pits can be found in Table F-2

in Appendix F.

The highest monthly total of waterfowl at Femme Osage Slough was recorded in May

with 85 individuals. The survey day average was 21 individuals. The blue-winged teal was the

only non-resident species observed at the slough in 1992.

The Missouri River had its highest number of waterfowl during April, with a total of 121

and a survey-day average of 30 individuals. This high count occ,,trred on a single occasion when

a flock of 100 green-winged teals were observed on the Missouri River. The green-winged teal,

American coot, and snow goose were non-resident species observed on the Missouri River.

Prairie Lake (the background location) is in the Weldon Spring Wildlife Area and was

used by migratory and resident waterfowl. March showed the greatest number of individuals

with a total of 130 and a survey-day average of 65. In addition, three pairs of Canada geese

were observed with a total of 11 goslings from May through July 1992. Table F-2 in

Appendix F provides a complete list of species observed.

The species observed at both on-site and off-site locations were indicative of resident

species and migrating species for east central Missouri. Raffinate Pit 4 and Prairie Lake were

similar in the number of species observed and in breeding occurrences. Few individuals were

observed on Raffinate Pits 1, 2, and 3 during surveys. This is probably due to increased

construction activities associated with the site water treatment plant and temporary storage area
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(TSA). Ash Pond was dry in August through October. Frog Pond had very little activity,
which is attributable to its small surface area.

Resident species generally accounted for most of the individuals observed. Water bodies

on site were occupied year round by mallards, wood dttcks, and Canada geese. Prairie Lake

showed similar results with occupation by mallards and Canada geese during 9 months. Femme

Osage Slough was predominately used by wood ducks from April through July, with only limited

use by Canada geese and mallards. The Missouri River was utilized infrequently by resident

species, with Canada geese being observed for the longest period of time, four consecutive
months (Appendix F, Table F-3). The pied-billed grebe (State rare) is the only listed waterfowl

species and was not observed at any survey location in 1992.

Waterfowl samples were not collected in 1992, although planned for in the Environmental

Monitoring Plan. The radiological risk from htttnan ingestion of waterfowl was well below the

EPA's target risk range (DOE 1992c). Measured values in these calculations were from the

1990 sampling, although the duration of time spent on site by sampled waterfowl was not
known. The measured concentrations in the samples were compared o modeled concentrations

using 365 days as the amount of time the chetnical plant ponds were used by waterfowl. It was
determined that the radiological risk was within the EPA target r_,k range for both the measured

and modeled estimates. In addition, the dose calculated for waterfowl was less than the

I rad/day specified in the regulatory guide (DOE 1992c). Tl:erefore, no further surveys or

sampling is planned for waterfowl at the chemical plant.

8.3.1.5 Turtles. Blanding's turtle, Emydoidea blandin.gii, is a semi-aquatic turtle on

the Missouri Rare and Endangered Species List as a State endangered species (MDOC 1992).

Blanding's turtle is more frequently sighted in northeastern Missouri and in the northern part of

the United States, and was not previously known to exist in this area. However, in 1991,

individuals of this species were sighted in the Busch Wildlife Area, and there is habitat at the

chemical plant which could support this species.

The alligator snapping turtle, Macroc/emys remminckii, is a candidate for Federal listing

and is a Missouri State rare species. This species would not be expected at the chemical plant

and raffinate pits, but suitable habitat does exist at Femme Osage Slough. In order to determine

the presence or absence of these listed species, surveys were conducted at the chemical plant mad

raffmate pits and surrounding areas.
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8.3.2 Terrestrial Monitoring

The primary route of exposure from contaminated terrestrial systems is by air deposition.

Since above-background concentrations of airborne radionuclides have not been observed off

site, activities were designed to documen' current conditions and to characterize the terrestrial

habitats. Terrestrial fauna utilize conta._inated surface waters or consume potentially

contaminated flora and fauna. Characterization studies were conducted to identify exposure

pathways and to determine whether further activities were necessary.

8.3.2.1 Birds. In order to support RI/FS baseline risk assessments and assess site

conditions prior to remediation activities, bird surveys were conducted at 15 locations on the

Weldon Spring site, Busch Wildlife Area, and the Weldon Spring Wildlife Area. Additional

information was required to determine if any threatened or endangered species were utilizing the

chemical plant area. Surveys consisted of 15-minute observation periods conducted on a

bimonthly basis. Audio and visual observations were recorded.

The most common species found in the chemical plant and raffinate pits areas were those

that can utilize a number of different types of habitats and would be considered generalists, such

as the northern cardinal, American robin, and bluejay. The raffinate pits attracted water species

such as the spotted sandpiper and the barn swallow. In the wooded areas near Ash Pond, the

north dump, and Frog Pond, species that utilize deciduous fore_,t habitats were found, including

the pileated woodpecker, wood thrush, and yellow-billed cuckoo. The list of species observed

for all locations can be found in Appendix F, Table F-5.

During the on-site surveys, three State-listed species were observed: Swainson's hawk,

Buteo swansoni (endangered); the brown creeper, Certhia americana (status undetermined), and

Cooper's hawk, Accipiter cooperii (rare).

The surveys at the quarry recorded species typical ira urban areas and tolerant of

disturbance. This was to be expected given the remedial activities being performed in the area.

Species found included northern cardinals and black-capped chickadees.

Results of surveys conducted at vicinity locations showed species representative of each

area's habitat. The drainage areas, such as the Southeast Drainage, had species like the worm-

eating warbler and the ovenbird which tend to prefer a more dense deciduous forest habitat. The
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Turtle surveys were conducted during August, September, and October of 1992. The

surveys consisted of trapping turtles in a variety of locations at the Weldon Spring site, Busch

Wildlife Area, and the Weldon Spring Wildlife Area. The locations were Raffinate Pit 4 and

Frog Pond; Femme Osage Slough and Pond 2A on the WeLdon Spring Wildlife Area (see

Section 10.2.1), and Lake 36 and Memorial Lake irl the Busch Wildlife Area.

Standard turtle nets with a nylon mesh hoop and a diameter of 0.76 m (2.5 ft) and a mesh

size of 6.4 cm to 8.9 cm (2.5 in. to 3.5 in.) were used, Traps were placed 0.3 m (1 ft) below

the surface of the water and baited with fish. Typically, traps were placed and rebaited for three

successive days. All captures were released after field data were documented.

Raffinate Pit 4 was trapped five nights and Frog Pond was trapped four nights. A total

of 10 turtles were captured at the oa-site locations with an average of two individuals in

Raffinate Pit 4 and less than one per day in Frog Pond. Two species were trapped at these on-

site locations: the common snapping turtle and the red-eared sl(der.

At the Busch Wildlife Area, Lake 36 was trapped five nights, but no individuals were

captured. This was probably due to the foraging behavior of a large number of grass carp

stocked at the lake which resulted in the loss of vegetated areas tor turtles. Memorial Lake was

trapped 18 nights producing a total of 72 turtles with an average of four individuals per day,

including three species: the common snapping turtle, red-eared slider, and western painted
turtle,

Trapping at Femme Osage Slough resulted in the highest number of turtles captured. In

10 nights 148 individuals w_re captured for an average of 15 individuals per day. The highest

number trapped in one night was 26 individuals. A total of five species were captured (see

Appendix F, Table F-4). The large population in the slough was probably due to proper habitat,

food supply, and proximity to the Missouri River.

No species listed on the Federal or State endangered list were found during site surveys.

Five species were captured during 1992 surveys. These species are ali commonly found in

habitats of eastern Missouri. Results are presented in Appendix F, Table F-4. The turtle

surveys were conducted to support the ecological assessment for the chemical plant in support

of the ROD. No further investigations will be conducted tinder the DOE environmental

monitoring plan.
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agricultural fields, in contrast, recorded species that prefer open habitats ,, _d fence rows

including the orchard oriole and the song sparrow.

Two Federally listed species were sighted in 1992, the bald eagle, Haliaeetus

leucocephalus, and the loggerhead shrike, Lanius hMovicianus. The bald eagle is a Federally

endangered species, and was observed several times along the Missouri River in January and

February 1992. Howell Island, located across the Missouri River from the St. Charles County

well field, is a known overwintering location for bald eagles. The loggerhead shrike, a

candidate on the Federal listing, was observed in fields I and 5 of the Weldon Spring Wildlife

Area, located northeast of the chemical plant and in the St. Charles County well field.

Loggerhead shrikes are found typically in agricultural habitats. Bird species observed during

site surveys and listed on Federal and State endangered species list are shown in Table 8-4.

Quarterly owl surveys 'were also conducted in and around the site at five locations to

determine if State and Federal species are using these areas. Additional owl surveys were

conducted to support special biological studies in the areas of the water treatment plant pipeline,

the quarry haul road, and the borrow area. Surveys were done after dusk during full moons.

Taped owl calls were used to elicit responses at each location. Both audio and visual encounters
were recorded for the total number of individuals. The gre,tt-horned owl, barred owl, and

eastern screech owl recordings were played at ali locations. Depending upon habitat and time

of year, three State listed species, the barn owl, Tyro alba, (St,_te rare); short-eared owl, Asio

flammeus, (State endangered); and long-eared owl, Asio otus, (status undetermined) calls were

also played. Results of these surveys are presented in Appendix F, Table F-6.

The barred owl was the most common species encountered at all survey locations and is

a typical species in eastern Missouri. The great-horned owl and eastern screech owl were also

observed. No long-eared, short-eared, or barn owls were recorded during surveys, although the

Busch Wildlife Area reported observations of long-eared owls in pine tbrested areas. Long-

eared owls were likely not found during site surveys due to the lack of coniferous forest habitat.

The most recent sightings of the barn owl and short-eared owl in St Charles county were from

Marais Temps Clair, which is approximately 39 km (24 mi) northeast of the site.

Avifauna surveys were conducted in support of the ecological assessments for the

chemical plant and quarry. No further investigations will be conducted under the DOE

environmental monitoring program.
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TABLE 8-4 Rare and Endangered Species Sighted at the Weldon Spring Site and
Surrounding Areas

Species Federal Status State Status Locat,on(s) Observed

Bald Eagle Endangered Endangered Missouri RiverJ

Brown creeper Status Undetermined WSCP/WSRPSoutheast drainage
Burgermelster spring

Cooper's hawk Rare WSCP/_/SRP andWSWA - fields 1 and S

Loggerhead shrike C2 {al Watch hst WSWA - fields 1 and SSt. Charles County Well field/Slough

Mississippi kite Rare WSWA - fields 1 and 5

Northern harrier Endangered St. Charles County Well field

Osprey Extirpated Burgermelster Spring

Swainson's hawk 3C ib) Endangered St. Charles County Well field/Slough
WSCP/_NSRP

a Candidate for Federal listing
b Proved to be more abundant and therefore not Federally hsted

8.3.2.2 Small Mammals. Small mammals were _clected as indicator species to

represent potential exposure to terrestrial biota from ingestion of vegetation, crops, and soils.
Small mammals are prey for top carnivores such as hawks, coyotes, and many threatened and

endangered species. Small mammals were selected as indicator species because they are locally

abundant, easily collected, have a limited range, and have the potential for high exposure. Small

mammals are exposed to contaminated soil and surface waters by their close proximity to soils

and through burrowing behavior, and therefore serve as appropriate indicator species. Although

dermal absorption is not considered a complete pathway, it is still a factor as a possible exposure

route to terrestrial organisms, since small mammals tend to burrow.

Small mammals were surveyed at 16 locations over 12 trap nights (MKF and JEG 1992j).

Locations were established on the site and surrounding areas. Reference locations were also

established based on similar habitats. Figures 8-2 and 8-3 show the small mammal study

locations at and near the chemical plant and quarry. Each individual captured was identified as
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to species, sex, and age; measured for total length; weighed; ear tagged; and released.

Mammals and soil samples were also collected from each location and analyzed for total

uranium, Th-228, Th-230, Th-232, Ra-226, and Ra-228. In addition, soils were analyzed for

toxicity metals. Location 6 was eliminated from the study due to farming disturbance. No

animals were trapped at the upper area of the Southeast Drainage during the study period due

to predation of the traps by other tnammals. Predation was noted to a lesser extent at

background Location 8, the north dump, and Frog Pond drainage.

The most common species encountered was the deer mouse, Peromyscus maniculatus,

making up 83% of the total captures. The white-footed mouse, Peromyscus leucopus, was the

second most abundant species (7%). The remaining 10% consisted of four other species: the

harvest mouse, Reithrodontomvs me_,alotu.v; the prairie vole, Microtus ochrogaster; the house

mouse, Mus mu_culus; and the shorttail shrew, B/arina brevicausa.

Although the deer mouse and white footed mouse utilize similar habitats, the deer mouse

tends to prefer open areas such as cultivated fields and fence rows, while the white-footed mouse

is usually found in more wooded areas (Schwartz 1981). The ranges of the two species of

Peromyscus rarely overlap. The results confirm this with PenmTvscus maniculatus dominant at

ali sites. Population results from the background and contamit_,tted sites were inconsistent and

variable. In general, no significant differences were found in the sex ratios of P. maniculatus
from control and contaminated sites (Bethel et al. 1993).

Radiological results for small mammals were obtained from ali locations except the upper

Southeast Drainage, background drainage, Ash Pond, and Frog Pond drainage (locations 9, 11,

12 and 14). No individuals were caught on the days mice were collected for laboratory

analyses.

Average uranium concentrations ranged from <0.068 pCi/g to 0.17 pCi/g at Vicinity

Property 9 (Location 2). Ra-226 and Ra_228 values were ali less than the detection limits.

Although the Ra-228 values are reported, they were rejected by the validation process. Th-228

concentrations are less than the detection limits. Th-230 values ranged from <0.01 pCi/g to

0.10 pCi/g. Th-232 values were ali less than the detection limits, with one exception from the

St. Charles County well field adjacent the Femme Osage Slough of 0.02 pCi/g.
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RadiologicalresultsforsoilsshowedelevatedlevelsofuraniumatsitesI0,12,13,14,

and 15,withthehighestconcentrationof36.08pCi/gatSite12,Ash Pond. Slightlyelevated
Ra-226concentrationswerealsofoundatSitesI0 and 12. No elevatedlevelsofTh-228or

Th-232werefound.RadiologicalresultsarepresentedinAppendixF,TableF-7.

Metalresultsforsoilshowednoelevatedlevelsabovebackgroundatthestudylocations,

withtheexceptionof Location4. Thislocationhad abovebackgroundconcentrationsof

cadmium,lead,andzinc.AnalyticalresultsformetalscanbefoundinAppendixF,TableF-8.

8.3.2.3 Large Manunals. A deer study was conducted to support dose calculations to

humans from ingestion of terrestrial biota. Population size, composition, and the concentration

of radionuclides were determined for deer residing at the chemical plant and raff'tnate pits site.

The estimate of the total number of individuals was based upon observations from vehicle,

spotlight, and fixed-point surveys. The observations were used to characterize the on-site

population in terms of size, movement patterns, health of herd, and site usage.

A total of 27 surveys were made from vehicle and fixed-point locations. Most

observational periods were conducted at sunrise and sunset for an hour and a half.

Surveys indicated that approximately 20 individuals comprise the chemical plant

population. Of these, four are adult males, six are adult females, five are yearling females, and

five are fawns. An average of 15 deer per night were observed during four spotlight surveys.

It was determined that the deer spend most of the day near wooded or covered areas in the north

and west portions of the chemical plant and avoid construction areas. In contrast, at night most

deer are observed closer to construction areas, in the open field areas near the raffinate pits, and

near the buildings. Their activity was shown to be significantly heightened at night.

Samples were collected from deer killed accidentally at locations both on and off site.

Four deer were collected on site; three adults and one juvenile. Samples were also collected

from Highway 94 near the Francis Howell High School 1.6 km (1 mi) north of the chemical

plant. A second background sample was collected from Macon County, Missouri, from hunter
donations.

Bone, flesh, and organ samples were analyzed for uranium, radium, and thorium.

Overall, the radionuclides concentrations found in deer samples were low. The greatest
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concentrations were reported for Ra-226 at 1.84 pCi/g and Ra-228 at I. I I pCi/g which were

found in bone samples from the chemical plant area. Radium, as well as uranium and thorium,

tends to accumulate primarily in bone tissues and is expected to be found at the highest

concentration. The concentrations found in muscle samples from deer at off-site properties were

0.005 pCi/g for uranium and < 0.28 for Ra-228. Ali results are presented in Appendix F and
Table F-9.

8.3.2.4 Vegetation. Vegetation surveys were conducted to characterize plant species

and habitat type and condition, and to identify habitats that support, or could support, State and

Federal rare or endangered species. These surveys documented the presence of tree and

herbaceous species and the percent of vegetative and canopy cover. Survey efforts during 1992

were concentrated within the chemical plant and raffinate pits area.

Surveys were conducted by using quadrants established along transects for each location.

The transects were placed evenly along a baseline for each area. Trees and herbaceous

vegetation were surveyed by using 100 m2 quadrants and 1 m2 quadrants respectively; both were

placed at set increments along the transects in accordance with WSSRAP procedure

ES&H 4.4.6, Vegetation Surveys. Qualitative notes were also completed for grass species. A

list of vegetation at the chemical plant and raffmate pits can be found in Appendix F,
Table F- 10.

8.3.2.5 Agricultural. The Environmental Regulatory Guide for Radiological Effluent

Monitoring and Environmental Surveillance (DOE 1991) and DOE Order 5400.5 requires the

analysis of "foodstuff" (crops and daily products) within a 16 km (10 mi) radius of ali DOE

facilities (Figure 8-4). The DOE has also established a decreasing order of importance for

foodstuffs ranging from milk as the most important, through vegetables, meat, eggs, and grain

to fruit as the least important. Since there is only one commercial dairy farm within the study

area, and no known commercial poultry farms, only agricultural crops were sampled. Seventeen

percent of the surrounding Busch, Weldon Spring, and Howell Island Wildlife areas consists of

cropland (MDOC 1991). These areas most commonly produce such agricultural products as

corn, soybeans, milo, wheat, and sunflowers. The crops grown on MDOC property are not

produced for direct human consumption, but are used for livestock feed or left in the field for
wildlife.
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Agricultural crops were selected for Tier-1 sampling. If elevated concentrations were
found in these products, then meat, eggs, and milk products produced by animals consuming

these crops would be sampled. Additionally, trends in environmental contamination would be
monitoredto determinepossible long-term accumulation of radionuclides. This information will

help to determine the need for second tier sampling, which includes milk, beef, eggs, poultry,
pork and wild game.

Agricultural sampling was conducted during September, October, and November, 1992.

Crop samples consisted of corn, soybeans, and milo. Soil samples were also collected at each
agricultural sampling location. Both agricultural and soil samples were analyzed for total

ur_,.nium,isotopic thorium, Ra-226 and Ra-228.

Average uranium concentrations for ali agricultural products from the study area ranged

from 0.001 pCi/g within the 6-8 km (3.7-4.9 mi) interval to 0.005 pCi/g within the 4-6 km
(2.4-3.7 mi) interval. Average concentr_ttions from the background locations ranged from

0.008 pCi/g to 0.037 pCi/g. Average soil concentrations ranged from 1.3 pCi/g within the 10-
12 km (6.2-7.5 mi) interval to 2.18 pCi/g in the 0-2 km (0-1.2 mi) interval. Average

background soil concentrations ranged from 1.1 pCi/g to 1.8 pCi/g. A summary of the

agricultural and soil data can be found in Appendix F, Tables F-11 ano F-12.

Initial statistical analysis of the data indicated that the concentration of uranium in

agricuWturalp_'oductsis not dependent upon the type of crop, but upon the sample type: kernel,

grain, cob, t,: stalk. Uranium concentrations were found to be significantly higher in

background samples when compared with samples taken within the 16 km (10 mi) radius. The
concentration of uranium was also compared to distance from the chemical plant and quarry at

2 mile intervals. No significant difference was found in sample concentrations based on distance
from source.

Preliminary review indicated that samples collected from background locations with the

significantly higher concentrations of uranium were probably attributable to sampling methods.
Most of the background corn fields were harvested prior to sampling and therefore samples were

collected from the ground. Although sampling methods require visible dirt to be rinsed from

the samples, the results indicated that some soil may have remained on the samples. Complete

results and interpretation will be available in a report to be published in 1993.
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Although the corn sampled was not produced for human consumption (but for livestock

feed), a committed effective dose equivalent was calculated at 0.03 mrem/yr. This dose was

based on an individual consuming 186.6 g (6 oz) of corn once a week over one year and using

the highest uranium concentration found in corn kernels, 0.111 pCi/g. This dose was less than

the annual effective dose of < 1 mrem/yr, Therefore, based upon DOE guidance for dose from

foodstuffs of < 1 mrem/yr, surveillance sampling instead of annual sampling will be conducted

in the future. The surveillance program will concentrate on collecting better background

samples and samples from fields in the St. Charles County well field.

, s.4 Highligh

* Uranium concentrations ranged from 0.001 pCi/g to 0.558 pCi/g in edible portions of

fish sampled in 1992.

* Aquatic monitoring of invertebrates in lakes surrounding the site indicated that there

was little significant difference in population densities or species diversity that could
be attributed to uranium contamination in the lakes.

• Several Federal and State threatened and endangered species were observed during

bird surveys conducted in the vicinity, including the bald eagle, leggerhead shrike,

Swainson's hawk, brown creeper, Cooper's hawk, Mississippi kite, northem harrier,

and osprey.

• Uranium concentrations in agricultural samples were less than 0.05 pCi/1. Initial

statistical analysis and evaluation of the data indicated that additional sampling is

required to establish background concentrations.

• Deer samples were obtained from site and off-site locations to support surveillance

monitoring activities. Uranium concentrations found in muscle tissue were 0.005

pCi/g.
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9 ENVIRONMENTAL QUALITY ASSURANCE PROGRAM INFORMATION

9.1 Program Overview

The Environmental Quality Assurance Program includes management of the quality

assurance/quality control programs, plans, and procedures governing environmental monitoring

activities at the Weldon Spring Site Remedial Action Project (WSSRAP) and at the subcontracted

off-site laboratories. This section discusses the environmental monitoring standards at the

WSSRAP and the goals for these programs, plans, and procedures.

The purpose of the Environmental Quality Assurance Program is to provide the WSSRAP

with reliable, accurate, and precise monitoring data. The program furnishes guidance and

directives to detect and prevent quality problems from the time a sample is collected until the

associated data is evaluated and utilized. Key elements in achieving the goals of this program

are compliance with Quality Assurance Program and Environmental Quality Assurance Program

procedures, personnel training, compliance audits, use of quality control samples, complete

documentation of field activities and laboratory analyses, and review of data documentation for

precision, accuracy, and completeness. Lists of the major programs, plans, and procedures in

piace at the WSSRAP are in Sections 9.1.1 through 9.1.7.

9.1.1 Quality Assurance Program

The Project Management Contractor Quality Assurance Program (QAP)

(MKF and JEG 1992q) establishes the quality assurance program for activities performed by the

Project Management Contractor (PMC). The QAP requires compliance with the criteria of DOE

Order 5700.6C as specified in the PMC contract DE-AC05-860R21548. The QAP has been

reviewed and approved by PMC management, the PMC Project Quality Manager, and the DOE

Project Manager.

Compliance with the DOE Order 5700.6C criteria is ensured through quality assurance

(QA) audits, QA surveillance, and implementation of the WSSRAP Self Assessment Program.

The QAP is the overall guide for controlling and documenting the quality of work at the

WSSRAP. This document requires that specific plans and'procedures be generated to address

Quality Level 1 and Quality Level 2 work activities and inspection criteria. These plans and

procedures specify the requirements of all applicable documents, codes, standards, and
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regulations. Quality Level 1 activities are items, processes, or services whose failure would

cause an unacceptable impact or risk to the safety or health of the public of the environment.

Quality Level 2 activities are items, processes, or services whose failure would degrade the

performance or reliability of operations, data or deliverables.

9.1.2 Environmental Quality Assurance Project Plan

Environmental compliance issues applicable to the WSSRAP are addressed in the

WSSRAP Environmental Quality Assurance Project Plan (EQAPjP) (MKF and JEG 1992g)

which outlines the specific U.S. Environmental Protection Agency/Quality Assurance

Management Staff (EPA/QAMS) 005-80 Quality Assurance requirements for characterization

and routine monitoring at the WSSRAP. The EQAPjP does not supersede the QAP, but rather

expands on the specific requirements of environmental monitoring and characterization activities.

The primary purpose of this document is to provide a cotnplete and accurate framework

of information for assessing the amount and extent of hazardous materials present at the site. The

EQAPjP is also supported by standard operating procedures (SOPs), the Environmental Safety

and Health Plan (MKF and JEG 1992s), the Environmental Monitoring Plan (EMP) (MKF and

JEG 1992o), and sampling plans written for specitic environmental tasks.

9.1.3 Environmental Data Administration Plan

The Environmental Data Administration Plan (EDAP) (MKF and JEG 1992d) summarizes

SOPs and data quality requirements for collecting and analyzing environmental data. The EDAP

describes administrative procedures for managing environmental data and governs sampling plan

preparation, data verification and validation, database administration, and data archiving.

Guidance on developing data quality objectives (DQOs) for specific investigations is also

detailed. The EDAP does not supersede the EQAPjP, but details its specific requirements.

9.1.4 Environmental Monitoring and Quality Assurance Standard Operating Procedures

SOPs have been developed for routine activities at the WSSRAP. Environmental

: monitoring SOPs are generally administered by the Environmental Safety and Health (ES&H)

Department, and Quality Assurance SOPs are administered by the Project Quality Department.

These two departments are responsible for most SOPs used to administer the environmental
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quality assurance program described in this section. Controlled copies of SOPs are maintained

in accordance with the document control requirements of American Society of Mechanical

Engineers (ASME) NQA-I (1989). All SOPs are reviewed at least annually and revised as

appropriate.

Ali SOPs have been developed from U.S. EPA and DOE guidance and standard industry

practices (applicable ASME NQA-1 criteria) and are specific to the WSSRAP. SOPs applicable

to environmental monitoring and quality assurance activities at the WSSRAP are listed in

Table 9-1. These procedures cover ali activities from groundwater sampling through chain-of-

custody and provide detailed instructions to environmental monitoring personnel. All procedures

that require data or sample acquisition include requirements for ensuring the quality of the data

or samples.

9.1.5 Use and Presentation of Data

Analytical data are received from subcontracted analytical laboratories. In 1992, and

since 1987 when routine environmental monitoring began, data have been reported as not-

detected ("ND") when concentrations were measured as less than the required detection limit of

the analytical methods or instrumentation. Few less-than-detection-limit values (or uncensored

values) were reported by the laboratories and no "less-than" values were maintained in the

WSSRAP data management system. Where uncensored data were available, they were

maintained in the "comments" field of the electronic data base. The U.S. Department of Energy

(DOE) document, Environmental Regulatory Guide ,fi_r Radiological Effluent Monitoring and

Environmental Surveillance, (DOE 1991) recommends that uncensored data be used for

environmental monitoring and dose estimate reporting. In 1992, the procedures were changed

as a corrective action for the functional appraisal finding EMON-90-10-19-F.

Uncensored 'data have been used in all reporting and calculations for this Annual

Environmental Report where available. This type of data is designated by parentheses around

the data value, for example "(1.17)". If uncensored data were not available, nondetect data were

used in calculations of averages at a value of one-half the detection limit (DL/2). The EPA

recommends the use of the DL/2 value for statistical manipulation of data when the percentage

of nondetects in the data set is small, and uncensored data are not available (EPA 1989). In

addition, ali averages and summary calculations include the ratio of nondetect data versus the

total number of samples (e.g., 1:4) as required under the corrective action plan.
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TABLE 9-1 Procedures Applicable to Environmental Monitoring Ac_;';Jties

Procedure Number Procedure Title

ES&H 1.1.7 Reporting Above Normal Values from Environmental Monitoring Networks

ES&H 4.1.1 Environmental Numbering System

ES&H 4.1.2 Chain of Custody

ES&H 4.1.3 Sampling Equipment Decontamination

ES&H 4.1.4 Quality Control Samples for Aqueous and Solid Matrices

ES&H 4.3.1 Surface Water SampJing

ES&H 4.4.1 Groundwater Sampling

ES&H 4,4,2 Groundwater Level Monitoring and Well Integrity Inspections

ES&H 4,4,5 Soil/Sediment Sampling

ES&H 4,4.6 Vegetation Su,'veys

ES&H 4.5.1 pH and Temperature Measurements in Water

ES&H 4.5.2 Specific Conductance Measurement in Water

ES&H 4.5.7 Measurement of Settleable Solids

ES&H 4.5.8 Water Sampling Filtering

ES&H 4,6,1 Area TLD Deployment for Environmental Sampling

ES&H 4.6.2 Radon Concentrations Measurement in Ambient Air

ES&H 4.6.4 Constant Flow Air Sampler Operation and Sample Filter Handling

ES&H 4.6.6 Constant Flow High Volume Air Sampler Operation and Sample Filter Handling

ES&H 4.9.1 Environmental Monitoring Data Verification

ES&H 4.9.2 Environmental Monitoring Data Validation

CM&O-15 Task-Specific Safety Assessments

RC-30 Monitoring Well Waste Management

SQP-1 Site Wide Audit Tracking System

SQP-2 Quality Assurance Surveillance

SQP-7a Quality Assurance Records

SQP-9 Inventory, Validation, and Transfer of Quality Assurance Records for Retention

SQP-IO Collection, Review, and Temporary Storage of Quality Assurance Records

SQP-14a Nonconformance and Corrective Action

SQP-18a Independent Assessments
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Laboratory contracts are being modified where possible, to provide uncensored data.

New laboratory specifications require the reporting of uncensored data, where possible. These
contracts are scheduled to be awarded in mid-1993.

9.1.6 Training and Audits

Training of all personnel utilizing SOPs, programs, and plans is tracked by the Project

Training and Improvement (PTI) Group. Training includes procedure review, classroom

training, and "hands on" training under the supervision of qualified individuals. The training

is tracked on a training matrix for each individual. Managers identify SOPs, plans, and

programs on which each individual must be trained. As procedures are revised, these matrixes

are updated and personnel are retrained.

The environmental programs are audited by the Project Quality Department. Audits

include self assessments, surveillances, and formal audits. They evaluate compliance with

environmental programs and generate audit reports to track deficiencies and corrective actions.

The WSSRAP is also audited routinely by external organizations including DOE Headquarters

and the DOE Oak Ridge field office. The external audits assess compliance with applicable

regulations, DOE Orders, and site plans and procedures. Ali audit reports, deficiencies, and

corrective actions are tracked using the Site Wide Audit Tracking System (SWATS).

9.1.7 Subcontracted Off-Site Laboratories Programs

Subcontracted off-site laboratories that performed analyses used in the preparation of this

report used Contract Laboratory Program (CLP) methodologies. For certain analyses (such as

radiochemical and wet chemistry) the laboratories are using EPA 600 (drinking water), EPA 900

(radiochemical analysis of drinking water), or methods that are reviewed and approved by the

PMC prior to analysis of each sample. Each of the subcontracted off-site laboratories has

submitted a site-specific Quality Assurance Project Plan (QAPjP) to the WSSRAP and controlled

copies of their standard operating procedures (SOPs). The QAPjPs and SOPs are reviewed and

approved by the PMC before any samples are shipped to the laboratory. Changes to the

standard analytical protocols or methodology are documented in the controlled SOPs. Ali of the

laboratories currently being used by the WSSRAP have had a preliminary assessment of their

facilities to make sure that they have the capability to perform work according to the

specifications of their contracts. Quality Assurance audits are performed annually to inspect the
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laboratory facilities and operations, to ensure that the laboratories are performing analyses as

specified in their contracts, and to check that WSSRAP data documentation and records are

being properly maintained.

The site-specific QAPjPs from laboratories identify standard practices that ensure that the

laboratories are performing high quality work. The laboratories must demonstrate compliance

with additional QA/QC requirements as specified in their contracts. These include sample

preparation and analytical methods; calibration of instrumentation; periodic inspection,

maintenance, and servicing; statistical procedures to control precision and accuracy; corrective

action programs; participation in the external DOE and EPA Performance Audit Program;

maintenance and storage of WSSRAP records; hard copy and electronic formatting; and

notification of nonconforming issues.

The laboratory SOPs provide detailed information about internal policies on standard

analytical protocol and methods. These SOPs tell analysts exactly how to perform the work and

how to calculate, reduce, and record pertinent information.

9.2 Applicable Standards

Applicable standards for environmental quality assurance include: (1) use of the

appropriate analytical and field measurement methodologies; (2) collection and evaluation of

quality control samples; (3) accuracy, precision, and completeness evaluations; (4) and

preservation and security of ali applicable documents and records pertinent to the environmental

monitoring programs. Each of these standards is briefly explained in Sections 9.2.1 through
9.2.4.

9.2.1 Analytical and Field Measurement Methodologies

Analytical and field measurement methodologies used at the WSSRAP comply with

applicable standards required by the DOE, EPA, and the American Public Health Association.

Analytical methodologies used by subcontracted laboratories for environmental monitoring follow

the EPA CLP requirements (metal and organic methodologies) and the EPA drinking water and

radiochemical methodologies. Field measurement methodologies typically follow the American

Public Health Association Standard Methodologies for the Examination of Water and Wastewater

(APHA 1992).
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9.2.2 Quality Control Samples

Quality control samples for environmental monitoring are collected in accordance with

WSSRAP SOPs that specify the frequencies of quality control sample collection. Quality control

samples are taken in accordance with the EPA CLP (EPA 1988b) and DOE guidance documents.

Following are descriptions of the QC samples collected at the WSSRAP.

Distilled Water Blank: A blank that monitors the purity of distilled water used for field

blanks and decontamination of sampling equipment.

Field Blank: A blank that monitors potential contaminants, such as dust or volatile

compounds, that may be introduced at the site of sample collection. Field blanks are

collected in the field at the time of sample collection activities.

Equipment Blank: A blank that monitors the effectiveness of procedures used to clean

sampling equipment prior to collecting a sample. Equipment blanks include both rinsate
and filter blanks.

Trip Blank: A blank that monitors volatile organic compounds that may be introduced

during transportation or handling at the laboratory.

Field Replicate: A replicate that monitors field conditions that may affect the

reproducibility of samples collected from a given location.

Blind Duplicate: A replicate with a modified sample identification. The duplicate is

used to monitor field conditions that may affect the reproducibility of samples collected

from a given location.

The samples listed below are split at the laboratory from large volume samples.

Matrix Spike: A spike that monitors the accuracy of laboratory measurements for a

given matrix type. The results of this analysis and the routine sample are used to

compute the percent recovery for each parameter.
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Matrix Duplicate: A duplicate that monitors the precision of laboratory measurements

for inorganic parameters in a given matrix type. The results of the matrix duplicate and
the routine sample are used to compute the relative percent difference for each

parameter.

Matrix Spike Duplicate' A duplicate that monitors the precision of laboratory

measurements for organic compounds. Tile matrix spike duplicate is spiked in the same

manner as the matrix spike sample. The results of the matrix spike and matrix spike

duplicate are used to determine the relative percent difference for organic parameters.

9.2.3 Accuracy, Precision, and Completeness

The WSSRAP data validation group determines the analytical accuracy, precision, and

completeness of 10% of environmental data. Data validation is required under
DOE Order 5400.1.

9.2.4 Preservation and Security of Documents and Records

Requirements for preservation and security of documents and records are specified in

DOE Order 5700.6C and ASME NQA-I (1989). All documents pertinent to environmental

monitoring are preserved and secured by the departments that produce them.

9.3 Quality Assvrance Sample Results

The effectiveness of the quality assurance program is assessed by reviewing the analytical

results of the duplicate sample analyses and sample blank analyses. Following is a description

of how QA samples were evaluated in 1992 and compared to actual samples.

9.3.1 Duplicate Analyses Results

Two kinds of duplicate analyses were performed in 1992. One was performed at the

subcontracted laboratories from aliquots of original samples collected at the Weldon Spring site.

The second was replicate or blind duplicate analysis of samples split by the WSSRAP into

separate containers and identified by separate identification numbers. Laboratory duplicates

were used to assess the precision of analyses and also aid in evaluating the homogeneity of
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samples or analytical interferences of sample matrixes. Blind duplicate (replicate) analyses were

used to assess the precision of sample locations, to evaluate sample reproducibility, and to

identify possible field sampling problems.

Generally, laboratory duplicate samples were analyzed for the same parameters as the

original samples at the rate of approximately one for every 20 samples. Blind duplicate

(replicate) samples were collected as specified in the EMP (MKF and JEG, 1992o). Typically,

duplicate samples were analyzed for the more common parameters: uranium, nitroaromatic

compounds, inorganic anions, and metals.

When laboratory and blind duplicate samples were available, the average relative percent

difference was calculated. This difference represents an estimate of precision. The equation

used (as specified in the USEPA Contract Laboratory Program, Inorganic Scope _" Work,

[EPA 1988b]) was:

RPD = (S-D)/((S+D)/2) x 100

where S = the normal sample

D = the duplicate analysis

The relative percent difference was calculated only for samples whose analytical results

exceeded five times the detection limit. When analytical results are less than five times the

detection limit, the tolerance limits (variability) are higher, and generally, the relative precision

is greater. The CLP (EPA 1988b) specifies that analytical results less than five times the
detection limit should not be used.

Table 9-2 summarizes the data on relative percent differences tor groundwater (including

springs) and surface water (including National Pollutant DischargeElimination System [NPDES])

samples for the parameters of sufficient data size to permit averaging. Both the laboratory

duplicates and the blind duplicates are summarized. When the relative percent difference data

could not be averaged, they were not evaluated because these parameters were not commonly

analyzed for and/or were not contaminants of concern.
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The results shown in Table 9-2 indicate that for ali parameters reviewed, the relative
percent difference was less that 20% (except nitrate data in laboratory duplicates on surface
water). The 20% criteriondemonstrates that duplicate sample results were reproduced and of
acceptable quality. This criterion is recommended in the CLP (EPA 1988b).

The only failure to meet the 20% criterion was nitrate data in laboratoryduplicate_ for
surface water. Here, the relative percent difference was 21.2%. Evaluation of the mtrate
samples showed that the high relativepercent difference (RPD) may be attributableto low level
contamination as noted in field blanks (Section 9.3.2.2). This may have affected the RPD for
nitrate sample with low detection limits. These data points had high relativepercent differences

because they were less than 1.0 mg/l. If these data points were not used, the relative percent
difference was 12%.

9.3.2 Blank Sample Results Evaluation

Various types of blanks are collected by the WSSRAP to assess the conditions and/or

contaminants that may be present during sample collection and transportation. These conditions

and contaminants are monitored by collecting samples to ensure routine samples are not being

contaminated. Blank samples assess the:

* Environments that the samples (i.e., volatile analyses) were shipped in (trip blanks).

• Ambient conditions in the field that may effect a sample during collection (field/trip
blanks).

• Sampling equipment used to collect samples, when applicable (equipment blanks).

• Quality of water used to decontaminate sampling equipment and/or assess the ambient
air conditions (water blanks).

Sections 9.3.2.1 through 9.3.2.4 discuss the sample blank analyses and the summary of

analytical results that were above the analytical detection limits. Field blank samples for

groundwater, surface water, spring and seep water, and NPDES water were evaluated together
as a set. Table 9-3 summarizes the blank samples collected in 1992.
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TABLE 9-3 Summary and Average of Field Blank Parameter Results
i i ,,.. ,

Number of Detects/Number

Parameters of Analyses Evaluation and Summary of Comments
Detects

,,
i iii i

Uranium, total 4out of 11 (36%) 3 of 4(75%) <5X DL;
1 of 4 @ 12.5 X DL

Nitrate-N 9 out of 14 (64%) 7 of 9 (78%) <SX DL; No nitrate above 0.53 mg/I (low
2 of 9 (22%) >SX DL level contamination)

Chloride 1 out of 4(25%) 1 of 1 <2X DL

Sulfate 1 out of 14 {7%) 1 of 1 <2X DL
,,

Alkalinity 3 out of 14 (21%) 3 of 3 (100%) <2X DL

Lead 2 out of 4 (50%) 1 of 2 relected; One relected by the validation
1 of 2 <2X DL group

.... ,,

Iron 2 out of 4 (50%) 2 of 2 <2X DL
, ,

Sodium/Strontium 1 out of 3 (33%) 1 of 1 <2X DL
,.,, .,

Calcium 1 out of 4 (25%) 1 of 1 <SX DL
,,,,

Phosphorus 2 out of 3 (66%) 1 of 2 <2X DL;
1 of 2 > 5X DL

Thorium-230 1 out of 5 (20%) See comments Laboratory problem/
contamination

Toluene 1 out of 1 (100%) See comments Relected by the validation group
,,,,. ,,,

Arsenic/Barium 0 out of 13 (0%) NA ,,

Nitroaromatic O out of 14 (0%) NA
.....

Note: DL = Detection limit; <2X = Less then two times; >5X = greater than five t_mes

9.3.2.1 Trip Blank Evaluation. Trip blanks are collected to assess the impact of

sample collection and shipment on groundwater and surface water samples analyzed for volatile

organic compounds. Trip blanks are sent to the laboratory with each shipment of volatile

organic samples.

In 1992, 13 trip blank samples were analyzed for volatile organic compounds. Low

levels of methylene chloride (one sample) and toluene (two samples) were found. Further

evaluation showed that the methylene chloride concentration was just at the detection limit and

that this compound is a common laboratory contaminant. The concentration did not exceed the
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CLP criterion. Of the two samples in which toluene was detected, one was rejected by the

WSSRAP validation group due to laboratory contamination problems and the other was less than

five times the detection limit. Further investigation showed that the presence of toluene was

probably not due to shipping or laboratory contatnination, but rather to improper preparation of

sampl'_ng containers (use of clear adhesive tape on sampling vials). Corrective action has been

taken to preven _.this problem from recurring. This consisted of training samplers and shippers
on proper handling techniques for volatile organic samples.

9.3.2.2 Field Blank Evaluation. Field blank samples are collected at monitoring sites

just prior to, or immediately after, actual samples are collected. The field blanks are collected

to assess the ambient air conditions at the sample locations. They are analyzed for the

parameters being sampled which, th,_cefore, are generally the parameters of concern, such as

uranium, anions, metals, and nitroaromatics. In the first seven months of 1992, field blank

samples were collected at a frequency of one blank for every 20 ,samples. In July 1992, ES&H

procedure 4.1.4, Quality Cont:ol Samples f,;r Aqueous and Solid Matrices: Definitions,

Identification Codes, and Collection Procedures, was implemented. This procedure changed the

frequency of field blank sample collection to one per month.

Nineteen field blank samples were collect_ in 1992. The data is summarized in

Table 9-3. This table presents the ratio of detects to total number of samples collected for each

parameter having results above the detection limits. Overall, most of the contaminants were low

level (less than five times the detection limit) and/or the parameters were in the water blank

samples (see Section 9.3.2.4). These conditions suggest that most of the concentrations found

in field blank samples are probably not associated with field conditions, but are due either to the
tolerance limits of data near the detection limit or the contamination of the water used for field

blanks. None o,; the analytical results for field blank samples had a major impact on routine

analyses performed in 1992.

Several parameters that were greater than five times the analytical detection limits were

further investigated.

Uranium was detected in 36% of the field blank samples, but was also found in 46% of

the water blank samples at similar concentrations. Seventy-five percent of the detected uranium
was less than five times the detection limit. Further evaluation of :he data showed that most of

the uranium _a the field and water blank samples was from the laboratory that performed
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uranium analyses during the first six months of 1992. Laboratoryanalytical problems were

determined by validation of uranium data and through an audit of the laboratory. The

concentrations did not have a major impact on the uranium data for the routine samples because

they were less than five times the detection limit and routine sample data is not impacted by
these low level concentrations.

Thorium-230 was detected in one of five field blanks. Review of data indicated that the

laboratory blank was also contaminated, an indication that the source of contamination was the

laboratory.

Nitrate was found in 64 % of the field blank samples and 18% of the water blank

samples. Seventy-eight percent of the nitrate in the field blank samples was less than five times

the detection limit. Some of the nitrate data may be the result of problems with data near the

detection limit and the result of using nitric acid in the field for preserving other parameters

collected at the same time. Samplers have been trained on how to prevent nitric acid fumes

•from contaminating nitrate samples. The nitrate in the field blank samples did not have a major

impact on the nitrate data for the routine samples because it was less than five times the

detection limit and routine sample data are not impacted by these low level concentrations.

Several other parameters summarized in Table 9-3 had a high number of detected

concentrations in the field blank samples, but further evaluation showed that almost all of these

data points were reported as uncensored data and were less than two times the detection limit.

The detected concentrations for these parameters did not have an impact on routine analyses

performed in 1992.

9.3.2.3 Equipment and Bailer Blank Evaluation. Equipment and bailer blanks are

collected by rinsing distilled water over decontaminated equipment and bailers to determine the

effectiveness of cleaning sampling equipment and whether the equipment used to collect the

samples was contaminated. At the WSSRAP, most of the groundwater samples are collected

from dedicated equipment, and surface water is collected by placing the sample directly into a

sample container. Therefore, only one bailer blank and three equipment blanks were collected

and analyzed.

The three equipment blanks were analyzed for radiochemical parameters only, and the

results were less than two times the detection limit. When the associated error was applied, the
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detected parameters were below the detection limit.

The one bailer blank had most of the contaminants of concern, including the geochemical

parameters. Most of these parameters were below the detection limit, but several metal

parameter results (calcium, iron, magnesium) were greater than five times the detection limit.

Concentrations of these parameters did not affect the analytical data of the samples collected

from the bailer because these parameters were found at concentrations at least 100 times higher .
than the concentrations found in the bailer blank.

Further investigation revealed that the bailer was probably not thoroughly decontaminated

before the blank was collected since these metals are commonly found in suspended material

found in groundwater at the Weldon Spring site. To prevent this from recurring, sampling

personnel have been retrained in decontamination procedures.

9.3.2.4 Water Blank Evaluation. Water blank samples are collected to evaluate the

quality of the distilled water used to decontaminate sampling equipment and to assess whether

contaminants are present in the water used for field and trip blanks. Water blank samples also

serve as laboratory blanks. Water blanks were collected quarterly until July when ES&H 4.1.4

was initiated. ES&H 4.1.4 states that water blank samples shall be collected on a monthly basis.

Generally, the water blanks were analyzed for contaminants of concern and were collected at
the same time as field blanks.

In 1992, 17 water blanks were collected. Table 9-4 presents the ratio of detects to the

total number of samples collected for each parameter that had results above the detection limit.

Overall, most of the contaminants found in water blank samples were low level (less than five

times the detection limit). Concentrations near the detection limit may have been the result of

slightly tainted water, but more than likely these results were caused by the higher tolerance

limits of data near the detection limit. Low level concentrations found in water blank samples

impacted the analytical results for field blank samples because low level contamination was also

found in most of the field blank samples.

Although low level concentrations in the water blank samples did not impact the analysis

of samples collected in 1992, corrective actions are being taken to eliminate future problems.
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TABLE 9-4 Summary of Water Blank Parameter Results

Number of Detects/Number Evaluation and Summary

Parameter of Analyses of Detects Comments

Uranium, total 6 out of 13 (46%) 4 of 6 at DL;
2 of 6 <SX DL

Nitrate-N 2 out of 11 (18%) 1 of 2 <SX DL;
1 of 2 > 5X DL

Chloride 1 out of 5 (20%) 1 of 1 <2X DL

Alkalinity 3 out of 8 (38%) 3 of 3 <3X DL __

Chemical Oxygen 2 out of 3 (67%) 2 of 2 at DL
Demand

Iron 1 out of 5 (20%) 1 of 1 <2X DL

Lead 1 out of 5 (20%) 1 of 1 <2X DL

Magnesium 1 out of 2 (50%) 1 of 1 <2X DL

Mercury 1 out of 3 (33°6) 1 of 1 <2X OL

Phosphorus 3 out of 4 (75%) 2 of 3 <2X DL;
1 of 3 >SX DL

...

Sodium 1 out of 2 (50%) 1 of 1 <2X DL

Strontium 1 out of 2 (50%) 1 of 1 >SX DL

Thorium-230 4 out of 6 (67%) See comments column Laboratory problem/
contamination

,,,

Ali other (al No detections

a. Nitroaromatic, other metals and radiochemical parameters

9.4 1992 Data Validation Program Summary

Data validation programs at the WSSRAP involve reviewing and qualifying at least 10%

of the data collected during a calendar year. The information summarized below includes ali

WSSRAP data collected and is not limited to environmental monitoring data. The data points

represent the number of parameters analyzed (e.g., toluene), not the number of physical analyses

performed (e.g., volatile organics analyses).
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Table 9-5 identifies the number of 1992quarterly and total data points that were selected

for data validation, and what percentage of those selected were completed.

Table 9-6 identifies validation qualifiers assigned to the selected data points as a result

of data validation. To date, 98% of 1992 data validation has been completed.

Table 9-7 identifies the average percent of accuracy and precision for ali matrixes (not

including environmental and waste management) for anion, metal, nitroaromatic, radiochemical,

and miscellaneous parameters. Other analyses (e.g., volatile organics) are not presented because

the data is limited. The accuracy values are based on the percent of recoveries of the laboratory

control samples, and the precision values are based on the relative percent of difference between

duplicates. The data population size associated with each accuracy and precision value is listed

as "n." Several of the precision values in Table 9-7 do not retlect the results duplicate analyses

discussed in Section 9.3.1 because the data validation precision results included ali matrixes
collected at the WSSRAP.

9.5 Interlaboratory Comparison Program Results

This section summarizes the interlaboratory comparison program data recieved from the

subcontracted laboratories. Data presented in this section are from three programs: (1) the

DOE quality assessment program, (2) EPA organic and inorganic performance evaluation studies

and (3) the EPA intercomparison radionuclide control program.

The interlaboratory comparison programs are intended to allow participating laboratories

to analyze spiked control standards to verify how their SOPs and QA/QC programs are

performing. Interlaboratory comparison programs provide laboratories with information

regarding their control standards. Interlaboratory comparison program results presented in this

section do not impact any of the analytical data used to prepare this report, but are discussed

here to provide information about laboratories' capability to perform accurate analyses of spiked

control samples.

Results of the DOE Environmental Measurement Laboratory Quality Assessment Program

are presented in Table 9-8. This table provides information on the parameter, matrix type,

laboratory name, date analyzed, DOE value, reported value, and percent recovery. Only the
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TABLE 9-5 WSSRAP Validation Summary for Calendar Year 1992 (as of January
19931

j ,, ,,-. ,., ,

No, of Data No. of

Calendar Quarter No. of Data Points Selected Validated Data %

1992 Points Collected for Validation Points Completed
........

i ,i i iii i,

Quarter 1 10,813 2,96°_ 1,339 45.1%

Quarter 2 17,413 2,183 66 3.0%
..... ,.,

Quarter 3 10,180 1,186 730 61.6%

Quarter 4 13,249 2,773 1,238 44.6%
.,

1992 Total 51,655 9, 111 3,373 37.0%
..,

uranium data results from this program are presented because ali of the other radionuclides

associated with this program are tor enriched uranium and their associated daughters.

Results of the EPA intercolnparison radionuclide control program are presented in Table

9-9. This table provides information on the parameter, matrix type, laboratory name, date

analyzed, DOE value, reported value, and the percent recovery. Uranium and uranium daughter

data from this program are presented because most of the radionuclides associated with this

program are for enriched uranium and their associated daughters.

Results of the EPA organic and inorganic performance evaluation program are not

summarized or presented in this section. However, this information is evaluated during the

routine audits of each of the laboratories. Results of the 1992 performance evaluation samples

for TCT-St. Louis and Weston (Lionville laboratory) have been reviewed, and no major

problems with the results from these programs were observed.

z
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TABLE 9-7 Validation Accuracy and Precision Summary for Calendar Year 1992

' .,.,, ........

I Parameter %Acc. (a' n (bl %Prec.(C} 1 n'b'

ii ANIONS, ........ _ _ _,'- .... ..

Fluoride 96.6 7 0,0 7

Chloride 99.8 7 1,6 7
....

Nitrate 99.1 25 1.4 25

Sulfate 97.9 25 4.4 25
m, ,....

! .... I
Aluminum 111.0 1 0

Antimony 133.6 1 0
..... ,,.

Arsenic 99.3 70 28.0 60
.........

Barium 101.7 , 36 0.7 26_............

Beryllium 1O0,0 1 0

Cadmium 107.2 27 0.1 17
.....

Calcium 96.8 1 0
..

Chromium 106,3 26 0.0 16
.....

Cobalt 109.2 1 0

Copper 105,1 8 0.0 7

Iron 115.7 8 4.2 7
.,.,

Lead 100.3 60 10.0 49
.., , .......

Lithium 102.0 1 0
,., ,, ,.

Magnesium 107.0 1 0

Manganese 102.6 40 44.8 39

Mercury 95,3 58 0.0 56
..

Molybdenum 109,8 1 0

Nickel 105,6 1 0
,,, .,,,.

Potassium 119,5 1 0
, ,, ,., .,,

Selenium 99.4 58 0.0 48
" t

Silver 105,4 26 0.0 16
,..

Sodium 95,6 1 0
.........

Thallium 102.4 33 0.0 32
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TABLE 9-7 Validation Accuracy and Precision Summary for Calendar Year 1992
(Continued)

I

Parameter % Acc'la) n(b) % Prec'(C) nlb) ,iii

METALS (continued) J

Vanadium 97,6 1 O

Zinc 103.4 10 0.4 8
,., ,.,.,

MISCELLANEOUS ....Ii

Alkalinity 94,9 18 1.4 18

Total Dissolved Solids 85.3 2 O,0 2
.,

Total Suspended Solids 99.2 9 0.0 9

Cyamde, Total 92.6 11 0,0 11

Biochemical Oxygen C.cmand 84.3 7 O
,,, ....

Chemical Oxygen Demand 95.1 7 0,0 7
• .- .,,. •

NITROAROMATICS
,,.

1,3,5-Trinitrobenzene 102.9 2 0
,.,

1,3-Dinitrobenzene 95.0 2 O

Nitrobenzene 91.2 2 O

2,4,6-Tri nit rotolu e ne 94.0 9 3.6 7

2,4-Dinitrotoluene 88.4 9 0.0 7
m

2,6-Dinitrotoluene 119.3 2 O
--- ,,,

I ,,RADIOCHEMICAL .

Uranium, Total 106.2 15 6.5 15

Th-228 104.4 1 O

Th-230 114.O 11 32.1 11

Th-232 115.2 4 92,0 3
,,.

Ra-226 104.4 10 7,9 10

Ra-228 110,9 10 10,9 10

Gross Alpha 101 .O 7 2.7 7
,..

Gross Beta 97.0 7 3.4 7

a The accuracy values are based on the percent of recoveries of the associated laboratory control samples.
b Sample Population
c The precision values are based on the relative percent of differences between assoc0ated sample duplicates.

m:\users\joanne\aser92\section.9 2_]8



060793

TABLE 9-8 Summary of DOE Interlaboratory Comparison Program
., ..,,

,

Percent Recovery
Parameter (matrix) Laboratory (Date) DOE Value Reported Value
i i "" ' i i |l li'.

Uranium, total pCi (water) Core (3/92) 0.838 0.3 36%

Uranium, total h'g (water) Core (9/92) 0.00906 0.004 44%....

Uranium, total pCi (soil) Core (3/92) 59.3 37 62%.,,

Uranium, total pg (soil) Core (9/92) 2.32 2.0 86%
,,, , ,,, ,,

Uranium, total pCi (air) Core (3/92) 0.2 O.21 105%
, .....

Uranium, total pg (water) Barr=nger (9/92) 0.00906 0.008 88%
.--. ..... ,,, ,.,

Uranium, total/Jg (air) Barr_nger (9/92) 1.29 1 54 120%

Uranium, total pg (sod) Barr=nger (9/92) 2.32 2.1 91%
,, -.

Uranium, 234 pCi 8arrJnger (9/92) 0115 0.137 119%
(water)

Uranium, 238 pCi Barr_nger (9/92) 0.115 0.115 100%
(water)

Uranium, 234 pCi (air) Barringer (9192) 0.0166 0.0204 123%
--,. ,,.

Uranium, 238 pCi (air) BarrJnger (9/92) 0,016 0.0204 127%
....

Uranium, 234 pCi (soil) 8arnnger (9/92) 29.2 18.5 63% ..

Uranium, 238 pCi (soil) Barringer (9/92) 29.6 14.8 50%
,,,, _

Uranium, total pCi (water) Ecotek (3/92) 0.838 0.8 95%

Urar_ium, 234 pCi (water) Ecotek (9/92) 0115 0.630 548%
,, ...........

Uranium, total pCi (air) Ecotek (3/92) 0.2 0.16 80%
....

Uranium, 234 pCi (air) Ecotek (9/92) 0.0166 O. 11 663%
, , . ,, ,,.

Uranium, 234 pCi (soil) Ecotek (9/92) 29.2 50.7 174%
', _
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TABLE 9-9 Summary of EPA - EMSL Intercomparison Radionuclide Control Program

Average

EPA EMSL Reported Value Percent Recovery
Parameter (Matrix) Laboratory (Date) Value

i .'li

Uranium, total (water) Barringer (3/92) 25.3 23.67 94%

Uranium, total (water) Barringer (10/92) 10.2 9.97 98%....

Gross Alpha (water) Barringer(3/92) 15.O 15.33 102%,.,

Gross Alpha (water) Barringer (10/92) 29.0 19.67 68%,,

Gross Beta (water) Barringer (3/92) 44.0 44.67 102%

Gross Beta (water) Barringer (10/92) 53.0 33.0 62%

Radium-226 (water) Barrlnger (3/92) 10.1 9.67 96% __
,,,

Radium-226 (water) Barnngar (10/92) 7.4 9.47 128%

Radium-228 (water) Barrmger (3t92) 15.0 15.57 104%

Radium-228 (water) Barringer (10/92) 10.0 10.53 105%,,,,

Uranium, total (water) Ecotek (3/92) 25.3 23.63 93%

Uranium, total (air) Ecotek (4/92) 4.0 3.33 83% i

Uranium, total (water) Ecotek (7/92) 4.0 3.93 98%

Uranium, total (water) Ecotek (10/92) 10.2 10.2 1OO%

Uranium, total (water) Ecotek (11/92) 15.2 12.7 84%

Gross Alpha (water) Ecotek (1/92) 30 28.33 94% _

Gross Alpha (water) Ecotek (4/92) 40 41 103%___

Gross Alpha (water) Ecotek (5/92) 15 21.33 142%
,.,,

Gross Alpha (water) Ecotek (9/92) 45 29.67 66% _....

Gross Alpha (water) Ecotek (10/92) 29 28.33 98%

Gross Beta (water) Ecotek (1/92) 30 18.33 61% _
,,

Gross Beta (water) Ecotek (4/92) 140 I 1.67 8%

Gross Beta (water) Ecotek (5/92) 44 43.33 98%

Gross Beta (water) Ecotek (9/92) 50 45.67 91%
,,,

Gross Beta (water) Ecotek (10/92) 53 41.67 79% ,.
.,.,

Radium-226 (water) Ecotek (4/92) 14.9 18.23 122%,,
,,.,,

Radium-226 (water) Ecotek ( 10/92) 7.4 7.07 96%

Radium-226 (water) Ecotek (11/92) 7.5 6.9 92%

Radium-228 (water) Ecotek (4/92) 14 12.5 89% __

Radium-228 (water) Ecotek (10/92) 10 11.8 118%,, .,,,

Radium-228 (water) Ecotek (11/92) 5 5.43 109%
..... .,
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I0 SPECIAL STUDIES

This section highlights significant activities and efforts at the Weldon Spring Site
Remedial Action Project that support and assist in the implementation of environmental

protection policies. In addition, short term environmental studies are described that support

regulatory requirements not specifically covered by U.S. Department of Energy (DOE)Order
5400.1 or that were not planned in the Environmental Monitoring Plan.fi)r Calendar Year 1992

(MKF and JEG 1992o).

10.1 Special Programs

The special programs described in this section were initiated to determine the

effectiveness of engineering practices put in place as a result of remedial activities at the site.

In addition, research activities were developed to support overall environment monitoring.

10.1.1 Embankment Safety Program

Federal regulations require that embankFnents higher than 7.6 m (25 ft) and those that

could pose signiticant downstream hazards be regulated by an embankment safety program. The

Federal Energy Regulatory Commission (FERC) has the overall responsibility for embankments

owned by the DOE and performs formal inspections at least every five years. The Weldon

Spring Site Remedial Action Project (WSSRAP) is responsible for developing and implementing

an embankment safety program, maintaining the embankments, and performing routine
surveillance of these structures.

The WSSRAP has implemented a program which it developed in 1991. This program

outlines the training necessary to effectively survey and assess the embankments at the Weldon

Spring site and requires mandatory inspections as outlined in procedure ES&H 4.2.3s. Ali

regulatory and surveillance requirements, including documentation, are also defined by this

program. The Emergency Preparedness Plan (MKF and JEG 199 lc) outlines actions to be taken

in the event of possible or actual embankment failures.

Ali embankments at the site were assessed in 1992 in accordance with the requirements

of these documents. Only minor deficiencies were noted, and the integrity of the embankments
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was determined to be sound. Also in 1992, an extensive maintenance program, consisting of

removal of weeds and woody vegetation, was initiated.

10.1.2 Storm Water Runoff Monitoring Program

As a result of increased remedial and construction activity at the chemical plant, erosion

and sediment control measures have been implemented to reduce the sediment load in storm

water runoff from the site. These measures are regulated by the National Pollution Discharge

Elimination System (NPDES). As an internal measure only, storm water runoff samples were

collected and analyzed for settleable solids and total uranium in order to determine the

effectiveness of current erosion and sediment control around storage and construction areas at
the site.

Sampling was perforlned monthly, during or immediately after measurable storm events.

The effectiveness of the controls was deternlined by sampling runoff on the down slope side of

sediment barriers and comparing parameter concentration levels to maximum allowable limits

and to the historical data for each sampling point. Changes were made to control systems if the

concentration levels exceeded allowable limits or were significantly higher than historical data.

To assess the effectiveness of erosion and sediment control work practices, this program will

continue while soil disturbance activities are in process.

10.1.3 Environmental Internship

In 1991, the WSSRAP initiated an environmental internship program to encourage and

cultivate young environmental professionals who, in many cases, will dedicate extended careers

to environmental protection, waste management, and remedial cleanup. Another goal of this

program was to provide the opportunities to local public and private colleges. The internship

program provides 24 hour or 40 hour hazardous materials training, radiation safety, and other

appropriate instruction to the interns.
q .

In 1992, the program supported two environmental internships. The industrial hygiene

internship included work activities to support field activities including respirator fit testing,

calibration of instruments, noise monitoring, hazardous atmosphere determination, and heat

stress monitoring. The ecological internship also included field activities including vegetation
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surveys, deer surveys, collection and preparation of biological samples, and data interpretation
tasks.

10.2 Special Studies

The special studies described in this subsection are short-term or one-time studies that

support regulatory requirements not specifically covered by DOE 5400.1 or which were not

planned in the Environmental Mtmitoring Plat)for Calendar Year 1992 (MKF and JEG 1992o).

These studies are applicable to the monitoring requirements of DOE Order 5400.1 for

preoperational monitoring and baseline characterization.

10.2.1 Proposed Borrow Area

If the decision is made to construct a disposal cell at the Weldon Spring site, the borrow

area will be the source for low-permeability soils (Figure 10-'1). A biological survey was

conducted to meet the requirements of the National Environmemal Polic3_Act (NEPA) and

Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA). The

NEPA requires that surveys be conducted prior to any major construction activity at a Federal

facility to locate any possible threatened or endangered species or their critical habitat that may

be impacted by Federal activities. The CERCLA requires biological surveys to support

ecological risk assessments. The Ch,an Water Act (CWA), Section 404, regulates dredging and

filling of areas that drain into natural waters of the U.S. and activities in Federal jurisdictional
wetlands.

A biological survey was performed in 1992 to characterize flora and fauna within and

surrounding the borrow area; to determine if any Federal or State threatened or endangered

species are using the borrow area; and to delineate wetlands in the proposed area. Biological

surveys were conducted for birds, owls, herpetofauna, fish, and vegetation. Ali surveys were

conducted during July and August with the exception of bird surveys which were conducted

twice monthly for the entire year.

The borrow area is primarily comprised of cropland and old field habitat. This area was

last planted with wheat in 1990 and harvested in 1991. Within the overall area there are small

forested areas such as hedgerows and drainages, and four ponds. The primary tree species
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include black willow in the pond area, cottonwood in the drainages, and eastern red cedar and

common persimmon in the old fields. Old field vegetation includes such opportunistic species

as goldenrod, common mullein, common thistle, and poison ivy. Fauna associated with this area

includes cotton-tailed rabbits, white-tailed deer, eastern meadowlarks, and American goldfinches.

Three listed species have been sighted within the borrow area: the loggerhead si_rike (Federal

candidate species and State watch list), Mississippi kite (State rare) and Cooper's hawk (State

rare).

The ponds in the borrow area are identified as wetlands on the National Wetlands

Inventory Map (USDI 1990) and are classified as a palustrine unconsolidated bottom wetland

system. Palustrine systems are nontidal wetlands dominated by trees, shrubs, and persistent

emergent (Cowardin et al. 1979). Preliminary surceys indicate the presence of wetland

vegetation, soils, and hydrology; therefore, further studies will be conducted in 1993 to support
the environmental assessment.

10.2.2 Southeast Drainage Flow Study

In 1990, the WSSRAP planned to use a natural drainageway, the Southeast Drainage as

the discharge route tor treated effluent from the site wastewater treatment plant at the Weldon

Spring Chemical Plant. The Southeast Drainage receives groundwater discharge through various

springs along the drainageway. During low flow conditions, the surface water has an average

uranium concentration of 150 pCi/l. Sediments in the drainage were contaminated when the

chemical plant was in operation and as a result, small contaminated areas are found along the

drainage. During storms, the surface water flow in the drainage increases greatly, and sediments

become resuspended in the storm water.

In order to gain an understanding of how the contaminated sediments in the drainage

might be impacted oy this effluent under various discharge rates from the site water treatment

plant, the WSSRAP conducted a study to measure contaminant mobilization and uptake under

induced flow conditions. The scope of this study included (1) introduction of "clean" water

from a fire hydrant into the drainage basin at varying flow rates, and (2) collection and analysis

of samples at designated locations along the drainage route. Water was released at three

approximate flow rates: (1) 378 liters per minute (lpm) (100 gpm);(2) 756 lpm (200 gpm); and

(3) 1,134 lpm (300 gpm). Each release step was maintained for at least 24 hours. Samples

were collected at the locations shown irl Figure I0-2. Samples were analyzed for radi_hemic_l
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parameters, metals, and nitroaromatics. The study also measured the differences between the

total (dissolved plus suspended) and dissolved-only fractions of the parameters of interest. Data

results from this study are summarized ira Appendix G. Following is a summary and

interpretation of the results.

When clean water was introduced into the drainage at 378 lpm (100 gpm) and 756 lpm

(200 gpm) the flow rate concentration of uranium at the lower portion of the drainage was

128 pCi/1 and 150 pCi/l, respectively. Additional data were then obtained by collecting samples

sequentially at one location. The results showed that concentrations of uranium were higher

during the first part of the surge. This condition demonstrates that resuspension and/or

entrainment of contaminants (storm surge) was occurring.

The 1,134 lpm (300 gpm) flow rate showed results similar to those of the first and

second steps. Additional sampling locations were again added to further evaluate the drainage.

The results showed a gradual increase in uranium concentration along most of the drainage, but

'decrease downgradient of spring SP-5304 (Figure 10-2), which contributes substantially to the

total flow along the Southeast Drainage. The concentration of uranium at the lower portion of

the drainage was 104 pCi/l.

Additional analyses for metals, nitroaromatics, and radiochemical constituents other than

uranium were collected during the second and third steps of the study. These parameters were

detected above analytical detection limits, but were well below applicable permit levels for the

site water treatment plant. No significant amounts of resuspension and/or entrainment for these

parameters were observed.

In conclusion, the study demonstrated that the concentrations of uranium mobilized by

the induced discharge of water were very similar in the three steps of the study. The

concentration measured at the highest flow rate appeared to be slightly lower than the

concentrations at the lower flow rates, although, not statistically significant. Uranium

concentrations showed there is a possibility that resuspension and/or entrainment of uranium may

exceed the NPDES release limit. Other parameters tested did not show substantial increases in

concentrations and did not exceed the NPDES permit li_.-aits. As a result of this flow study,

alternate methods for discharge of the treated water were reviewed in 1992.
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10.2.3 Site Water Treatment Plant Pipeline Survey

Water used in the operation of the temporary storage area (TSA) will require treatments

at an on-site treatment facility. Originally, the plan was to discharge effluent from this facility

along with other treated surface waters to the Southeast Drainage. However, the Southeast

Drainage flow studies indicated that additional flow in the drainage causes uranium in sediments

to be resuspended. The concentration of uranium showed that levels established by the NPDES

permit may be exceeded. Therefore, the WSSRAP initiated an engineering study to evaluate

different options for discharging the water. This study concluded that it would be feasible to

built a discharge pipeline to the Missouri River. An underground pipeline would eliminate the

potential of resuspending and/or entraining uranium along the Southeast Drainage. The route

selected follows an abandoned railbed and State maintenance route (Figure 10-3).

From May through June 1992, document research, surveys, and sampling were

conducted. Previously, surveys and/or characterizations had been performed along the pipeline

route to identify radiological and chemical contaminants. Radiological analyses were conducted

on soil samples obtained from borings along the Hamburg Quarry road. Information from the

previous surveys indicated that chemical analyses were not needed.

Document research identified one area of radiological surface soil contamination

(MKF and JEG 1992t). The report concluded that no activities or concentrations above release

criteria were present along the railroad grade with the exception of radioactive surface soils

adjacent to the chemical plant fence line, The site water treatment plant effluent pipeline will

be located on ti_e opposite side of the haul road where contaminant concentrations are below

levels which would pose personnel exposure problems or waste management concerns during
construction.

The location of a trinitrotoluene (TNT) raw waste water line identified in information

obtained from the Department of the Army was verified and staked out. The documentation

indicated the line was buried approximately 0.6 m to 1.5 m (2 ft to 5 ft) below ground in the

vicinity of Substation 411 in the lbrmer railroad marshalling yard. This line was considered an

explosive hazard because pure TNT/dinitrotoluene (DNT) residue could be in the line. No

excavation was permitted in this area.
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The ecological evaluations confirmed that there are no criticalhabitats along the proposed
route. Minimal clearing and cutting of vegetation will occur since the pipeline follows

previously disturbed areas. No impact to distribution, breeding, or survival of Federal or State

species would occur from pipeline activity (MKF and JEG 1993b). No long term impact would

occur along the pipeline route.

10.2.4 Characterization of lmhoff Tank and Process Sewer Pipe

The Imhoff tank (Structure427) and an adjacentprocess sewer pipe that extends off site

approximately 122 m (400 ft) have been scheduled for removal in 1993. The Imhoff tank was

the primary sewage treatment plant for the Weldon Spring Chemical Plant. It is an underground

structure extending down to bedrock (approximately 7.6 m [25 ft]) and is located near the south

boundary line of the chemical plant. The process sewer system transferred wastewater from the

process buildings and overflow from the raffinate pits to the Southeast Drainage. The section

to be removed ranges in depth from 3.05 m (10 ft) at the site boundary to ground surface at the
outfall.

The subsurface soil was characterized in 1992 to estimate the quantity of contaminated

soil requiring excavation during removal of the Imhoff tank and process sewer line. Samples

were collected adjacent to the Imhoff tank from approximately 4.57 la (15 ft) below the ground

st_rface to auger refusal (top of bedrock). Along the process sewer line, samples were collected

at a depth equivalent to the center line of the pipe to approximately 1.83 m (6 ft) below the pipe.

The samples were analyzed for Hazardous Substance List (HSL) metals, nitrates,

polychlorinated biphenyl (PCB), Ra-226, Th-228, Th-230, Th-232, and total uranium. The

analytical results indicated that none of the samples exceeded the proposed cleanup criteria.

However, a 0.61 m (2 ft) envelope of soil surrounding the process sewer line will be excavated

and stored on site as a proactive measure.

10.2.5 Lung Solubility Studies

Lung solubility studies began in 1991. Based on radiological characterization of the

contaminated material remaining at the site, the most significant radionuclides from an internal

radiation dosimetry perspective are U-238, U-234, Th-228, Th-230, and Th-232. The chemical

nature of the compounds in which the uranium and thorium are bound is a very important
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parameter for accurate estimation of the radiation dose equivalent received by inhalation. For

example, in its dosimetric model for the respiratory system, the International Commission on

Radiation Protection (ICRP 1978) defines three different solubilityclasses for uranium deposited

in the lung. Uranium-containing chemical compounds which fall in the least soluble class (i.e.,

Class Y) deliver about 48 times more committed effective dose equivalent than does an equal

amount (on a radioactivity basis) of uranium-containing compounds which belong to the most

soluble class (i.e., Class D).

In order to accurately determine the solubility classifications of uranium and thorium

compounds at the Weldon Spring site, bulk samples and area air samples were collected in 1991

from the chemical plant, raffinate pits, and quarry, and sent to an off-site laboratory for special

analysis. In the analysis procedure, the samples are placed in a fluid which is chemically similar

to human lung fluid. The fluid temperature is maintained at the human body temperature of

37°C (98.6°F). The fluid is collected at various times and analyzed for uranium and thorium

isotopes. Fresh fluid is then added and the samples are maintained at the same temperature until
another fluid extraction is made.

The last extraction was completed in September 1992. Preliminary data reduction and

analysis have revealed that the thorium components on the site are mostly Class Y materials.

The uranium components in the site process buildings were also found to be primarily Class Y

components, whereas the uranium in the non-process buildings was found to be Class D

material. Final data analysis will be completed by August 1993 and documented in the 1993

environmental report.

10.2.6 Particle Sizing Studies

Particle sizing studies began in 1991 and were continued in 1992. A knowledge of

particle size within different areas or buildings on the site is vital to assessing the potential health

effects associated with exposures to airborne particulates. Particle size distributions are essential

in order to determine the probable point of respiratory deposition, particle behavior in the air,
and the best methods of dust control, and to conduct an overall evaluation of chemical and

radiological hazards. Thus, the particle sizing study should reproduce, to a reasonable degree,

the dust collecting characteristics of the human respiratory system so that lung penetration by

airborne particles can be predicted from sampling data.
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The more penetrable particles (smaller particles) possess a greater potential to deliver

radiation dose and other hazardous effects. The ICRP dosirnetric models apply a default value

of one micron to the determination of dose conversion factors. However, average particle sizes

are expected to be larger than this default value. Collection of particle sizing data was initiated

in July 1992 in the two process buildings where ren,ediation activities were concentrated during

1992. Early data analysis has yielded particle sizes of > 5.0 micron in both process buildings.

These particle sizes are five times the ICRP default value and would result in approximately
three times less committed effective dose equivalents for any given inhalation intake. Data
collection will continue on a biannual basis at ali locations where work activities create a

potential to receive a committed effective dose equivalent in excess of 100 torero.

10.2.7 Effect of Filtration on Groundwater Analysis at the Chemical Plant

Groundwater at the Weldon Spring site is filtered during sample collection to remove fine

clays and other colloidal particles which are greater than 0.45 microns in diameter and may

'become suspended during the pumping process. If not removed, these particles may release

naturally occurring metals to the water during sample preservation and/or analysis, resulting in

measured concentrations that differ markedly from filtered samples.

Among unfiltered samples, concentrations of impacted parameters are a function of the

amount of sediment or solid material suspended in the sample. Suspended sediment levels are

related to conditions within the aquifer and pumping rates, which may not be constant from one

monitoring period to the next.

In 1902, water collected from some wells was not filtered due to sampling problems at

those locations. Samples collected from most of these wells were filtered during the second half

of 1992. Comparison of the filtered and untiltered samples from a given well offers an

opportunity to evaluate transport mechanisms for the contaminants of concern. In addition, these

samples provide preliminary information that may guide sampling strategies for the Groundwater

Separate Operable Unit, which will require some unfiltered samples for risk assessment
calculations. Since the 1992 filtered and untiltered samples were collected during different

quarters, natural variability in addition to tiltration is a potential source of sample differences.

Table 10-1 compares the results. Numerical values are given only for those parameters that are

significantly affected by filtration.
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The parameters that are most strongly affected by filtration are metals and phosphorus.

Lesser effects are observed for nitroaromatics, alkalis (sodium and potassium), alkaline earth

elements (magnesium, calcium, strontium, and barium), silica, and uranium. Although anion

concentrations are typically the same in both unfiltered and filtered samples, nitrate displayed

some relationship to filtration at a few locations. The direction of the nitrate variation appears

random and is likely a result of conditions in the aquifer rather than filtration effects.

For the parameters affected, concentrations were highest in the unfiltered samples, with

the nitroaromatics being a notable exception. Aluminum, iron, and manganese, which are

basically insoluble at the pH and oxidation state of the shallow groundwater aquifer at the site,
showed a marked increase in unfiltered samples. Aluminum and iron-manganese hydroxides are

thus assumed to be present as colloidal species in many of the unfiltered samples. Modest

increases in silica at some wells point toward a ,.,ay colloidal component also. Trace amounts

of uranium, chromium, lead, and nickel naturally occur in both clays and iron oxyhydroxides,

thus the observed increases in these elements may not reflect contamination of the aquifer.

Although a potential phosphorus source exists in the raffinate pits, this element is commonly

found in association with iron minerals and may be of natural origin. Uranium leached from

suspended clay or iron oxide minerals is the expected source of the small increase in uranium

values. This sorbed uranium may be of natural or contaminant origin.

In comparison tests, nitroaromatic concentrations were found to be generally lower in the

1992 unfiltered samples. This appears to reflect a temporary decrease in nitroaromatic

concentrations during the spring of 1992 rather than filtration effects because unfiltered samples

from 1991 have concentrations that are similar to the 1992 filtered samples. Dilution, perhaps

due to increased infiltration rates, is a plausible explanation for the low concentrations; however,

some other process, which is presently not understood, must also be involved to explain the

absence of this effect on all nitroaromatic species from the same sample.

10.2.8 Geochemical Models for Groundwater Chemical Compositions at the Chemical

Plant

Several of the geochemical wells were evaluated using the geochemical model

MINTEQA2 Version 3.0, (EPA 1991) to gain an understanding of the relationship between site

groundwater and the mineralogy of the host aquifer. MINTEQA2 calculates the species that

should be present in a water analysis at equilibrium, the ionic strength, the charge imbalanc" of
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the analytical data entered, and the Saturation Indexes (SI) of minerals that may precipitate from

or dissolve into the solution. Geochemical programs such as MINTEQA2 only model

equilibrium conditions, which may not be achieved in groundwater, and are limited by the

availability and accuracy of the thermodynamic data required for these calculations. Thus,

results of these calculations provide qualitative, not quantitative, information about the

groundwater system.

The geochemical characteristics of each sample, including the chemical composition,

temperature, pH, and alkalinity, were entered into the model. Other assumptions used in the
model were (1) nondetects (NDs) were entered as half the detection limit; (2) minerals were not

allowed to precipitate; arid (3) redox reactions were not considered. Previous investigations by

the USGS (Schumacher 1990) and dissolved oxygen measurements by the WSSRAP indicate that

relatively oxidizing conditions are present in the groundwater; thus iron, manganese, and
i

uranium were entered in the oxidized state.

The results of the MINTEQA2 calculations indicate that the values for ionic strengths,

which reflect the concentration of charged species, are relatively low in each groundwater

sample and well below the 0.1 tolerance limit for the algorithms used by MINTEQA2 to speciate

a solution. The values for charge imbalance, which measures the difference between anion and

cation concentrations, are generally less than 5 %. Because a water sample must be electrically

neutral, a perfect value would be zero. The low values recorded for most samples indicate that

the entered analytical data were relatively complete and accurate. Two high SI values, 42 and

17.3, are for an untiltered and a sediment-laden sample, respectively. These analyses probably

were impacted by the presence of dissolved, sediment-derived cations.

SI values are presented in Table 10-2 tor minerals that are known to be present in site

soils or bedrock and are most likely to control groundwater chemistry. The formula of each

mineral is also given to show which parameters are controlled by each mineral. An SI value of

0 indicates the water is at equilibrium with the designated mineral, whereas positive values

indicate supersaturation (a condition where precipitation should occur and reduce the

concentrations of the affected parameters in the water), and negative valuer indicate

undersaturation (a condition where dissolution should occur and increase the concentrations of

affected parameters in the water). The SI values for most mir_.._ralsare near zero. Notable

exceptions are kaolinite, ferrihydrite, and hydrapatite, which are ali greater than 1, and gypsum,

which is typically less than -1.
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TABLE 10-2 Saturation Indexes for Selected Minerals in Chemical Plant
Groundwater

Barite BaS04 0.45 -0 27 0.67 0.28 0.33 0.30 -0.42 -0,21 0.54

Calcite CaC03 .0.16 0.16 -0,03 O.10 0.O1 -0.86 0.48 -0.47 O.11

Chalcedony Si02 0.07 0.01 -0.10 -3.13 .0.20 -0.16 -0,09 -O.22 -O.13
,,..... , _ ,,,

Dolomite CaMg (C03)2 -0.71 -0.35 -0,16 -O.17 -0.48 .1.92 0,89 -0.86 0.18

Ferrihvdrite Fe(OH)3 0.82 1.01 0.97 1.01 0.98 0.89 1,62 1.22 1.25
,, ,,

Hydrapatite CaS(PO4)3' H2 0.73 2.06 2,18 1.67 2.28 0.78 6.48 0.29 2.23
,,,

Gibbsite AI(OH)3 0,25 0.37 0.19 0.28 0.22 0.27 0.16 0.29 0.31

Gypsum CaS04 °(H20)2 -1.15 -1.72 -0.94 -1,11 -0.58 -1.99 -2.16 -2.41 -1.22

Quartz Si02 0.59 0.52 0.47 0.40 0.33 5.02 0.44 0.3 O.38

Kaolinite AI2Si206(OH) 5.43 5.55 4.98 5.09 4 85 0.36 4.94 4.94 5.15

These calculations show that iron, aluminum, and manganese, even at low levels are

generally insoluble under the relatively oxidizing conditions and moderate pH values of site

groundwater. This indicates that although aluminum levels may be high in the raffinate pit

sludges, mobilization of aluminum into the groundwater system is unlikely.

The low Sis for gypsum indicate that this mineral does not limit calcium or sulfate

concentrations and would dissolve if present in the aquifer. Equilibrium with gypsum may be

responsible for the higher-than-background sulfate levels in GW-2028; however, due to the lack

of geochemical data for this well, this hypothesis cannot be tested.

Calcium levels are plausibly controlled by calcite precipitation or dissolution, as calcite

is near saturation in most samples, Figure 10-4 shows the relationship between calcium and

alkalinity (which is proportional to carbonate concentrations) for both deep and shallow wells.

Most samples plot along a gentle positive trend at the base of this diagram. The highest

alkalinity levels are recorded in shallow wells and are accompanied by lower pH values,

reflecting equilibrium with increased carbon dioxide pressures which naturally occur in
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biologically active near-surface soils. Samples with the highest calcium values define a negative

trend toward lower alkalinity values shown at the top of the graph. This negative trend indicates

calcite precipitation, which decreases both calcium and carbonate concentrations in a system
where calcium is present in excess of carbonate. These results indicate that calcium is not a

conserved element in a strict sense; however, calciuna still provides a useful tracer for

groundwater impacted by chemical plant operations.
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FIGURE 10-4 Alkalinity vs. Calcium Concentrations in Groundwater of
Weldon Spring Site Wells

Barite, a highly insoluble mineral, is expected to limit barium and sulfate concentrations.

Of the samples modeled, those with barium concentrations above 125 _g/l are supersaturated
with barite.
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Hydrapatite is also tbund to be supersaturated in several wells at the chemical

plantJraffinate pits area. Nitrate, sodium, and lithium minerals were highly undersaturated, as

expected, and are not listed. Ali uranium minerals were also undersaturated. In each of the

model runs, the primary soluble uranium species were: UO2(CO3)2 2, UO2(CO3)34, and

UO2H2PO4 +2. The uranium carbonate species are both anionic complexes that are generally

quite mobile but may be sorbed onto positively charged solids such as iron-manganese

oxyhydroxides. Due to the supersaturated conditions calculated for hydrapatite, the presence of
the phosphate complex may be an artitact of the model. The low levels and limited extent of

uranium contamination (undersaturation of ali uranium minerals) indicates that sorption onto site

soils is an important control on uranium migration. This hypothesis is born out by laboratory

studies conducted by the USGS (Schumacher 1990), which found uranium to be strongly sorbed

onto certain site soils. Although sorption processes have restricted the migration of uranium,

this same process will retain uranium on subsur/ace soils long after major sources, such as the

raffinate pits, are removed. Sorbed uranium will be released to the groundwater gradually as

the contaminated soils continually equilibrate with uncontaminated groundwater.

As previously noted, geochemical data are presently not available for all site wells. In

1993, geochemical samples will be collected at ali site and certain quarry wells. Geochemical

modelling of the additional site wells will provide further insight into the controls on potential

contaminant migration, both horizontal and vertical, at the Weldon Spring Chemical Plant,

raffinate pits, and vicinity property.

In summary, contaminants are primarily confined to the shallow permeable sl_tion of the

aquifer. Nitroaromatic contamination from the Weldon Spring Ordnance Works overlaps some

uranium-contaminated areas but is derived from different, poorly constrained sources. Although

groundwater in many site wells has been impacted by previous operations at the chemical plant,

the areal distribution of uranium, nitrate, and sulfate contamination is limited and relatively

constant. Concentrations of some potential contaminants, such as aluminum, barium, and sulfate

are controlled by mineral precipitation, whereas sorption limits uranium levels. Nitrate does not

participate in precipitation or sorption reactions and is highly mobile in the aquifer. The limited

distribution of nitrate may reflect nitrification or dilution and rapid transport to distant receptors.
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12 GLOSSARY, ACRONYMS, AND ABBREVIATIONS

12.1 Technical Terms

ABSORBED DOSE: The amount of energy absorbed in any material from incident radiation.

Measured in rads, where I rad equals 100 ergs of energy absorbed in 1 gram of matter.

ACTIVITY: A measure of the rate at which radioactive material is undergoing radioactive

decay; usually given in terms of the number of nuclear disintegrations occurring in a g!ven

quantity of m;_.terial over a unit of time. The unit of activity is the curie (Ci) (see also
BECQUEREL and CURIE).

ALARA: An acronym for "As Low as Reasonably Achievable." This refers to the U.S.

Department of Energy goal of keeping releases of radioactive substances to the environment and

exposures of humans to radiation as far below regulatory limits as "reasonably achievable."

ALLUVIAL AQUIFER: A subsurface zone, formed by the deposition of sediments by running

water, capable of yielding usable quantities of groundwater to wells.

ALPHA PARTICLE: A positively charged particle emitted from the nucleus during the

radioactive decay of certain radionuclides, lt consists of two protons and two neutrons bound

together; it is identical to the nucleus of a helium-4 atom.

BACKGROUND RADIATION: Radiation due to cosmic rays and radiation from the naturally
radioactive elements in the surface of earth.

BEDROCK: A rock formation usually underlying one or more unconsolidated formations.

BECQUEREL: The SI unit for activity. I becquerel (Bq) = 1 disintegration/second =
2.703 X 10"11 curies.

BETA PARTICLE: A charged particle emitted from the nucleus of an atom, with a mass and

charge equal in magnitude to that of the electron.
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CHAIN-OF-CUSTODY FORM: A standardized form used in tracing the possession and

handling of individual samples from the time of field collection through laboratory analysis.

COMMITTED EFFECTIVE DOSE EQUIVALENT: The total dose equivalent averaged

throughout a tissue in the 50 years after intake of a radionuclide into the body.

CONTAMINATION: A foreign substance in or on the surfaces of soils, structures, areas,

objects, or personnel.

COUNTING STATISTICS: Statistical analysis required to process the results of nuclear

counting experiments and to make predictions about the expected precision of quantities derived
from these measurements.

CURIE: A measure of the rate of radioactive decay. One curie (Ci) is equal to 37 billion

disintegrations per second (3.7 x I0 l° dps), which is equal to the decay rate of one gram of
radium-226.

DAUGHTER: An element that results itllmediately from the disintegration of a radioactive
element.

DECAY PRODUCTS: Isotopes that are tbrmed by the radioactive decay of some other isotope.

In the case of radium-226, for example, there are l0 successive decay products, ending in the

stable isotope lead-206.

DERIVED CONCENTRATION GUIDE: Concentrations of radionuclides in water and air that

could be continuously consumed or inhaled and not exceed an effective dose equivalent of 100

torero/year.

DISCHARGE: In groundwater hydrology, the rate of flow (usually from a well or spring) at

a given instant in terms of volume per unit of time.

DOSE: Total radiation delivered to a specific part of the b,3dy, or to the body as a whole; also

called dose equivalent.
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DOSE RATE: Dose or dose equivalent per unit of time (e.g., millirem per year) as it is being

delivered to the body.

DOSIMETER: A device used in measuring radiation dose, such as a lithium fluoride (LiF)

thermoluminescent detector (TLD).

EFFECTIVE DOSE EQUIVALENT: The proportion of the stochastic risk resulting from

irradiation of a tissue to the total risk when the whole body is irradiated uniformly. A term used

to express the amount of effective radiation when modifying factors have been considered, it is

the product of absorbed dose (rads) rnultiplied by a quality factor and any other modifying

factors, lt is measured in rem (Roentgen Equivalent Man).

ERG: 1 ERG = 2.8x 10"I4KWH

EXPOSURE PATHWAY: The route by which a contaminant or health hazard may enter and
"move through the environment or an individual.

: ?# ;.

EXPOSURE RADIATION: The amount of ionization produced in air by X-rays or gamma

rays, measured in Roentgens (R).

GAMMA RADIATION: Penetrating high energy, short wave-length, electromagnetic radiation

(similar to X-rays) emitted during radioactive decay. Gamma rays are very penetrating and can

be attenuated only by dense materials such as lead.

GROSS ALPHA: Measurement of ali alpha-emitting radionuclides in a sample.

GROSS BETA: Measurement of ali beta-emitting radionuclides in a sample.

HALF-LIFE: The time it takes for half the atoms of a quantity of a particular radioactive

element to decay into another form. Halt-lives of different isotopes vary froth millionths of a

second or less to billions of years.

HECTARE: A unit of area in the metric system equal to 10,000 square meters. It is

approximately 2.5 acres.
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HYDROLOGIC" Pertaining to study of the properties, distribution, and circulation of water

on the surface of the land, in the soil and underlying rocks, and in the atmosphere.

ISOTOPE: Nuclides having the same atomic number but different mass numbers.

LLD: Lower limit of dection.

MDA: Minimum detectable amount.

NATURAL URANIUM: A naturally occurring radioactive element that consists of 99.2830%

uranium-238, 0.7110% uranium-235 and 0.0054% uranium-234 by weight.

NUCLIDE: A general term referring to isotopes of the chemical elements, both stable and
unstable.

i

PERCHED LENSE: A small, localized water-saturated zone of subsurface material surrounded

by unsaturated material.

RAD: A unit of absorbed dose; acronym tor radiation absorbed dose.

RADIATION: A very general term that covers many forms of particles and energy, from

sunlight and radiowaves to the energy that is released from inside an atom. Radiation can be

in the form of electromagnetic waves (garnma rays, X-rays) or particles (alpha particles, beta

particles, protons, neutrons).

RADIONUCLIDE: An unstable nuclide that undergoes radioactive decay.

RAFFINATE: A waste product from a refining process, i.e., that portion of a treated liquid

mixture that is not dissolved and not removed by a selective solvent.

REM (Roentgen Equivalent Man)' A quantity used in radiation protection to express the

effective dose equivalent for ali forms of ionizing radiation. A rem is the product of the

absorbed dose in rads and factors related to relative biological effectiveness.

SI' International System of Units.
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SIEVERT: The SI unit used to express the effective dose equivalent tor ali forms of ionizing
radiation. 1 Sv = I00 rem

STOCHASTIC: "Stochastic" effects are those tor which the probability of an effect occurring,

rather than its severity, is regarded as a function of dose, without a threshold.

WORKING LEVEL: Any combination of radon-222 decay products in 1 liter of air that will

result in the ultimate emission of 0.21 erg of alpha energy is defined as I WL. It is based on

the 0.21 erg of alpha energy that would be emitt.:d by the decay products of 100 pCi of Ra-222

in 1 liter of air, where the decay products are in radioactive equilibrium with the parent.

WORKING LEVEL MONTH: The product of WL and duration of exposure, normalized to

a 1-month exposure period.

X-RAY: Penetrating electromagnetic radiation having a wave length that is much shorter than

that of visible light, lt is customary to refer to rays originating in the nucleus of an atom as

gamma rays and to those originating in the electron field of the atom as X-rays.
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12.2 Acronyms and Abbreviations

No abbreviations for comrnon units of measure or chemical elements and compounds are

included in this list. Some less common units of measure, such pCi and lzCi are included.

ACM asbestos-containing materials

AEC Atomic Energy Commission

AHERA Asbestos Hazard and Emergency Response Act

ALARA as low as reasonably achievable

ANL Argonne National Laboratory

ARAR applicable and/or relevant and appropriate requirements

ASME American Society of Mechanical Engineers

BA Baseline Assessment for the Chemical Plant Area of the Weldon Spring
Site

BOD Biochemical Oxygen Demand

Bq becquerel
CAA Clean Air Act

CEDE Committed effective dose equivalent

CERCLA Comprehensive Environmental Response, Compensation, and Liability Act
Ci currie

CLP Contract Laboratory Program

CM&O Construction Management and Operations

COD chemical oxygen demand

CONOPS Conduct of Operations
CWA Clean Water Act

CX categorical exclusion
DCG Derived Concentration Guideline

DL/2 detection limit

DNT d initrotol uene

DOE U.S. Department of Energy

DOT U.S. Department of Transportation

DQO data quality objectives
EA Environmental Assessment

EDAP Environmental Data Administration Plan
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EDE effective dose equivalent

EE/CA engineering evaluation/cost analysis

EIS Environmental Impact Statement

EMP Environmental Monitoring Plan

EPA Environmental Protection Agency

EPA U.S. Environmental Protection Agency

EPPIP Environmental Protection Program Implementation Plan

EQA Environmental Quality Assurance

EQAPjP Environmental Quality Assurance Project Plan

ES&H Environmental Safety and Health

FERC Federal Energy Regulatory Commission

FFA Federal Facility Agreement

FHHS Francis Howell High School
FP Fire Protection

FS Feasibility Study for the Remedial Action at the Chemical Plant Area of

the Weldon Spring Site

HAP hazardous air pollutants

HMWM Hazardous Materials Waste Management

HP Health Physics

HPO Missouri Department of Natural Resources Historical Preservation Officer

HQ Headquarters
HSL Hazardous Substance List

HVAC heating, ventilating, and air conditioning

IH Industrial Hygiene

IS Industrial Safety

LDR Land Disposal Restrictions
LLD lower limit of detection

MACT Maximum Available Control Technology

MCL maximum contaminant level (Safe Drinking Water Act)

MDA minitnum detectable activity
MDC minimum detectable concentration

MDNR Missouri Department of Natural Resources

MDOC Missouri Department of Conservation

MHTC Missouri Highway Transportation Commission

MSA material storage area
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msl mean sea level

mSv millisievert

NAAQS national ambient air quality standards
NCP National Oil and Hazardous Substances Pollution Contingency Plan

NEPA National Environmental Policy Act

NESHAPs National Emission Standards for Hazardous Air Pollutants

NHPA National Historic Preservation Act

NPDES National Pollutant Discharge Elimination System

NPL National Priorities List

PCB polychlo_ inated biphenyl

pCi picocurie
PCM phase contrast microscopy

PMC project Management Contractor

pp Proposed Plan for Renaedial Action and the Chemical Plant Area of the
Weldon Spring Site

'ppm parts per million

PTI Project Training and Improvement

PVC polyvinyl chloride

QA/QC Quality Assurance/Quality Control

QA Quality Assurance

QAMS Quality Assurance Management Staff

QAPjP Quality Assurance Project Plan

QWTP quarry water treatment plant
RCRA Resource Conservation and Recovery Act

RI Remedial Investigation

RI/FS Remedial Investigation/Feasibility Study

ROD Record of Decision

SARA Superfund Amendments and Reauthorization Act

SDWA Safe Drinking Water Act

SI Saturation Indexes

SlC Standard Industrial Classification

SOP Standard Operating Procedures

SWATS Site Wide Audit Tracking System

SWTP site water treatment plant

TBP tributyl phosphate
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TC toxicity characteristic
TDS total dissolved solids

TEM transmission electron microscopy
TLD thermoluminescent dosi meter

TNB trinitrobenzine

TND dinitrotoluene

TNT trinitrotoluene

tpy tons per year

TSA temporary storage area
TSCA Toxic Substance Control Act

TSS total suspended solid
USFWS U.S. Fish and Wildlife Service

USGS U.S. Geological Su_'ey

VOC volatile organic compounds

WITS Waste Inventory Tracking System

WLM Working Level Monitor
WPC Water Pollution Control

WSCP Weldon Spring Chemical Plant

WSQ Weldon Spring Quarry

WSRP Weldon Spring raffinate pits

WSSRAP Weldon Spring Site Remedial Action PrtLject

WSUFMP Weldon Spring Uranium Feed Materials Plant

_Ci microcurie
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APPENDIX A

Annual Averages for Groundwater, Surface Water, and Springs, 1992

Appendix A is a presentation of the annual averages from ali 1992 monitoring data
for groundwater, surface water, and springs. Ali nondetected values are expressed as less
than (<) the analytical detection limit. This is changed from previous reports when data
were reported as "ND." Values shown in parenthesis are categorized as "uncensored" data,
that is, data that are below the detection limit but reported as a measured value. Blank fields
indicate that sampling was not scheduled, whereas "NS" indicates the location was not
sampled as scheduled due to sampling problems such as low-flow or dry conditions. "DR"
indicates that one sample was taken for the location in 1992 and the data was rejected in the
data review process.
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TABLEA-1 Average Inorganic Anion Concentrations for Groundwater, 1992

Location mg/] mg/I @ ,, mg/I @ mg/I @ mg/l @.,I inluli i
T

MW-lO02 ! " ' 1.16 0/6 60 0/6
I

MW- 1004 0.34 0/6 304 0/6

MW- 0005 ,. < O. 13 4/6 157 0/6/

MW- 100_/ 0.29 1/6 336 0/6

MW- 1007 O.29 3/6 151 0/6

MW-lO08 0,16 4/6 256 0/6
,D , ,, ,

MW- 1009 < 0.15 5/6 279 0/6

MW-lO10 0.10 4/7 0.31 8/15
, ....

MW-lO11 < 0.10 4;4 40.2 0/12
,,.,

MW-1012 0.94 0/6 83.6 0/6
..,

MW-1013 0.17 13/6 104 !0/5
J ,, _ ,,

MW-1014 0.15 3/5 109 0/5

MW-1015 1 .g7 0/6 311 0/6

MW- 1016 0.93 0/6 256 0/6
_ ,,..

MW-1017 < 0.13 J3;4 0.83 1/4
,..

MW- 1018 < 0.10 4/4 70.4 0/4

MW-1019 < 0.08 4/4 1.51 0/4
,,

MW-lO20 < 0.08 3/4 28.9 0/4
p,,

MW-1021 < 0.13 4/4 0,89 2/4

MW-1022 < 0.13 3/4 0.25 2/4
, .,.,

MW-1023 < 0,15 3/4 6.30 0/4
,....

MW-1024 < 0.10 3/4 1.98 1/4

MW-1026 < 0.13 5/6 15.4 0/6

MW-1027 0.26 0/6 102 0/6
,,

MW- 1028 < 0.20 5/6 75,3 0/6
, ,. ,.,

MW-1029 0.22 3/6 73.6 0/6

MW- 1030 i .60 3/6 91.8 0/6

MW-1031 < 0.13 5/6 33.6 =0/6

MW- 1032 < 0.17 5/'6 251 0/6

MW-1033 < 0.08 3/4 10.5 0/4

MW-1034 0.61 1/6 90.4 0/6

MW-1035 0.15 1/6 43.4 0/6
, ,

@ Ratio of nondetects to total number of samples.
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TABLE A-1 Average Inorganic Anion Concentrations for Groundwater, 1992
(Continued)

I I I I [Bromide Chloride Nitrate Nitrite Sulfate

Location mg/I @ mg/I @ mg/I @ mg/I @ rag/1 @

MW-1036 < 0.12 4/6 56,9 0/6

MW-1037 < 0,13 416 20.5 0/6

MW-1038 < 0.12 6/6 49,3 0/6

MW-1039 < 0.13 5/6 49,9 0/6 _

MW-2001 < 0.81 2/3 6.03 0/4 28.4 0/4 < 1.90 3/4 8.47 0/4

MW-2002 < 0.88 3/4 10.5 0/4 302 0/4 < 5.05 4/4 116 0/4

MW-2003 < 1,13 2/2 8.50 0/4 261 0/4 36.7 3/4 117 0/4 _

MW-2004 0.52 0/2 1.85 0/2 _

'MW-2005 66,3 0/2 26.0 0/2 _

MW-2006 3.60 0_2 33.5 0/2 _

MW-2007 < 0.20 1/2 15.0 0/2 _

VIW.2008 2.07 0/2 39.0 0/2 _..

MW. 2009 1.45 0/2 108 0/2

MW-2010 1,04 0/2 31.6 0/2

MW-2011 5.20 0/2 12.9 0/2 _
_

MW-201 2 0.54 0/2 72.6 0/2

MW-2013 0.85 0/2 17.8 0/2 _....

MW-2014 0.91 0/2 33.5 0/2 _

MW-2015 0.34 0/2 110 0/2

MW-2017 0,20 0/2 728 0/2 _

MW-2018 0.32 0/2 9.45 0/2,,,

MW-2019 < 0.10 2/2 42.1 '0/2 _

MW-2020 0.38 0/2 135 0/2 _

MW-2021 0.13 1/2 13.5 , 0/2

MW-2022 0.15 1/2 14.1 0/2 _

MW-2023 0.29 0/2 15.0 0/2 _

MW-2024 0.16 0/2 29.4 0/2

MW-2025 0.07 1/2 17.9 012 _

MW-2026 < 0.10 2/2 14.2 0/2

MW-2027 < 0.10 2/2 9.40 0/2 _

MW-2028 < 0.30 2/2 123 0/2

@ Ratio of nondetects to total number of samples.
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TABLEA-1 Average Inorganic Anion Concentrations for Groundwater, 1992
(Continued)

Br°mide I I Chloride I I Nitrate I Nitrite i I Sulfate ILocation mg/I @ mg/I @ mg/I @ mg/I @ mg/I @
I iii i

MW-2029 0.22 0/2 24.0 0/2

MW-2030 0.70 2/4 35.6 0/4 1.24 0/4 < 0.103 3/4 41.9 0/4

MW-2032 < 2.02 2/3 19.2 0/4 92.8 0/4 < 0.078 2/4 56.2 0/4

MW-2033 0.54 1/4 7.15 0/4 0.87 0/4 < 0.078 3/4 26,2 0/4,,,

MW-2034 O. 16 0/2 634 0/2

MW-3003 < 7.50 4/4 12,4 0/4 342 0/4 < 0.078 2/4 158 0/4

MW-3006 < 0.38 4/4 1.95 0/4 0.20 1/4 < 0.078 4/4 22.7 0/4
.. , ,,,

MW-3008 < 7.50 2/2 20.2 0/4 702 0/4 < 0,100 4/4 80.8 0/4
..

MW-3009 < 3.54 4/4 5.47 0i4 184 0/4 20.40 1/3 58.7 0/4
,,

MW-3019 < 0.15 2/2 6.70 0/2.,, ,,.

MW-3023 < 3.80 1/1 16.6 0;4 393 0/4 1.05 0/4 331 0/4

MW-4001 < 3.29 3/4 4.47 0/4 24.5 1 t4 < 0,68 4/4 64. I 0/4

MW-4002 < 0.38 4/4 1.75 0,;4 2.66 0/4 < 0.08 3/4 16.1 0/4

MW-4003 < 0.38 4/5 6.46 0/5 0.76 0/5 < 0.08 4/5 33.0 0/5
.... ,,,

MW-4004 0.69 3/4 4.87 ;0/4 0.88 0/4 < 0.09 :3/4 21.3 0/4,,

MW-4005 0.60 2/4 7.30 0/4 3.93 0/4 < 0.1 2 !4/4 24.0 0/4,,,

MW-4006 < 0.38 3/4 2.10 0/4 4.68 0/4 < 0.33 4/4 28.5 0/4
..,

MW-4007 < 0.38 4/4 0.96 0/4 0.38 !0/4 < 0.08 3/4 12.9 0/4
..... , ,,.

MW-4008 < 0.38 3/4 1,52 !0/4 0,07 2/4 < 0.07 4/4 14.2 0/4
,.,

MW-4009 < 0.38 4/4 1.08 0/4 0.28 10/4 < 0.10 4/4 15.4 0/4
. ........

MW-4010 0.39 3/4 1.90 0/4 0.17 0/4 < 0.10 4/4 22.9 0/4
,.,

IMW-4011 < 3.87 3/4 5.88 0/4 35.8 0/4 < 0.09 4/4 56.7 0/4

MW-4012 < 0.38 3/3 4.45 0/4 0.17 0/3 < 0.08 4/4 49.3 0/4
,.,

MW-4013 7.38 3/4 6.03 0/4 50.8 0/4 < 0.06 3/4 45.0 0/4

MW-4014 < 0.38 4/4 3.80 0/4 2.91 0/4 < 0.06 3/4 26.8 0/4

iMW-4015 < 0.35 3/4 2.68 1/4 1.53 0/4 < 0.08 4/4 12.6 0t4
,, ,, ,,

MW-4016 < 0.35 4/4 3.83 0/4 88.9 2/4 < 7.77 4/4 17.2 0/4

MW-4017 < 0.32 3/4 1.82 0/4 0.46 0/4 < 0.08 4/4 6.45 0/4

MW-4018 < 0.38 4/4 16.9 0/4 3.20 0/4 < 0.18 4/4 7.23 0/4

MW-4019 0.49 3/4 1,70 0/4 0.33 0/4 < 0,10 4/4 8.38 0/4
.....

MW-4020 0,49 i3/4 14.5 0/4 0,83 1/4 < 0.08 4/4 129 0/4

@ Ratio of nondetects to total number of samples.
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TABLE A-1 Average Inorganic Anion Concentrations for Groundwater, 1992
(Continued)

.... 1 I ILocation mg/I @ mg/I @ mg/I @ mg/I @ mg/l @
;t." , , , ,

I
MW-4021 < 0.38 4/4 1,50 0/4 < 0.10 3/4 < 0.10 4/4 1260 0/4

.....

MW-4022 0.47 2/4 5,17 0/4 0.32 0/4 < 0.10 4/4 35.5 0/4,.

MW-4023 < 0,38 3/4 18.6 0/4 3,47 0/4 < 0,0B 4/4 89.5 0/4
,,,...... ,

MW'-FINW 0.77 0/1 92.4 0/1
, .... ..

MW-PW02 < 0.01 1/1 114 0/1

MW-PW03 < 0,01 1/1 104 0/1
,.,, ,,

MW-PW04 < 0.01 1/1 107 0/1
.......

MW-PW05 < 0.01 1/1 77,3 0/I
,.,

MW-PW06 < 0.01 1/1 97,9 0/1

MW-PW07 < 0.01 1/1 36,8 0/1
.........

MW-PW08 < 0.01 1/1 53.1 0/1

MW-PW09 < 0.01 1/1 40.0 0/1

MW-RAWW < 0.01 1 1 91.7 0/1

MW-RMW1 < 0.3a 1/1 12.5 0/1 < 0.10 4/5 < 0.10 1/1 27.5 0/13
,,,

MW-RMW2 < 0,38 1/1 6.80 0/1 < 0.18 3/4 < 0.10 1/1 28.9 0/4
-- ,,

MW-RMW3 < 0.38 1/1 17.8 0/1 < 0.10 3/4 < 0.10 1/1 6.40 0/4
.......

MW-RMW4 I < 038 1/1. 550 0/1 0.50 2t4 <;; Q.IO 1/1 2,q3 Q14

@ Ratio of nondetects to total number of samples.

_
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060793

TABLE A-4 Average Alkalinity, Phosphorous, and Silica Concentrations for
Groundwater, 1992

Location rag/! @ mg/I @ mg/] @

MW- 1002 308 0/6 ,,

MW- 1004 252 0/6

MW-IOOS 232 0/6

MW-lO06 410 0/6

MW-lO07 566 0/6

MW-lO08 376 0/6

MW-lO09 456 0/6

MW-lO10 353 0/16

MW-lO11 441 0/13

MW- 101 2 498 0/6

MW-1013 432 0/5

MW-1014 464 0/5 ,,

MW-1015 393 0/6

MW-1016 392 0/6

MW-1017 674 0/4

MW-lO18 509 0/4

MW-1019 459 0/4

MW-1020 415 0/4

MW-1021 503 0/4

MW-1022 495 0/4

MW- 1023 480 0/4

MW-1024 396 0/4

MW-1026 389 0/6

MW-1027 446 0/6

MW-1028 460 0/5

MW-1029 356 0/6

MW-lO30 1498 0/6

MW-1031 346 0/6

MW-1032 328 0/6

MW- 1033 430 0/4

MW-1034 440 0/6

@ Ratio of nondetects to total number of samples.

m:\users\joanne\aser92\appendix.a A-23
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TABLE A-4 Average Alkalinity, Phosphorous, and Silica Concentrations for
Groundwater, 1992 (Continued)

Alkalinity Phosphorus Silica

Location mg/I @ mg/I @ mg/I @

MW-1035 237 0/6

MW-1036 507 0/6

MW-1037 469 0/6

MW-lO3fl 450 0/6

MW-1039 538 0/6

MW- 2001 321 0/4 0,13 0/4 7.50 0/4

MW-2002 291 0/4 0,04 0/4 14.3 0/4

MW-2003 278 0/4 0,06 0/4 10.3 0/4

MW-2004 346 0/2

MW-2006 280 0/2

MW-2006 297 0/2

MW-2007 318 0/2

MW-2008 300 0/2

MW-2009 425 0/2

MW-2010 358 0/2

MW-2011 265 0/2

MW-201 2 348 0/2

MW-2013 560 0/2

MW-2014 465 0/2

MW-2015 425 0/2

MW-2017 385 0/2

MW-2018 410 0/2

MW-2019 365 0/2

MW-2020 395 0/2 ....

MWo2021 375 0/2

MW-2022 335 0/2

MW-2023 228 0/2

MW-2024 305 0/2

MW-2025 270 0/2

MW-2026 320 0/2

MW-2027 233 0/2

MW-2028 445 0/2

@ Ratio of nondetects to total number of samples.

m:\u sers\loanne\ase r92\app e nai x .a A-24
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TABLE A-4 Average Alkalinity, Phosphorous, and Silica Concentrations for
Groundwater, 1992 (Continued)

Location mg/I @ mg/I @ mg/I @

MW-2029 325 0/2

MW- 2030 468 0/4 O, 10 0/4 8.35 0/4

MW- 2032 408 0/4 0.37 0/4 10,2 0/4
L

MW-2033 545 0/4 0,22 0/4 13.0 0/4

MW-2034 425 0/2

MW-3003 301 0/4 0.08 0/4 7.87 0/4

MW-3006 406 0/4 0.06 0/4 10.4 0/4

MW:3008 224 0/4 0.06 1/4 10.5 0/4

MW-3009 177 0/4 0,02 2/4 9,68 0/5

MW-3019 280 0/2

MW-3023 267 0/3 O, 10 0/4 11.4 0/3

MW-4001 209 0/4 0.04 1/4 11.5 0/4

MW-4002 235 0/4 0.07 1/4 6.77 0/4

MW-4003 268 0/5 0,04 2/5 8.30 0/5

MW-4004 185 0/4 O.16 0/4 7.17 0/4
,,

MW-4005 207 0/4 0,09 0/4 9.15 0/4

MW-4006 169 0/4 0,08 1/4 9.78 0/4

MW-4007 204 0/4 O.16 0/4 9,03 0/4

MW-4008 221 0/4 O,11 0/4 8.45 0/4

MW-4009 222 0/4 0,22 0/4 8.15 0/4

MW-4010 269 0/4 0,07 0/4 8.52 0/4

MW-4011 255 0/4 0,49 0/4 13,3 0/4

MW-401 2 311 0/4 0.09 0/4 11.1 0/4

MW-4013 306 0/4 0.05 0/4 7.62 0/4

MW-4014 291 0/4 0,05 2/4 7.27 0/4

MW-4015 250 0/4 O.1 2 0/4 10.6 0/4 ,.,

MW-4016 243 0/4 O,16 0/4 10.9 0/4

MW-4017 340 0/4 O.16 0/4 11.4 0/4

MW-4018 441 0/4 0,03 0/4 9.75 0/4

MW-4019 315 0/4 0.03 1/4 7.35 0/4
I

MW-4020 388 0/4 0,07 0/4 I 9.63 0/4

MW-4021 513 0/4 0.06 0/4 I 8.40 0/4

@ Ratio of nondetects to total number of samples.
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TABLE A-4 Average Alkalinity, Phosphorous, and Silica Concentrations for
Groundwater, 1992 (Continued)

I Alkalin'ty ! I Ph°sph°rus [ i Silica ILocation mg/1 @ mgtl @ rag/1 @

MW-4022 314 0/4 0.36 0/3 12,5 0/4

MW-4023 420 0/4 0.04 0/4 13.7 0/4 __

MW-FINW 74, 0/1

MW-PW02 176 0/1

MW-PW03 170 0/1

MW-PWO4 160 0/1,w

MW-PW05 225 0/1

MW-PWO6 170 0/1

MW-PWO7 300 O/1

MW-PW08 330 0/1

MW-PW09 350 0tl ,,,

MW-RAWW 200 0;1

MW-RMW1 390 0/14 0.57 0/1 27,9 0/1

MW-RMW2 410 0¢4 0.17 0/1 18.2 0/1

MW-R MW3 510 0/4 0.82 0/1 27.8 O/1

MW._MW4 461 0,'4 0.09 0/1 20_5 , t3/1

@ Ratio of nondetects to total number of samples.
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TABLE A-5 Average Inorganic Anion Concentrations for Surface Water, 1992

..... I i I !Chloride Fluoride I Nitrate-N Sulfate Alkalin,tyLocation rag/1 @ moll @ mg/I @ moil @ mg/I @

SW-IOO1 0.59 0/1 27.0 0/1 138 0/1

SW-1002 0.17 0/1 50.1 0/1 210 0/1

SW- 1003 < 0.20 1/1 86.2 0/1 308 0/1

SW- 1004 < 0.10 1/1 70.7 0/1 160 0/1

SW-1005 < 0.10 1/1 63.1 O/1 232 0/1

SW- 1007 < 0.10 ',/1 42.5, 0/10 126 1/11

SW-1OO8 11.3 0/1 0.69 O/1 < 0.11 6_'t 69.6 0/7 143 0/6

SW- 1009 < 0.10 1/1 47.0 0/1 146 0/1

SW-lO10 O.14 0/1 39.3 0/1 114 0/1

SW-1011 1.39 0/1 80.1 0/1 132 0/1,.,

SW-1012 2.00 0/1 85.9 0/1 160 0/1

SW-1013 1.70 0/1 87.5 0/1 145 0/1

SW-1014 080 0/1 30.6 0/1 195 0/1

SW-2001 0.76 0/1 40.6 0/1 160 011

SW- 2002 O. 17 0/1 34.4 O/1 65 0/1

SW-2003 0.50 0/1 17.4 0/1 62 0/1

SW-2004 1.20 0/1 22.4 O/1 94 0/1

SW-2005 DR 28.9 0/1 < 2.00 1/1

SW-2007 < 0.10 1./1 24.8 0/1 180 1/1

SW-2010 0.27 0/1 NS NS

SW-2011 0.38 0/1 57.1 0/1 145 011

SW-2012 NS NS NS

SW-2016 1.00 0/1 48.6 O/1 160 0/1,,=

SW-3001 534 0/1 408 O/1 48 0/1

SW-3002 103 0/1 800 0/1 49 0/1

SW-3003 1760 0/1 636 0/1 46 0/1

_W.3OO4 O.12 0/1 c---j7 _3 O/1 3,_6 O11

@ Ratio of nondetects to total number of samples.
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TABLE A-12 Results of Radiological Isotopic Sampling Study at the Quarry
Pond, 1992

SW- 1008A SW- 1008B SW- 1008C
Parameter '

pCi/I 3 ft depth 8 ft depth 3 ft depth 8 ft depth 3 ft depth 8 ft depth
,.. ,. ,, i, ,..,

Ac-227 <0,93 < 1.65 < 1.69 < 1.22 < 1.95 < 1.15
< 1.02" < 1,01 " < 1.26" < 1.18" 0.14' < 1.22'

Pb-210 1.18 1.02 1.02 0.36 1.18 0,54
<3,86" 0.21 0.66' 0,30" < 2.21 ' < 2,21 '

,.

Po-210 1.65 < 4.60 0.03 0.47 < 1.O1 O.31
< 2.30 • <0.90" < 1.51 " 0.41 " < 2.79" 0.97'

Pa-231 1.39 1.21 1.56 1.04 1,50 O.18
3.75" 1.50 • 1.29" 0.19" 0.86' 0.29 •

Ra-226 0,93 0.96 0.96 0.61 0.28 0.32
0.80" 1.28" 0.76" ! .07" 0,26" 0,39'

Ra-228 <3.48 <5.52 0.6 ' < 3.48 1.70 <3.O9
< 3.48" 0.64' 0.2_ < 3.48' 1.70' <3.09'

Rn-222 152 244 267 364 180 222

Th-228 0.32 0.13 <0.79 < 1.63 <0.83 <0,71
<1.65" <1.45' <0.83' < 1.48' <0.59" 0,07'

Th-230 0.64 4.96 1.57 0.82 0.93 1.06
1,23" 1,26' 1.23' 2.74' 0.66" 0.56'

,,,

Th-232 <0.99 < 1.22 <0.92 < 1,88 <0.96 <0.82
< 1.91 " < 1.68" <0.96' 0,3"7' <0.68' <0.65 °

Total Uranium 1OO0 1200 1500 2000 1400 1600
970' 1100' 1500' 1500' 1400" 1400 •

Filtered sample results

@ Ratio of nondetects to total number of samples.
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APPENDIX B

Quarterly and Bimonthly Monitoring Results

Appendix B is a presentation of 1992 monitoring data for groundwater, surface water,

NPDES locations, and springs. Ali nondetected values are expressed as less than (<) the

analytical detection limit. This is changed from previous reports when data were reported as

"ND." Values shown in parenthesis are categorized as "uncensored" data, that is, data that are

below the detection limit but reported as a measured value. Blank fields indicate that sampling

was not scheduled, whereas "NS" indicates the location was not sampled as scheduled due to

sampling problems such as low-flow or dry conditions.

The superscript "a" is used to designate values which have been "rejected" for use by the

data review or data validation procedure. These "a" values are not used in annual average

concentration or data interpretation tests. The "c" superscript indicates unfiltered groundwater

samples as discussed in Section 10. The "c" values are used in annual average concentrations.
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TABLE B-l Bimonthly Groundwater Monitoring Data, 1992

WSSRAP ID BI B2 B3 B4 B5 B6 UNITS

NITRATE-N

GW-1002 0.870 1.60 2.10 0.340 0.570 1.50 mg/l

GW-1004 0.420 0.ii0 0.380 0.560 0.300 0.290 mg/l
GW-1005 0.120 <0.I0 <0.20 <0.20 <0.i0 0.150 mg/l

GW-1006 0.650 0.280 0.410 0.140 0.220 <0.i0 mg/l

GW-1007 0.260 <0.i0 <0.I0 <0.I0 0.210 I.I0 mg/l

GW-1008 0.410 0.310 <0.i0 <0.I0 <0.20 <0.i0 mg/l

GW-1009 0.230 <0.I0 <0.I0 <0.20 <0.20 <0.i0 mg/l
GW-1010 0.120 (0.030) <0.I0 0.380 <0.I0 <0.i0 mg/l

GW-1011 NS <0.i0 <0.I0 NS <0.i0 <0.i0 mg/l

GW-1012 1.20 0.680 0.840 0.990 0.800 I.I0 mg/l

GW-1013 0.470 0.140 <0.i0 <0.20 0.220 <0.i0 mg/l

GW-1014 0.380 <0.i0 <0.I0 <0.I0 0.220 <0.i0 mg/l

GW-lO15 5.59 1.50 1.00 1.80 0.320 1.00 mg/l

GW-1016 2.20 0.930 0.570 1.30 0.150 0.450 mg/l

GW-1026 <0.20 0.140 <0.I0 <0.20 <0.i0 <0.i0 mg/l

GW-1027 0.260 0.280 0.310 0.120 0.220 0.340 mg/l

GW-1028 0.230 <0.I0 <0.i0 <0.5 <0.20 <0.i0 mg/l

GW-1029 0.560 <0.i0 0.420 <0.i0 0.150 <0.20 mg/l

GW-1030 <0.I0 <0.i0 8.19 <0.i0 0.520 0.760 mg/l

GW-1031 0.340 <0.i0 <0.i0 <0.I0 <0.20 <0.i0 mg/l

GW-1032 0.280 <0.I0 <0.20 <0.20 <0.20 <0.i0 mg/l

GW-1034 0.190 <0.i0 i.i0 0.410 0.950 0.930 mg/l
GW-1035 <0.050 0.270 0.i00 0.200 0.170 0.120 mg/l

GW-1036 <0.20 0.I00 0.170 <0.i0 <0.I0 <0.i0 mg/l

GW-1037 <0.20 0.140 0.i00 <0.20 <0.I0 <0.i0 mg/l

GW-1038 <0.20 <0.i0 <0.i0 <0.i0 <0.I0 <0.i0 mg/l

GW-1039 <0.20 <0.i0 0.130 <0.20 <0.i0 <0.i0 mg/l

SULFATE

GW-1002 57.6 67.4 77.2 54.2 40.7 60.8 mg/l

GW-1004 249 296 430 372 238 238 mg/l

GW-1005 145 140 143 170 180 164 mg/l

GW-1006 448 146 381 426 208 406 mg/l

GW-1007 294 307 37.6 61.6 126 80.3 mg/l

GW-1008 296 216 252 279 270 228 mg/l

GW-1009 294 288 289 275 271 257 mg/l

GW-1010 0.410 <0.250 <0.250 0.282 0.261 1.20 mg/l

GW-1011 NS 30.6 39.0 53.0 37.7 43.3 mg/l

GW-1012 72.3 179 58.4 65.9 62.4 63.8 mg/l

GW-1013 IIi 103 99.4 97.9 106 104 mg/l

GW-1014 III 114 114 108 102 102 mg/l

GW-1015 307 313 346 352 297 251 mg/l
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TABLE B-Z Bimonthly Groundwater Monitoring Data, 1992 (Continued)

WSSRAP ID B1 B2 B3 B4 B5 B6 UNITS

GW-1016 270 266 246 271 242 243 mg/l

GW-1026 88.3 0.670 1.00 0.920 0.690 0.710 mg/l
GW-1027 102 89.3 99.4 i00 109 iii mg/1

GW-1028 72.7 70.4 74.6 71.4 81.7 81.2 mg/l

GW-1029 74.4 77.4 75.7 76.9 69.2 67.9 mg/l

GW-1030 98.4 96.9 98.7 105 81.4 70.1 mg/l

GW-1031 28.8 41.5 35.5 35.8 30.8 29.0 mg/l

GW-1032 238 258 272 254 246 241 mg/l
GW-1034 169 86.9 79.1 71.5 73.1 62.9 mg/l

GW-1035 66.6 38.8 39.1 35.3 40.5 40.1 mg/l

GW-1036 61.3 58.6 52.6 58.4 55.0 55.2 mg/l

GW-1037 13.1 i0.5 9.80 15.1 16.7 58.0 mg/1

GW-1038 50.9 47.1 45.6 45.1 42.9 64.3 mg/l

GW-1039 64.7 61.5 49.0 54.6 52.0 17.3 mg/1

ARSENIC

GW-1002 <2.00 <2.00 <2.00 <2.00 <2.00 <2.00 _g/1

GW-1004 <2.00 <2.00 <2.00 <2.00 <2.00 <2.00 _g/1
GW-1005 <2.00 <2.00 <2.00 <2.00 <2. O0 <2.00 _g/1

GW-1006 <2.00 <2.00 <2.00 <2.00 3.70 <2.00 _g/1

GW-1007 20.3 10.6 17.8 25.2 11.4 17.2 _g/l

GW-1008 <2.00 <2.00 <2.00 <2.00 <2.00 <2.00 _g/1

GW-1009 8.80 3.89 <2.00 2.29 <2.00 9.09 _g/l

GW-1010 102 92.0 88.5 103 120 130 _g/1

GW-1011 NS <2.00 <2.00 NS <2.00 <2.00 _g/1

GW-1012 <2.00 <2.00 <2.00 <2.00 <2.00 <2.00 _g/1

GW-1013 2.89 3.39 2.50 2.70 2.60 2.90 _g/1

GW-1014 <2.00 <2.00 <2.00 <2.00 <2.00 <2. O0 _g/1

GW-1015 <2. O0 <2.00 <2.00 <2.00 <2.00 <2.00 _g/1

GW-1016 <2.00 <2.00 <2.00 <2.00 <2. O0 <2. O0 _g/1

GW-1026 21.6 22.3 22.1 20.6 19.6 19.4 _g/l

GW-1027 <2.00 <2.00 <2.00 <2.00 <2.00 <2.00 _g/1

GW-1028 <2.00 6.29 <2.00 5.90 <2.00 2.20 _g/1

GW-1029 <2.00 <2.00 <2.00 <2.00 <2. O0 <2. O0 vg/1

GW-1030 7.40 4.40 5.20 <2.00 <2.00 <2.00 _g/1

GW-1031 <2.00 <2.00 <2.00 <2.00 <2.00 <2.00 _g/l

GW-1032 <2.00 <2.00 <2.00 <2.00 <2.00 <2.00 _g/1

GW-1034 <12. <2.00 <2.00 <2.00 <2.00 <2.00 _g/1

GW-1035 <12. <2.00 <2.00 <2.00 <2. O0 <2.00 _g/1

GW-1036 <2.00 <2. O0 <2.00 <2.00 <2.00 <2. O0 vg/1

GW-1037 <2. O0 <2. O0 <2.00 <2.00 <2.00 <2 o00 _g/1

GW-1038 <2.00 <2.00 2.39 <2.00 <2.00 <2. O0 _g/1

GW-1039 <2.00 <2.00 <2.00 <2.00 <2.00 <2.00 _g/1
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TABLE B-I Bimonthly Groundwater Monitoring Data, 1992 (Continued)

WSSRAP ID B1 B2 B3 B4 B5 B6 UNITS

BARIUM

GW-1002 120 37.8 142 127 118 119 _g/l

GW-1004 38.5 140 44.8 43.3 33.3 30.4 _g/l

GW-1005 57.3 56.7 51.8 54.3 61.7 61.4 _g/l
GW-1006 _7.9 42.5 58.6 56.7 83.4 84.0 _g/l

GW-1007 349 249 314 336 324 370 _g/l

GW-1008 47.3 48.8 49.1 50.2 55.6 45.0 _g/l
GW-1009 486 364 344 482 337 481 _g/l

GW-1010 356 230 362 407 439 503 _g/l

GW-1011 NS 288 188 NS 271 295 _g/l

GW-1012 131 122 123 124 125 138 _g/l

GW-1013 156 140 141 142 151 162 _g/l

GW-1014 219 194 149 158 161 171 _g/l

GW-1015 126 105 117 109 104 . 98.1 _g/l

GW-1016 140 127 139 119 133 133 _g/l
GW-1026 389 409 381 360 401 434 _g/l

GW-1027 148 107 98.1 92.6 134 98.5 _g/l

GW-1028 293 300 277 303 278 296 _g/l

GW-1029 38.8 109 119 118 107 152 _g/l

GW-1030 404 340 353 132 82.0 122 _g/l

GW-1031 96.9 95.5 102 94.1 ii0 103 _g/l

GW-1032 95.4 96.8 89.9 93.3 105 89.9 _g/l

GW-1034 155 167 169 154 144 156 _g/l

GW-1035 256 225 223 200 203 198 _g/l

GW-1036 308 300 281 264 279 315 _g/l

GW-1037 549 626 615 639 673 569 _g/l

GW-1038 248 242 222 199 254 250 _g/l

GW-1039 509 479 461 425 488 489 _g/l

ALKALINITY

GW-1002 300 306 310 310 300 320 mg/l

GW-1004 250 244 260 270 260 225 mg/l

GW-1005 230 224 225 235 240 240 mg/l

GW-1006 358 390 490 360 390 470 mg/l

GW-1007 460 466 670 640 540 620 mg/l

GW-1008 370 388 315 320 415 445 mg/l

GW-1009 480 494 450 430 460 420 mg/l

GW-1010 370 341 315 331 368 385 mg/l

GW-1011 NS 498 445 342 472 465 mg/l

GW-lO12 475 510 480 500 510 510 mg/l

GW-1013 390 430 520 410 400 440 mg/l

GW-lO14 430 486 490 470 450 460 mg/l
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TABLE B-1 Bimonthly Groundwater Monitoring Data, 1992 (Continued)

WSSRAP ID B1 B2 B3 B4 B5 B6 UNITS

GW-1015 400 422 390 390 400 355 mg/1

GW-1016 370 412 380 390 400 400 mg/l

GW-1026 384 387 380 380 410 390 mg/l

GW-1027 460 490 430 395 460 440 mg/l

GW-1028 460 460 460 470 460 450 mg/1

GW-1029 348 358 360 345 360 364 mg/l

GW-1030 2100 2340 2100 1530 380 540 mg/l
GW-1031 340 340 365 350 340 340 mg/l

GW-1032 330 330 320 320 330 340 mg/l

GW-1034 424 462 420 435 430 470 mg/l

GW-1035 206 240 310 220 215 230 mg/l

GW-1036 510 490 490 525 525 500 mg/l

GW-1037 440 510 490 355 450 570 mg/l

GW-1038 430 450 450 440 460 470 mg/l

GW-1039 550 570 540 550 560 460 mg/l

1,3,5-TRINITROBENZENE

GW-1002 207 480 600 280 200 680 _g/l

GW-1004 4.50 6.00 8.50 7.00 6.20 5.80 _g/l
GW-1005 <0.03 <0.03 <0.03 <0.03 <0.03 <0.03 _g/l

GW-1006 26.0 62.0 70.0 140 6.00 5.50 _g/l

GW-1007 <0.03 0.180 <0.03 <0.03 <0.03 <0.03 _g/l

GW-1008 0.047 0.150 <0.03 <0.03 <0.03 0.041 _g/l

GW-1009 <0.03 <0.03 <0.03 <0.03 <0.03 <0.03 _g/l

GW-1010 <0.03 <0.03 <0.03 <0.03 <0.03 <0.03 _g/l

GW-1011 NS <0.03 <0.03 NS <0.03 <0.03 _g/l

GW-1012 <0.03 <0.03 <0.03 <0.03 <0.03 <0.03 _g/l

GW'I013 <0.03 <0.03 <0.03 <0.03 <0.03 <0.03 _g/l

GW-1014 <0.03 <0.03 <0.03 <0.03 <0.03 <0.03 _g/l

GW-1015 220 240 190 230 120 75.0 _g/l

GW-1016 38.0 32.0 24.0 27.0 9.00 5.80 _g/l

GW-1026 <0.03 <0.03 <0.03 <0.03 <0.03 <0.03 _g/l

GW-1027 0.033 0.066 0.065 0.086 <0.03 0.058 _g/l

GW-1028 <0.03 <0.03 <0.03 <0.03 <0.03 <0.03 _g/l

GW-1029 <0.5 <0.03 <0.03 <0.03 <0.03 <0.180 _g/l

GW-1030 <0.03 <0.03 <0.03 <0.03 <0.03 <0.03 _g/l

GW-1031 <0.03 <0.03 <0.03 <0.03 <0.03 <0.03 _g/l

GW-1032 0.043 <0.03 <0.03 <0.03 <0.03 <0.03 _g/l

GW-1034 <0.03 <0.03 <0.03 <0.03 <0.03 <0.03 _g/l

GW-1035 <0.03 <0.03 <0.03 <0.03 <0.03 <0.03 _g/l

GW-1036 <0.03 <0.03 <0.03 <0.03 <0.03 <0.03 _g/l

GW-1037 <0.03 <0.03 <0.03 <0.03 <0.03 <0.03 _g/l
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TABLE B-I Bimonthly Groundwater Monitoring Data, 1992 (Continued)

WSSRAP ID B1 B2 B3 B4 B5 B6 UNITS

GW-1038 <0.03 <0.03 <0.03 <0.03 <0.03 <0.03 _g/l

GW-1039 <0.03 <0.03 <0.03 <0.03 <0.03 <0.03 _g/l

1,3,DINITROBENZENE

GW-1002 <0.6 0.360 0.350 0.210 0.330 0.470 _g/l
GW-1004 <0.09 <0.09 <0.09 <0.09 <0.09 <0.09 _g/l

GW-1005 <0.09 <0.09 <0.09 <0.09 <0.09 <0.09 _g/l

GW-1006 <0.09 <0.09 <0.09 <0.09 <0.09 <0.09 _g/l
GW-1007 <0.09 <0.09 <0.09 <0.09 <0.09 <0.09 _g/l

GW-1008 <0.09 <0.09 <0.09 <0.09 <0.09 <0.09 _g/l

GW-1009 <0.09 <0.09 <0.09 <0.09 <0.09 <0.09 _g/l

GW-1010 <0.09 <0.09 <0.09 <0.09 <0.09 <0.09 _g/l

GW-1011 NS <0.09 <0.09 NS <0.09 <0.09 _g/l

GW-1012 <0.09 <0.09 <0.09 <0.09 <0.09 <0.09 _g/l

GW-1013 <0.09 <0.09 <0.09 <0.09 <0.09 <0.09 _g/l

GW-1014 <0.09 <0.09 <0.09 <0.09 <0.09 <0.09 _g/l

GW-1015 0.120 <0.09 <0.09 0.093 0.220 0.450 _g/l
GW-1016 <0.09 <0.09 <0.09 <0.09 <0.09 <0.09 _g/l

GW-1026 <0.09 <0.09 <0.09 <0.09 <0.09 <0.09 _g/l

GW-1027 <0.09 <0.09 <0.09 <0.09 <0.09 <0.09 _g/l

GW-1028 <0.09 <0.09 <0.09 <0.09 <0.09 <0.09 _g/l

GW-1029 <0.6 <0.09 <0.09 <0.09 <0.09 <0.160 _g/l

GW-1030 <0.09 <0.09 <0.09 <0.09 <0.09 <0.09 _g/l

GW-1031 <0.09 <0.09 <0.09 <0.09 <0.09 <0.09 _g/l

GW-1032 <0.09 <0.09 <0.09 <0.09 <0.09 <0.09 _g/l

GW-1034 <0.09 <0.09 <0.09 <0.09 <0.09 <0.09 _g/l

GW-1035 <0.09 <0.09 <0.09 <0.09 <0.09 <0.09 _g/l

GW-1036 <0.09 <0.09 <0.09 <0.09 <0.09 <0.09 _g/l

GW-1037 <0.09 <0.09 <0.09 <0.09 <0.09 <0.09 _g/l

GW-1038 <0.09 <0.09 <0.09 <0.09 <0.09 <0.09 _g/l

GW-1039 <0.09 <0.09 <0.09 <0.09 <0.09 <0.09 _g/l

2,4,6-TNT

GW-1002 33.3 85.0 90.0 46.0 30.0 120 _g/l

GW-1004 14.0 22.0 25.0 22.0 12.0 9.50 _g/l

GW-lO05 <0.03 <0.03 <0.03 <0.03 <0.03 <0.03 _g/l

GW-1006 5.80 i0.0 12.0 24.0 1.70 1.20 _g/l

GW-lO07 <0.03 0.560 <0.03 <0.03 <0.03 <0.03 _g/l

GW-1008 0.220 0.800 <0.03 <0.03 <0.03 0.260 _g/l

GW-1009 <0.03 <0.03 <0.03 <0.03 <0.03 <0.03 _g/l

GW-1010 <0.03 <0.03 <0.03 <0.03 <0.03 <0.03 _g/l

GW-1011 NS <0.03 <0.03 NS <0.03 <0.03 _g/l
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TABLE B-l Bimonthly Groundwater Monitoring Data, 1992 (Continued)

WSSRAP ID B1 B2 B3 B4 B5 B6 UNITS

GW-1012 <0.03 <0.03 <0.03 <0.03 <0.03 <0.03 _g/l

GW-1013 <0.03 <0.03 <0.03 <0.03 <0.03 <0.03 _g/l

GW-1014 <0.03 <0.03 <0.03 <0.03 <0.03 <0.03 _g/l

GW-1015 30.0 27.0 24.0 32.0 20.0 15.0 _g/l

GW-1016 5.80 5.40 4.50 5.00 1.80 1.40 _g/l

GW-lO26 <0.03 <0.03 <0.03 <0.03 <0.03 <0.03 _g/l

GW-1027 3.80 9.00 17.0 38.0 6.50 9.50 _g/l
GW-lO28 <0.03 <0.03 <0.03 <0.03 <0.03 <0.03 _g/l

GW-1029 <0.7 <0.03 <0.03 <0.03 <0.03 <0.230 _g/l

GW-1030 <0.03 <0.03 <0.03 <0.03 <0.03 <0.03 _g/1

GW-lO31 <0.03 <0.03 <0.03 <0.03 <0.03 <0.03 _g/l

GW-1032 3.00 <0.03 <0.03 0.060 0.380 0.098 _g/l

GW-1034 <0.03 <0.03 <0.03 <0.03 <0.03 <0.03 _g/l

GW-lO35 <0.03 <0.03 <0.03 <0.03 <0.03 <0.03 _g/l
GW-1036 <0.03 <0.03 <0.03 <0.03 <0.03 <0.03 _g/l

GW-1037 <0.03 <0.03 <0.03 <0.03 <0.03 <0.03 _g/l
GW-1038 <0.03 <0.03 <0.03 <0.03 <0.03 <0.03 _g/l

GW-1039 _0.03 <0.03 <0.03 <0.03 <0.03 <0.03 _g/l

2,4-DNT

GW-1002 <0.5 0.130 0.120 0.078 0.100 0.260 _g/l

GW-1004 2.80 3.20 3.80 4.20 3.50 3.20 _g/l

GW-1005 0.140 0.i00 0.086 0.098 0.092 0.II0 _g/l

GW-1006 0.190 0.300 0.170 0.400 0.080 0.120 _g/l

GW-1007 <0.03 <0.03 <0.03 <0.03 <0.03 <0.03 _g/l

GW-1008 <0.03 <0.03 <0.03 <0.03 <0.03 <0.03 _g/l

GW-1009 <0.03 <0.03 <0.03 <0.03 <0.03 <0.03 _g/l

GW-lO10 <0.03 <0.03 <0.03 <0.03 <0.03 <0.03 _g/l

GW-1011 NS <0.03 <0.03 NS <0.03 <0.03 _g/l

GW-1012 <0.03 <0.03 <0.03 <0.03 <0.03 <0.03 _g/l

GW-1013 0.097 0.063 0.053 0.035 <0.03 0.030 _g/l

GW-1014 0.042 <0.03 <0.03 <0.03 0.036 0.044 _g/l

GW-1015 0.060 0.054 0.055 0.066 0.062 0.062 _g/l

GW-1016 <0.03 <0.03 <0.03 <0.03 <0.03 <0.03 _g/l
GW-1026 <0.03 <0.03 <0.03 <0.03 <0.03 <0.03 _g/l

GW-1027 9.00 0.420 0.620 7.50 19.0 1.60 _g/l
GW-1028 <0.03 <0.03 <0.03 <0.03 <0.03 <0.03 _g/l

GW-1029 <0.5 <0.03 <0.03 <0.03 <0.03 <0.220 _g/l

GW-1030 0.040 0.044 0.049 0.033 0.044 0.045 _g/l
GW-lO31 <0.03 <0.03 <0.03 <0.03 <0.03 <0.03 _g/l

GW-lO32 0.067 0.088 0.200 0.096 0.150 0.II0 _g/l

GW-1034 <0.03 <0.03 <0.03 <0.03 <0.03 <0.03 _g/l

GW-lO35 <0.03 <0.03 <0.03 <0.03 <0.03 <0.03 _g/l
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TABLE B-l Bimonthly Groundwater Monitoring Data, 1992 (Continued)

WSSRAP ID BI B2 B3 B4 B5 B6 UNITS

GW-lO36 <0.03 <0.03 <0.03 <0.03 <0.03 <0.03 _g/l

GW-1037 <0.03 <0.03 <0.03 <0.03 <0.03 <0.03 _g/l

GW-1038 <0.03 <0.03 <0.03 <0.03 <0.03 <0.03 _g/l

GW-1039 <0.03 <0.03 <0.03 <0.03 <0.03 <0.03 _g/l

2,6-DNT

GW-1002 11.5 27.0 23.0 ii.0 8.30 42.0 _g/l

GW-1004 4.60 6.60 7.40 5.70 4.30 3.50 _g/l

GW-lO05 0.040 0.040 0.031 0.034 0.028 0.026 _g/l
GW-lO06 2.20 3.20 3.60 6.00 0.63C 0.680 _g/l

GW-1007 <0.01 0.210 <0.01 <0.01 <0.01 <0.01 _g/l

GW-1008 0.096 0.240 0.078 0.i00 <0.01 0.051 _g/l

GW-1009 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 _g/l

GW-lO10 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 _g/l
GW-1011 NS <0.01 <0.01 NS <0.01 <0.01 _g/l

GW-1012 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 _g/l

GW-1013 0. 030 O. 024 0. 016 0. 014 <0.01 <0.01 _g/l

GW-1014 0.014 <0.01 <0.01 <0.01 <0.01 (0.009) _g/l

GW-1015 1.00 0.750 0.800 0.880 0.640 0.460 _g/l

GW-1016 0.230 0.220 0.210 0.200 0.120 0.096 _g/l

GW-lO26 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 _g/l

GW-1027 3.10 3.10 2.40 5.30 5.80 1.30 _g/l

GW-lO28 <0.01 <0.01 <0.01 _0.01 <0.01 <0.01 _g/l

GW-lO29 <0.5 <0.01 <0.01 <0.01 <0.01 <0.53 _g/l

GW-1030 <0.01 <0.01 <0.01 <0.01 <0.01 (0.006) _g/l

GW-1031 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 _g/l

GW-lO32 i.i0 0.088 0.120 0.084 0.240 0.ii0 _g/l

GW-lO34 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 _g/l

GW-1035 <0.01 <0.01 <0.01 <0.01 _0.01 <0.01 _g/l

GW-lO36 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 _g/l

GW-1037 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 _g/l

GW-lO38 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 _g/l

GW-lO39 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 _g/l

NITROBENZENE

GW-lO02 <i.i <0.03 <0.03 <0.03 <0.03 <0.03 _g/l

GW-1004 <0.03 <0.03 <0.03 <0.03 <0.03 <0.03 _g/l

GW-lO05 <0.03 <0.03 <0.03 <0.03 <0.03 <0.03 _g/l

GW-1006 <0.03 <0.0 <0.03 <0.03 <0.03 <0.03 _g/l

GW-lO07 <0.03 <0.03 <0.03 <0.03 <0.03 <0.03 _g/l

GW-lO08 <0_03 <0.03 <0.03 <0.03 <0.03 <0.03 _g/l

GW-lO09 <0.03 <0.03 <0.03 <0.03 <0.03 <0.03 _g/i
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TABLE B-l Bimonthly Groundwater Monitoring Data, 1992 (Continued)

WSSRAP ID B1 B2 B3 B4 B5 B6 UNITS

GW-1010 <0.03 <0.03 <0.03 <0.03 <0.03 <0.03 _g/1

GW-1011 NS <0.03 <0.03 NS <0.03 <0.03 _g/l

GW-1012 <0.03 <0.03 <0.03 <0.03 <0.03 <0.03 _g/1

GW-1013 <0.03 <0.03 <0.03 <0.03 <0.03 <0.03 _g/1
GW-lO14 <0.03 <0.03 <0.03 <0.03 <0.03 <0.03 _g/1

GW-1015 <0.03 <0.03 <0.03 <0.03 <0.03 <0.03 _g/l

GW-1016 <0.03 <0.03 <0.03 <0.03 <0.03 <0.03 _g/1

GW-1026 <0.03 <0.03 <0.03 <0.03 <0.03 <0.03 _g/l

GW-1027 <0.03 <0.03 <0.03 <0.03 <0.03 <0.03 _g/1

GW-1028 <0.03 <0.03 <0.03 <0.03 <0.03 <0.03 _g/l
GW-1029 <I.i <0.03 <0.03 <0.03 <0.03 <0.210 _g/l
GW-1030 <0.03 <0.03 <0.03 <0.03 <0.03 <0.03 _g/l

GW-103 1 <0.03 <0.03 <0.03 <0.03 <0.03 <0.03 _g/1

GW-1032 <0.03 <0.03 <0.03 <0.03 <0.03 <0.03 _g/l

GW-1034 <0.03 <0.03 <0.03 <0.03 <0.03 . <0.03 _g/l

GW-1035 <0.03 <0.03 <0.03 <0.03 <0.03 <0.03 _g/l

GW-1036 <0.03 <0.03 <0.03 <0.03 <0.03 <0.03 _g/l

GW-1037 <0.03 <0.03 <0.03 <0.03 <0.03 <0.03 _g/l

GW-1038 <0.03 <0.03 <0.03 <0.03 <0.03 <0.03 _g/1

GW-1039 <0.03 <0.03 <0.03 <0.03 <0.03 <0.03 _g/1

GROSS ALPHA

GW-1002 7.00 pCi/l

GW-1004 3700 pCi/l

GW-1005 1480 pCi/l

GW-1006 4300 pCi/l

GW-1007 2300 pCi/l

GW-lO08 6000 pCi/l

GW-1009 15.0 pCi/l

GW-1010 <2. O0 pCi/1

GW-1011 22.0 pCi/1

GW-1012 23.0 pCi/l

GW-1013 Ii00 pCi/l

GW-1014 600 pCi/l

GW-1015 1400 pCi/!

GW-1016 480 pCi/l

GW-1026 25.0 pCi/1

GW-1027 680 pCi/l

GW-1028 6.80 pCi/1

GW-1029 13.0 pCi/1

GW-103 0 98.0 pCi/l

GW-1031 22.0 pCi/l

GW-1032 860 pCi/i
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TABLE B-I Bimonthly Groundwater Monitoring Data, 1992 (Continued)

WSSRAP ID B1 B2 B3 B4 B5 B6 UNITS

GW-1034 3. i0 pCi/l

GW-lO35 <2. O0 pCi/1

GW-1036 8.50 pCi/1

GW-1037 3.90 pCi/1
GW-1038 <2. O0 pCi/1

GW-1039 5. O0 pCi/1

GROSS BETA

GW-1002 12.0 pCi/1

GW-1004 2840 pCi/l

GW-1005 1070 pCi/l

GW-1006 2230 pCi/l
GW- 1007 1320 pCi/1

GW-1008 3400 pCi/l

GW-1009 Ii. 0 pCi/1

GW-1010 6.40 pCi/l

GW-1011 22.0 pCi/1

GW-1012 13.0 pCi/l

GW-1013 610 pCi/l

GW-1014 510 pCi/l

GW-1015 810 pCi/1

GW-1016 300 pCi/1

GW-1026 18.0 pCi/1

GW-1027 280 pCi/l

GW-1028 13.0 pCi/1

GW-1029 12.0 pCi/1

GW-1030 190 pCi/1

GW-1031 13.0 pCi/1

GW-1032 780 pCi/l

GW-1034 5.80 pCi/l

GW-1035 5.90 pCi/1

GW-1036 9.60 pCi/1

GW-1037 5.90 pCi/1

GW-1038 8. I0 pCi/1

GW-1039 8.70 pCi/1

RADIUM-226

GW-1002 <0.20 pCi/1

GW-lO04 0. 300 pCi/l

GW-1005 <0.20 pCi/1

GW-1006 0. 400 pCi/1

GW-!007 0 .600 pCi/1
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TABLE B-I Bimonthly Groundwater Monitoring Data, 1992 (Continued)

WSSRAP ID BI B2 B3 B4 B5 B6 UNITS

GW-1008 <0.20 pCi/l

GW-1009 0.200 pCi/l

GW-1010 0. 400 pCi/1
GW-1011 0.200 pCi/l

GW-1012 0. 300 pCi/1

GW-1013 0. 700 pCi/l

GW-1014 <0.20 pCi/l

GW-1015 0. 300 pCi/1
GW-1016 <0.20 pCi/l

GW-1026 0.200 pCi/l

GW-1027 <0.20 pCi/1

GW-1028 0. 300 pCi/1

GW-1029 <0.20 pCi/1

GW-1030 4.80 pCi/l

GW-1031 0.200 pCi/l

GW-1032 0. 500 pCi/1

GW-1034 0.200 pCi/l

GW-1035 0. 400 pCi/1

GW-1036 0. 200 pCi/1

GW-1037 0. 300 pCi/1

GW-1038 0. 200 pCi/1
GW-1039 <0.20 pCi/l

RADIUM-228

GW-1002 <0.90 pCi/1

GW-1004 <0.90 pCi/1

GW-1005 <0.90 pCi/1

GW-1006 (0. 700) pCi/1
GW-1007 <0.90 pCi/1

GW-1008 <0.90 pCi/1

GW-1009 <0.90 pCi/1

GW-1010 2. i0 pCi/l

GW-1011 (0. 700) pCi/l
GW-1012 <0.90 pCi/1

GW-1013 <0.90 pCi/1

GW-1014 <0.90 pCi/1

GW-1015 <0.90 pCi/1

GW-1016 (0.600) pCi/l

GW-1026 (0.800) pCi/l
GW-1027 I. i0 pCi/l

GW-1028 (0. 600) pCi/1
GW-1029 <0.90 pCi/1

GW-1030 2.70 pCi/l
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TABLE B-l Bimonthly Groundwater Monitoring Data, 1992 (Continued)

WSSRAP ID B1 B2 B3 B4 B5 B6 UNITS

GW-1031 <0.90 pCi/l
GW-1032 i. i0 pCi/l

GW-1034 (0.800) pCi/l

GW-1035 <0.90 pCi/l

GW-1036 <0.90 pCi/1

GW-1037 <0.90 pCi/1

GW-1038 (0. 500) pCi/1

GW-1039 0. 900 pCi/1

THOR IUM- 228

GW-1002 <0.20 pCi/l

GW-1004 <0.20 pCi/l

GW-1005 <0.20 pCi/1
GW-1006 <0.20 pCi/l

GW-1007 <0.20 pCi/l

GW-1008 <0.20 pCi/l

GW-1009 <0.20 pCi/l

GW-1010 <0.20 pCi/1

GW-1011 <0.20 pCi/1

GW-1012 <0.20 pCi/l
GW-1013 <0.20 pCi/1

GW-1014 <0.20 pCi/l

GW-1015 <0.20 pCi/l

GW-1016 <0.20 pCi/l

GW-1026 <0.20 pCi/l

GW-1027 <0.20 pCi/l

GW-1028 <0.20 pCi/l

GW-1029 <0.20 pCi/1

GW-1030 1.20 pCi/l •

GW-1031 <0.20 pCi/l

GW-1032 <0.20 pCi/1

GW-1034 <0.20 pCi/1

GW-1035 0<0.20 pCi/1

GW-1036 <0.20 pCi/1

GW-1037 <0.20 pCi/1

GW-1038 <0.20 pCi/1

GW-1039 <0.20 pCi/1

THOR IUM- 230

GW-1002 0. 200 pCi/1

GW-1004 <0.20 pCi/1

GW-1005 I. 00 pCi/1
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TABLE B-I Bimonthly Groundwater Monitoring Data, 1992 (Continued)

WSSRAP ID B1 B2 B3 B4 B5 B6 UNITS

GW-1006 <0.20 pCi/l

GW- 1007 0.3 O0 pCi /1

GW-1008 <0.20 pCi/l
GW-1009 <0.20 pCi/l

GW-lO10 <0.20 pCi/l

GW-1011 <0.20 pCi/l

GW-lO12 0. 300 pCi/1

GW-lO13 <0.20 pCi/l

GW-lO14 <0.20 pCi/l

GW-lO15 i. 50 pCi/1
GW-lO16 <0.20 pCi/l

GW-lO26 <0.20 pCi/l

GW-1027 <0.20 pCi/l

GW-lO28 <0.20 pCi/l

GW-1029 <0.20 pCi/l

GW-1030 2.20 pCi/1

GW-1031 <0.20 pCi/l

GW-1032 <0.20 pCi/l

GW-lO34 I. 60 pCi/1

GW-1035 <0.20 pCi/1

GW-1036 <0.20 pCi/1

GW-1037 0. 200 pCi/1

GW-1038 <0.20 pCi/1

GW-lO39 <0.20 pCi/l

THOR IUM- 232

GW-1002 <0.20 pCi/l

GW-1004 <0.20 pCi/l

GW-lO05 <0.20 pCi/l

GW-1006 <0.20 pCi/l

GW-1007 <0.20 pCi/l

GW-1008 <0.20 pCi/l

GW-1009 <0.20 pCi/l

GW-1010 <0.20 pCi/l

GW-1011 <0.20 pCi/l

GW-1012 <0.20 pCi/l

GW-1013 <0.20 pCi/1

GW-1014 <0.20 pCi/l

GW-1015 <0.20 pCi/l

GW-lO16 <0.20 pCi/1

GW-1026 <0.20 pCi/1

GW-1027 <0.20 pCi/1

GW-1028 <0.20 pCi/1
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TABLE B-I Bimonthly Groundwater Monitoring Data, 1992 (Continued)

WSSRAP ID B1 B2 B3 B4 B5 B6 UNITS

GW-1029 <0.20 pCi/1

GW-1030 O. 800 pCi/1

GW-1031 <0.20 pCi/1
GW-lO32 <0.20 pCi/1

GW-lO34 <0.20 pCi/1

GW-lO35 <0.20 pCi/1

GW-1036 <0.20 pCi/1

GW-1037 <0.20 pCi/1

GW-1038 <0.20 pCi/l

GW-1039 <0.20 pCi/1

URANIUM, TOTAL

GW-1002 2 .92 1 .20 2 .00 <0.5 2 .20 2 .70 pCi/1

GW-1004 4400 5300 5900 6100 3800 2700 pCi/l

GW-1005 1700 1900 1600 2200 2100 1600 pCi/l

GW-1006 3160 3200 3500 4100 2300 3300 pCi/l

GW-1007 125 1700 400 59.0 140 300 pCi/l

GW-lO08 5940 5600 4100 4800 3700 6000 pCi/l
GW-1009 2.14 4.40 4.70 i0.0 4.70 0. 820 pCi/1

GW-lO10 <1.4 2.47 <0.20 <0.458 1.09 <0.20 pCi/l

GW-1011 NS ii. 0 17.0 12.8 12 .9 9.50 pCi/1

GW-1012 2.65 2.70 3.10 2.40 4.10 2.30 pCi/l

GW-1013 1050 800 880 920 750 830 pCi/1

GW-1014 802 920 ii00 ii00 870 930 pCi/l
GW-lO15 1560 1400 1500 1500 1300 880 pCi/l

GW-1016 734 640 670 690 480 470 pCi/1

GW-1026 <0.577 0.680 0.500 <0.580 0.410 <0.20 pCi/l

GW-1027 1030 619 640 900 540 410 pCi/l
GW-1028 3.47 0.300 <0.580 <0.580 1.30 i000 pCi/l

GW-1029 2.72 2.20 2.10 <0.5 2.40 1.80 pCi/l

GW-1030 <27. ii.0 6.00 3.30 NS 8.80 pCi/l

GW-1031 20.2 17.0 28.0 26.0 23.0 17.0 pCi/l

GW-1032 1560 1300 1700 1600 1300 980 pCi/l

GW-1034 2.92 1.60 1.60 0.58 2.20 2.20 pCi/l

GW-1035 0.408 2.40 0.300 <0.500 0.750 <0.20 pCi/l

GW-1036 3.95 8.50 5.10 4.60 5.60 4.50 pCi/l

GW-1037 0.925 2.80 0.680 <0.580 0.600 0.950 pCi/l

GW-lO38 1.76 2.80 2.70 2.40 2.70 3.10 pCi/l

GW-1039 <0.577 4.30 0.680 0.720 1.20 1.30 pCi/l
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TABLE B-Z Bimonthly Groundwater Monitoring Data, 1992 (Continued)

WSSRAP ID BI B2 B3 B4 B5 B6 UNITS

URANIUM-234_

GW-1010 0. 990 pCi/1
GW-1013 238 pCi/l

GW-1014 159 pCi/l

GW-1031 15.3 pCi/l

URANIUM- 23_5

GW-1010 <0.38 pCi/l

GW-1013 68.0 pCi/1

GW-1014 290 pCi/1
GW-1031 2.27 pCi/l

URANIUM-238

GW-1010 0.730 pCi/l

GW-lO13 368 pCi/l

GW-1014 394 pCi/l

GW-1031 11.3 pCi/l
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TABLE B-2 Quarterly, semi and Annual Groundwater Monitoring Data,
1992

WSSRAP ID Q1 Q2 Q3 Q4 UNITS

BROMIDE

GW-2001 1.30 <0.750 <7.5 a <0.38 mg/l

GW-2002 <0.38 <1.89 <7.5 a <0.38 mg/l

GW-2003 <0.38 <1.89 <7.50 <7.50 mg/l

GW-2030 <0.250 <0.38 0.800 1.70 mg/l

GW-2032 <0.250 <3.79 <7.50 a <7.50 a mg/l

GW-2033 <0.250 0.420 i. I0 0.520 mg/l

GW-3003 <7.50 <7.50 <7.50 a <7.50 mg/l

GW-3006 <0.38 <0.38 <0.38 <0.38 mg/l

GW-3008 <9.50 a <7.50 a <18.8 a <7.50 a mg/l

GW-3009 <3.79 <3.80 <3.80 a <5.15 mg/l

GW-3023 <3.79 <188 a <37.5 a <7.50 a mg/l

GW-4001 <3.79 2.50 <0.38 <7.5 mg/l
GW-4002 <0.38 <0.38 <0.38 <0.38 mg/l

GW-4003 0.440 <0.38 <0.38 <0.38 mg/l

GW-4004 2.20 <0.38 <0.38 <0.38 mg/l

GW-4005 0.420 1.60 <0.38 <0.38 mg/l

GW-4006 <0.38 0.570 <0.38 <0.38 mg/l

GW-4007 <0.38 <0.38 <0.38 <0.38 mg/l

GW-4008 0.590 <0.38 <0.38 <0.38 mg/l

GW-4009 <0.38 <0.38 <0.38 <0.38 mg/l

GW-4010 <0.38 0.980 <0.38 <0.38 mg/l

GW-4011 0.440 <3.80 <7.50 <3.80 mg/l

GW-4012 <0.38 <188 a <0.38 <0.38 mg/l

GW-4013 <0.250 <3.80 <3.80 25.6 a mg/l

GW-4014 <0.38 <0.38 <0.38 <0.38 mg/l

GW-4015 0.460 <0.38 <0.250 <0.38 mg/l

GW-4016 <0.38 <0.38 <0.250 <0.38 mg/l

GW-4017 0.260 <0.38 <0.38 <0.38 mg/l
GW-4018 <0.38 <0.38 <0.38 <0.38 mg/l

GW-4019 <0.38 1.39 <0.38 <0.38 mg/l

GW-4020 <0.38 1.39 <0.38 <0.38 mg/l

GW-4021 <0.38 <0.38 <0.38 <0.38 mg/l

GW-4022 <0.150 <0.38 0.550 <0.38 mg/l

GW-4023 <0.38 0.640 <0.38 <0.38 mg/l

GW-RMWI <0.38 mg/l

GW-RMW2 <0.38 mg/l

GW-RMW3 <0.38 mg/l

GW-RMW4 <0.38 mg/l
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TABLE B-2 Quarterly, Semi and Annual Groundwater Monitoring

Data, 1992 (Continued)

WSSRAP ID Q1 Q2 Q3 Q4 UNITS

CHLORIDE

GW-2001 7.00 5.50 5.80 5.80 mg/l

GW-2002 13.1 7.90 8.60 12.4 mg/1

GW-2003 8.90 9.19 6.70 9.20 mg/1

GW-2030 39.5 30.7 32.6 39.6 mg/l

GW-2032 21.4 16.2 17.4 21.6 mg/l

GW-2033 i0.7 5.40 6.00 6.50 mg/1
GW-3003 12.3 i0.1 I0.4 16.7 mg/1

GW-3006 i. 80 i. 30 I. 60 3. i0 mg/l

GW-3008 21.5 17.6 22.0 19.6 mg/l

GW-3009 5.59 4.50 4.40 7.65 mg/1

GW-3023 17.2 17.7 14.4 16.9 mg/1

GW-4001 3.89 7.09 3.20 3.70 mg/1

GW-4002 I. 80 i. 30 i. 50 2.40 mg/l

GW-4003 8.09 6.09 6.40 5.85 mg/1

GW-4004 9.19 3.39 3.40 3.50 mg/l

GW-4005 8.19 7.70 6.60 6.70 mg/1

GW-4006 2.39 2.00 1.60 2.40 mg/l

GW-4007 i. 20 0. 880 0. 770 i. O0 mg/1
GW-4008 3.29 0. 980 0. 930 0. 880 mg/1

GW-4009 i. 30 0. 840 0. 960 1.20 mg/l

GW-4010 I. 89 2.40 1.39 1.90 mg/1

GW-4011 6.40 5.90 5.40 5.80 mg/1

GW-4012 2.79 i0.0 2.50 2.50 mg/1

GW-4013 6.20 6.50 5.80 5.60 mg/1

GW-4014 4.09 2.60 4.20 4.30 mg/1

GW-4015 5.29 <0. 250 2. i0 3.20 mg/1

GW-4016 2.50 I. i0 4. I0 7.60 mg/1

GW-4017 2.39 1.60 1.60 1.70 mg/1

GW-4018 16.8 16.7 16.0 18.1 mg/1

GW-4019 I. 60 2.50 0. 990 1.70 mg/1

GW-4020 14 o8 15.9 15.2 12.0 mg/1

GW-4021 I. 80 i. 20 I. 20 i. 80 mg/1

GW-4022 4.09 5.29 5.90 5.40 mg/1

GW-4023 14.9 12.4 14.9 32.2 mg/1

GW-RMWI 12.5 rag/1

GW-RMW2 6.80 mg/1

GW-RMW3 17.8 mg/1

GW-RMW4 5.50 mg / 1
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TABLE B-2 Quarterly, Semi and Annual Groundwater Monitoring
Data, 1992 (Continued)

WSSRAP ID Q1 Q2 Q3 Q4 UNITS

NITRATE-N

GW-1017 0.280 <0.i0 <0.i0 <0.I0 mg/l

GW-lO18 <0.01 <0.i0 <0.20 <0.i0 mg/l

GW-lO19 <0.01 <0. i0 <0. I0 <0. i0 mg/1

GW-1020 <0.01 <0. i0 0. 170 <0. I0 rag/1
GW-1021 <0.20 <0. i0 <0. i0 <0. i0 mg/1

GW-lO22 <0.20 <0. I0 0. 120 <0. I0 rag/1

GW-lO23 O. 280 <0. i0 <0.20 <0. I0 mg/1

GW-lO24 <0.01 <0.i0 <0.20 0.150 mg/l

GW-1033 0.140 <0.i0 <0.i0 <0.i0 mg/l

GW-2001 26.2 22.0 30.6 34.6 mg/l

GW-2002 312 181 264 450 mg/l

GW-2003 339 266 229 209 mg/l

GW-2004 0.780 0.260 mg/l

GW-2005 69.8 62.8 mg/l

GW-2006 6.20 1.00 mg/l

GW-2007 0.200 <0.20 mg/l

GW-2008 3.29 0.840 mg/l

GW-2009 1.60 1.30 mg/l
GW-2010 1.30 0.770 mg/l

GW-2011 5.50 4.90 mg/l

GW-2012 0.710 0.370 mg/l

GW-2013 I.I0 0.600 mg/l

GW-2014 1.00 0.820 mg/l

GW-2015 0.520 0.150 mg/l

GW-2017 0.ii0 0.280 mg/l

GW-2018 0.240 0.400 mg/l

GW-2019 <0.I0 <0.i0 mg/l

GW-2020 0.520 0.230 mg/l
GW-2021 0.200 <0.I0 mg/l

GW-2022 0.250 <0.I0 mg/l

GW-2023 0.460 0.II0 mg/l

GW-2024 0.220 0.I00 mg/l
GW-2025 <0.i0 0.080 mg/l

GW-2026 <0.i0 <0.I0 mg/l

GW-2027 <0.I0 <0.i0 mg/l

GW-2028 <0.i0 <0.500 mg/l

GW-2029 0.120 0.310 mg/l

GW-2030 1.50 1.20 1.40 0.840 mg/l

GW-2032 119 86.0 55.0 iii mg/l

GW-2033 0.790 0.960 0.740 1.00 mg/l

GW-2034 0.180 0.130 mg/l
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TABLE B-2 Quarterly, Semi and Annual Groundwater Monitoring

Data, 1992 (Continued)

WSSRAP ID Q1 Q2 Q3 Q4 UNITS

GW-3003 312 252 338 467 mg/l

GW-3006 <0.I0 0.440 0.070 0.240 mg/l

GW-3008 844 644 623 698 mg/l

GW-3009 109 3250 a 60.8 283 mg/l

GW-3019 <0.20 <0.i0 mg/l

GW-3023 308 316 495 454 mg/l
GW-4001 32.5 <2.50 a 32.6 31.8 mg/l

GW-4002 0.940 0.980 6.00 2.70 mg/l

GW-4003 0.760 0.600 0.910 0.760 mg/l

GW-4004 0.800 1.00 0.940 0.760 mg/l

GW-4005 2.00 2.00 2.00 9.70 mg/l

GW-4006 5.20 4.20 4.40 4.90 mg/l

GW-4007 0.190 0.980 0.250 0.i00 mg/l

GW-4008 <0.050 0.170 0.030 <0.i0 mg/l

GW-4009 0.630 0.190 0.170 0..130 mg/l
GW-4010 0.220 0.130 0.160 0.160 mg/l

GW-4011 30.6 37.1 28.9 46.7 mg/1

GW-4012 0.170 i180 a 0.060 0.300 mg/l

GW-4013 5.20 a 85.6 49.7 62.8 mg/l

GW-4014 5.20 i. i0 0. 020 5.30 mg/1

GW-4015 0. 200 2.90 1.40 I. 60 mg/l

GW-4016 316 a <0. 060 <5.00 37. Oa mg/l

GW-4017 0. 450 O. 450 0. 450 0. 480 mg/1

GW-4018 6.29 2.00 2.40 2.10 mg/l

GW-4019 0.230 0.400 0.410 0.280 mg/l

GW-4020 0.ii0 0.340 2.80 <0.i0 mg/l

GW-4021 <0.i0 <0.I0 0.120 <0.i0 mg/l

GW-4022 0.230 0.410 0.380 0.240 mg/l

GW-4023 1.89 3.60 4.00 4.40 mg/l

GW-FINW 0.770 mg/l

GW-PW02 <0.01 mg/l

GW-PW03 <0.01 mg/l

GW-PW04 <0.01 mg/l

GW-PW05 <0.01 mg/l

GW-PW06 <0.01 mg/l

GW-PW07 <0.01 mg/l

GW-PW08 53.1 mg/l

GW-PW09 <0.01 mg/l

GW-RAWW <0.01 mg/l
GW-RMWI <0.01 <0.i0 <0.20 0.i00 mg/l

GW-RMW2 <0.01 <0.I0 <0.5 0.190 mg/l

GW-RMW3 <0.01 <0.i0 <0.20 0.160 mg/l

GW-RMW4 <0.01 0.790 <0.20 i.i0 mg/l
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TABLE B-2 Quarterly, Semi and Annual Groundwater Monitoring

Data, 1992 (Continued)

WSSRAP ID Ql Q2 Q3 Q4 UNITS

NITRITE-N

GW-2001 <5.0 a <2.50" 0.010 <0.I0 mg/l

GW-2002 <20 a <0.I0 <0.01 <0.i0 mg/l

GW-2003 <I00 a <0.i0 <0.01 96.8 a mg/l

GW-2030 0.010 <0.i0 <0.20 <0.i0 mg/l

GW-2032 0.010 0.120 <0.I0 <0.i0 mg/l

GW-2033 0.010 <0.i0 <0.i0 <0.i0 mg/l
GW-3003 <0.i0 <0.i0 0.030 0.180 mg/l

GW-3006 <0.I0 <0.I0 <0.01 <0.i0 mg/l

GW-3008 <0.I0 <0.I0 <0.I0 <0.i0 mg/l

GW-3009 0.340 60.8 <0.i0 mg/l

GW-3023 1.30 0.890 1.00 1.00 mg/l

GW-4001 <2.5 <0.i0 <0.01 <0.I0 mg/l

GW-4002 <0.i0 <0.i0 0.010 <0.i0 mg/l

GW-4003 0.ii0 <0.i0 <0.01 <0.I0 mg/l

GW-4004 0.050 <0.i0 <0.i0 <0.i0 mg/l

GW-4005 <0.2 <0.i0 <0.01 <0.I0 mg/l
GW-4006 <i.0 <0.I0 <0.I0 <0.I0 mg/l

GW-4007 <0.i0 0.010 <0.I0 <0.I0 mg/l

GW-4008 <0.050 <0.I0 <0.01 <0.i0 mg/l

GW-4009 <0.I0 <0.i0 <0.I0 <0.i0 mg/l
GW-4010 <0.i0 <0.I0 <0.I0 <0.i0 mg/l

GW-4011 <0.050 <0.I0 <0.I0 <0.I0 mg/l

GW-4012 <0.i0 <0.I0 <0.01 <0.i0 mg/l

GW-4013 0.010 <0.i0 <0.01 <0.i0 mg/l

GW-4014 <0.01 <0.i0 0.i00 <0.I0 mg/l

GW-4015 <0.i0 <0.I0 <0.01 <0.I0 mg/l

GW-4016 <I.00 <0.060 <5.00 a <25 _ mg/l

GW-4017 <0.i0 <0.i0 <0.01 <0.i0 mg/l
GW-4018 <0.5 <0.i0 <0.01 <0.i0 mg/l

GW-4019 <0.i0 <0.i0 <0.i0 <0.i0 mg/l

GW-4020 <0.I0 <0.i0 <0.01 <0.i0 mg/l

GW-4021 <0.i0 <0.I0 <0.I0 <0.i0 mg/l

GW-4022 <0.I0 <0.i0 <0.i0 <0.i0 mg/l

GW-4023 <0.I0 <0.I0 <0.01 <0.I0 mg/l

GW-RMWI <0.i0 mg/l

GW-RMW2 <0.I0 mg/l

GW-RMW3 <0.I0 mg/l

GW-RMW4 <0.i0 mg/l
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TABLE B-2 Quarterly, Semi and Annual Groundwater Monitoring
Data, 1992 (Continued)

WSSRAP TD Q1 Q2 Q3 Q4 UNITS

GW-1017 2.10 0.600 <0.250 0.510 mg/l

GW-1018 35.0 50.7 I00 96.0 mg/1

GW-1019 3.70 i. I0 0. 850 0. 390 mg/1

GW-1020 18.9 43.9 41.9 Ii. 0 rag/1
GW-1021 <0.250 <0.250 1.80 1.50 mg/l

GW-1022 <0.250 <0.250 0.330 0.430 mg/l

GW-1023 8.00 9.30 4.00 3.90 mg/1

GW-1024 i. 39 <0.250 3. i0 3.30 mg/1

GW-10_3 12.5 i0.0 I0.0 9.60 rag/1

GW-200.I 8.50 8.09 8.70 8.60 rag/1
GW-2002 132 89.8 118 126 rag/1

GW-2003 134 106 92.7 137 mg/1

GW-2004 i. 80 i. 90 rag/1

GW-2005 26.4 25.6 mg/1

GW-2006 34.8 32.2 mg/1

GW-2007 15.3 14.7 mg/1

GW-2008 40.0 38.0 mg/1
GW-200.9 105 ll0 rag/1

GW-2010 32.5 30.7 rag/1

GW-2011 12.8 13.0 mg/1

GW-2012 78.1 67.1 mg/l

GW-2013 15.3 20.2 mg/1

GW-2014 33.6 33.3 mg/1

GW-2015 96.2 125 mg/1

GW-2017 754 701 mg/1

GW-2018 9.19 9.70 mg/1

GW-2019 42.4 4 I. 7 mg/1

GW-2020 130 139 mg/1

GW-2021 13.0 14.0 rag/1

GW-2022 14.2 14.0 mg/1

GW-2023 15.5 14.4 rag/1

GW-2024 30.0 28.7 mg/1

GW-2025 20.0 15.8 mg/1

GW-2026 14.4 14.0 rag/1

GW-2027 7.40 ii. 4 mg/1

GW-2028 121 125 mg/1

GW-2029 23.4 24.5 rag/1

GW-2030 43.7 41.6 39.5 42.7 mg/1

GW-2032 56.2 53.2 55.0 60.3 mg/1

GW-2033 23.6 24.2 28.4 28.7 mg/l
GW-2034 623 645 mg/1
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TABLE B-2 Quarterly, Semi and Annual Groundwater Monitoring
Data, 1992 (Continued)

WSSRAP ID Ql Q2 Q3 Q4 UNITS

GW-3003 128 181 152 172 mg/1
GW-3006 23.8 22.0 22.7 22.4 mg/1

GW-3008 77.4 77.2 85.9 82.8 rag/1

GW-3009 82. I 85.3 84.9 20.7 mg/1

GW-3019 7.00 6.40 mg/1
GW-3023 353 343 305 323 mg/1

GW-4001 63.9 67.3 65.6 59.4 rag/1

GW-4002 14. I 15.4 15.3 19.6 mg/1
GW-4003 33.5 33.6 34.0 32.0 mg/1

GW-4004 26.5 19.7 19.9 19. i mg/1

GW-4005 25.3 24.7 20.6 25.5 rag/1

GW-4006 29.9 28.0 28.4 27.5 mg/1

GW-4007 14.5 12.9 12.8 ii. 2 mg/1 '

GW-4008 14.9 14.0 14.0 13.8. mg/1
GW-4009 18.3 13.9 16.2 13.3 mg/1

GW-4010 25.2 22.0 22.3 21.9 mg/1

GW-4011 58.8 53.8 54.8 59.4 mg/1

GW-4012 55.5 47.9 46.7 47.2 mg/1

GW-4013 43.5 45.1 39.7 51.7 rag/1

GW-4014 27.8 25.5 26.8 27.0 rag/1
GW-4015 13.3 16.9 7. I0 13.2 mg/1

GW-4016 14.8 14.9 17.6 2 I. 4 rag/1
GW-4017 6.40 6.20 5.60 7.60 mg/l

GW-4018 8.00 6.70 6.50 7.70 rag/1

GW-4019 Ii. 6 6.40 6.30 9.20 rag/1

GW-4020 133 134 129 119 mg/1

GW-4021 274 255 264 245 mg/1

GW-4022 37.5 29.0 37.8 37.5 mg/1

GW-4023 76.2 68.5 68.2 145 mg/l

GW-FINW 92.4 mg/1

GW-PW02 114 mg/1

GW-PW03 104 mg/1

GW-PW04 107 mg/1

GW-PW05 77.3 mg/1

GW-PW06 97 .9 mg/1

GW-PW07 66.8 mg/1

GW-PW08 53 .1 mg/1

GW-PW09 40.0 mg/1

GW-RAWW 9i. 7 mg/1

GW-RMWI 41.6 23 .0 25.9 27 .8 mg/l

GW-P_M/@..2 2 !_ 7 58.4 12 .3 23 .2 rag/1

GW-RMW3 2 .70 7.29 5. i0 i0.5 rag/1

GW-RMW4 30° 4 34 .8 23 .4 24.7 mg/1

i
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TABLE B-2 Quarterly, Semi and Annual Groundwater Monitoring

Data, 1992 (Continued)

WSSRAP ID Q1 Q2 Q3 Q4 UNITS

ALUMINUM

GW-2001 NS <46.0 <35.0 <49.0 _g/1

GW-2002 NS <46.0 <35.0 <49.0 _g/l

GW-2003 NS <46.0 <35.0 <49.0 _g/1

GW-2030 2270 c 650 c <35.0 <49.0 _g/l

GW-2032 13000 ¢ 6050 c <35.0 <49.0 _g/l

GW-2033 1550 ¢ 1130 ¢ <35.0 <49.0 _g/l

GW-3003 <91.0 <46.0 337 <49.0 _g/l

GW-3006 <91.0 <46.0 38.2 c <49.0 _g/1

GW-3008 127 c <35.0 <49.0 <64.0 _g/1

GW-3009 <91.0 <35.0 <35.0 <49.0 _g/l

GW-3023 579 c 674 ¢ i64 <49.0 _g/l

GW-4001 NS <46.0 <35.0 a <49.0 a _g/1

GW-4002 <91.0 <46.0 <35.0 <64.0 _g/1

GW-4003 NS <46.0 <35.0 (39.3) _g/1
GW-4004 <91.0 <46.0 <35.0 <49.0 _g/l

GW-4005 <91.0 <46.0 a <35.0 <64.0 _g/l

GW-4006 NS <46.0 132 <49.0 _g/l

GW-4007 258 c <35.0 <35.0 c <64.0 _g/l

GW-4008 <91.0 <46.0 <35.0 <49.0 _g/l

GW-4009 <91.0 <46.0 < 35.0 < 64.0 _g/1

GW-4010 <91.0 <46.0 <35.0 <49.0 _g/l

GW-4011 <91.0 <46.0 _ <35.0 <49.0 _g/l

GW-4012 <91.0 <35.0 <35.0 <49.0 _g/1

GW-4013 <91.0 <35.0 84.8 <49.0 _g/1

GW-4014 <91.0 <35.0 <35.0 <49.0 _g/1

GW-4015 <91.0 <35.0 <35.0 <49.0 _g/1

GW-4016 <91.0 <35.0 1340 c <49.0 _g/l

GW-4017 30.5 235 c 35.4 _ <49.0 _g/1

GW-4018 <91.0 <35.0 <35.0 <64.0 _g/1

GW-4019 <91.0 <46.0 <35.0 <64.0 _g/1

GW-4020 <91.0 <35.0 4 I. 4 <49.0 _g/1
GW-4021 <91.0 <35.0 <35.0 <49.0 vg/1

GW-4022 9150 c 26000 ¢ 347 <49.0 _g/l

GW-4023 <91.0 <35.0 <35.0 <49.0 _g/1

GW-RMWl <64.0 _g/1

GW-RMW2 <64.0 _g/1

GW-RMW3 <64.0 _g/1

GW-RMW4 <64.0 _g/1
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TABLE B-2 Quarterly, Semi and Annual Groundwater Monitoring

Data, 1992 (Continued)

WSSRAP ID Q1 Q2 Q3 Q4 UNITS

ARSENIC

GW-1017 146 128 144 179 _g/l

GW-lOIS 123 102 127 103 _g/l
GW-1019 69.8 71.5 69.2 79.0 _g/l

GW-lO20 27.4 32.5 20.5 22.2 _g/l

GW-lO21 76.0 71.2 52.0 78.2 _g/l

GW-lO22 147 146 138 169 _g/l
GW-1023 72.0 55.3 68.0 71.2 _g/l

GW-1024 10.6 10,5 7.90 7.00 _g/l

GW-1033 <2.00 <2.00 <2.00 <2.00 _g/l

GW-2001 <2.00 <2.00 <2.00 <2.00 _g/l

GW-2002 <2.00 2.00 <2.00 <2.00 _g/l

GW-2003 <2.00 <2.00 <2.00 <2.00 _g/1

GW-2030 <2.00 <2.00 <2.00 <2.00 _g/1
GW-2032 2.89 <2.00 <2.00 <2.00 _g/l

GW-2033 3.39 <2.00 <2.00 <2.00 _g/l

GW-3003 <2.00 <2.00 <2.00 <2.00 _g/l
GW-3006 <2.00 2.60 2.20 2.50 _g/l

GW-3008 <2.00 <2.00 3.10 <2.00 _g/l

GW-3009 <2.00 <2.00 <2.00 <2.00 _g/l

GW-3023 NS <2.00 <2°00 <2.00 _g/l

GW-4001 <2.00 <2.00 <2.00 <2.00 _g/l

GW-4002 <2.00 <2.00 <2.00 <2.00 _g/l
GW-4003 <2.00 <2.00 <2.00 <2.00 _g/l

GW-4004 <2.00 <2.00 <2.00 <2.00 _g/l

GW-4005 <2.00 <2.00 a <2.00 <2.00 _g/l

GW-4006 <2.00 <2.00 <2.00 <2.00 _g/l

GW-4007 <2.00 <2.00 <2.00 <2.00 _g/l

GW-4008 <2.00 <2.00 <2.00 <2.00 _g/l

GW-4009 4.20 <2.00 <2.00 <2.00 _g/l

GW-4010 <2.00 <2.00 <2.00 <2.00 _g/l

GW-4011 <2.00 2.00 a 2.00 2.50 _g/l

GW-4012 <2.00 <2.00 <2.00 <2.00 _g/l

GW-4013 <2.00 <2.00 <2.00 <2,00 _g/l

GW-4014 <2.00 <2.00 <2.00 <2.00 _g/l

GW-4015 <2.00 <2.00 <2.00 <2.00 _g/l

GW-4016 <2.00 <2.00 <2.00 <2.00 _g/l

GW-4017 <i.00 <2.00 <2.00 <2.00 _g/l

GW-4018 <2.00 <2.00 <2.00 <2.00 _g/l
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TABLE B-2 Quarterly, Semi and Annual Groundwater Monitoring

Data, 1992 (Continued)

WSSRAP ID Q1 Q2 Q3 Q4 UNITS

GW-4019 <2.00 <2.00 <2.00 <2.00 vg/1

GW-4020 <2.00 <2.00 <2.00 <2.00 vg/l
GW-4021 <2.00 <2.00 <2.00 <2.00 vg/l

GW-4022 <1.20 4.00 <2.00 <2.00 vg/l

GW-4023 <2.00 <2.00 <2.00 <2.00 vg/l

GW-FINW <2.00 <2.00 <2.00 <2.00 _g/l

GW-PW02 <2.00 <2.00 <2.00 <2.00 vg/l
GW-PW03 <2.00 <2.00 <2.00 <2.00 _g/l

GW-PW04 <2.00 <2.00 <2.00 <2.00 vg/l

GW-PW05 <2.00 <2.00 <2.00 <2.00 vg/l

GW-PW06 <2.00 <2.00 <2.00 <2.00 vg/l

GW-PW07 <2.00 2.29 <2.00 <2.00 vg/l

Gw-PW08 2.39 3.39 2.30 2.98 vg/l

GW-PW09 2.79 3.50 3.20 4.98 vg/l
GW-RAWW <2.00 <2.00 <2.00 <2.00 vg/l

GW-RMWI 7.70 7.00 4.80 6.35 vg/l

GW-RMW2 14.1 13.0 14.2 15.5 vg/l

GW-RMW3 39.3 34.3 26.1 28.3 vg/l

GW-RMW4 26.5 6.79 26.1 8.40 vg/l

BARIUM

GW-1017 985 996 i000 950 vg/l

GW-1018 581 633 719 674 vg/1

GW-lO19 838 818 852 842 vg/1

GW-1020 413 412 398 411 vg/1

GW-1021 899 849 803 76 vg/l

GW-1022 584 531 524 567 vg/l

GW-1023 316 293 323 320 vg/l

GW-1024 550 134 508 513 vg/l

GW-1033 241 320 398 596 _g/l

GW-2001 227 233 202 241 vg/l

GW-2002 213 148 163 203 vg/l

GW-2003 136 175 141 195 vg/l

GW-2030 255 ¢ 187 c 175 204 vg/l

GW-2032 660 c 440 c 369 377 vg/l

GW-2033 176 _ 172 ¢ 66.9 68.7 vg/l

GW-3003 168 140 142 158 vg/l

GW-3006 145 134 154 _ 157 vg/l

GW-3008 248 214 200 181 vg/l

GW-3009 979 856 804 1930 _g/l

GW-3023 NS 86.5 c 51.3 40.9 _g/1

GW-4001 101 90.4 73.9 114 vg/1
=
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TABLE B-2 Quarterly, Semi and Annual Groundwater Monitoring
Data, 1992 (Continued)

WSSRAP ID Q1 Q2 Q3 Q4 UNITS

GW-4002 115 118 126 132 _g/1
GW-4003 224 163 193 218 _g/l

GW-4004 55.2 83.3 118 136 _g/l

GW-4005 82.0 130 a 93.0 112 _g/l

GW-4006 170 161 181 186 _g/l

GW-4007 75.9 c 91.0 93.3 c i00 _g/l

GW-4008 108 105 106 108 _g/l

GW-4009 26.2 53.5 79.3 70.6 _g/l

GW-4010 69.4 74.1 84.5 86.4 _g/l

GW-4011 109 88.5 a 142 167 _g/l

GW-4012 40.2 53.9 54.6 19.6 _g/l

GW-4013 147 136 141 117 _g/l

GW-4014 117 102 116 103 _g/l

GW-4015 190 221 274 209 _g/l
GW-4016 240 269 286 c 236 _g/l

GW-4017 164 179 c 188c 194 _g/l

GW-4018 206 225 205 202 _g/l

GW-4019 187 206 181 230 _g/l

GW-4020 92.8 89.1 85.8 73.0 _g/l

GW-4021 37.5 38.3 42.2 34.5 _g/l

GW-4022 301 c 344c 83.5 38.8 _g/l

GW-4023 91.3 82.4 89.1 $4.8 _g/l

GW-FINW 89.0 103 134 90.0 _g/l

GW-PW02 347 335 321 304 _g/l

GW-PW03 278 313 249 284 _g/l

GW-PW04 281 287 283 311 _g/l

GW-PW05 332 355 398 341 _g/l

GW-PW06 284 334 328 322 _g/l

GW-PW07 468 476 470 346 _g/l
GW-PW08 426 446 464 462 _g/l

GW-PW09 496 485 528 519 _g/l

GW-RAWW 363 369 372 349 _g/l

GW-RMWI 423 481 474 493 _g/l

GW-RMW2 265 237 319 260 _g/l

GW-RMW3 629 646 727 640 _g/l

GW-RMW4 225 165 231 167 _g/l

CADMIUM

GW-PW02 <3.00 _g/l

GW-PW03 <3.00 _g/l

GW-PW04 <3.00 _g/l

GW-PW05 <3.00 _g/l
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TABLE B-2 Quarterly, Semi and Annual Groundwater Monitoring
Data, 1992 (Continued)

WSSRAP ID Q1 Q2 Q3 Q4 UNITS

GW-PW06 <3.00 _g/1
GW-PW07 <3.00 _g/l

GW-PW08 <3.00 _g/l

GW-PW09 <3.00 _g/l

CALCIUM

GW-2001 93200 93800 81000 98000 _g/1

GW-2002 315000 218000 242000 297000 ' _g/l

GW-2003 256000 279000 222000 278000 _g/l

GW-2030 153000 c 123000 c 126000 143000 _g/l

GW-2032 242000 ¢ 188000 ¢ 193000 194000 _g/l

GW-2033 252000 c 238000 c 132000 137000 _g/l

GW-3003 230000 221000 238000 250000 _g/l
GW-3006 63500 61100 63900 c 67300 _g/l

GW-3008 549000 503000 493000 469000 , _g/l

GW-3009 12400 104000 108000 203000 _g/l

GW-3023 366000 ¢ 329000 c 335000 327000 _g/l

GW-4001 88400 90600 83900 93100 _g/l

GW-4002 44500 45600 48700 50500 _g/l

GW-4003 60500 50700 57400 60500 _g/l

GW-4004 31600 30200 31700 34200 _g/l

GW-4005 45700 64600 a 43900 55200 _g/l

GW-4006 51600 46300 50900 53200 _g/l

GW-4007 29400 c 32000 97900 c 33900 _g/l

GW-4008 38700 37800 37500 38700 _g/l

GW-4009 14000 32400 35700 35300 _g/l

GW-4010 55400 50900 57800 58000 _g/l

GW-4011 59100 46600 a 72600 81800 _g/l

GW-4012 25400 32100 29700 12500 _g/l

GW-4013 143000 134000 129000 Iii000 _g/l

GW-4014 65200 57700 63200 57500 _g/l

GW-4015 55100 55900 57400 58100 _g/l

GW-4016 42000 46000 69500 c 44800 _g/l

GW-4017 62500 58800 '_ 59600 c 70500 _g/l

GW-4018 9660 a 106000 95300 94500 _g/l

GW-4019 38400 36800 38300 43400 _g/l

GW-4020 93700 94000 50100 93700 _g/l

GW-4021 118000 121000 120000 105000 _g/l

GW-4022 96100 c 96400 c 30000 49000 _g/l

GW-4023 96600 86500 89700 90400 _g/l

GW-RMWI 121000 _g/l
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TABLE B-2 Quarterly, Semi and Annual Groundwater Monitoring
Data, 1992 (Continued)

WSSRAP ID Q1 Q2 Q3 _ Q4 UNITS

GW-RMW2 124000 _g/1

GW-RMW3 126000 _g/1

G_-RMW4 i13000 _g/1

CHROMIUM

GW-2001 <6.00 <7.00 <8.00 <9.00 _g/l

GW-2002 <6.00 <7.00 <8.00 <9.00 _g/l
GW-2003 <6.00 <7.00 <8.00 <9.00 _g/l

GW-2030 <6.00 c <7.00 _ <8.00 <9.00 _g/l

GW-2032 21.7 c ii.I _ <8.00 <9.00 _g/l

GW-2033 <6.00 c <7.00 c <8.00 <9.00 _g/l

GW-3003 <6.00 <7.00 <8.00 <9.00 _g/l

GW-3006 <6.00 <7.00 <8.00 c <9.00 _g/l

GW-3008 <6.00 <8.00 <9.00 <7.00 _g/l

GW-3009 <6.00 <8.00 <8.00 <8.00 _g/l

GW-3023 <6.00 c <8.00 c <8.00 <9.00 _g/l

GW-4001 <6.00 <7.00 <8.00 <9.00 _g/l
GW-4002 <6.00 <7.00 <8.00 <7.00 _g/l

GW-4003 <6.00 <7.00 <8.00 <9.00 _g/l

GW-4004 <6.00 <7.00 <8.00 <9.00 _g/l

GW-4005 <6.00 <7.00 a <8.00 !0.9 _g/l

GW-4006 <6.00 <7.00 <8.00 <9.00 _g/l

GW-_007 <6.00 _ <8.00 <8.00 c <7.00 _g/l

GW-<008 <6.00 <7.00 <8.00 <9.00 _g/l

GW-4009 8.40 <7.00 <8.00 <7.00 _g/l

GW-4010 <6.00 <7.00 <8.00 <9.00 _g/l

GW-4011 <6.00 <7.00 a <8.00 <9.00 _g/1

GW-4012 59.0 54.4 50.8 64.0 _g/l

GW-4013 <6.00 <8.00 <8.00 <9.00 _g/l

GW-4014 <6.00 <8.00 <8.00 <9.00 _g/l

GW-4015 <6.00 <8.00 <8.00 <9.00 _g/l

GW-4016 <6.00 <8.00 60.6 c <9.00 _g/l

GW-4017 <5.00 13.2 _ <8.00 _ <9.00 _g/l

GW-4018 <6.00 <8.00 <8.00 <7.00 _g/l

GW-4019 <6.00 <7.00 <8.00 <7.00 _g/l

GW-4020 26.6 15.8 <8.00 <9.00 _g/l

GW-4021 <6.00 <8.00 <8.00 <9.00 _g/l

GW-4022 74.2 _ 87.8 _ <8.00 <9.00 _g/l

GW-4023 <6.00 <8.00 <8.00 <9.00 _g/l

GW-RMWI <7.00 _g/l

GW-RMW2 <7.00 _g/l

GW-RM_3 <7.00 vg/!
=
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TABLE B-2 Quarterly, Semi and Annual Groundwater Monitoring

Data, 1992 (Continued)

WSSRAP ID Q1 Q2 Q3 Q4 UNITS

GW-RMW4 <7.00 vg/1

IRON

GW-2001 <46.0 <30.0 <19.0 <15.0 vg/1

GW-2002 <46.0 <30.0 <19.0 234 vg/1

GW-2003 <46.0 <30.0 <19.0 28.3 vg/1
GW-2030 4780 c 1420 c <19.0 52.5 vg/1

GW-2032 23300 ¢ 13500 ¢ <19.0 26.6 _g/l

GW-2033 4780 c 3830 ¢ <19.0 16.4 _g/l

GW-3003 <46.0 <30.0 4 i. 4 <15.0 vg/1

GW-3006 138 123 205 _ 160 vg/1

GW-3008 456 <19.0 <15.0 <i0.0 vg/1

GW-3009 <46.0 19.4 20.7 <15.0 vg/1

GW-3023 1730 c 1530 _ 80.2 <15.0 _g/l

GW-4001 <46.0 <30.0 <19.0 <15.0 vg/1

GW-4002 <46.0 42.5 95.1 53.1 vg/l

GW-4003 <46.0 <30.0 <19.0 27.9 vg/1

GW-4004 <46.0 <30.0 <19.0 <15.0 vg/1
GW-4005 <46.0 <30.0 <19.0 < i0.0 vg/1

GW-4006 <46.0 <30.0 <19.0 < 15.0 vg/1

GW-4007 120 _ <19.0 <19.0 c < i0.0 vg/1

GW-4008 <46.0 <30.0 <19.0 < 15.0 vg/1

GW-4009 <46.0 <30.0 <19.0 12.4 vg/1

GW-4010 <46.0 40.5 <19.0 <15.0 vg/1

GW-4011 <46.0 <30.0 <19.0 <15.0 vg/1

GW-4012 <46.0 22.2 <19.0 <15.0 vg/1

GW-4013 <46.0 <19.0 <19.0 33.9 vg/1

GW-4014 74.4 66.3 61.7 80.8 vg/1

GW-4015 <46.0 <19.0 <19.0 15.0 vg/1

GW-4016 <46.0 <19.0 4330 _ 82.6 _g/l

GW-4017 88.6 1200 c 45.8 _ <15.0 vg/l

GW-4018 <46.0 <19.0 <19.0 1i. 0 vg/1

GW-4019 <46.0 <30.0 <19.0 I0.1 vg/1

GW-4020 <46.0 <19.0 <19.0 <15.0 vg/1

GW-4021 <46.0 21.7 22.1 34 .8 vg/l

GW-4022 18600 c 42400 c 150 21.0 vg/l

GW-4023 <46.0 <19.0 <19.0 <15.0 vg/1

GW-RMWI 7970 _g/l

GW-RMW2 2800 vg/l

GW-RMW3 11800 _g/l

GW-RMW4 344 _g/l
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TABLE B-2 Quarterly, Semi and Annual Groundwater Monitoring

Data, 1992 (Continued)

WSSRAP ID Q1 Q2 Q3 Q4 UNITS

LEAD

GW-2001 NS <2.00 <2.00 3.40 _g/l

GW-2002 NS <2.00 <2.00 4.10 _g/l
GW-2003 NS <2.00 <2.00 2.90 _g/l

GW-2030 26.3 c 8.59 c <2.00 <2.00 _g/l

GW-2032 33.7 c 18.8 c 2.00 2.10 _g/l

GW-2033 37.6 ¢ 26.0 c <2.00 <2.00 _g/l

GW-3003 2.70 <2°00 <2.00 <2.00 _g/l

GW-3006 <2.00 <2.00 <2.00 c <2.00 _g/l

GW-3008 4.59 3.20 <2.00 <2.00 _g/l

GW-3009 <2.00 <2.00 7.40 <2.00 _g/l

GW-3023 18.6 c 12.0 c <2.00 <2.00 _g/l

GW-4001 NS <2.00 3.10 <'2.00 _g/l
GW-4002 <2.00 <2.00 <2.00 5.50 _g/l

GW-4003 NS 2.50 <2.00 (1.65) _g/l

GW-4004 7.00 <2.00 2.60 2.90 _g/l

GW-4005 21.4 <2.00 a 13.3 21.6 _g/l

GW-4006 NS <2.00 <2.00 <2.00 _g/l

GW-4007 22.0 c 3.70 <2.00 c <2.00 _g/l

GW-4008 <2.00 <2.00 <2.00 <2.00 _g/l

GW-4009 <2.00 <2.00 <2.00 <2.00 _g/l

GW-4010 <2.00 12.8 13.6 12.1 _g/l

GW-4011 <2.00 <2.00 a <2.00 <2.00 _g/l

GW-4012 2.39 <2.00 <2.00 <2.00 _g/l

GW-4013 <2.0 <2.00 <2.00 <2.00 _g/l

GW-4014 2.00 <2.00 <2.00 <2.00 _g/l

GW-4015 4.00 <2.00 <2.00 <2.00 _g/l

GW-4016 3.29 <2.00 199 c <20.0 _g/1

GW-4017 <i. 00 18.3 c <2.00 _ <2.00 _g/1

GW-4018 2.70 6.79 <2.00 <2.00 _g/1

GW-4019 13.7 <2.00 2.20 <2.00 _g/l

GW-4020 2.39 2.50 <2.00 <2.00 _g/l

GW-4021 4.50 <2.00 <2.00 <2.00 _g/l

GW-4022 200 c 40.0 c <2.00 <2.00 _g/l

GW-4023 9.09 <2.00 <2.00 <2.00 _g/l

GW-PW02 4.90 _g/l

GW-PW03 2.70 _g/l

GW-PW04 <2.00 _g/l

GW-PW05 <2.00 _g/l

GW-PW06 <2.00 _g/l

GW-PW07 <2.00 _g/l

GW-PW08 <2.00 _g/l
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TABLE B-2 Quarterly, Semi and Annual Groundwater Monitoring

Data, 1992 (Continued)

WSSRAP ID Q1 Q2 Q3 Q4 UNITS

GW-PW09 <2.00 _g/1

GW-RMWI <2. O0 _g/1

GW-RMW2 3.20 _g / 1

GW-RMW3 <2.00 _g/l

GW-RMW4 <2.00 _g/l

LITHIUM

GW-2001 <I00 <23.0 <24.0 <27.0 _g/l
GW-2002 521 303 381 529 _g/l

GW-2003 455 480 388 535 _g/l

GW-2030 <I00 c <23.0 c <24.0 <27.0 _g/l

GW-2032 <i00 c 35.4 c <24.0 <27.0 _g/l

GW-2033 <I00 _ <23.0 c <24.0 <27.0 _g/l

GW-3003 511 465 511 494 _g/l

GW-3006 <I00 <23.0 <24.0 _ <27.0 _g/l

GW-3008 277 246 282 252 _g/l

GW-3009 <I00 <24.0 <24.0 (25.6) _g/l

GW-3023 905 ¢ 794 c 849 804 _g/l

GW-4001 <i00 <23.0 <24.0 <:27.0 _g/l

GW-4002 <I00 <23.0 <24.0 <29.0 _g/l
GW-4003 <i00 <23.0 <24.0 <27.0 _g/l

GW-4004 <I00 <23.0 <24.0 <27.0 _g/l

GW-4005 <i00 30.5 a <24.0 <29.0 _g/l

GW-4006 <i00 <23.0 <24.0 <27.0 _g/l

GW-4007 <i00 c <24.0 <24.0 c <29.0 _g/l

GW-4008 <i00 <23.0 <24.0 <27.0 _g/l

GW-4009 <I00 38.2 28.7 <29.0 _g/l

GW-4010 <i00 <23.0 <24.0 <27.0 _g/l

GW-4011 <i00 <23.0 a 35.2 <27.0 _g/l

GW-4012 <i00 42.4 41.2 57.1 _g/l

GW-4013 <I00 51.4 66.1 50.3 _g/l

GW-4014 <i00 <24.0 <24.0 <27.0 _g/l

GW-4015 <i00 35.4 <24.0 <27.0 _g/l

GW-4016 <I00 <24.0 <24.0 c <27.0 _g/l

GW-4017 <i00 ¢ <24.0 c <24.0 <27.0 _g/l

GW-4018 <i00 <24.0 <24.0 <29.0 _g/!

GW-4019 <i00 <23.0 <24.0 <29.0 _g/l

GW-4020 <I00 <24.0 24.6 <27.0 _g/l

GW-4021 <I00 <24.0 <24.0 46.3 _g/l

GW-4022 <I00 32.9 31.1 <27.0 _g/1

GW-4023 <I00 <24.0 <24.0 29.3 _g/l

GW-RMWI 32.7 _g/l
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TABLE B-2 Quarterly, semi and Annual Groundwater Monitoring

Data, 1992 (Continued)

WSSRAP ID Q1 Q2 Q3 Q4 UNITS

GW-RMW2 38.2 _g/l

GW-RMW3 37.9 _g/l

GW-RMW4 <29.0 _g/l

MAGNESIUM

GW-2001 43500 45400 39400 47200 _g/1

GW-2002 103000 63100 69800 99000 _g/1

GW-2003 87400 107000 83800 i01000 _g/l
GW-2030 24000 c 20100c 20700 23600 _g/l

GW-2032 69000 c 54200c 54600 55200 _g/l

GW-2033 20000 ¢ 18900c 18700 20400 _g/l

GW-3003 138000 130000 145000 149000 _g/l

GW-3006 51800 49400 51500 c 53300 _g/l

GW-3008 153000 145000 137000 130000 _g/l

GW-3009 64300 62500 63400 96900 _g/l

GW-3023 84800 c 75100c 76700 74500 _g/l

GW-4001 33600 33700 31400 35500 _g/l

GW-4002 32000 31800 33200 34000 _g/l

GW-4003 37500 30700 35500 37950 _g/l

GW-4004 28900 28000 29600 31900 _g/l

GW-4005 27600 40200 a 26300 32900 _g/l

GW-4006 22500 20600 22600 23300 _g/l

GW-4007 21100 c 22200 60300 c 23400 _g/l

GW-4008 33000 31800 31800 32400 _g/l

GW-4009 8070 a 21100 26800 25600 _g/l

GW-4010 39800 37000 41900 42400 _g/l

GW-4011 40000 27100 a 39800 43300 _g/l

GW-4012 34600 33800 32600 29700 _g/l

GW-4013 52000 48600 49000 42700 _g/l
GW-4014 44000 40900 43200 38600 _g/l

GW-4015 28100 28500 30500 29600 _g/l
GW-4016 28200 31100 36200 c 29900 _g/l

GW-4017 41100 38100 c 38700¢ 46200 _g/l

GW-4018 53800 58800 53100 52600 _g/l

GW-4019 45700 42600 44800 50300 _g/l

GW-4020 62200 58400 47100 59300 _g/l

GW-4021 117000 117000 113000 98700 _g/l

GW-4022 46500 c 46400¢ 21300 44700 _g/l

GW-4023 39700 35800 37400 37100 _g/l

GW-RMWI 28500 _g/l

GW-RMW2 25700 _g/l
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TABLE B-2 Quarterly, Semi and Annual Groundwater Monitoring

Data, 1992 (Continued)

WSSRAP ID Q1 Q2 Q3 Q4 UNITS

GW-RMW3 35600 _g/1

GW-RMW4 24400 _g/l

MANGANESE

GW-2001 <2.00 <2°00 7.90 <4.00 _g/l

GW-2002 <2.00 <2.00 <2.00 <4.00 _g/l

GW-2003 <2 •00 <2.00 <2.00 <4.00 vg/1

GW-2030 163 c 47 .4_ 14 °2 Ii. 1 vg/1

GW-2032 1060 ¢ 814 _ 3.20 <4.00 _g/l

GW-2033 255 ¢ 304 _ <2.00 <4.00 _g/l

GW-3003 8.90 3.29 15.3 4.80 _g/l

GW-3006 72.3 34.4 114 _ 77.2 _g/l

GW-3008 72.4 <2.00 7.30 <2.00 _g/l

GW-3009 7.59 8.90 5.20 <4.00 _g/l

GW-3023 90.8 c 32.0 _ 4.80 4.20 _g/l

GW-4001 <2.00 2.29 5.90 <4.00 _g/l

GW-4002 3.00 3.39 7.00 <2.00 _g/l

GW-4003 <2.00 2.00 <2.00 <4.00 _g/l
GW-4004 <2.00 <2.00 <2.00 <4.00 _g/l

GW-4005 2.00 <2.00 <2.00 <2.00 _g/l
GW-4006 <2.00 <2.00 <2.00 <4.00 _g/l

GW-4007 47.4 ¢ 52.3 115 _ 36.5 _g/l

GW-4008 34.7 16.9 33.6 30.9 _g/l

GW-4009 <2.00 <2.00 <2.00 <2.00 _g/l

GW-4010 <2.00 <2.00 6.90 <4.00 _g/l

GW-4011 <2.00 2.00 3.30 <4.00 _g/l

GW-4012 <2.00 <2.00 <2.00 <4.00 _g/l

GW-4013 <2.00 <2.00 <2.00 <4.00 _g/l

GW-4014 45.9 39.8 48.6 38.3 _g/l

GW-4015 <2.00 <2.00 c2.00 <4.00 _g/l

GW-4016 54.8 75.8 732 _ 83.3 _g/l

GW-4017 <2.00 93.6 c 6.70 _ <4.00 _g/l

GW-4018 <2.00 <2.00 <2.00 <2.00 _g/l

GW-4019 <2.00 <2.00 <2.00 <2.00 _g/l

GW-4020 136 ii0 <2.00 75.7 _g/l

GW-4021 47.8 10.6 17.9 22.0 _g/l

GW-4022 1020 ¢ 1540 c 46.0 4.10 _g/l

GW-4023 <2.00 <2.00 <2.00 <4.00 _g/l

GW-RMWI 1300 _g/l

GW-RMW2 786 _g/l

GW-RMW3 318 _g/l

GW-RMW4 56.7 _g/l
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TABLE B-2 Quarterly, semi and Annual Groundwater Monitoring
Data, 1992 (Continued)

WSSRAP ID Q1 Q2 Q3 Q4 UNITS

MERCURY

GW-PW02 <0.03 vg/1

GW-PW03 <0.03 vg/1

GW-PW04 <0.03 vg/1

GW-PW05 <0.03 vg/1
GW-PW06 <0.03 vg/1

GW-PW07 <0.03 vg/1

GW-PW08 <0.03 vg/1

GW-PW09 <0.03 vg/1

NICKEL

GW-2001 <ii. 0 <18.0 <18.0 <20.0 vg/1

GW-2002 <ii. 0 <18.0 <18.0 <20.0 vg/1

'GW-2003 <ii. 0 <18.0 <18.0 <20.0 vg/1
GW-2030 18.0 c <18.0 _ <18.0 <20.0 vg/1

GW-2032 41.5 ¢ 27.6 c <18.0 <20.0 _g/l

GW-2033 12.2 c <18.0 _ <18.0 <20.0 vg/1

GW-3003 <Ii. 0 <18.0 <18.0 <20.0 vg/1

GW-3006 <II. 0 <18.0 <18.0 c <20.0 vg/1

GW-3008 <II. 0 <18.0 <20.0 < 19.0 vg/1

GW-3009 46.1 44.8 41.5 < 19.5 vg/1

GW-3023 <Ii. 0c <18.0 _ <18.0 <20.0 vg/1

GW-4001 <ii. 0 <18.0 <18.0 <20.0 vg/1

GW-4002 <Ii. 0 <18.0 <18.0 <19.0 vg/1

GW-4003 <ii. 0 <18.0 <18.0 <20.0 vg/1

GW-4004 <ii. 0 <18.0 <18.0 <20.0 vg/1

GW-4005 <ii. 0 <18.0 <18.0 <19.0 vg/1

GW-4006 <ii. 0 <18.0 <18.0 <20.0 vg/1

GW-4007 <ii. 0c <18.0 <18.0 c <19.0 vg/1

GW-4008 <ii. 0 <18.0 <18.0 <20.0 vg/1

GW-4009 <ii. 0 <18.0 <18.0 < 19.0 vg/1

GW-4010 <ll. 0 <18.0 <18.0 <20.0 _g/1

GW-4011 <ii. 0 <18.0 <18.0 <20.0 _g/1

GW-4012 <ii. 0 <18.0 <18.0 <20.0 _g/1

GW-4013 <II. 0 <18.0 <18.0 <20.0 _g/1

GW-4014 <II. 0 <18.0 <18.0 <20.0 vg/1

GW-4015 <ii. 0 <18.0 <18.0 <20.0 _g/1

GW-4016 <Ii. 0 <18.0 103 _ <20.0 vg/1

GW-4017 <8.00 <18.0 _ <18.0c <20.0 _g/l

GW-4018 <Ii. 0 <18.0 <18.0 <19.0 vg/1

GW-4019 <Ii. 0 <18.0 <18.0 <19.0 vg/1

m:\u_or_x,joann_\_-ser92\appendix.b B-33



060793

TABLE B-2 Quarterly, Semi and Annual Groundwater Monitoring

Data, 1992 (Continued)

WSSRAP ID Q1 Q2 Q3 Q4 UNITS

GW-4020 12.3 <18.0 <18.0 <20.0 vg/1

GW-4021 <ll. 0 < 18.0 <18.0 <20.0 vg/1

GW-4022 106 ¢ 151 c <18.0 <20.0 vg/1

GW-4023 <Ii.0 <18.0 <18 0 <20.0 _g/l

GW-RMWI < 19.0 vg/1

GW-RMW2 < 19.0 vg /1
GW-RMW3 < 19.0 vg / 1

GW-RMW4 <19.0 vg/1

POTASSIUM

GW-2001 1800 1080 1460 1990 _g/l

GW-2002 10200 6000 6620 9760 _g/l

GW-2003 6900 6710 5630 10900 _g/l
GW-2030 4770 4040 3070 3780 _g/l

GW-2032 4130 c 3640 c 1780 3550 _g/l

GW-2033 4400 c 2510 c 4310 5410 _g/l

GW-3003 99z0 9060 _ 10200 10300 _g/l

GW-3006 925 <896 2960 c <1340 _g/l

GW-3008 2420 2680 2180 1350 _g/l

GW-3009 1150 1870 1060 2200 _g/l

GW-3023 33105 35105 1830 3400 _g/l

GW-4001 1530 <896 <970 <1340 _g/l

GW-4002 867 <896 <970 <877 _g/l

GW-4003 1520 941 <970 <737 _g/l

GW-4004 964 <896 <970 <1340 _g/l

GW-4005 2200 6430 a 2010 3430 _g/l

GW-4006 <862 <896 <970 <1340 _g/l

GW-4007 29405 1500 4020 c 1580 _g/l

GW-4008 <862 <896 <970 1360 _g/l

GW-4009 53400 27300 ].5600 13700 _g/l

GW-4010 1530 1510 <970 <1340 _g/l

GW-4011 7620 1290 a 5200 7320 _g/l

GW-4012 57800 41300 48100 66700 _g/!

GW-4013 6610 6630 6630 4890 _g/l

GW-4014 <862 1620 <970 <1340 _g/l

GW-4015 1660 1470 1940 1480 _g/l

GW-4016 920 1500 1410 c <1340 _g/l

GW-4017 1840 3210 _ 2250 c 2640 _g/l

GW-4018 2440 3280 3770 3210 _g/l

GW-4019 <862 947 <970 <877 _g/l

GW-4020 8D40 5780 2260 3590 _g/l

GW-4021 <862 1130 <970 <1340 _g/l

m:\u_ers\joanne\asarS2\ap_6_dix.b _-_A_-.,_
-



!i,1

+++++++ ,++ _IM ,_, +
,...... +.+_ ".+__ / - ++.+

,N ++_ _0._+4",, ._ + Association for Information and Image Management .+_+_

._.+..,,, s+s,_r+:_++:+._++o+o m_, "_' ,#._ 0

+ +

Centimeter
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 mm

1 2 3 4 5

11111,o,°,,,,+,,,+Inches m- j

tllll"'"Li+

tllllNtllll_IIII1'=__-+
s





060793

TABLE B-2 Quarterly, semi and Annual Groundwater Monitoring

Data, 1992 (Continued)

WSSRAP ID Q1 Q2 Q3 Q4 UNITS

GW-4022 1820 3120 3160 1890 vg/1

GW-4023 <862 <970 1360 <1340 vg/1

GW-RMWI 4730 vg/l

GW-RMW2 2470 vg/l

GW-RMW3 4750 _g/l

GW-RMW4 2180 _g/1

SILVER

GW-2001 NS <8.00 <6.00 <i0.0 vg/l

GW-2002 NS <8.00 <6.00 <i0.0 vg/l

GW-2003 NS <8.00 <6.00 <i0.0 vg/l

GW-2030 <I0.0 <8.00 <6.00 <i0.0 vg/1

GW-2032 <i0.0 <8.00 <6.00 <i0.0 vg/1

GW-2033 <I0.0 <8.00 <6.00 <i0.0 vg/l

GW-3003 <I0.0 <8.00 <6.00 <I0.0 vg/l

GW-3006 <I0.0 <8.00 <6.00 <I0.0 vg/l

GW-3008 <I0.0 <6.00 <I0.0 <7°00 vg/l

GW-3009 <I0.0 <6.00 <6.00 <8.90 _g/l
GW-3023 <i0.0 <6.00 <6.00 <[0.0 vg/l

GW-4001 NS <8.00 <6.00 <i0.0 _g/l

GW-4002 <i0.0 <8.00 <6.00 _17.00 vg/l

GW-4003 NS <8.00 <6.00 <10.0 vg/l

GW-4004 <I0.0 <8.00 <6.00 <10.0 _g/l

GW-4005 <i0.0 <8.0C <6.00 <7.00 _g/l

GW-4006 NS <8.00 <6.00 <I0.0 _g/l

GW-4007 <I0.0 <6.00 <6.00 <7.00 _g/l

GW-4008 <i0.0 <8.00 <6.00 <10.0 _g/l

GW-4009 <i0.0 <8.00 <6.00 <7.00 _g/l

GW-4010 <i0.0 <8.00 <6.00 <i0.0 vg/l

GW-4011 <i0o0 <8.00 <6.00 <i0.0 _g/l

GW-4012 <i0.0 <6.00 <6.00 <i0.0 _g/l

GW-4013 <i0.0 <6.00 <6.00 <i0.0 _g/l

GW-4014 <I0.0 <6.00 <6.00 <I0.0 vg/1

GW-4015 <I0.0 <6.00 <6.00 <i0.0 _g/l

GW-4016 <I0.0 <6.00 <6.00 <i0.0 _g/l
GW-4017 <4.00 <6.00 <6.00 <I0.0 vg/l

GW-4018 <i0.0 <6.00 <6.00 <7.00 _g/l

GW-4019 <i0.0 <8.00 <6.00 <7.00 _g/l

GW-4020 <i0.0 <6.00 <6.00 <i0.0 vg/l

GW-4021 <I0.0 <6.00 <6.00 <I0.0 _g/l

GW-4022 <4.00 9.10 <6.00 <I0.0 _g/l

GW-4023 <i0.0 <6.00 <6.00 <i0.0 vg/l
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TABLE B-2 Quarterly, Semi and Annual Groundwater Monitoring
Data, 1992 (Continued)

WSSRAP ID Q1 Q2 Q3 Q4 UNITS

GW-RMWl <7.00 _g/l

GW-RMW2 <7.00 _g/l

GW-RMW3 <7.00 _g/l

GW-RMW4 <7.00 _g/1

SODIUM

GW-2001 9140 9370 8090 9690 _g/l

GW-2002 127000 81800 97800 126000 _g/l

GW-2003 114000 121000 95900 131000 _g/l

GW-2030 54600 c 46000c 46400 54800 _g/l

GW-2032 67800 c 62700c 72700 75600 _g/l

GW-2033 87600 c 83300c 84200 89000 _g/l

GW-3003 160000 145000 160000 164000 _g/l

GW-3006 18600 17500 19500 c 18700 _g/l

GW-3008 218000 210000 211000 201000 _g/l

GW-3009 26200 24800 26200 62800 _g/l

GW-3023 229000 c 214000c 223000 217000 _g/l

GW-4001 20600 23300 23500 23200 _g/l

GW-4002 4900 4890 6150 6240 _g/l

GW-4003 8880 7950 9110 8965 _g/l

GW-4004 i0100 6670 8340 9230 _g/l

GW-4005 6770 62200 a 8080 11400 _g/l

GW-4006 7440 6990 8000 8030 _g/l

GW-4007 28600 c 15200 22800 c 19100 _g/l

GW-4008 3510 3330 3350 4140 _g/l

GW-4009 37100 18400 18100 14800 _g/l

GW-4010 12400 11400 12800 13300 _g/l

GW-4011 69900 7490 a 56300 69300 _g/l

GW-4012 50200 44600 44700 46100 _g/l

GW-4013 35700 33000 31300 25400 _g/l

GW-4014 6460 6050 6370 5650 _g/l

GW-4015 7470 7680 7770 7900 _g/l

GW-4016 7870 8680 12500 c 11600 _g/!

GW-4017 8580 I0300 c 8780 c i0100 _g/l

GW-4018 8670 8870 8060 9480 _g/l

GW-4019 9880 8770 9390 11400 _g/l

GW-4020 24500 23600 12800 19200 _g/l

GW-4021 15000 15300 15200 14000 _g/l

GW-4022 12000 11800 26400 12700 _g/l

GW-4023 60300 55300 59200 57900 _g/l

GW-RMWI 13700 _g/l

GW-RMW2 7460 _g/l
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TABLE B-2 Quarterly, Semi and Annual Groundwater Monitoring
Data, 1992 (Continued)

WSSRAP ID Q1 Q2 Q3 Q4 UNITS

GW-RMW3 18900 vg/1

GW-RMW4 10800 vg/1

STRONTIUM

GW-2001 103 108 92 .3 109 vg/1

GW-2002 408 287 317 402 vg/1

GW-2003 460 533 430 532 vg/1

GW-2030 183 c 172c 162 182 vg/1

GW-2032 362 c 352 c 37 1 388 vg/1

GW-2033 174 c 178 c 148 159 vg/1

GW-3003 580 575 609 636 vg/1

GW-3006 233 219 222 c 220 _g/l

GW-3008 1540 1400 1360 1290 vg/1

GW-3009 234 214 224 449 vg/1

GW-3023 NS 615 c 624 612 vg/1

GW-4001 77.3 90.1 80.9 90.5 _g/l

GW-4002 92.4 82.9 84.5 92.5 vg/1

GW-4003 118 94.2 108 116 vg/1

GW-4004 112 79.0 82.5 8 ;3.2 vg/1

GW-4005 156 308 a 144 186 vg/1

GW-4006 59 .0 60.9 67 .6 7 i.3 vg/1

GW-4007 89 .5c 91.5 2 18 ac 97 .0 vg/1

GW-4008 112 104 89 .9 99 .2 vg/1

GW-4009 102 146 140 130 vg/1

GW-4010 174 137 143 130 vg/1

GW-4011 283 139 a 382 366 vg/1

GW-4012 86.8 _I07 i00 40.4 vg/1

GW-4013 153 145 144 121 vg/1

GW-4014 162 150 163 144 vg/1

GW-4015 63 .4 64 .6 65 .9 65 .7 vg/1

GW-4016 89 •7 96.5 i17 c 94.3 vg/1

GW-4017 129 119 ¢ 117 c 143 vg/1

GW-4018 113 119 108 115 vg/1

GW-4019 173 180 174 203 vg/1

GW-4020 227 217 229 198 vg/1

GW-4021 223 219 224 193 vg/1

GW-4022 259 c 284c 90.7 232 vg/1

GW-4023 176 153 163 160 vg/1

GW-RMW 1 807 vg/1
GW-RMW2 555 _g/l

GW-RMW3 907 vg/1

GW-RMW4 454 vg/1
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TABLE B-2 Quarterly, Semi and Annual Groundwater Monitoring

Data, 1992 (Continued)

WSSRAP ID Q1 Q2 Q3 Q4 UNITS

ALKALINITY

GW-1017 670 674 670 680 mg/1

GW-1018 480 490 585 480 mg/1

GW-1019 450 440 460 485 mg/l

GW-1020 420 410 390 440 mg/l
GW-1021 517 540 475 480 mg/l

GW-1022 470 520 480 510 mg/l

GW-1023 450 470 500 500 mg/l

GW-1024 400 390 390 405 mg/l

GW-1033 400 420 460 440 mg/l

GW-2001 330 280 335 340 mg/l

GW-2002 265 310 300 290 mg/l

GW-2003 270 265 290 285 mg/l

GW-2004 332 360 mg/l
.GW-2005 270 290 mg/l

GW-2006 294 300 mg/l

GW-2007 320 315 mg/1

GW-2008 300 300 mg/l

GW-2009 424 425 mg/l

GW-2010 360 355 mg/l

GW-2011 260 270 mg/l

GW-2012 366 330 mg/l

GW-2013 540 580 mg/l

GW-2014 470 460 mg/l

GW-2015 420 430 mg/l

GW-2017 380 390 mg/1

GW-2018 400 420 mg/l

GW-2019 360 370 mg/l

GW-2020 390 400 mg/l

GW-2021 375 375 mg/l

GW-2022 330 340 mg/l

GW-2023 225 230 mg/l

GW-2024 300 310 mg/l

GW-2025 270 270 mg/l

GW-2026 360 280 mg/l

GW-2027 225 240 mg/l

GW-2028 450 440 mg/l

GW-2029 320 330 mg/l

GW-2030 470 470 470 460 mg/l

GW-2032 400 410 410 410 mg/l

GW-2033 550 540 550 540 mg/l

GW-2034 420 430 mg/l
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TABLE B-2 Quarterly, Semi and Annual Groundwater Monitoring
Data, 1992 (Continued)

WSSRAP ID Q1 Q2 Q3 Q4 UNITS

GW-3003 290 334 280 300 mg/1
GW-3006 370 392 380 480 mg/1

GW-3008 186 200 260 250 mg/l
GW-3009 168 190 165 38.0 a mg/l

GW-3019 280 280 mg/l

GW-3023 NS 260 280 260 mg/l
GW-4001 204 220 200 210 mg/l

GW-4002 254 226 235 225 mg/1

GW-4003 264 270 260 273 mg/l

GW-4004 186 180 185 190 mg/l

GW-4005 209 210 200 210 mg/l

GW-4006 162 170 165 180 mg/l

GW-4007 200 200 215 200 mg/l

GW-4008 220 225 220 22.0 mg/l

GW-4009 188 230 230 240 mg/l

GW-4010 190 295 300 290 mg/l
GW-4011 280 270 190 280 mg/l

GW-4012 315 300 300 330 mg/l

GW-4013 310 300 305 310 mg/l

GW-4014 290 285 290 3_30 mg/l

GW-4015 240 250 250 2_0 mg/l

GW-4016 240 230 250 250 mg/l

GW-4017 328 340 340 350 mg/l

GW-4018 440 430 450 445 mg/l

GW-4019 290 280 400 290 mg/l

GW-4020 380 390 390 390 mg/l

GW-4021 510 510 520 510 mg/l

GW-4022 400 380 285 190 mg/l

GW-4023 470 400 400 410 mg/l

GW-FINW 74.0 mg/l

GW-PW02 176 mg/l

GW-PW03 170 mg/l

GW-PW04 160 mg/l

GW-PW05 225 mg/l

GW-PW06 170 mg/l

GW-PW07 300 mg/l

GW-PW08 330 mg/l

GW-PW09 350 mg/l

GW-RAWW 200 mg/l

GW-RMWI 360 400 388 400 mg/l

GW-RMW2 400 374 440 425 mg/l

GW-RMW3 505 515 520 500 mg/l

GW-RMW4 520 415 520 390 mg/l

m:\u sers\joanne\aser92\appe ndix .b B-39



060793

TABLE B-2 Quarterly, Semi and Annual Groundwater Monitoring

Data, 1992 (Continued)

WSSRAP ID Q1 Q2 Q3 Q4 UNITS

PHOSPHOROUS

GW-2001 0.340 0.070 0.030 0.080 mg/1
GW-2002 0.020 0.050 0.030 0.060 mg/l

GW-2003 0.050 0.030 0.080 0.060 mg/l

GW-2030 0.130 c 0.I00 c 0.090 0.090 mg/l

GW-2032 0.84 c 0.460 c 0.090 0.090 mg/l

GW-2033 0.370 c 0.360 c 0.090 0.060 mg/l

GW-3003 0.040 0.i00 0.070 0.120 mg/l

GW-3006 0.020 0.140 0.050 c 0.040 mg/l

GW-3008 0.140 <0.020 0.050 0.070 mg/l

GW-3009 <0.020 0.040 0.050 <0.020 mg/l

GW-3023 0.130 c 0.130 c 0.060 0.060 mg/l

GW-4001 0.050 0.080 <0.020 0.030 mg/l

GW-4002 0.050 0.170 <0.020 0.030 mg/l

GW-4003 <0.020 0.i00 <0.020 0.035 mg/l

GW-4004 0.170 0.ii0 0.i00 0.240 mg/l

GW-4005 0.080 0.080 0.060 0.120 mg/l

GW-4006 0.020 0.230 <0.020 0.040 mg/l

GW-4007 0.170 c 0.ii0 a 0.200 c 0. _60 mg/l

GW-4008 0.080 0.050 0.040 0.280 mg/l

GW-4009 0.480 0.160 0.140 0.090 mg/l

GW-4010 0.080 0.070 0.060 0.080 mg/l

GW-4011 0.650 0.300 0.300 0.720 mg/l

GW-4012 0.050 0.080 0.050 0.160 mg/l

GW-4013 0.030 0.060 0.050 0.040 mg/l

GW-4014 <0.020 <0.020 0.070 0.090 mg/l

GW-4015 0.120 0.060 0.190 0.090 mg/l

GW-4016 0.070 0.050 0.420 c 0.I00 mg/l

GW-4017 0.090 0.140 c 0.290 c 0.i00 mg/l

GW-4018 0.030 0.030 0.020 0.030 mg/l

GW-4019 0.030 <0.020 0.030 0.040 mg/l

GW-4020 0.040 0.070 0.070 0.080 mg/l

GW-4021 0.050 0.040 0.050 0.ii0 mg/l

GW-4022 6.79 c 0.890 c 0.ii0 0.090 mg/l

GW-4023 0.020 0.020 0.040 0.070 mg/l

GW-RMWI 0.570 mg/l

GW-RMW2 0.170 mg/l

GW-RMW3 0.820 mg/l

GW-RMW4 0.090 mg/l
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TABLE B-2 Quarterly, Semi and Annual Groundwater Monitoring
Data, 1992 (Continued)

WSSRAP ID Q1 Q2 Q3 Q4 UNITS

SILICAa DISSOLVED

GW-2001 7.79 7.70 4.80 9.70 mg/1

GW-2002 14.3 16.0 14.2 12.8 mg/1

GW-2003 ll. 8 Ii. 0 I0.0 8.30 mg/1

GW-2030 8.40 c i0.7 ¢ 5. i0 9.20 mg/1

GW-2032 7. O0 c ii. Ic 9.90 12.9 mg/1

GW-2033 9.30 ¢ 14.0 c 14.6 14.0 rag/1

GW-3003 4.79 i0.3 ii. 4 5.00 rag/1

GW-3006 8.40 Ii.9 iI.15 I0.i mg/l

GW-3008 13.1 i0.1 ii. 5 7. i0 mg/1

GW-3009 12.3 i0.0 12.3 8.90 mg/l

GW-3023 14 •Ic ii. 8_ 6.50 _ 8.40 mg/1

GW-4001 14 •9 Ii. 6 ii. 1 8.30 mg/1

GW-4002 7.58 9.00 5.00 5.50 rag/1
GW-4003 3.79 I0.1 I0.9 8.35 mg/1

GW-4004 8.68 4.40 9.20 6.40 mg/1

GW-4005 i0.8 7.30 7.40 ii. 1 mg/l

GW-4006 12 •2 9.50 i0.7 6.70 mg/1

GW-4007 4.40 c 9.80 ii. 05 i0.9 mg/1

GW-4008 I0.0 8.30 7.90 7.59 mg/1

GW-4009 5.70 9.50 I0.4 7.00 mg/1

GW-4010 6.79 I0.6 i0.9 5.80 mg/1
GW-4011 14.8 12.8 13.7 12.2 mg/1

GW-4012 I0.8 I0.7 ii. 5 Ii. 2 rag/1

GW-4013 5.29 i0.8 I0.2 4.20 mg/1

GW-4014 4.29 I0.0 i0.8 4.00 mg/1

GW-4015 13.8 i0.0 i0.3 8.30 mg/1

GW-4016 i0.4 I0.4 ii. 2c ii. 5 mg/1

GW-4017 13.1 i0.9 ¢ ii. 85 9.90 mg/1

GW-4018 12.8 9.50 7.80 8.90 mg/1

GW-4019 2 •89 9.09 8.60 8.80 mg/1

GW-4020 9.40 I0.3 I0.5 8.30 mg/1

GW-4021 l0.3 9.00 9.50 4.80 mg/1

GW-4022 i0.4 ¢ 13.3 _ 13.7 12.6 mg/1

GW-4023 14.7 15.7 13.2 ii. 3 rag/1

GW-RMWI 27.9 mg/1

GW-RMW2 18.2 mg/1

GW-RMW3 27.8 rag/1

GW-RMW4 20.5 mg/1
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TABLE B-2 Quarterly, Semi and Annual Groundwater Monitoring

Data, 1992 (Continued)

WSSRAP ID Q1 Q2 Q3 Q4 UNITS

1,3,5-TRINITROBENZE

GW-1017 <0.03 <0.03 <0.03 <0.03 _g/l

GW-1018 <0.03 <0.03 <0.03 <0.03 _g/l

GW-1019 <0.03 <0.03 <0.03 <0.03 _g/l

GW-1020 <0.03 <0.03 <0.03 <0.03 _g/l

GW-1021 <0.03 <0.03 <0.03 <0.03 _g/l

GW-1022 <0.03 <0.03 <0.03 <0.03 _g/l

GW-1023 <0.03 <0.03 <0.03 <0.03 _g/l
GW-1024 <0.03 <0.03 <0.03 <0.03 _g/l

GW-1033 <0.03 <0.03 <0.03 <0.03 _g/l

GW-2001 0.031 0.040 0.035 0.034 _g/l

GW-2002 <0.03 <0.03 <0.03 <0.03 _g/l

GW-2003 <0.03 <0.03 <0.03 <0.03 _g/l

GW-2004 <0.03 <0.03 _g/l

GW-2005 <0.03 <0.03 _g/l
GW-2006 i0.0 8.53 _g/l

GW-2007 <0.03 <0.03 _g/l

GW-2008 0.410 0.850 _g/l

GW-2009 <0.03 <0.03 _g/l

GW-2010 0.140 0.170 _g/l

GW-2011 0.760 0.420 _g/l

GW-2012 2.00 2.80 _g/l

GW-2013 3.80 5.80 _g/l

GW-2014 3.60 2.20 _g/l

GW-2015 <0.03 <0.03 _g/l

GW-2017 <0.03 <0.03 _g/l

GW-2018 <0.03 <0.03 _g/l

GW-2019 <0.03 c <0.03 _g/l

GW-2020 <0.03 <0.03 _g/l

GW-2021 <0.03 <0.03 _g/l

GW-2022 <0.03 <0.03 _g/l
GW-2023 <0.03 c <0.03 c _g/l

GW-2024 <0.03 c <0.03 c _g/l

GW-2025 <0.03 c <0.03 c _g/l

GW-2026 <0.03 <0.03 _g/l

GW-2027 <0.03 <0.03 _g/l

GW-2028 <0.03 <0.03 _g/l

GW-2029 <0.03 <0.03 _g/l

GW-2030 0.320 c 4.20 c 9.50 I0.0 _g/l

GW.-2032 0.092 c 0.300 c 3.20 NS _g/l

GW-2033 0.036 e 2.6d c 12.0 9.40 _g/l

GW-2034 <0.03 c <0.03 c _g/l
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TABLE B-2 Quarterly, Semi and Annual Groundwater Monitoring

Data, 1992 (Continued)

WSSRAP ID Q1 Q2 Q3 Q4 UNITS

GW-3003 <0.03 <0.03 <0.03 <0.03 vg/1

GW-3006 <0.03 <0.03 <0.03 c <0.03 vg/1

GW-3008 <0.03 <0.03 <0.03 <0.03 _g/l

GW-3009 0.170 0.170 0.140 0.360 _g/l

GW-3019 <0.03 <0.03 vg/1

GW-3023 <0.03 c <0.03 c <0.03 <0.03 vg/1

GW-4001 46.0 65.0 72.0 48.0 vg/1

GW-4002 <0.03 <0.03 0. 320 0. 086 vg/1

GW-4003 <0.03 <0.03 <0.03 <0.03 vg/l
GW-4004 <0.03 <0.03 <0.03 <0.03 vg/l

GW-4005 <0.03 <0.03 <0.03 <0.03 ,ag/1

GW-4006 16.0 17.0 I0.0 17.0 vg/1

GW-4007 <0.03 c <0.03 <0.03 c <0.03 vg/1

GW-4008 <0.03 <0.03 <0.03 <0.03 _g/l

GW-4009 <0.03 <0.03 <0.03 <0.03 vg/1

'GW-4010 <0.03 <0.03 <0.03 <0.03 vg/1

GW-4011 <0.03 <0.03 <0.03 <0.03 vg/1

GW-4012 <0.03 <0.03 <0.03 <0.03 vg/1

GW-4013 48.0 46.0 32.0 28.0 _g/l

GW-4014 0. 440 0. 230 0. 400 0. 500 _g/l
GW-4015 0. 700 O. 860 0. 340 0. 850 _g/l

GW-4016 <0.03 <0.03 <0.03 c <0.03 vg/1

GW-4017 <0.03 <0.03 c <0.03 c <0.03 vg/1

GW-4018 <0.03 <0.03 <0.03 <0.03 vg/1

GW-4019 <0.03 <0.03 <0.03 <0.03 _g/l

GW-4020 <0.03 <0.03 <0.03 <0.03 _g/l

GW-4021 <0.03 <0.03 <0.03 <0.03 _g/1

GW-4 022 <0.03 c <0.03 c <0.03 <0.03 vg/1

GW-4023 0. 210 0. 170 0. 140 0. 160 _g/1

GW-FINW <0.03 <0.03 <0.03 <0.03 _g/1

GW-PW02 <0.03 <0.03 <0.03 <0.03 _g/1

GW-PW03 <0.03 <0.03 <0.03 <0.03 vg/1

GW-PW04 <0.03 <0.03 <0.03 <0.03 _g/1

GW-PW05 <0.03 <0.03 <0.03 <0.03 vg/1

GW-PW06 <0.03 <0.03 <0.03 <0.03 _g/1

GW-PW07 <0.03 <0.03 <0.03 <0.03 _g/1

GW-PW08 <0.03 <0.03 <0.03 <0.03 vg/1

GW-PW09 <0.03 <0.03 <0.03 <0.03 _g/1

GW-RAWW <0.03 <0.03 <0.03 <0.03 _g/1

GW-RMWI <0.03 <0.03 <0.03 <0.03 _g/1

GW-RMW2 <0.03 <0.03 <0.03 <0.03 _g/1

GW-RMW3 <0.03 <0.03 <0.03 <0.03 _g/l

GW-RMW4 <0.03 <0.03 <0.03 <0.03 _g/1
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TABLE B-2 Quarterly, Semi and Annual Groundwater Monitoring

Data, 1992 (Continued)

WSSRAP ID Q1 Q2 Q3 Q4 UNITS

1,3-DINITROBENZENE

GW-1017 <0.09 <0.09 <0.09 <0.09 _g/l

GW-1018 <0.09 <0.09 <0.09 <0.09 _g/l

GW-1019 <0.09 <t 09 <0.09 <0.09 _g/l

GW-1020 <0.09 <0.09 <0.09 <0.09 _g/l

GW-1021 <0.09 <0.09 <0.09 <0.09 _g/l

GW-1022 <0.09 <0.09 <0.09 <0.09 _g/l

GW-1023 <0.09 <0.09 <0.09 <0.09 _g/l
GW-1024 <0.09 <0.09 <0.09 <0.09 _g/l

GW-1033 <0.09 <0.09 <0.09 <0.09 _g/1

GW-2001 <0.09 <0.09 <0.09 <0.09 _g/l
GW-2002 <0.09 <0.09 <0.09 <0.09 _g/l

GW-2003 <0.09 <0.09 <0.09 <0.09 _g/l
GW-2004 <0.09 <0.09 _g/l

GW-2005 <0.09 <0.09 _g/l

GW-2006 <0.09 <0.610 _g/l

GW-2007 <0.09 <0.09 _g/l

GW-2008 <0.09 <0.09 _g/l

GW-2009 <0.09 <0.09 _g/l

GW-2010 <0.09 <0.09 _g/l

GW-2011 <0.09 <0.09 _g/l

GW-2012 <0.09 <0.09 _g/l

GW-2013 <0.09 0.220 _g/l

GW-2014 <0.09 <0.09 _g/l

GW-2015 <0.09 <0.09 _g/l

GW-2017 <0.09 <0.09 _g/l

GW-2018 <0.09 <0.09 _g/l

GW-2019 <0.09 c <0.09 _g/l

GW-2020 <0.09 <0.09 _g/l

GW-2021 <0.09 <0.09 _g/l

GW-2022 <0.09 c <0.09 c _g/l

GW-2023 <0.09 c <0.09 c _g/l

GW-2024 <0.09 c <0.09 c _g/l

GW-2025 <0.09 c <0.09 c _g/l

GW-2026 <0.09 <0.09 _g/l

GW-2027 <0.09 <0.09 _g/l

GW-2028 <0.09 <0.09 _g/l

GW-2029 <0.09 <0.09 _g/l

GW-2030 <0.09 c <0.09 c <0.09 <0.09 _g/l

GW-2032 <0.09 c <0.09 c <0.09 NS _g/l

GW-2033 <0.09 c <0.09 c <0.09 <0.09 _g/l

GW-2034 <0.09 c <0.09 c _g/l
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TABLE B-2 Quarterly, Semi and Annual Groundwater Monitoring

Data, 1992 (Continued)

WSSRAP ID Q1 Q2 Q3 Q4 UNITS

GW-3003 <0.09 <0.09 <0.09 <0.09 vg/l

GW-3006 <0.09 <0.09 <0.09 c <0.09 vg/l

GW-3008 <0.09 <0.09 <0.09 <0.09 vg/l

GW-3009 <0.09 <0.09 <0.09 <0.09 vg/l

GW-3019 <0.09 <0.09 vg/1

GW-3023 <0.09 c <0.09 c <0.09 <0.09 vg/1

GW-4001 0.220 0.098 0.Ii0 0.130 vg/l

GW-4002 <0.09 <0.09 <0.09 <0.09 vg/l

GW-4003 <0.09 <0.09 <0.09 <0.09 vg/l

GW-4004 <0.09 <0.09 <0.09 <0.09 vg/l

GW-4005 <0.09 <0.09 <0.09 <0.09 vg/l

GW-4006 <0.09 <0.09 <0.09 <0.09 vg/l

GW-4007 <0.09 c <0.09 <0.09 c <0.09 _g/l

GW-4008 <0.09 <0.09 <0.09 <0.09 _g/l

GW-4009 <0.09 <0.09 <0.09 <0.09 _g/l

GW-4010 <0.09 <0.09 <0.09 <0.09 _g/l

GW-4011 <0.09 <0.09 <0.09 <0.09 _g/l

GW-4012 <0.09 <0.09 <0.09 <0.09 _g/l
GW-4013 <0.09 <0.09 <0.09 <0.09 _g/l .

GW-4014 <0.09 <0.09 <0.09 <0.09 _g/l

GW-4015 <0.09 <0.09 <0.09 <0.09 _g/l

GW-4016 <0.09 <0.09 <0.09 c <0.09 _g/l

GW-4017 <0.09 <0.09 c <0.09 c <0.09 _g/l

GW-4018 <0.09 <0.09 <0.09 <0.09 _g/l
GW-4019 <0.09 <0.09 <0.09 <0.09 _g/l

GW-4020 <0.09 <0.09 <0.09 <0.09 _g/l

GW-4021 <0.09 <0.09 <0.09 <0.09 _g/l

GW-4022 <0.09 c <0.09 c <0.09 <0.09 _g/l

GW-4023 <0.09 <0.09 <0.09 <0.09 _g/l

GW-FINW <0.09 <0.09 <0.09 <0.09 _g/l

GW-PW02 <0.09 <0.09 <0.09 <0.09 _g/l

GW-PW03 <0.09 <0.09 <0.09 <0.09 _g/l

GW-PW04 <0.09 <0.09 <0.09 <0.09 _g/l

GW-PW05 <0.09 <0.09 <0.09 <0.09 _g/l

GW-PW06 <0.09 <0.09 <0.09 <0.09 _g/l

GW-PW07 <0.09 <0.09 <0.09 <0.09 _g/l

GW-PW08 <0.09 <0.09 <0.09 <0.09 _g/l

GW-PW09 <0.09 <0.09 <0.09 <0.09 _g/l

GW-RAWW <0.09 <0.09 <0.09 <0.09 _g/l

GW-RMWI <0.09 <0.09 <0.09 <0.09 _g/l

GW-RMW2 <0.09 <0.09 <0.09 <0.09 _g/l

GW-RMW3 <0.09 <0.09 <0.09 <0.09 _g/l

GW-RMW4 <0.09 <0.09 <0.09 <0.09 _g/l
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TABLE B-2 Quarterly, Semi and Annual Groundwater Monitoring
Data, 1992 (Continued)

WSSRAP ID Ql Q2 Q3 Q4 UNITS

214 ,6-TNT

GW-1017 <0.03 <0.03 <0.03 <0.03 _g/1

GW-1018 <0.03 <0.03 <0.03 <0.03 _g/1

GW-IOI9 <0.03 <0.03 <0.03 <0.03 _g/l

GW-lO20 <0.03 <0.03 <0.03 <0.03 _g/1

GW-1021 <0.03 <0.03 <0.03 <0.03 _g/1
GW-lO22 <0.03 <0.03 <0.03 <0.03 _g/1

GW-1023 <0.03 <0.03 <0.03 <0.03 _g/1

GW-1024 <0.03 <0.03 <0.03 <0.03 _g/1

GW-lO33 <0.03 <0.03 <0.03 <0.03 _g/1

GW-2001 <0.03 <0.03 <0.03 <0.03 _g/1
GW-2002 <0.03 <0.03 <0.03 <0.03 _g/1

GW-2003 <0.03 <0.03 <0.03 <0.03 _g/1

GW-2004 <0.03 <0.03 _g/l

GW-2005 <0.03 <0.03 _g/l

GW-2006 <0.03 2.18 _g/l

GW-2007 <0.03 <0.03 _g/1

GW-2 008 <0.03 <0.03 _g/l

GW-2009 <0.03 <0.03 _g/1

GW-20 i0 0. 280 0. 400 _g/l

GW-20 ii <0.03 <0.03 _g/l

GW-2012 0. 640 0. 680 _g/l
GW-2 013 0. 580 0. 760 vg/l

GW-2014 <0.03 <0.03 vg/1

GW-2015 <0.03 <0.03 vg/l

GW-2017 <0.03 <0.03 vg/l

GW-2018 <0.03 <0.03 vg/l

GW-2019 <0.03 c <0.03 _g/1

GW-2020 <0.03 <0.03 vg/1

GW-2021 <0.03 <0.03 _g/1

GW-2022 <0.03 c <0.03 c _g/l

GW-2023 <0.03 c <0.03 c _g/1

GW-2024 <0.03 c <0.03 c vg/l

GW-2025 <0.03 c <0.03 c _g/1

GW-2026 <0.03 <0.03 _g/1

GW-2027 <0.03 <0.03 _g/1

GW-2028 <0.03 <0.03 _g/1

GW-2029 <0.03 <0.03 vg/1

GW-2030 3.60 c 8. i0 c 14 .0 14 .0 _g/l

GW-2 032 0. 900 c 2.20 c 9.00 NS _g/1

GW-2033 0. 082 c i. I0 c 3.20 2.90 _g/1

GW-2034 <0.03 c <0.03 c _g/l
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TABLE B-2 Quarterly, Semi and Annual Groundwater Monitoring
Data, 1992 (Continued)

WSSRAP ID Q1 Q2 Q3 Q4 UNITS

GW-3003 <0.03 <0.03 <0.03 <0.03 _g/l
GW-3006 <0.03 <0.03 <0.03 c <0.03 _g/l

GW-3008 <0.03 <0.03 <0.03 <0.03 _g/l

GW-3009 <0.03 <0.03 <0.03 <0.03 _g/l

GW-3019 <0.03 <0.03 _g/l

GW-3023 <0o03 e 0.033 c <0.03 0.040 _g/l

GW-4001 1.30 1.60 1.70 1.30 _g/l

GW-4002 <0.03 0.044 0.220 0.250 _g/l

GW-4003 <0.03 <0.03 <0.03 <0°03 _g/l

GW-4004 <0.03 <0.03 <0.03 <0.03 _g/l

GW-4005 <0.03 <0.03 <0.03 <0.03 _g/l

GW-4006 <0.03 <0.03 <0.03 <0.03 _g/l

GW-4007 <0.03 c <0.03 <0.03 c <0.03 _g/l

GW-4008 <0.03 <0.03 <0.03 <0.03 _g/l

GW-4009 <0.03 <0.03 <0.03 <0.03 _g/l

GW-4010 <0°03 <0.03 <0.03 <0.03 _g/l

GW-4011 <0.03 <0.03 <0.03 <0.03 _g/l

GW-4012 <0.03 <0.03 <0.03 <0.03 _g/l

GW-4013 0. 057 0. 048 0. 040 0. 032 vg/1

GW-4014 0. 037 <0.03 0. 031 0. 036 _g/1

GW-4015 <0.03 <0.03 <0.03 <0.03 _g/l

GW-4016 <0.03 <0.03 <0.03 c <0.03 _g/l

GW-4017 <0.03 <0.03 c <0.03 c <0.03 _g/l

GW-4018 <0.03 <0.03 <0.03 <0.03 _g/l

GW-4019 <0.03 <0.03 <0.03 <0.03 _g/l
GW-4020 <0.03 <0.03 <0.03 <0.03 _g/l

GW-4021 <0.03 <0.03 <0.03 <0.03 _g/l

GW-4022 <0.03 e <0.03 c <0.03 <0.03 _g/l

GW-4023 <0.03 <0.03 <0.03 <0.03 _g/l

GW-FINW <0.03 <0.03 <0.03 <0.03 _g/l

GW-PW02 <0,03 <0.03 <0,03 <0.03 _g/l

GW-PW03 <0.03 <0.03 <0.03 <0.03 _g/l

GW-PW04 <0.03 <0.03 <0.03 <0.03 _g/l

GW-PW05 <0.03 <0.03 <0.03 <0.03 _g/l

GW-PW06 <0.03 <0.03 <0.03 <0.03 _g/l

GW-PW07 <0.03 <0.03 <0.03 <0.03 _g/l
GW-PW08 <0.03 <0.03 <0.03 <0.03 _g/l

GW-PW09 <0.03 <0.03 <0.03 <0.03 _g/l
GW-RAWW <0.03 <0.03 <0.03 <0.03 _g/l

GW-RMWI <0.03 <0.03 <0.03 <0.03 _g/l

GW-RMW2 <0.03 <0.03 <0.03 <0.03 _g/l

GW-RMW3 <0.03 <0.03 <0.03 <0.03 _g/l

GW-RMW4 <0.03 <0.03 <0.03 <0.03 _g/l
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TABLE B-2 Quarterly, Semi and Annual Groundwater Monitoring

Data, 1992 (Continued)

WSSRAP ID Q1 Q2 Q3 Q4 UNITS

2,4-DNT

GW-1017 <0.03 <0.03 <0.03 <0.03 _g/l

GW-1018 <0.03 <0.03 <0.03 <0.03 _g/l

GW-1019 <0.03 <0.03 <0.03 <0.03 vg/l

GW-1020 <0.03 <0.03 <0.03 <0.03 vg/l

GW-1021 <0.03 <0.03 <0.03 <0.03 vg/l
GW-1022 <0.03 <0.03 <0.03 <0.03 _g/l

GW-1023 <0.03 <0.03 <0.03 <0.03 vg/l

GW-1024 <0.03 <0.03 <0.03 <0.03 _g/l

GW-1033 <0.03 <0.03 <0.03 <0.03 _g/l

GW-2001 0.083 0.080 0.087 0.098 _g/l

GW-2002 0.071 0.052 0.063 0.ii0 _g/1
GW-2003 0.170 0.180 0.150 0.190 _g/l

GW-2004 <0.03 <0.03 _g/l

GW-2005 0.076 0.082 _g/l

GW-2006 0.140 <0.600 _g/l

GW-2007 <0.03 <0.03 vg/l

GW-2008 0.071 0.080 _g/l

GW-2009 0.070 0.067 _g/l

GW-2010 0.080 0.079 _g/l

GW-2011 0.092 0.i00 vg/l

GW-2012 0.081 0.300 _g/l

GW-2013 0.260 0.300 _g/l

GW-2014 0. 130 0. 170 vg/l

GW-2015 <0.03 <0.03 _g/1

GW-2017 <0.03 <0.03 _g/1

GW-2018 <0.03 <0.03 _g/1

GW-2019 <0.03 c <0.03 _g/l

GW-2020 0.038 0.031 _g/l

GW-2021 <0.03 <0.03 _g/l

GW-2022 <0.03 _ <0.03 c _g/l

GW-2023 <0.03 c <0.03 c _g/l

GW-2024 <0.03 c <0.03 c _g/l

GW-2025 <0.03 e <0.03 c vg/l

GW-2026 <0.03 <0.03 _g/!

GW-2027 <0.03 <0.03 vg/1

GW-2028 <0.03 <0.03 vg/1

GW-2029 <0.03 <0.03 _g/1

GW-2030 0. 190 _ 0.130 c 0.140 0.150 _g/l

GW-2032 0. 150 c 0.120 c 0.150 NS _g/l

GW-2033 0.180 c 0.160 c 0.340 3.80 vg/l

4O
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TABLE B-2 Quarterly, Semi and Annual Groundwater Monitoring
Data, 1992 (Continued)

WSSRAP ID Q1 Q2 Q3 Q4 UNITS

GW-2034 <0.03 c <0.03 c vg/1

GW-3003 0. 082 0.031 0. 061 0. 058 vg/1

GW-3006 <0.03 <0.03 <0.03 c <0.03 vg/1

GW-3008 0. 150 0. 097 0. 140 0. 120 _g/l
GW-3009 0. 180 0. 190 0. 200 0. 300 vg/1

GW-3019 <0.03 <0.03 vg/1

GW--3023 8.00 c 8.00 c 8.50 7.00 vg/1

GW-4001 6.00 3.00 3.20 6.50 vg/1

GW-4002 <0.03 <0.03 <0.03 <0.03 vg/1

GW-4003 <0.03 <0.03 <0.03 <0.03 vg/1

GW-4004 <0.03 <0.03 <0.03 <0.03 vg/1

GW-4005 <0.03 <0.02 <0.03 <0.03 vg/1

GW-4006 0.160 0.I00 0.091 0.150 vg/l

GW-4007 <0.03 c <0.03 <0.03 c <0.03 vg/1

GW-4008 <0.03 <0.03 <0.03 <0.03 vg/1

GW-4009 <0.03 <0.03 <0.03 <0.03 vg/1

GW-4010 <0.03 <0.03 <0.03 <0.03 vg/1

GW-4011 <0.03 <0.03 <0.03 <0.03 vg/1

GW-4012 <0.03 <0.03 <0.03 <0.03 vg/1

GW-4013 0. 079 0. 065 0. 056 0. 051 vg/1

GW-4014 <0.03 <0.03 <0.03 <0.03 _g/l

GW-4015 0. 140 0. II0 0. 048 0. 084 vg/1

GW-4016 <0.03 <0.03 <0.03 c <0.03 vg/1

GW-4017 <0.03 <0.03 c <0.03 c <0.03 vg/1

GW-4018 <0.03 <0.03 <0.03 <0.03 vg/1

GW-4019 <0.03 <0.03 <0.03 <0.03 vg/1

GW-4020 <0.03 <0.03 <0.03 <0.03 vg/1

GW-4021 <0.03 <0.03 <0.03 <0.03 vg/1

GW-4022 <0.03 c <0.03 c <0.03 <0.03 vg/1

GW-4023 0. i00 0. 067 0. 076 0.08'7 vg/1

GW-FINW <0.03 <0.03 <0.03 <0.03 vg/1

GW-PW02 <0.03 <0.03 <0.03 <0.03 vg/1

GW-PW03 <0.03 <0.03 <0.03 <0.03 vg/1

GW-PW04 <0.03 <0.03 <0.03 <0.03 vg/1

GW-PW05 <0.03 <0.03 <0.03 <0.03 vg/1

GW-PW06 <0.03 <0.03 <0.03 <0.03 vg/1

GW-PW07 <0.03 <0.03 <0.03 <0.03 vg/1

GW-PW08 <0.03 <0.03 <0.03 <0.03 vg/1

GW-PW09 <0.03 <0.03 <0.03 <0.03 vg/1

GW-RAWW <0.03 <0.03 <0.03 <0.03 vg/1
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TABLE B-2 Quarterly, Semi and Annual Groundwater Monitoring

Data, 1992 (Continued)

WSSRAP ID Q1 Q2 Q3 Q4 UNITS

GW-RMWI <0.03 <0.03 <0.03 <0.03 _g/l

GW-RMW2 <0.03 <0.03 <0.03 <0.03 _g/l

GW-RMW3 <0.03 <0.03 <0.03 <0.03 _g/l
GW-RMW4 <0.03 <0.03 <0.03 <0.03 _g/l

2_ 6-DNT

GW-1017 <0.01 <0.01 <0.01 <0.01 _g/l

GW-1018 <0.01 <0.01 <0.01 <0.01 _g/l
GW-1019 <0.01 <0.01 <0.01 <0.01 _g/l

GW-1020 <0.01 <0.01 <0.01 <0.01 _g/l

GW-1021 <0.01 <0.01 <0.01 <0.01 _g/l

GW-1022 <0.01 <0.01 <0.01 <0.01 _g/l

GW-1023 <0.01 <0=01 <0.01 <0.01 _g/l

GW-1024 <0.01 <0.01 <0.01 <0.01 _g/l

GW-1033 <0.01 <0.01 <0.01 <0.01 _g/l

GW-2001 0.074 0.044 0.060 0.051 _g/l

GW-2002 0.380 0.300 0.390 0.510 _g/l

GW-2003 0.680 0.660 0.800 1.20 _g/l

GW-2004 <0.01 <0.01 _g/l

GW-2005 0.120 0.140 _g/l

GW-2006 1.20 3.02 _g/l

GW-2007 <0.01 <0.01 _g/l
GW-2008 0.860 1.00 _g/l

GW-2009 0.270 0.260 _g/l

GW-2010 0.470 0.530 _g/l

GW-2011 2.30 1.60 _g/l

GW-2012 i.i0 2.40 _g/l

GW-2013 5.80 9.10 _g/l

GW-2014 0.980 0.900 _g/l

GW-2015 <0.01 <0.01 _g/l

GW-2017 <0.01 <0.01 _g/l

GW-2018 ! <0.01 <0.01 _g/l

GW-2019 <0.01 ¢ <0.01 _g/l

GW-2020 <0.01 <0.01 _g/l

GW-2021 <0.01 <0.01 _g/l

GW-2022 <0.01 c <0.01 c _g/l

GW-2023 <0.01 c <0.01 c _g/l

GW-2024 <0.01 c <0.01 c _g/l

GW-2025 <0°01 c <0.01 c _g/l

GW-2026 <0.01 <0.01 _g/l

GW-2027 <0.01 <0.01 _g/l

GW-2028 <0.01 <0.01 _g/l
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TABLE B-2 Quarterly, semi and Annual Groundwater Monitoring
Data, 1992 (Continued)

WSSRAP ID Q1 Q2 Q3 Q4 UNITS

GW-2029 <0.01 <0.01 vg/1

GW-2030 4.60 c 5.50 c I0.0 12 .0 vg/1

GW-2032 3.70 c 4 .00 ¢ 4.00 NS vg/1

GW-2033 15.0 c i0.0 c 8.00 7 .80 vg/1

GW-2034 <0.01 c <0. Ol c vg/1

GW-3003 0. 200 0. 079 0° 130 0. 098 vg/1

GW-3006 <0.01 <0.01 <0.01 c <0.01 vg/1

GW-3008 0. 440 0. 240 0.3 i0 O. 290 vg/1

GW-3009 0. 093 O. 091 0. 057 0. 170 vg/1
GW-3019 <0.01 <0. Ol vg/1

GW-3023 ii. 0c 7.50 c 8.40 7. I0 vg/1

GW-4001 3 .50 5.00 5.80 3 .90 vg/1

GW-4002 <0. Ol 0. 034 0. 190 0. 120 vg/1

GW-4003 <0.01 <0.01 <0.01 <0.01 _g/l

GW-4004 <0.01 <0.01 <0.01 <0.01 vg/1

GW-4005 <0. Ol <0.01 <0. Ol <0.01 vg/1

GW-4006 3.60 3.60 4.40 3.30 vg/1

GW-4007 <0.01 c <0.01 <0. Ol c <0.01 _g/l

GW-4008 <0.01 <0.01 <0.01 <0.01 vg/1

GW-4009 <0.01 <0.01 <0.01 <0.01 vg/1
GW-4010 <0. Ol <0° 01 <0. Ol <0. Ol vg/1

GW-4011 <0.01 <0.01 <0.01 <0.01 vg/1
GW-4012 <0.01 <0.01 <0. Ol <0.01 vg/1

GW-4013 i. 30 O. 900 0. 840 0.63N vg/1

GW-4014 0. 082 0. 031 0. 052 0. 076 vg/1

GW-4015 i. 30 I. 20 0. 590 0. 900 vg/1

GW-4016 <0.01 <0.01 <0.01 c <0.01 vg/1

GW-4017 <0.01 <0.01 c <0.01 c <0.01 vg/1

GW-4018 <0.01 <0.01 <0.01 <0.01 vg/1

GW-4019 <0. Ol <0. Ol <0.01 <0. Ol vg/1

GW-4020 <0.01 <0.01 <0.01 <0.01 vg/1

GW-4021 <0.01 <0.01 <0.01 <0.01 vg/1

GW-4022 <0.01 c <0.01 c <0.01 <0.01 vg/1

GW-4023 0. 062 0. 052 0. 039 0. 042 vg/1

GWoFINW <0.01 <0.01 <0.01 <0.01 vg/1

GW-PW02 <0.01 <0.01 <0.01 <0.01 vg/1

GW-PW03 <0.01 <0.01 <0.01 <0.01 vg/1

GW-PW04 <0.01 <0.01 <0.01 <0.01 vg/1

GW-PW05 <0.01 _.0.01 <0.01 <0.01 vg/1

GW-PW06 <0.01 <0.01 <0.01 <0.01 vg/1

GW-PW07 <0.01 <0.01 <0.01 <0.01 vg/1

GW-PW08 <0.01 <0.01 <0.01 <0.01 vg/1

GW-PW09 <0.01 <0.01 <0.01 <0.01 vg/1
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TABLE B-2 Quarterly, Semi and Annual Groundwater Monitoring
Data, 1992 (Continued)

WSSRAP ID Q1 Q2 Q3 Q4 UNITS

GW-RAWW <0.01 <0.01 <0.01 <0.01 vg/1

GW-RMWI <0.01 <0.01 <0.01 <0.01 _g/l

GW-RMW2 <0.01 <0.01 <0.01 <0.01 vg/1
GW-RMW3 <0.01 <0.01 <0.01 <0.01 vg/1

GW-RMW4 <0.01 <0.01 <0.01 <0.01 vg/1

NITROBENZENE

GW-1017 <0.03 <0.03 <0.03 <0.03 vg/1

GW-lO 18 <0.03 <0.03 <0.03 <0.03 vg/1
GW-1019 <0.03 <0.03 <0.03 <0.03 _g/l

GW-lO20 <0.03 <0.03 <0.03 <0.03 vg/1

GW-1021 <0.03 <0.03 <0.03 <0.03 vg/1

GW-1022 <0.03 <0.03 <0.03 <0.03 vg/1

GW-1023 <0.03 <0.03 <0.03 <0.03 vg/1

GW-1024 <0.03 <0.03 <0.03 <0.03 vg/1

GW-1033 <0.03 <0.03 <0.03 <0.03 vg/1

GW-2001 <0.03 <0.03 <0.03 <0.03 _g/l

GW-2002 <0.03 <0.03 <0.03 <0.03 vg/1

GW-2003 <0.03 <0.03 <0.03 <0.03 vg/1

GW-2004 <0.03 <0.03 vg/1

GW-2005 <0.03 <0.03 _g/l

GW-2006 <0.03 <i. 13 _g/l

GW-2007 <0.03 <0.03 _g/l

GW-2008 <0.03 <0.03 vg/1

GW-2 009 <0.03 <0.03 vg/1

GW-2010 <0.03 <0.03 vg/1

GW-2011 0. 040 0. 042 _g/l

GW-2012 <0.03 <0.03 vg/1

GW-2 013 <0.03 <0.03 vg/1

GW-2014 <0.03 0. 033 _g/l

GW-2015 <0.03 <0.03 vg/1

GW-2 017 <0.03 <0.03 _g/l

GW-2018 <0.03 <0.03 vg/1
GW-2019 <0.03 c <0.03 vg/1

GW-2020 <0.03 <0.03 vg/1

GW-2021 <0.03 <0.03 vg/1
GW-2022 <0.03 c <0.03 c vg/1

GW-2023 <0.03 c <0.03 c vg/1

GW-2024 <0.03 c <0.03 c vg/1

GW-2025 <0.03 c <0.03 c vg/1

GW-2026 <0.03 <0.03 vg/1

GW-2027 <0.03 <0.03 vg/1
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TABLE B-2 Quarterly, Semi and Annual Groundwater Monitoring
Data, 1992 (Continued)

WSSRAP ID Q1 Q2 Q3 Q4 UNITS

GW-2028 <0.03 <0.03 _g/l

GW-2029 <0.03 <0.03 _g/l
GW-2030 <0.03 c <0.03 c <0.03 <0.03 _g/l

GW-2032 <0.03 c <0.03 c <0.03 NS _g/l

GW-2033 <0.03 c <0.03 c <0.03 <0.03 _g/l

GW-2034 <0.03 c <0.03 c _g/l

GW-3003 <0.03 <0.03 <0.03 <0.03 _g/l

GW-3006 <0.03 <0.03 <0.03 c <0.03 _g/l

GW-3008 <0.03 <0.03 <0.03 <0.03 _g/l

GW-3009 <0.03 <0.03 <0.03 <0.03 _g/l

GW-3019 <0.03 <0.03 _g/l

GW-3023 <0.03 c <0.03 c <0.03 <0.03 _g/l

GW-4001 <0.03 <0.03 <0.03 <0.03 _g/l

GW-4002 <0.03 <0.03 <0.03 <0.03 _g/l

GW-4003 <0.03 <0.03 <0.03 <0.03 _g/l

"GW-4004 <0.03 <0.03 <0.03 <0.03 _g/l

GW-4005 <0.03 <0.03 <0.03 <0.03 _g/l

GW-4006 <0.03 <0.03 0.037 <0.03 _g/l

GW-4007 <0.03 c <0.03 <0.03 c <0.03 _g/l

GW-4008 <0.03 <0.03 <0.03 <0.03 _g/l

GW-4009 <0.03 <0.03 <0.03 <0.03 _g/l

GW-4010 <0.03 <0.03 <0.03 <0.03 _g/l

GW-4011 <0.03 <0.03 <0.03 <0.03 _g/l

GW-4012 <0.03 <0.03 <0.03 <0.03 _g/l

GW-4013 <0.03 <0.03 <0.03 <0.03 _g/l

GW-4014 <0.03 <0.03 <0.03 <0.03 _g/l

GW-4015 <0.03 <0.03 <0.03 <0.03 _g/l

GW-4016 <0.03 <0.03 <0.03 c <0.03 _g/l

GW-4017 <0.03 <0.03 c <0.03 c <0.03 _g/l

GW-4018 <0.03 <0.03 <0.03 <0.03 _g/l

GW-4019 <0.03 <0.03 <0.03 <0.03 _g/l

GW-4020 <0.03 <0.03 <0.03 <0.03 _g/l

GW-4021 <0.03 <0.03 <0.03 <0.03 _g/l

GW-4022 <0.03 c <0.03 c <0.03 <0.03 _g/l

GW-4023 <0.03 <0.03 <0.03 <0.03 _g/l

GW-FINW <0.03 <0.03 <0.03 <0.03 _g/l

GW-PW02 <0.03 <0.03 <0.03 <0.03 _g/1

GW-PW03 <0.03 <0.03 <0.03 <0.03 _g/l
GW-PW04 <0.03 <0.03 <0.03 <0.03 _g/l

GW-PW05 <0.03 <0.03 <0.03 <0.03 _g/l

GW-PW06 <0.03 <0.03 <0.03 <0.03 _g/l

GW-PW07 <0.03 <0.03 <0.03 <0.03 _g/l

GW-PW08 <0.03 <0.03 <0.03 <0.03 _g/l
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TABLE B-2 Quarterly, Semi and Annual Groundwater Monitoring

Data, 1992 (Continued)

WSSRAP ID Q1 Q2 Q3 Q4 UNITS

GW-PW09 <0.03 <0.03 <0.03 <0.03 vg/1

GW-RAWW <0.03 <0.03 <0.03 <0.03 vg/1

GW-RMWI <0.03 <0.03 <0.03 <0.03 vg/1

GW-RMW2 <0.03 <0.03 <0.03 <0.03 vg/1
GW-RMW3 <0.03 <0.03 <0.03 <0.03 vg/1

GW-RMW4 <0.03 <0.03 <0.03 <0.03 vg/1

ACTINIUM-227

GW-lO18 <i0.0 pCi/1

GW-101_ <i0.0 pCi/1

GW-lO20 <I0.0 pCi/1

GW-1024 <i0.0 pCi/1

GW-2001 <2.52 , pCi/1

GW-2002 <I. 60 pCi/1

GW-2003 <5.18 pCi/l
GW-2004 4.13 pCi/1

GW-2005 i. 54 pCi/1

GW-2006 (2.72) pCi/1
GW-2007 <2.68 pCi/1

GW-2008 " <4.00 pCi/1

GW-2009 <4.00 pCi/1

GW-2010 <4.16 pCi/l

GW-2012 <4.00 pCi/l

GW-2013 <5.94 pCi/1

GW-2014 2.23 pCi/l

GW-2015 <2.54 pCi/1

GW-2022 I. 68 pCi/1

GW-2029 2.63 pCi/1

GW-2030 <I0.0 pCi/1

GW-2032 <I0.0 pCi/1

GW-2033 <i0.0 pCi/1

GW-3003 <4.00 pCi/1

GW-3006 <2.80 pCi/1

GW-3008 <i0.0 pCi/l

GW-3009 <i0.0 pCi/l

GW-3019 <3.18 pCi/l

GW-3023 <i0.0 pCi/1

GW-4001 <2.64 pCi/1

GW-4002 <2.94 pCi/1

GW-4 003 <i0.0 pCi/l

GW-4004 <_,.80 pCi/1

GW-4005 <I0.0 pCi/1
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TABLE B-2 Quarterly, Semi and Annual Groundwater Monitoring
Data, 1992 (Continued)

WSSRAP ID Q1 Q2 Q3 Q4 UNITS

GW-4 006 <2.65 pCi/1

GW-4008 <I0.0 pCi/1

GW-4009 <4.00 pCi/1

GW-4010 <4.00 pCi/1
GW-4011 <4.80 pCi/1

GW-4012 <4.80 pCi/1

3W-4013 <2.80 pCi/1

GW-4014 <4 .70 pCi/1

GW-4015 (9.00) pCi/1

GW-4016 <i0.0 pCi/1

GW-4018 <4.80 pCi/1

GW-4019 <4.80 pCi/1

GW-4020 <2.80 pCi/1

GW-4021 <I0.0 pCi/1

GW-4023 <4.80 pCi/1

GROSS ALPHA

GW-1017 <18.7 pCi/1

GW-1018 <14.0 pCi/1

GW-1019 (8.09) pCi/l
GW-1020 < 12 .0 pCi/1

GW-1021 <19.8 pCi/1

GW-1022 <18 .7 pCi/1

GW-1023 <12 .5 pCi/1

GW-1024 <14 . 18 .0 3 .00 <2 .00 pCi/1

GW-1033 5.00 pCi/1

GW-2018 <2.00 pCi/1

GW-2019 <9.20 _ pCi/1

GW-2020 <7.20 pCi/1

GW-3023 <21.0 _ pCi/1

GW-4016 <7.70 pCi/1

GW-4017 <6. i0 _ pCi/1

GW-FINW <14. (I. i0) <3.40 <2.00 pCi/1

GW-PW02 <ii. (I. 80) <3.40 <2.00 pCi/1

GW-PW03 <8.0 <2.00 <3.50 <2. O0 pCi/1

GW-PW04 <8.2 (1.20) <3.00 <2.00 pCi/l

GW-PW05 <8.00 <2.00 <4.00 2.50 pCi/1

GW-PW06 <12. (1.60) <4.01 (1.60) pCi/l

GW-PW07 <13. 3.70 <3.40 <2.00 pCi/1

GW-PW08 <12. (1.40) <3.50 2.20 pCi/l

GW-PW09 <13. 4.80 <6.20 (1.40) pCi/1

GW-RAWW <13. <2.00 <3.90 <2. O0 pCi/1
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TABLE B-2 Quarterly, Semi and Annual Groundwater Monitoring

Data, 1992 (Continued)

WSSRAP ID Q1 Q2 Q3 Q4 UNITS

GW-RMWl <14. 3.30 7.70 3.60 pCi/1
GW-RMW2 <ii. 4.90 7.20 8.70 pCi/1

GW-RMW3 <16. 2.30 7.40 7.40 pCi/1
GW-RMW4 <13. <2. O0 3.90 (I. 50) pCi/1

GROSS BETA

GW-1017 <15.2 pCi/1
GW-1018 <13 .0 pCi/1

GW-1019 <12 .0 pCi/l

GW-1020 <12 .0 pCi/1

GW-1021 (6.17) pCi/l

GW-1022 (7.57) pCi/1

GW-1023 (9.77) pCi/l
GW-1024 <17. 20.0 9.00 7. O0 pCi/1

GW-1033 7.20 pCi/1

GW-2018 <7.40 pCi/l

GW-2019 <7.90 c pCi/1

GW-2020 <13.0 pCi/1

GW-3023 17.0 c pCi/l

GW-4016 <9.30 pCi/l

GW-4017 <8.80 _ pCi/1

GW-FINW <16. 6. O0 5. O0 pCi/l

GW-PW02 <19. 8.60 6.20 pCi/l

GW-PW03 <14. 8.60 6.60 pCi/1

GW-PW04 <15. 5.50 7.40 pCi/1

GW-PW05 <17. 7.50 7.90 pCi/1

GW-PW06 <16. 6.40 5. i0 pCi/1

GW-PW07 <16. 6.00 4.80 pCi/1

GW-PW08 <19. 3.80 6.00 pCi/1

GW-PW09 <17. 7.90 9.30 pCi/l

GW-RAWW <20. 4.90 5. I0 pCi/1

GW-RMWI <21. 6.80 13.0 8.75 pCi/1

GW-RMW2 <19. 5.60 6.00 pCi/1

GW-RMW3 <21. Ii. 0 12.0 9.70 pCi/1

GW-RMW4 <20. 5.00 6. i0 4.80 pCi/1

LEAD-210

GW-1018 4.00 pCi/l

GW-1019 4. I0 pCi/l

GW-1020 (i. 60) pCi/1

GW-1024 2.00 pCi/1
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TABLE B-2 Quarterly, Semi and Annual Groundwater Monitoring

Data, 1992 (Continued)

WSSRAP ID Q1 Q2 Q3 Q4 UNITS

GW-2001 <2.55 pCi/1

GW-2002 <i. 56 pCi/1

GW-2003 <2.55 pCi/1

GW-2004 <5.99 pCi/1
GW-2005 <2.99 pCi/l

GW-2006 <5.11 pCi/l

GW-2007 <5. Ii pCi/l

GW-2 008 <2.00 pCi/1

GW-2 009 <4.40 pCi/1
GW-2010 <5.11 pCi/l

GW-2012 <2.00 pCi/1

GW-2013 <2 .41 pCi/1

GW-2014 (I. 99) pCi/1

GW-2015 <2.55 pCi/l

GW-2022 <2.57 pCi/l

GW-2029 <2.57 pCi/l

GW-2030 (1.40) pCi/l

GW-2032 <2.00 pCi/l

GW-2033 <2.00 pCi/l

GW-3003 <3.60 pCi/l

GW-3006 <2.72 pCi/l

GW-3008 (i. 60) pCi/1

GW-3009 2.40 pCi/l

GW-3019 <2.41 pCi/1

GW-3023 4.70 pCi/l

GW-4001 <2.41 pCi/l

GW-4002 <1.56 pCi/l

GW-4003 <2.00 pCi/l

GW-4004 <2.00 pCi/l

GW-4005 (1.70) pCi/l

GW-4006 <2.41 pCi/l

GW-4008 <2.00 pCi/1

GW-4009 <2.00 pCi/l

GW-4010 <2.90 pCi/l

GW-4011 <2.00 _Ci/l

GW-4012 <2.00 pCi/l

GW-4013 <3.60 pCi/l

GW-4014 <3.60 pCi/l

GW-4015 2.10 pCi/l
GW-4016 2.20 pCi/l

GW-4018 <2.00 pCi/l

GW-4019 <2.00 pCi/l

GW-4020 <3.60 pCi/l
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TABLE B-2 Quarterly, Semi and Annual Groundwater Monitoring

Data, 1992 (Continued)

WSSRAP ID Q1 Q2 Q3 Q4 UNITS

GW-4021 <2.00 pCi/l

GW-4023 <2.00 pCi/l

POLONIUM-210

GW-1018 1.30 pCi/i
GW-1019 (0.900) pCi/l

GW-1020 1.00 pCi/l

GW-lO24 1.20 pCi/l

GW-2001 <3.08 pCi/l

GW-2002 <0.650 pCi/l

GW-2003 <5.88 pCi/l
GW-2004 <0.913 pCi/l

GW-2005 <0.880 pCi/l

GW-2006 <5.46 pCi/l

GW-2007 <1.78 pCi/l

GW-2008 (0.30) pCi/l

GW-2009 <2.10 pCi/l

GW-2010 5.17 pCi/l

GW-2012 <0.500 pCi/l

GW-2013 <1.34 pCi/l

GW-2014 <1.72 pCi/l

GW-2015 <1.33 pCi/l

GW-2022 <I. 98 pCi/1

GW-2029 <0. 901 pCi/1

GW-2030 (0.60) pCi/1

GW-2032 2.30 pCi/l

GW-2033 1.60 pCi/l

GW-3003 <0.800 pCi/l

GW-3006 <1.61 pCi/l

GW-3008 1.50 pCi/l

GW-3009 <i.00 pCi/l
GW-3019 <4.48 pCi/l

GW-3023 2.00 pCi/l

GW-4001 <2.69 pCi/l
GW-4002 <1.40 pCi/l

GW-4003 i.i0 pCi/l

GW-4004 <0.500 pCi/l

GW-4005 <I.00 pCi/l

GW-4006 <4.48 pCi/l

GW-4008 (0.60) pCi/l

GW-4009 (0.30) pCi/1
GW-4010 0. 200 pCi/1
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TABLE B-2 Quarterly, Semi and Annual Groundwater Monitoring

Data, 1992 (Continued)

WSSRAP ID Q1 Q2 Q3 Q4 UNITS

GW-4011 <0. 500 pCi/1

GW-4012 <0. 500 pCi/l

GW-4013 <0. 800 pCi/1

GW-4014 <0. 800 pCi/1

GW-4015 i. 00 pCi/1

GW-4016 <I.00 pCi/l

GW-4018 <0. 500 pCi/1

GW-4019 <0. 500 pCi/l

GW-4020 <0. 800 pCi/l

GW-4021 (0.90) pCi/1
GW-4023 <0. 500 pCi/l

RADIUM-226

GW-1017 1.21 pCi/l

GW-1018 <I. 00 pCi/1

GW-1019 <2.00 pCi/1

GW-1020 <3.60 pCi/l

GW-1021 1.65 pCi/l

GW-1022 0.431 pCi/1

GW-1023 0. 983 pCi/1
GW-1024 <i. 50 pCi/1

GW-1033 0. 300 pCi/l
GW-2001 <0. 797 pCi/l

GW-2002 (0. 164) pCi/l
GW-2003 <0. 797 pCi/l

GW-2004 0. 200 pCi/1

GW-2005 (0.70) pCi/l

GW-2006 <I. 59 pCi/l

GW-2007 <I. 59 pCi/l
GW-2008 <4.40 pCi/l

GW-2009 <ii. 0 pCi/1

GW-2010 <i. 59 pCi/1

GW-2011 <0.20 pCi/l

GW-2012 <0.20 pCi/l

GW-2013 (0.266) pCi/l
GW-2014 <0.20 pCi/1

GW-2015 <0. 797 pCi/1

GW-2017 0.200 pCi/l

GW-2018 <i. 30 pCi/1

GW-2019 <i. 80 pCi/1

GW-2020 <5.90 pCi/1

GW-2021 <0. 777 pCi/l

m:\users\joanne\aser92\appendix.b B-59



0607.93

TABLE B-2 Quarterly, Semi and Annual Groundwater Monitoring

Data, 1992 (Continued)

WSSRAP ID Q1 Q2 Q3 Q4 UNITS

GW-2022 <0. 777 c pCi/1

GW-2023 <0. 777 c pCi/1

GW-2024 (0. 706) pCi/1

GW-2025 <0. 687 ¢ pCi/1

GW-2026 (0.555) pCi/l

GW-2027 (0.777) pCi/l

G_-2028 (0. 504) pCi/1
GW-2029 <0.20 pCi/l

GW-2030 i. 00 c pCi/1

GW-2032 i. i0 ¢ pCi/l

GW-2033 I. 20 c pCi/l

GW-2034 <0.20 c pCi/l

GW-3003 <0.20 pCi/1

GW-3006 <0. 334 pCi/1

GW-3008 0. 700 pCi/l

GW-3009 0. 500 pCi/1

GW-3019 <0. 520 pCi/1

GW-3023 0. 300 c pCi/1

GW-4001 <0. 520 pCi/1
GW-4002 0.287 pCi/l

GW-4003 <3.30 pCi/1

GW-4004 <l. 00 pCi/1

GW-4005 <4.00 pCi/1
GW-4006 <0. 520 pCi/1

GW-4007 3.40 c pCi/1

GW-4008 <0.20 pCi/l

GW-4009 <0.20 pCi/l

GW--4010 <0.20 pCi/l

GW-4011 <0.20 pCi/1

GW-4012 <0.20 pCi/l

GW-4013 0. 400 pCi/1

GW-4014 <0.20 pCi/l

GW-4015 0.200 pCi/l

GW-4016 0.300 pCi/l

GW-4017 <0.20 pCi/l

GW-4018 0.200 pCi/l

GW-4019 <0.20 pCi/l

GW-4020 O. 400 pCi/1

GW-4021 <0.20 pCi/1
GW-4022 i. i0 c pCi/1

GW-4023 0. 600 pCi/1

GW-FINW <0. 920 pCi/1

GW-PW02 <I. 50 pCi/1
½
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TABLE B-2 Quarterly, Semi and Annual Groundwater Monitoring
Data, 1992 (Continued)

WSSRAP ID Q1 Q2 Q3 Q4 UNITS

GW-PW03 <I. i0 pCi/1

GW-PW04 <i. 20 pCi/1

GW-PW05 <I. 50 pCi/1
GW-PW06 <2.60 pCi/1

GW-PW07 <I. 60 pCi/1

GW-PW08 <i. 70 pCi/1

GW-PW09 <i. 50 pCi/1

GW-RAWW <i. 31 pCi/1

GW-RMWI <i. 95 pCi/1

GW-RMW2 <I. 50 pCi/l
GW-RMW 3 <i. 68 pCi/l

GW-RMW4 <i. 45 pCi/l

RADIUM-228

GW-1017 <3.01 pCi/1

GW-1018 3.00 pCi/l

GW-1019 3.00 pCi/l

GW-1020 <5.60 pCi/1

GW-1021 <3.46 pCi/l

GW-1022 (3.08) pCi/1

GW-1023 (4.36) pCi/l
GW-1024 <3 .70 pCi/l

GW-1033 <0.90 pCi/1

GW-2001 (I. 46) pCi/1

GW-2002 (1.26) pCi/l

GW-2003 <2.18 pCi/1

GW-2004 <0.90 pCi/1

GW-2005 4.00 pCi/1

GW-2006 17.1 pCi/l

GW-2007 <3.72 pCi/1

GW-2008 <9.20 pCi/l

GW-2009 <22.0 pCi/1

GW-2010 <5.28 pCi/1

GW-2011 <0.90 pCi/1

GW-2012 <O. 90 pCi/1

GW-2013 <4.21 pCi/1

GW-2014 <0.90 pCi/1

_W-2015 <2.18 pCi/1

GW-2017 <0.90 pCi/1

GW-2018 <6. Ii pCi/1

GW-2019 <4.29 _ pCi/1

GW-2020 <5.21 pCi/1
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TABLE B-2 Quarterly, Semi and Annual Groundwater Monitoring

Data, 1992 (Continued)

WSSRAP ID Q1 Q2 Q3 Q4 UNITS

GW-2021 <2.79 pCi/1

GW-2022 <2.79 c pCi/1

GW-2023 <2.79 c pCi/1

GW-2024 <2.79 c pCi/1

GW-2025 <4.47 c pCi/1

GW-2026 <2.79 pCi/1
GW-2027 <2.79 pCi/l

GW-2028 <2.79 pCi/1

GW-2029 <0.90 pCi/l

GW-2030 i. I0 c pCi/l

GW-2032 I. 80 c pCi/1

GW-2033 (0. 500) c pCi/1

GW-2034 <0.90 c pCi/1

GW-3003 <0.90 pCi/1

GW-3006 <5.03 pCi/1

GW-3008 2.00 pCi/1
GW-3009 <0.90 pCi/l

GW-3019 <4.21 pCi/l

GW-3023 <0.90 pCi/1

GW-4001 <4.21 pCi/l

GW-4002 (0. 500) pCi/1

GW-4003 <6.80 pCi/l

GW-4004 5.00 pCi/1

GW-4005 5.00 pCi/1

GW-4006 <4.21 pCi/l

GW-4007 <0.90 c pCi/1

GW-4008 <0.90 pCi/1

GW-4009 (0. 600) pCi/1

GW-4010 (0. 700) pCi/1
GW-4011 <0.90 pCi/1

GW-4012 i. 00 pCi/1

GW-4013 .i. I0 pCi/l

GW-4014 (0.700) pCi/l

GW-4015 (0. 700) pCi/1

GW-4016 <0.90 pCi/l

GW-4017 <0.90 pCi/1

GW-4018 <0.90 pCi/1

GW-4019 (0. 600) pCi/1

GW-4020 2. i0 pCi/1

GW-4021 I. 60 pCi/1

GW-4022 <0.90 c pCi/1

GW-4023 (0.600) pCi/l

GW-FINW 5.95 pCi/1

m:\users\joanne\aser9 2\appendix.b B-62



060793

TABLE B-2 Quarterly, Semi and Annual Groundwater Monitoring
Data, 1992 (Continued)

WSSRAP ID Q1 Q2 Q3 Q4 UNITS

GW-PW02 <2.20 pCi/1

GW-PW03 <2.60 pCi/1

GW-PW04 <2.20 pCi/1

GW-PW05 <3.50 pCi/1

GW-PW06 <4.40 pCi/1
GW-PW07 <2.60 pCi/1

GW-PW08 <2.90 pCi/1

GW-PW09 <2.50 pCi/1

GW-RAWW 6.59 pC i/1

GW-RMW 1 5.36 pCi/l
GW-RMW2 <2.30 pCi/1

GW-RMW3 5.16 pCi/1

GW-RMW4 4.80 pCi/1

THOR IUM- 228

GW-1017 <0. 929 pCi/1

GW-1018 <0.20 pCi/l

GW-1019 0. 232 pCi/1

GW-1020 <0. 160 pCi/1

GW-1021 <i. 52 pCi/1

GW-1022 <I. 05 pCi/1

GW-1023 <I. _8 pCi/1

GW-1024 0. 150 pCi/1

GW-1033 <0.20 pCi/1

GW-2001 <i. 18 pCi/l

GW-2002 <i. 21 pCi/1

GW-2003 <I. 61 pCi/1

GW-2004 <0.20 pCi/1

GW-2005 0. 638 pCi/1

GW-2006 <2.22 pCi/l

GW-2007 <2.92 pCi/1

GW-2008 <0. 320 pCi/1

GW-2009 <0.370 pCi/l

GW-2010 <1.55 pCi/l

GW-2011 <0.20 pCi/l
GW-2012 <0.20 pCi/l

GW-2013 <2.54 pCi/1

GW-2014 <0o 20 pCi/1

GW-2015 <I. 74 pCi/1

GW-2017 <0.20 pCi/1

GW-2018 <0. I0 pCi/1

GW-2019 <0.09 _ pCi/1
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TABLE B-2 Quarterly, Semi and Annual Groundwater Monitoring

Data, 1992 (Continued)

WSSRAP ID Q1 Q2 Q3 Q4 UNITS

GW-2020 <0.070 pCi/l

GW-2021 <0.343 pCi/l

GW-2022 <0.799 ¢ , pCi/l

GW-2023 <0.398c pCi/l

GW-2024 <0.439c pCi/l

GW-2025 0.304c pCi/l

GW-2026 0.819 pCi/l

GW-2027 0.297 pCi/l

GW-2028 <0.291 pCi/l

GW-2029 <0.20 pCi/l

GW-2030 <0.20 c pCi/l

GW-2032 0.700 c pCi/l

GW-2033 <0.20 c pCi/l

GW-2034 <0.20 c , pCi/l

GW-3003 <0.20 pCi/l

GW-3006 <1.06 pCi/l ,

GW-3008 <0.20 _ pCi/l

GW-3009 <0.20 pCi/l

GW-3019 <2.41 pCi/l

GW-3023 <0.20 pCi/l

GW-4001 <1.62 pCi/l

GW-4002 <1.72 pCi/l

GW-4003 <0.260 pCi/l

GW-4004 <0.180 pCi/l

GW-4005 <0.130 pCi/l

GW-4006 <2.69 pCi/l

GW-4007 <0.20 c pCi/1

GW-4008 <0.20 pCi/l

GW-4009 <0.20 pCi/l

GW-4010 <0.20 pCi/l

GW-4011 <0.20 pCi/l

GW-4012 <0.20 pCi/l

GW-4013 <0.20 pCi/l

GW-4014 <0.20 pCi/l
GW-4015 <0.20 pCi/l

GW-4016 <0.20 pCi/l

GW-4017 <0.20 pCi/1

GW-4018 <0.20 pCi/l

GW-4019 <0.20 pCi/l

GW-4020 <0.20 pCi/l

GW-4021 <0.20 pCi/l

GW-4022 <0.20 c pCi/l

GW-4023 <0.20 pCi/"
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TABLE B-2 Quarterly, Semi and Annual Groundwater Monitoring

Data, 1992 (Continued)

WSSRAP ID Q1 Q2 Q3 Q4 UNITS

GW-FINW <0.190 pCi/l

GW-PW02 <0.240 pCi/l
GW-PW03 <0.280 pCi/l

GW-PW04 <0.080 pCi/l

GW-PW05 <0.270 pCi/l

GW-PW06 <0.140 pCi/1

GW-PW07 <0.190 pCi/l

GW-PW08 <0.280 pCi/l

GW-PW09 <0.250 pCi/l
GW-RAWW <0.220 pCi/l

GW-RMWI <0.250 pCi/l

GW-RMW2 <0.140 pCi/l

GW-RMW3 <0.170 pCi/l

GW-RMW4 <0.870 pCi/l

THORIUM-230

GW-lO17 3.55 pCi/l

GW-1018 <0.120 pCi/l

GW-1019 <0.ii0 pCi/l

GW-lO20 <0.500 pCi/l

GW-1021 2.43 pCi/l

GW-1022 2.70 pCi/l

GW-1023 3.40 pCi/l

GW-1024 0.220 pCi/l

GW-1033 <0.20 pCi/l

GW-2001 1.74 pCi/l

GW-2002 1.43 pCi/l

GW-2003 2.22 pCi/l

GW-2004 0.600 pCi/l

GW-2005 <0.935 pCi/l

GW-2006 3.07 pCi/l

GW-2007 4.87 pCi/l

GW-2008 <0.350 pCi/l

GW-2009 <0.130 pCi/l

GW-2010 4.90 pCi/l

GW-2011 <0.20 pCi/l

GW-2012 0.200 pCi/l

GW-2013 2.89 pCi/l

GW-2014 <0.20 pCi/l

GW-2015 I. 75 pCi/1

GW-2017 <0.20 pCi/l

GW-2018 <0o 080 pCi/1
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TABLE B-2 Quarterly, Semi and Annual Groundwater Monitoring
Data, 1992 (Continued)

WSSRAP ID Q1 Q2 Q3 Q4 UNITS

GW-2019 <0.080 ¢ pCi/l

GW-2020 <0.060 pCi/l

GW-2021 1.15 pCi/l

GW-2022 (0.97) c pCi/1

GW-2023 i. 99 c pCi/1

GW-2024 (0. 599) c pCi/1

GW-2025 3.39 c pCi/l

GW-2026 2.18 pCi/l

GW-2027 0.779 pCi/l
GW-2028 (0.529) pCi/l

GW-2029 <0.20 pCi/l

GW-2030 <0.20 pCi/l

GW-2032 0.900 pCi/l

GW-2033 0.300 pCi/l

GW-2034 <0.20 pCi/l

GW-3003 <0.20 pCi/l

GW-3006 1.18 pCi/l

GW-3008 <0.20 pCi/l

GW-3009 <0.20 pCi/l

GW-3019 3.50 pCi/1

GW-3023 <0.20 c pCi/l

GW-4 001 2.61 pCi/1

GW-4002 2.30 pCi/l

GW-4003 0.250 pCi/l

GW-4004 <0.ii0 pCi/l

GW-4005 <0.500 pCi/l

GW-4006 6.63 pCi/l

GW-4007 0.500 pCi/l

GW-4008 <0.20 pCi/l

GW-4009 <0.20 pCi/l

GW-4010 <0.20 pCi/l
GW-4011 <0.20 pCi/l

GW-4012 <0.20 pCi/l

GW-4013 <0.20 pCi/l

GW-4014 <0.20 pCi/l

GW-4015 <0.20 pCi/l

GW-4016 <0.20 pCi/l

GW-4017 <0.20 pCi/l

GW-4018 <0.20 pCi/1

GW-4019 0. 200 pCi/1

GW-4020 <0.20 pCi/l
GW-4021 <0.20 pCi/l

GW-4022 0.700 c pCi/l
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TABLE B-2 Quarterly, Semi and Annual Groundwater Monitoring

Data, 1992 (Continued)

WSSRAP ID Q1 Q2 Q3 Q4 UNITS

GW-4023 <0.20 pCi/1

GW-FINW <0. 300 pCi/1

GW-PW02 0. 120 pCi/l
GW-PW03 <0. 180 pCi/1

GW-PW04 <0. 080 pCi/1

GW-PW05 <0.220 pCi/l

GW-PW06 <0.20 pCi/1

GW-PW07 <0. 190 pCi/1

GW-PW08 <0. 500 pCi/1

GW-PW09 <0. 230 pCi/1
GW-RAWW <0. 120 pCi/1

GW-RMWI <0. 290 pCi/1

GW-RMW2 <0. 050 pCi/1

GW-RMW3 <0. 170 pCi/1

GW-RMW4 <0. 640 pCi/1

THORIUM- 232

GW-lO1 <i. 14 pCi/l

GW-lOIS <0.4 I0 pCi/1

GW-1019 0. 198 pCi/1

GW-lO20 <0. 039 pCi/1

GW-1021 <1.86 pci/l

GW-1022 <1.29 pCi/l

GW-lO23 <I. 81 pCi/1

GW-1024 <0.20 pCi/l

GW-1033 <0.20 pCi/1

GW-2001 <i. 02 pCi/1

GW-2002 <i. 48 pCi/1

GW-2003 <I. 39 pCi/1

GW-2004 <0.20 pCi/l

_W-2005 O. 567 pCi/1

W-2006 <I. 93 pCi/1

GW-2007 <2.53 pci/l

GW-2008 <0. 290 pCi/1

GW-2009 <0. 130 pCi/1

GW-2010 <I. 34 pCi/1

GW-2011 <0.20 pCi/l

GW-2012 <0.20 pCi/l
GW-2013 <i. 61 pCi/1

GW-2014 <0.20 pCi/1

GW-2015 <I. 51 pCi/1

GW-2017 <0.20 pCi/l
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TABLE B-2 Quarterly, Semi and Annual Groundwater Monitoring

Data, 1992 (Continued)

WSSRAP ID Q1 Q2 Q3 Q4 UNITS

GW-2018 <0.140 pCi/l

GW-2019 <0.i0¢ pCi/l

GW-2020 <0.060 pCi/l

GW-2021 (0.237) pCi/l

GW-2022 (0.364) c pCi/l

GW-2023 0.302c pCi/l

GW-2024 0.666c pCi/l

GW-2025 0.826c pCi/l

GW-2026 1.23 pCi/l

GW-2027 0.223 pCi/l

GW-2028 <0.205 pCi/l

GW-2029 <0.20 pCi/l

GW-2030 <0.20 c pCi/l

GW-2032 0.200 c pCi/l

GW-2033 <0.20 c pCi/l

GW-2034 <0.20c pCi/l

GW-3003 <0.20 pCi/l

GW-3006 <1.30 pCi/l

GW-3008 <0.20 pCi/l

GW-3009 <0.20 pCi/l
GW-3019 <1.53 pCi/l

GW-3023 <0.20 c pCi/l

GW-4001 <1.40 pCi/l

GW-4002 <2.11 pCi/l

GW-4003 <0.09 pCi/l

GW-4004 <0.086 pCi/l

GW-4005 <0.500 pCi/l

GW-4006 <2.33 pCi/l

GW-4007 <0.20 pCi/l

GW-4008 0.500 pCi/l

GW-4009 <0.20 pCi/l

GW-4010 <0.20 pCi/l

GW-4011 <0.20 pCi/l

GW-4012 <0.20 pCi/l

GW-4013 <0.20 pCi/l
GW-4014 <0.20 pCi/l

GW-4015 <0.20 pCi/1

GW-4016 <0.20 pCi/l

GW-4017 <0.20 pCi/l

GW-4018 <0.20 pCi/l

GW-4019 <0.20 pCi/l

GW-4020 <0.20 pCi/l

GW-4021 <0.20 pCi/l

m:\users\joanne\aser92\appendix.b B-68



060793

TABLE B-2 Quarterly, Semi and Annual Groundwater Monitoring

Data, 1992 (Continued)

WSSRAP ID Q1 Q2 Q3 Q4 UNITS

GW-4022 0.700 ¢ pCi/l

GW-4023 <0.20 pCi/l

GW-FINW <0.150 pCi/l

GW-PW02 <0.060 pCi/l
GW-PW03 <0.080 pCi/l

GW-PW04 <0.080 pCi/l

GW-PW05 <0.180 pCi/l

GW-PW06 <0.140 pCi/l

GW-PW07 <0.190 pCi/l
GW-PW08 <0.660 pCi/l

GW-PW09 <0.240 pCi/l

GW-RAWW <0.050 pCi/l

GW-RMWI <0.250 pCi/l

GW-RMW2 <0.050 0 pCi/l

GW-RMW3 <0.190 pCi/l

GW-RMW4 <0.640 pCi/l

URANIUM, TOTAL

GW-1017 <0.577 <0.20 0.200 <0.20 pCi/l

GW-1018 <3.0 0.200 0.610 <0.20 pCi/1
GW-1019 <3.0 <0.20 9.30 <0.20 pCi/l

GW-1020 <3.0 0. 200 0.58 <0.20 pCi/1

GW-1021 <0. 577 i. 40 <0. 550 0. 540 pCi/1

GW-1022 <0. 577 i. 20 1.00 <0.20 pCi/l &

GW-1023 <0.577 0.300 0.200 <0.20 pCi/l
GW-1024 <0.8 <0.20 <0.20 <0.20 pCi/l

GW-1033 2.50 2.10 2.30 1.20 pCi/l

GW-2001 <0.577 0.820 <0.580 0.680 pCi/l

GW-2002 1.18 <0.20 <0.580 <0.20 pCi/l

GW-2003 1.58 1.20 <0.580 1.20 pCi/l o

GW-2004 0.300 0.890 pCi/l

GW-2005 <0.577 0.660 pCi/l

GW-2006 <0. 577 <0. 500 pCi/1

GW-2007 0. 605 <0. 500 pCi/1

GW-2008 <I. 40 0. 680 pCi/1

GW-2009 2.10 1.40 pCi/l

GW-2010 <0.577 0.680 pCi/l

GW-2011 0.400 0.500 pCi/l

GW-2012 0.300 0.800 pCi/l

GW-2013 <0.577 0.400 pCi/l

GW-2014 0.200 0.810 pCi/l

GW-2015 1.30 <0.500 pCi/l
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TABLE B-2 Quarterly, Semi and Annual Groundwater Monitoring
Data, 1992 (Continued)

WSSRAP ID Q1 Q2 Q3 Q4 UNITS

GW-2017 5.30 8.00 pCi/1

GW-2018 1.80 0.880 pCi/l

GW-2019 2.80 2.50 c pCi/l

GW-2020 2.90 3.10 pci/l

GW-2021 <0. 580 i. i0 pCi/1

GW-2022 <0. 580 _ <0. 580 _ pCi/l

GW-2023 <0. 580 c 2.40 c pci/l

GW-2024 <0.580 c <0.500 _ pCi/l

GW-2025 0.610 0.950 pCi/l

GW-2026 <0.580 <0.20 pCi/l

GW-2027 2.50 0.200 pCi/l

GW-2028 <0. 580 i. 30 pCi/1

GW-2029 2.20 i. 30 pCi/1

GW-2030 13.5 c 16.0 c 9.80 8.00 pCi/1

GW-2032 I0. ie 9.90 c <6.8 4.80 pCi/1

GW-2033 4.28 e 1.00 c <I.I 1.80 pCi/l

GW-2034 9.60 c 15.0 c pCi/l

GW-3003 15.0 2.30 18.0 23.0 pCi/l

GW-3006 <0.577 1.40 <0.500 c 0.200 pCi/l

GW-3008 7.96 3.40 2.70 3.30 pCi/l

GW-3009 43.0 59.0 62.0 6.70 pCi/l

GW-3019 <0.577 2.00 pCi/l

GW-3023 10.3 _ 9.20 c 8.30 7.60 pCi/l

GW-4001 3.84 1.40 <0.580 0.950 pCi/l

GW-4002 <0.577 1.40 <0.580 0.950 pCi/l

GW-4003 <1.40 4.20 <0.580 0.800 pCi/l

GW-4004 NS 7.10 2.00 3.10 pCi/l

GW-4005 NS 5.80 <0.580 0.880 pCi/l

GW-4006 <0.577 <0.680 <0.500 <0.20 pCi/l

GW-4007 3.33 c 1.50 2.50 c 1.80 pCi/l

GW-4008 1.97 I.i0 <0.580 1.60 pCi/l

GW-4009 3.13 3.30 5.40 4 .40 pCi/1

GW-4010 3.67 3.40 3.70 2.40 pCi/1

GW-4011 4.62 4.50 6.40 5.80 pCi/1

GW-4012 4.40 2.90 0.820 0.300 pCi/l

GW-4013 3.60 i. I0 <0.500 <0.20 pCi/l

GW-4014 4.28 <0.680 <0.500 <0.20 pCi/l

GW-4015 0.820 <0.580 <0.500 0.680 pCi/l

GW-4016 3.70 3.10 3.70 ¢ 3.20 pCi/l

GW-4017 2.30 1.40 _ <0.500 _ 1.40 pCi/l '

GW-4018 1.40 <0.680 <0.500 0.400 pCi/l

GW-4019 2.11 5.10 1.70 1.60 pCi/l
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TABLE B-2 Quarterly, Semi and Annual Groundwater Monitoring
Data, 1992 (Continued)

WSSRAP ID Q1 Q2 Q3 Q4 UNITS

GW-4020 17 .0 14 .0 12 .0 13 .0 pCi/1

GW-4021 6.94 4 .i0 6.90 3 .60 pCi/1

GW-4022 6.40 _ 13.0 c 4.80 3.90 pCi/1

GW-4023 4.62 i. i0 <0. 500 2.00 pCi/1

GW-FINW <0.68 0. 400 0. 190 0. 200 pCi/1

GW-PW02 <0.68 0.950 <0.078 <0.20 pCi/l

GW-PW03 <0.68 0. 680 <0. 078 <0.20 pCi/1

GW-PW04 <0.68 O. 200 0. 130 <0.20 pCi/1

GW-PW05 <0.68 0.400 0.220 <0.20 pCi/l
GW-PW06 <0.68 <0.20 0.200 <0.20 pCi/l

GW-PW07 <0.68 <0.20 <0. 078 0. 200 pCi/1

GW-PW08 <0.68 O. 500 0. 240 O. 200 pCi/l

GW-PW09 <0.68 1.20 0.350 <0.20 pCi/l

GW-RAWW <0.68 0. 400 0. 170 <0.20 pCi/1

GW-RMWI <0.68 0.68 0.59 0. 825 pCi/1

GW-RMW2 5.50 5.60 8.40 5. i0 pCi/1

GW-RMW3 <0.6 0. 400 0. 200 0. 300 pCi/1

GW-RMW4 i. 95 2.40 1.40 1.30 pCi/1

URANIUM-234

GW-lO 17 I. 70 pCi/1

GW-lO20 0. 460 pCi/1

GW-2001 3.99 pCi/1

GW-2002 <15.0 a pCi/1

GW-2003 20.3 pCi/1

GW-2007 2.02 <4.30 pCi/1

GW-2015 <ii. 7 pCi/1

GW-2017 7.05 pCi/1

GW-3019 I. 34 pCi/1

GW-4003 I. 40 pCi/1

GW-4005 i. 40 pCi/1

GW-4011 2.40 pCi/l

GW-4020 13.0 (7.20) pCi/1

GW-4021 4.20 pCi/l
GW-4023 2.30 pCi/1

URANIL_4-235

GW-lO17 <0. 400 pCi/l

GW-lO20 <0. 080 pCi/1

GW-2001 1.26 pCi/l

GW-2002 33.8 pCi/l
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TABLE B-2 Quarterly, Semi and Annual Groundwater Monitoring

Data, 1992 (Continued)

WSSRAP ID Q1 Q2 Q3 Q4 UNITS

GW-2003 17.6 pCi/l
GW-2007 0.863 <1.20 pCi/1

GW-2015 <3.31 pCi/l

GW-2017 0.635 pCi/l

GW-3019 (0.30) pCi/1
GW-4003 <0.400 pC[/l

GW-4005 <0.300 pC_/l

GW-4011 <0.400 pCi/l
GW-4020 <0.400 <3.30 pCi/l

GW-4021 <0.400 pCi/l
GW-4023 0.600 pCi/l

URANIUM-238

GW-lO17 <0.400 pCi/l

GW-1020 <0.080 pCi/l

GW-2001 <0.739 pCi/l

GW-2002 <14.4 _ pCi/l

GW-2003 <3.60 a pCi/l

GW-2007 <0.674 <4.00 pCi/l

GW-2015 <11.3 pCi/l

GW-2017 4.97 pCi/1

GW-3019 <I. 07 pCi/1

GW-4003 (0. 300) pCi/1

GW-4005 1.00 pCi/l

GW-4011 2.40 pCi/l

GW-4020 6.60 (i0.0) pCi/l

GW-4021 3.40 pCi/l

GW-4023 (I.00) pCi/l
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TABLE B-3 Quarry Surface water Monitoring Data, 1992

WSSRAP ID B1 B2 B3 B4 B5 B6 UNITS

_HLORIDE

SW-1008 11.3 mg/l

FLUORIDE

SW-lO08 0.690 mg/l

N ITRATE-N

SW-1001 0.590 mg/l

SW-1002 0.170 mg/l

SW-1003 <0.20 mg/1

SW-1004 <0.i0 mg/l

SW-1005 <0.i0 mg/l
SW-1007 <0.i0 mg/l

SW-lO08 0.ii0 0.II0 <0.20 <0.I0 <0.i0 <0.i0 mg/l

'SW-1009 <0.I0 mg/l

SW-1010 0.140 mg/l

SW-1011 1.39 mg/l

SW-1012 2.00 mg/l

SW-lO13 1.70 mg/l

SW-1014 0.800 mg/l

SULFATE

SW-1001 27.0 mg/l
SW-1002 50.1 mg/l
SW-1003 86.2 mg/l
SW-1004 70.7 mg/l
SW-1005 63.1 mg/l
SW-1007 44.5 45.7 41.3 mg/l
SW-1008 78.2 76.9 71.5 57.8 67.9 57.0 mg/l
SW-1009 47.0 mg/l
SW-1010 39.3 mg/l
SW-1011 80.1 mg/1
SW-1012 85.9 mg/l
SW-1013 87.5 mg/1
SW-lO14 30.6 rag/1

ARSENIC

SW-lO01 <2.00 _g/l

SW-lO02 <2.00 _g/l

SW-lO03 2.29 _g/l
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TABLE B-3 Quarry Surface Water Monitoring Data, 1992

(Continued)

WSSRAP ID B1 B2 B3 B4 B5 B6 UNITS

SW-1004 <2.00 _g/l
SW-1005 3.79 _g/l

SW-1007 2.20 _g/l

Sw-1008 <3.3 4.40 _g/l

SW-1009 <2.00 _g/l

SW-i010 <2.00 _g/l

SW-1011 4.79 _g/l

SW-1012 <2.00 _g/l
SW-1013 4.50 _g/l

SW-1014 <2.00 _g/l

BARIUM

_g/!SW-1001 90.1 .

SW-I_002 80.9 _g/l

SW-1003 89.4 _g/l

SW-1004 65.7 _g/l

SW-1005 120 _g/l

SW-1007 125 _g/l

SW-1008 72.5 _g/l
SW-1009 123 _g/l

SW-1010 60.7 _g/i

SW-1011 302 _g/l

SW-1012 261 _g/l

SW-1013 219 _g/l

SW-1014 77.8 _g/l

CADMIUM

SW-1008 <3.40 _g/l

CHROMIUM

SW-1008 <6.80 _g/l

COPPER

SW-1008 <25.0 _g/l

IRON

SW-1008 (87.0) _g/l
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TABLE B-3 Quarry surface Water Monitoring Data, 1992
(Continued)

WSSRAP ID B1 B2 B3 B4 B5 B6 UNITS

LEAD

SW-1008 (I. 38) vg/1

MANGANESE

SW-1008 51.0 85.5 vg/1

MERCURY

SW-1008 (0.037) _g/l

SELENIUM

SW-1008 <2.60 vg/1

SILVER

SW-1008 <10.0 vg/1

ZINC

 glZ
SW-1008 <20.0

2,4,5-T

= SW-1008 <0. 190 vg/1

2,4-D

SW-1008 <0. 600 vg/l

ALKALINITY_

= SW-1001 138 mg/1

SW-1002 210 mg/l

SW-1003 308 mg/1
SW-1004 160 mg/l

SW-1005 232 mg/l

SW-lO07 130 77 .0 147 mg/l
- SW-1008 150 145 125 150 160 130 mg/l

SW-lO09 146 mg/l

SW-1010 114 mg/l
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TABLE B-3 Quarry Surface Water Monitoring Data, 1992

(Continued)

WSSRAP ID B1 B2 B3 B4 B5 B6 UNITS

SW-lO11 132 mg/1

SW-lO12 160 mg/l

SW-1013 145 mg/l

SW-1014 195 mg/1

BIOCHEMICAL OXYGEN DEMAND

SW-1008 2.50 mg/1

CHEMICAL OXYGEN DEMAND

SW-1008 5.00 mg/1

CYANIDE

°SW-1008 <ii. 7 vg/1

TOTAL DISSOLVED SOLIDS

SW-1008 422 mg/l

TOTAL SUSPENDED SOLIDS

SW-1008 (2.83) mg/l

i_ 3 ,5-TRINITROBENZENE

SW-1001 <0.03 vg/1

SW-1002 <0.03 vg/1

SW-I003 <0.03 vg/1

SW-1004 <0.03 vg/1

SW-1005 <0.03 vg/l

SW-1007 <0.03 vg/1

SW-1008 <0.4 <0.03 <0.03 0.049 0.079 0.031 _ _g/l
SW- i009. <0.03 _g/1

SW-1010 <0.03 - vg/1

SW-1011 <0.03 vg/1

SW-1012 <0.03 vg/1

SW-1013 <0.03 _g/1

SW-1014 <0.03 _g/1
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TABLE B-3 Quarry Surface Water Monitoring Data, 1992

(Continued)

WSSRAP ID B1 B2 B3 B4 B5 B6 UNITS

1,3-DINITROBENZENE

SW-1001 <0.09 _g/l

SW-1002 <0.09 _g/l

SW-1003 <0.09 _g/l

SW-1004 <0.09 _g/l

SW-1005 <0.09 _g/l
SW-1007 <0.09 _g/l

SW-1008 <0.473 <0.09 <0.09 <0.09 <0.09 <0.09 _g/l

SW-1009 <0.09 _g/l

SW-1010 <0.09 _g/l

SW-1011 <0.09 _g/l

SW-1012 <0.09 _g/l

SW-1013 <0.09 _g/l

SW-1014 <0.09 ' _g/l

2,4,6-TNT

SW-1001 0.067 _g/l

SW-1002 <0.03 _g/l

SW-1003 <0.03 _g/l

SW-1004 <0.03 _g/l

SW-1005 <0.03 _g/l

SW-1007 <0.03 _g/l

SW-1008 0.94 <0.03 <0.03 4.20 i0.0 16.0 _g/l

SW-1009 <0.03 _/i

SW-1010 <0.03 _g/l

SW-1011 <0.03 _g/l

SW-1012 <0.03 _g/l
SW-1013 <0.03 _g/l

SW-1014 <0.03 _g/l

2,4-DNT

SW-1001 0.037 _g/l

SW-1002 <0.03 _g/l

SW-1003 <0.03 _g/l

SW-1004 <0.03 _g/l

SW-1005 <0.03 _g/l

SW-1007 <0.03 _g/l

SW-1008 2.65 0.300 0.600 18.0 7.00 5.17 _g/l
SW-1009 <0.03 _g/l

SW-1010 <0.03 _g/l
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TABLE B-3 Quarry surface water Monitoring Data, 1992

(Continued)

WSSRAP ID B1 B2 B3 B4 B5 B6 UNITS

SW-1011 <0.0_ _g/l
SW-1012 <0.03 _g/l

SW-1013 <0.03 _g/l

SW-1014 <0.03 _g/l

2 ,6-DNT

SW-1001 0. 014 _g/l

SW-1002 <0 .01 vg/1

SW-1003 <0.01 _g/l

SW-1004 <0.01 _g/l
SW-1005 <0.01 _g/l

SW-1007 <0.01 _g/l

SW-1008 (0.309) 0.016 0.046 I.i0 0.660 0.500 _g/l
SW-1009 <0.01 _g/l

SW-1010 <0.01 _g/l

SW-1011 <0.01 _g/l

SW-1012 <0.01 _g/l
SW-1013 <0.01 _g/l

SW-1014 <0.01 _g/l

NITROBENZENE

SW-1001 <0.03 _g/l

SW-1002 <0.03 _g/l

SW-1003 <0.03 _g/l

SW-1004 <0.03 _g/l

SW-1005 <0.03 _g/l

SW-1007 <0.03 _g/l

SW-1008 <0.8 <0.03 <0.03 <0.03 <0.03 <0.03 _g/l

SW-1009 <0.03 _g/l

SW-1010 <0.03 _g/l

SW-1011 <0.03 _g/l

SW-1012 <0.03 _g/l

SW-1013 <0.03 _g/l

SW-1014 <0.03 _g/l

ACTINIUM-227

SW-1008 <1.44 pCi/l
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TABLE B-3 _uarry Surface Water Monitoring Data, 1992

(Continued)

WSSRAP ID B1 B2 B3 B4 B5 B6 UNITS

GROSS ALPHA

SW-1001 <2.00 pCi/l

SW-1003 77° 0 pCi/1

SW-1004 180 pCi/l

SW-1005 30.0 pCi/1
SW-1007 17.0 pCi/1

SW-1008 1370 1650 930 360 610 pCi/l

SW-1009 12.0 pCi/l

SW-1011 i0.0 pCi/l

GROSS BETA

SW-1001 8.90 pCi/1

SW-1003 72.0 pCi/l

SW-1004 140 pCi/l
SW-1005 28.0 pCi/1

SW-1007 14.0 pCi/1

SW-1008 508 690 790 200 210 pCi/l

SW-1009 19.0 pCi/1

SW-1011 14.0 pCi/l

LEAD- 210

SW-1008 7.20 pCi/l

POLONIUM-2 I0

SW-1008 (0.81) pCi/l

PROTACTINIUM-231

SW-1008 1.16 pCi/l

RADIUM-226

SW-1001 0. 200 pCi/1

SW-1003 <0.20 pCi/l

SW-1004 0. 400 pCi/1

SW-1005 0.200 pCi/l

SW-1007 <0.20 pCi/l

SW-1008 0.707 0.800 <2.8 0.700 <0.300 pCi/l
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TABLE B-3 Quarry Surface Water Monitoring Data, 1992

(Continued)

WSSRAP ID BI B2 B3 B4 B5 B6 UNITS

SW-1009 0. 600 pCi/1

SW-1011 I. I0 pCi/l

RADIUM-228

SW-1001 <0.90 pCi/1
SW-1003 (0.70) pCi/l

SW-1004 i. 40 pCi/1

SW-1005 <0.90 pCi/l

SW-1007 i. 30 pCi/1

SW-1008 (2.41) <0.90 <18 (0.600) (0.900) pCi/l

SW-1009 <0.90 pCi/l

SW-1011 2.60 pCi/1

RADON- 222

SW-lO08 242 pCi/l

THORIUM-228

SW-1001 <0.20 pCi/l

SW-1003 <0.20 pCi/1

SW-1004 <0.20 pCi/l

SW-1005 <0.20 pCi/1

SW-1007 <0.20 pCi/1

SW-1008 (0.504) <0.20 <0.470 <0.400 pCi/l

SW-1009 <0.20 pCi/1

SW-1011 0. 600 pCi/1

THORIUM- 230

SW-1001 4.80 pCi/l

SW-1003 2.20 pCi/l

SW-1004 2. i0 pCi/l

SW-1005 1.50 pCi/l

SW-lO07 0. 300 pCi/1

SW-1008 1.54 0.200 <0.340 0.900 <0.400 pCi/l

SW-1009 <0.20 pCi/l

SW-1011 I. 60 pCi/l
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TABLE B-3 Quarry Surface Water Monitoring Data, 1992

(Continued)

WSSRAP ID B1 B2 B3 B4 B5 B6 UNITS

THORIUM-232

SW-1001 <0.20 pCi/l

SW-1003 <0.20 pCi/l

SW-1004 <0.20 pCi/l

SW-1005 <0.20 pCi/l
SW-1007 <0.20 pCi/l

SW-1008 (0.560) <0.20 <0.340 <0.400 <0.400 pCi/l
SW-1009 <0.20 pci/l

SW-1011 0.600 pCi/l

URANIUM, TOTAL

SW-1001 0.748 0.820 <0.6 <0.500 1.60 1.70 pci/l

SW-1002 1.36 5.03 <0.680 <0.580 <i.i 1.40 pCi/l
SW-1003 47.0 ii0 46.0 44.0 8.20 45.0 pCi/l

SW-1004 53.0 300 73.0 51.0 18.0 44.0 pCi/l

SW-1005 i0.0 42.0 26.0 41.0 I0.0 18.0 pCi/l

SW-1007 13.0 16.0 7.60 4.88 16.6 13.5 pCi/l

SW-1008 1431 1200 13.0 570 58.0 493 pCi/l

SW-1009 14.0 18.0 6.35 7.20 5.70 3.60 pCi/l

SW-1010 39.0 54.5 43.0 71.0 22.0 32.0 pCi/l

SW-1011 9.79 8.50 3.30 2.40 4.20 3.80 pCi/l

SW-1012 9.11 5.85 1.80 <0.580 4.00 2.20 pCi/l

SW-1013 i0.0 5.51 5.00 <0.580 4.50 2.10 pCi/l

SW-1014 <3.0 4.08 3.80 0.500 1.80 0.820 pCi/l

URANIUM-234

SW-1008 378 pCi/l

URANIUM-235

SW-1008 38.0 pCi/1

URANIUM-238

SW-1008 500 pCi/1
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TABLE B-4 Chemical Plant Area Surface Water Monitoring Data,
1992

WSSRAP ID Q1 Q2 Q3 Q4 UNITS

NITRATE-N

SW-2001 0. 760 mg/1
SW-2002 0. 170 mg/l

SW-2003 0. 500 mg/1

SW-2004 I. 20 mg/l

SW-2005 1300a mg/1

SW-2007 <0. i0 mg/1

SW-2010 0. 270 mg/1

SW-2011 0. 380 mg/1
SW-2016 i. 00 mg/1

SW-3001 534 mg/1

SW-3002 103 mg/1

SW-3003 1760 mg/1

SW-3004 0. 120 , mg/1

SULFATE

SW-200i 40.6 mg/l

SW-2002 34.4 mg/l

SW-2003 17.4 mg/l

SW-2004 22.4 mg/l

SW-2005 28.9 mg/l

SW-2007 24.8 mg/l

SW-2011 57.1 mg/l

SW-2016 48.6 mg/l

SW-3001 408 mg/l

SW-3002 800 mg/l

SW-3003 636 mg/l

SW-3004 67.3 mg/l

ANTIMONY

SW-2001 <36.0 _g/l

SW-2002 <36.0 _g/l

SW-2003 <36.0 _g/l

SW-2004 <36.0 _g/l

SW-2005 <36.0 _g/l

SW-2007 <44.0 _g/l

SW-2011 <44.0 _g/l

SW-2016 <36.0 _g/l
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TABLE B-4 Chemical Plant Area Surface Water Monitoring Data,

1992 (Continued)

WSSRAP ID Q1 Q2 Q3 Q4 UNITS

ARSENIC

SW-2001 <2.00 _g/l

SW-2002 <I.00 _g/l

SW-2003 <i.00 _g/l

SW-2004 <i.00 _g/l

SW-2005 <1.40 _g/l

SW-2007 <2.00 _g/l

SW-2011 2.00 _g/l
SW-2016 <2.00 _g/l

BARIUM

SW-2001 Ii0 _g/l

SW-2002 76.4 _g/l

SW-2003 60.7 _g/l

SW-2004 78.0 _g/l

SW-2005 72.4 _g/l

SW-2007 140 _g/l

SW-2011 76.3 _g/l

SW-2016 134 _g/l

BERYLLIUM

SW-2001 <i.00 _g/l

SW-2002 1.39 a _g/l

SW-2003 1.39 a _g/l

SW-2004 1.39 a _g/l

SW-2005 2.39 a _g/l

SW-2007 <i.00 _g/l

SW-2011 <I.00 _g/l

SW-2016 <i.00 _g/l

CADMIUM

SW-2001 <4.00 _g/l

SW-2002 <4.00 _g/l

SW-2003 <4.00 _g/l

SW-2004 <4.00 _g/l
SW-2005 <4.00 _g/l

SW-2007 <4.00 _g/l

SW-2011 <4.00 _g/l
SW-2016 <4.00 _g/l
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TABLE B-4 Chemical Plant Area Surface Water Monitoring Data,

1992 (Continued)

WSSRAP ID Q1 Q2 Q3 Q4 UNITS

CHROMIUM

SW-2001 <7.00 _g/l

SW-2002 <7.00 _g/l

SW-2003 <7.00 _g/l

SW-2004 <7.00 _g/l
SW-2005 <7.00 _g/l

SW-2007 <7.00 _g/l

SW-2011 <8.00 _g/l

SW-2016 <7.00 _g/l

LEAD

SW-2001 <2.00 _g/l

SW-2002 <2.00 _g/l

SW-2003 <2.00 _g/l

SW-2004 <2.00 _g/l

SW-2005 <i.00 _g/l
SW-2007 <2.00 _g/l

SW-2011 15.0 _g/l
SW-2016 <2.00 _g/l

LITHIUM

SW-2010 <i00 _g/l

MERCURY

SW-2001 <0.i00 _g/l

SW-2002 <0.I00 _g/l

SW-2003 <0.i00 _g/l

SW-2004 <0.i00 _g/l

SW-2005 <0.I00 _g/l

SW-2007 <0.i00 _g/l

SW-2011 <0.i00 _g/l

SW-2016 <0.i00 _g/l

SELENIUM

SW-2001 <2.00 _g/l
SW-2002 <2.00 _g/l

SW-2003 <2.00 _g/l

SW-2004 <2.00 _g/l
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TABLE B-4 Chemical Plant Area Surface Water Monitoring Data,

1992 (Continued)

WSSRAP ID Q1 Q2 Q3 Q4 UNITS

sw-2oo5 <2.oo _g/1
SW-2007 <2.00 _g/l

SW-2011 <2.00 _g/l

SW-2016 <2.00 _g/l

SI_VER

SW-2001 <8.00 _g/l

SW-2002 <8.00 _g/l

SW-2003 <8.00 _g/l

SW-2004 <8.00 _g/l

sw-2oo5 <8.0o _g/l
SW-2007 <6.00 _g/l

SW-2011 <6.00 _g/l

SW-2016 <8.00 _g/l

THALLIUM

SW-2001 <2.00 _g/l

SW-2002 <2.00 _g/l

SW-2003 <2.00 _g/l

SW-2004 <2.00 _g/l

SW-2005 <i.00 _g/l

SW-2007 <2.00 _g/l

SW-2011 <2.00 _g/l

SW-2016 <2.00 _g/l

ALKALINITY

SW-2001 160 mg/l

SW-2002 65.0 mg/l

SW-2003 62.0 mg/l

SW-2004 94.0 mg/l

SW-2005 <2.00 _ mg/l

SW-2007 180 mg/l

SW-2011 145 mg/l

SW-2016 160 mg/l

SW-3001 48.0 mg/l

SW-3002 49.0 mg/l

SW-3003 46.0 mg/l

SW-3004 386 mg/1
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TABLE B-4 Chemical Plant Area Surface Water Monitoring Data,
1992 (Continued)

WSSRAP ID Q1 Q2 Q3 Q4 UNITS

TQTAL SUSPENDED S

SW-2010 21.0 mg/l

GROSS ALPHA

SW-2001 <9.80 pCi/l

SW-2002 (6.50) pCi/l

SW-2003 <6.70 pCi/l

SW-2004 <7.70 pCi/1

SW-2005 <8.20 pCi/l

SW-2007 <8.70 pCi/l
SW-2010 1800 pCi/l

SW-2011 170 pCi/l

SW-2016 <9.40 pCi/l

'SW-5311 170 109 pCi/l

GROSS BETA

SW-2001 <6.80 pCi/1

SW-2002 <6.70 pCi/1
SW-2003 <6. i0 pCi/l

SW-2004 <6.30 pCi/l

SW-2005 <6.30 pCi/l

SW-2007 <6.00 pCi/1

SW-2010 660 pCi/l

SW-2011 140 pCi/l

SW-2016 <6.70 pCi/l

SW-53 ii 38.5 64.4 pCi/1

RADIUM-226

SW-2001 <0.90 pCi/l

SW-2002 <0.90 pCi/1

SW-2003 <0.90 pCi/l

SW-2004 <0.90 pCi/1

SW-2005 <0.90 pCi/1

SW-2007 <0.90 pCi/1

SW-2016 <0.90 pCi/l

SW-3001 164 pCi/l
SW-3002 50.5 pCi/l

SW-3003 69.3 pCi/1
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TABLE B-4 Chemical Plant Area Surface Water Monitoring Data,
1992 (Continued)

WSSRAP ID Q1 Q2 Q3 Q4 UNITS

SW-3004 i. 47 pCi/1

SW-53 Ii 2.29 2 .00 pCi/1

RADIUM-228

SW-2001 3.40 pCi/1

SW-2002 <2.40 pCi/1

SW-2003 <2.40 pCi/1

SW-2004 <2.40 pCi/l

SW-2005 <2.40 pCi/1
SW-2007 (I. 40) pCi/1

SW-2016 <2.70 pCi/1

SW-3001 4.15 pCi/1

SW-3002 6.17 , pCi/1

SW-3003 27.3 pCi/1

SW-3004 6.81 pCi/1

SW-5311 (0.683) <2.70 pCi/l

THORIUM-228

SW-2001 <0.400 pCi/l

SW-2002 <0.500 pCi/l

SW-2003 <0.400 pCi/l

SW-2004 <0.400 pCi/l

SW-2005 <0.400 pCi/l

SW-2007 <0.400 pCi/l

SW-2011 0.150 pCi/l

SW-2016 <0.700 pCi/l

SW-3001 1.40 pCi/l

SW-3002 I.ii pCi/l

SW-3003 1.61 pCi/l

SW-3004 <0.912 pCi/l

SW-5311 <0.757 <0.500 pCi/l

THORIUM-230

SW-2001 0.800 pCi/l

SW-2002 0.900 pCi/l

SW-2003 <0.600 pCi/l

SW-2004 2.10 pCi/l

SW-2005 0.800 pCi/l

SW-2007 2.80 pCi/l

SW-2011 0.270 pCi/l
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'tABLE B-4 Chemical Plant Area Surface Water Monitoring Data,

1992 (Continued)

WSSRAP ID Q1 Q2 Q3 Q4 UNITS

SW-2016 1.00 pCi/l

SW-3001 622 pCi/l

SW-3002 141 pCi/l
SW-3003 12.4 pCi/l

SW-3004 I. 84 pCi/1

SW-5311 (i. 03) 0. 900 pCi/1

THORIUM-232

SW-2001 <0. 400 pCi/1

SW-2002 <0. 500 pCi/1

SW-2003 <0. 400 pCi/1

SW-2004 0.800 pCi/l

SW-2005 <0.400 pCi/1
SW-2007 <0. 400 pCi/1

SW-2011 <0. 170 pCi/l

SW-2016 <0. 800 pCi/1

SW-3001 6.46 pCi/1

SW-3002 2.54 pCi/l

SW-3003 O. 555 pCi/1

SW-3004 <0. 744 pCi/1

SW-53 Ii <0.757 <0. 500 pCi/l

UPANIUM o TOTAL

SW-2001 2.90 1.70 <0.500 0.680 pCi/l

SW-2002 171 56.0 23.0 80.0 pCi/1

SW-2003 13.7 13.0 6. i0 pCi/1

SW-2004 17.8 ii. 0 II. 0 14.0 pCi/l

SW-2005 35.6 35.0 21.0 24.0 pCi/1

SW-2007 I. 40 2.00 <0. 500 <0.20 pCi/1

SW-2010 2880 1600 pCi/1

SW-2011 200 280 240 270 pCi/l

SW-2016 3.00 1.80 <0.500 2.78 pCi/l

SW-3001 130 55.0 pCi/l

SW-3002 1300 920 pCi/l

SW-3003 240 170 pCi/l

SW-3004 2200 i000 pCi/1

SW-53 Ii 170 ii0 pCi/1
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TABLE B-4 Chemical Plant Area Surface Water Monitoring Data,
1992 (Continued)

WSSRAP ID Q1 Q2 Q3 Q4 UNITS

URANIUM- 234

SW-2001 (0.30) pCi/1

SW-2002 38.0 pCi/l
SW-2004 8. i0 pCi/l

SW-2005 12.0 pCi/1

SW-2007 <0. 400 pCi/1

SW-2011 120 pCi/l

SW-2016 0. 400 pCi/l

URAN IUM- 235

SW-2001 (0.30) pCi/1

SW-2002 0. 400 pCi/1

SW-2004 <0. 400 pCi/l

SW-2005 <0. 400 pCi/l

SW-2007 <0. 400 pCi/1

SW-2011 7.60 pCi/l

SW-2016 <0. 400 pCi/l

URANIUM-238

SW-2001 <0. 400 pCi/l

SW-2002 41.0 pCi/l

SW-2004 7.60 pCi/l

SW-2005 13.0 pCi/l

SW-2007 <0. 400 pCi/l

SW-2011 130 pCi/l

SW-2016 00900 pCi/1

=
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TABLE B-6 Annual Spring Monitoring Results, 1992

LOCATION Q1 Q2 Q3 Q4 UNITS

NITRATE

SP-5201 < 0.200 0.180 0.300 MG/L

SP-5303 0.220 0.650 0.500 MG/L

SP-5304 0.760 0.81 MG/L

SP-6301 32.5 28.9 34.4 MG/L
SP-6306 O. 180 O. 300 0. 140 MG/L

SULFATE

SP-5201 69.8 57.8 56.5 MG/L

SP-5303 62.8 62.1 64.0 MG/L
SP-5304 50.7 52.3 MG/L

SP-6301 51.3 59.4 61.6 MG/L

SP-6306 8.90 6.05 9.25 MG/L

ALKALINITY

SP-5201 210 200 200 MG/L

SP-5303 275 215 105 . MG/L

SP-5304 205 140 MG/L

SP-6301 205 248 183 MG/L

SP-6303 140 160 140 MG/L

1,3,5-TRINITROBENZENE

SP-5201 < 0.56 UG/L

SP-5303 0.09 UG/L

SP-6301 0.045 UG/L

SP-6306 < 0.03 UG/L

_3-DINITROBENZENE

SP-5201 < 0.61 UG/L

SP-5303 < 0.09 UG/L

SP-6301 < 0.09 UG/L

SP-6306 < 0.09 UG/L

2,4,6-TNT

SP-5201 < 0.78 UG/L
SP-5303 20.0 UG/L

SP-6301 0.27 UG/L

SP-6306 < 0.03 UG/L
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TABLE B-6 Annual Spring Monitoring Results, 1992 (Continued)

LOCATION Q1 Q2 Q3 Q4 UNITS

2 , 4-DNT

SP-5201 < 0.60 UG/L

SP-5303 0.24 UG/L

SP-6301 O. 042 UG/L

SP-6303 < 0.03 UG/L

2,6-DNT

SP-5201 0.61 UG/L

SP-5303 0.43 UG/L

SP-6301 0.61 UG/L

SP-6303 < 0.01 UG/L

NITROBENZENE

SP-5201 < 1.13 UG/L

SP-5303 < 0.03 UG/L

SP-6301 < 0.03 UG/L
SP-6303 < 0.03 UG/L

GROSS ALPHA

SP-6301 79.0 PCI/L

GROSS BETA

SP-6301 13 .0 PCI/L

RADIUM-226

SP-5201 < 0.68 PCI/L

SP-5303 (0.63) PCI/L

SP-6301 < 1.29 PCI/L

SP-6306 (0.41) PCI/L

RADIUM-228_

SP-5201 < 4.66 PCI/L

SP-5303 < 2.89 PCI/L

SP-6301 2.06 PCI/L

SP-6306 < 4.47 PCI/L
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TABLE B-6 Annual Spring Monitoring Results, 1992 (Continued)

LOCATION Q1 Q2 Q3 Q4 UNITS

THOR IUM- 228

SP-5201 < 0.55 PCI/L

SP-5303 0.394 PCI/L
SP-6301 < 0.31 PCI/L

SP-6306 (0.25) PCI/L

THORIUM-230

SP-5201 5.47 PCI/L

SP-5303 4.90 PCI/L

SP-6301 (0.25) PCI/L

SP-6306 2.61 PCI/L

THORIUM-232

SP-5201 < 0.77 PCI/L

SP-5303 (0.45) PCI/L

SP-6301 < 0.16 PCI/L

SP-6306 < 0.47 PCI/L

URANIUM, TOTAL

SP-5201 6.30 < 0.58 0.75 0.82 PCI/L

SP-5303 80 .0 190 160 73 .0 PCI/L

SP-5304 80.0 140 88 .0 PCI/L

SP-6301 44 .0 88 .5 80 .7 82 .3 PCI/L

SP-6306 14 .0 i. 40 0.61 2 .00 PCI/L
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TABLE B-7 NPDES Monitoring Data, 1992

WSSRAP ID JAN FEB MAR APRIL MAY JUNE UNITS

NIT RATE-N

NP-0001 0.48 0.45 0.50 mg/l

NP-0002 0.58 0.89 0.97 I.i0 0.41 0.47 mg/l

NP-0003 8.30 2.95 2.05 3.39 0.21 mg/l

NP-0004 0.57 mg/l

NP-0005 129 38.4 31.1 18.60 0.31 mg/l

LITHIUM

NP-0001 <i00 <i00 <i00 _g/l

NP-0002 <i00 <I00 <I00 <i00 <I00 <23.0 _g/l
NP-0003 <I00 <i00 <i00 <i00 <I00 _g/l

NP-0004 <i00 _g/l

NP-0005 <i00 (96.0) (27.2) <I00 <i00 _g/l

TOTAL SUSPENDED SOLIDS

NP-0001 13.0 Ii.0 15.0 mg/l

NP-0002 6.00 <5.00 8.00 38.0 48.0 16.0 mg/l

NP-0003 63.0 11.3 <5 ;_ 40.0 i0.0 mg/l

NP-0004 97.0 mg/l
NP-0005 6.00 9.00 _ 136 129 35.0 mg/l

GROSS ALPHA

NP-0001 732 150 410 pCi/l

NP-0002 310 270 260 140 220 190 pCi/l
NP-0003 163 1205 810 540 280 pCi/1

NP-0004 I0.0 pCi/1
NP-0005 338 271 285 350 460 pCi/l

GROSS BETA

NP-0001 150 pCi/l

NP-0002 ii0 29.0 61.0 pCi/l

NP-0003 405 190 49.0 pCi/l

NP-0004 ii. 0 pCi/1

NP-0005 2 i0 160 55.0 pCi/1

URANIUM, TOTAL

NP-O001 1090 184 450 pCi/l

NP-0002 437 286 287 i00 150 170 pCi/1

NP-O003 237 1420 556 540 270 pCi/1
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TABLE B-7 NPDES Monitoring Data, 1992 (Continued)

WSSRAP ID JAN FEB MAR APRIL MAY JUNE UNITS

NP-0004 6.12 pCi/1

NP-0005 470 216 335 360 510 pCi/l

CHLORIDE

NP-0002 83 .5 mg/l

NP-0003 12 .6 mg/1

NP-0004 1 .65 rag/1
NP-0005 6 .95 mg/1

FLUORIDE

NP-0002 0. 225 mg/l

NP-0003 <0.50 mg/1

NP-0004 0.275 mg/l

NP-0005 0. 575 mg/l

NITRATE-N

NP-0001 0. 543 0. 246 0.63 mg/l

NP-0002 0.26 0. 044 0.12 0.66 0.40 53.1 mg/l
NP-0003 0.26 0.45 0.38 O. 96 i. 30 mg/l

NP-0004 539 mg/1

NP-0005 0.810 0.960 0.58 0.546 0.410 mg/l

NITRITE-N

NP-O002 <20.0 mg/l

NP-0004 <20.0 mg/1

SULFATE

NP-0002 103 mg/1

NP-0003 140 mg/1

NP-0004 226 rag/1

NP-0005 40.6 mg/1

ARSENIC

NP-0002 (1.98) _g/l

NP-0003 <2. O0 _g/1

NP-O004 <38.0 _g/l

NP-O005 5.85 _g/l
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TABLE B-7 NPDES Monitoring Data, 1992 (Continued)

WSSRAP ID JAN FEB MAR APRIL MAY JUNE UNITS

BARIUM

NP-O002 67.0 _g/l
NP-0003 92.6 _g/l

NP-0004 34.0 _g/l

NP-O005 266 _g/l

CADMIUM_

NP-O002 5.00 _g/l

NP-0003 <7.00 _g/l

NP-0004 5.50 _g/l

NP-0005 <7.00 _g/l

CHROMIUM

NP-0002 <6.00 _g/l

NP-0003 <9.00 _g/l

NP-0004 <6.00 _g/l

NP-0005 19.7 _g/l

COPPER .,

NP-0002 <17.00 _g/l

NP-0003 <8.00 _g/l

NP-0004 19.8 _g/l

NP-0005 30.6 _g/l

IRON

NP-0002 572 _g/l

NP-0003 722 _g/l

NP-0004 513 _g/l

NP-0005 26200 _g/l

LEAD

NP-0002 <1.50 _ j/l

NP-0003 <2.00 _g/l

NP-0004 <2.00 _g/l

NP-0005 33.3 _g/l

m:\users\loanne\aser9 2\appendix.b B-95
=

=



060793

TABLE B-7 NPDES Monitoring Data, 1992 (Continued)

WSSP_P ID JAN FEB MAR APRIL MAY JUNE UNITS

LITHIUM

NP-0001 <9.00 <9.00 <27.0 _g/l

NP-0002 <23.0 <9.00 <9.00 <24.0 <27.0 <9.00 _g/l

NP-0003 <6.00 <i0.0 <27.0 <27.0 <27.0 _g/l

NP-0004 <9.00 _g/l
NP-0005 <23.0 13.1 <27.0 27.4 <27.0 _g/l

MANGANESE

NP-0002 78.0 _g/l

NP-0003 34.9 _g/l

NP-0004 27.0 _g/l

NP-0005 793 _g/l

MERCURY

NP-0002 0.125 _g/l

NP-0003 <0.I0 _g/l

NP-0004 0.13 _g/l

NP-0005 <0.10 _g/l

SELENIUM

NP-0002 <i.00 _g/l

NP-0003 <2.00 _g/l

NP-0004 5.5 _g/l

NP-O005 <2.00 _g/l

SILVER

NP-0002 <I.00 _g/l
NP-0003 <I0.0 _g/l

NP-O004 <i.00 _g/l

NP-0005 <I0.0 _g/l

ZINC

NP-0002 <15.0 _g/l

NP-0003 38.1 _g/l

NP-0004 46.5 _g/l

NP-O005 190 _g/l
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TABLE B-7 NPDES Monitoring Data, 1992 (Continued)

WSSRAP ID JAN FEB MAR APRIL MAY JUNE UNITS

BIOCHEMICAL OXYGEN DEMAND

NP-0002 <i.00 mg/l

NP-0003 4.00 3.70 mg/l

NP-0004 2.70 mg/l

NP-0005 3.15 mg/l

CHEMICAL OXYGEN DEMAND

NP-0002 20.0 mg/l

NP-0003 29.1 mg/l

NP-0004 15.0 mg/l

NP-0005 169 mg/l

CYANIDE o

NP-0002 <5.00 _g/l

NP-0003 <20.0 _g/l

NP-0004 <5.00 _g/l

NP-0005 <20.0 _g/l

NITROGEN, TOTAL KJELDAHL

NP-0002 0.262 mg/l

NP-0003 0.875 mg/l

NP-0004 0.26 mg/l

NP-0005 2.00 mg/l

OIL & GREASE

NP-0002 <5.00 mg/l

NP-0003 <5.00 mg/l

NP-0004 <5.00 mg/l

NP-0005 <5.00 mg/l

NP-1001 <5.00 <5.00 mg/l

PHOSPHOROUS

NP-0002 0.04 mg/l

NP-0003 0.30 mg/l

NP-0004 0.05 mg/l

NP-0005 1.04 mg/l
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TABLE B-7 NPDES Monitoring Data, 1992 (Continued)

WSSRAP ID JAN FEB MAR APRIL MAY JUNE UNITS

TOTAL SUSPENDED SOLIDS

NP-0001 59.0 21.000 64.0 mg/l

NP-0002 148 i0.0 <2.00 7.00 26.0 7.50 mg/l

NP-0003 3.00 32.0 18.5 25.0 9.00 mg/l

NP-0004 28.5 mg/l

NP-0005 112 432 65.0 374 38.0 mg/l

NP-1001 6.750 <5.000 mg/l

1,3,5-TRINITROBENZENE

NP-0002 <0.03 _g/l

NP-0003 <0.03 _g/l

NP-O004 <0.03 _g/l

NP-0005 <0.03 _g/l

1,3-DINITROBENZENE

NP-0002 <0.09 _g/l

NP-0003 <0.09 _g/l

NP-0004 <0.09 _g/l

NP-0005 <0.09 _g/l

2,4,6-TNT

NP-0002 <0.03 _g/l

NP-0003 <0.03 _g/l
NP-0004 <0.03 _g/l

NP-0005 <0.03 _g/l

214-DNT

NP-0002 <0.03 _g/l

NP-O003 <0.03 _g/l

NP-0004 <0.03 _g/l

NP-0005 <0.03 _g/l

2_6-DNT

NP-0002 <0.01 _g/l

NP-0003 <0.01 _g/l

NP-0004 <0.01 _g/l

NP-0005 <0.01 _g/l
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TABLE B-7 NPDES Monitoring Data, 1992 (Continued)

WSSRAP ID JAN FEB MAR APRIL MAY JUNE UNITS

NITROBENZENE_

NP-O002 <0.03 vg/1

NP-O003 <0.03 _g/l

NP-0004 <0.03 vg/1

NP-O005 <0.03 _g/l

GROSS ALPHA

NP-O001 404 432 306 pCi/1

NP-O002 183 96.7 ii0 240 220 300 pCi/1

hP-O003 58.0 251 39.0 120.0 30.0 510 pCi/l

NP-O004 17.0 pCi/1

NP-O005 5.67 a 177 70.2 320 260 230 pCi/l

GROSS BETA

NP-O001 140 pCi/l

NP-O002 69.0 70.0 73 .0 pCi/1

NP-O003 39.0 30.0 180 pCi/l

NP-O004 ' 4.90 pCi/1

NP-O005 130 120 50.0 pCi/1

RADIUM-226

NP-O002 0.70 pCi/l

NP-O003 i. 60 pCi/1
0.95 . pCi/1

NP-O004

NP-O005 7.65 pci/l

RADIUM-228

NP-O002 <i.00 pci/l

NP-O003 (0.55) pCi/1

NP-O004 <i. 00 pCi/l

NP-O005 3 .60 pCi/1

THORIUM-228

NP-O002 <0.40 pCi/l

NP-O003 <0.40 pCi/l

NP-0004 <0.40 pci/l

NP-O005 i. I0 pCi/l
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TABLE B-7 NPDES Monitoring Data, 1992 (Continued)

WSSRAP ID JAN FEB MAR APRIL MAY JUNE UNITS

THORIUM-230

NP-O002 (0.35) pCi/l

NP-O003 (0.35) pCi/l

NP-O004 1.65 pCi/l

NP-0005 2.45 pCi/l

THORIUM-232

NP-O002 <0.40 pCi/l

NP-O003 <0.40 pCi/l

NP-O004 (0.25) pCi/l

NP-O005 1.00 pci/l

URANIUM I TOTAL

NP-O001 450 450
NP-O002 200 Ii0 240 470 210 280 pCi/l

NP-O003 64.0 290 65.0 140 54.0 610 pCi/l

NP-O004 15.0 a pCi/l

NP-0005 1.4 _ 170 140 390 240 230 pCi/l
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Assumptions and Scenarios for Dose Calculations
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A. Dose from the chemical plant/raffinate pits to a maximally exposed individual.

1. Inhalation and external gamma pathway"

a. Airborne particulate: no contribution to the estimated EDE for the hypothetical

individual was calculated for airborne particulates. Based on statistical analysis of

the data collected, there is no reason to suspect at the 95 % cont]dence level that the

measured results from any of the monitoring locations were greater than

background.

b. External gam_,._ radiation' no contribution to the estimated EDE for the

hypothetical individual was calc_ iated for external gamma radiation. Based on

statistical analysis of the data collected, there is no reason to suspect at the 95%

confidence level that the measured results from any of the monitoring locations were

gre,rter than backg-ound.
J

c. Radon gas" statistical analysis of the radon track etch detector data indicated that

two statio_as at the chemical plant/raffinate pits, RD-2001 and RD-3002, were

greater than background. Althot_gh the actual annual average measured

concentrations at these locations were only approximately 0.1 pCi/1 greater than the

annual background station average, an EDE was calculated for a hypothetical

individual who frequents the northern perimeter boundary. The individual was

assumed to frequent the northern boundary rather than the boundary immediately

adjacent to the sampling locations, which are part of the Weldon Spring Army

Reserve Training Area and not accessible to the general public.

Although large scale remediation has not begun at the chemical plant/raffinate pits,

contaminated soils have been removed and relocated to spoil piles in order to

construct facilities such as the temporary storage area and site water treatment plant.

In this scenario, it was assumed that the slightly above background concentrations

at RD-200L and RD-3002 resulted from these contaminated soil spoil areas. A

computer model called CAP-88 PC was used to estimate the airborne concentrations

at the Northern perimeter. The model was executed using emmission rates from

two area sources that resulted in concentrations at the monitoring locations RD-2001

and RD-3002 that were similar to the actual annual average measured

=__ concentrations. The cornputer model estimated that the concentration along the

northern border was 0.14 pCi/l.
i
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Assume an annual exposure time of 50 hrs/yr based on a scenario where an

individual walks along the northern boundary once per day, 12 minutes per visit,

250 visits per year.

Radon concentrations are often expressed in units of working levels (WL) where

1 WL = 100 pCi/l for Rn-222 (Radon). Radon exposure is often expressed in

terms of working level months (WLM) which correspond to an exposure of 1 WL

during the reference working period of 1 month (i.e., 2000 working hours per 12

months or 170 hrs). Assume a working level ratio for Rn-222 of 50% and a dose
conversion factor of 1 rem/WLM (ICRP 1981).

CEDE (inhalation) = net radon concentration X exposure time X working

level ratio X dose conversion factor X working
level month conversion factor.

= 0.14 pCi/l X 50 hrs X 0.50 X 1 WL/100 pCi/l X

1.00 rem/WLM X 1 working month/170 hrs X
1000 mrem/rem

-- O."_,.mrem

2. Ingestion pathway:

Lakes that receive effluent from the chemical plant/raffinate pits are used in order to

determine the estimated effective dose equivalent to a maximally exposed individual via

ingestion of fish, water, and sediment obtained from these lakes.

On average, fishing at the Busch Wildlife Area requires 2.5 hr per visit (MDOC 1991).

Assume that the maximally exposed individual visited the lakes for the purpose of

fishing 25 times during the year. The ratio of fish caught to hours spent fishing was

reported as 0.41, while the ratio of fish kept to fish caught was reported as 0.48

(MDOC 1991). Thus on an annual basis, the maxirnally exposed individual would keep

12.3 fish from the lakes. Assume that the edible portion of a fish has an average mass

of 200 g. Thus, the annual consumption rate of 6.5 g/day (EPA 1988) provides a good

estimate of the consumption rate for fish caught from the three affected lakes for the

-_ hypothetical individual.

m:\users\joanne\aser9 2\appendix.c C-2



Boating at the Busch Wildlife Area requires more hours per visit than any other activity;

therefore, boating was assumed to be the activity in which the maximally exposed

individual participated for the water and sediment ingestion scenarios. Assume the

average time spent by the maximally exposed individual per boating trip is 5.7 hr,

(MDOC 1991) and the hypothetical individual visits the area for the purpose of boating

10 times in a year. Assume that 25 % of the time is devoted to swimming during each

visit. Thus, 14.3 hr are spent swimming in the lakes.

a. Fish: Assume a 6.5 g/day fresh water fish consumption rate (EPA 1988) from

Lake 36 at the Busch Wildlife Area and a 0.017 pCi/g total uranium content in fish,

which is the highest average net uranium concentration in fish of ali lakes receiving

runoff from the Weldon Spring site.

b. Water: Assume a 0.05 l/hr swimming ingestion rate (EPA 1988) tor the 14.3 hr

for a total annual consumption of 0.72 liters. The water is assumed to have a total

uranium concentration as detected in Lake 36 of 171 pCi uranium/l, which is the

highest uranium water concentrations of ali lakes receiving runoff from the site.

c. Sediment: Assume a 200 rag/day ingestion rate for the 14.3 hr for a toal of

120 mg of sediment. The sediment is assumed to have a total uranium

concentration as detected in Lake 34 of 46.8 pCi uranium/g sediment, which is the

highest uranium concentration of ali lakes receiving runoff from the site.

CEDE (ingestion) = annual fish consumption x uranium concentration x uranium

DCF (l) + annual water consumption x uranium
concentration x uranium DCF (t) + annual sediment

ingestion x uraniutn concentration x uranium DCF (t).

= 6.5 g/day X 365 day/yr X 0.017 pCi/g X 2.83E-4

mrem/pCi + 0.72 liter/yr X 171 pCi/liter X 2.83E-4

mrein/pCi + 0.12 g/yr X 110 pCi/g X 2.83E-4 mrem/pCi

= 0.04 mrem

1 The uranium dose conversion factor (DCF) was the greater ¢_t"the two DCFs reported for each uranium

isotope (U-234 and U-238) in Table 2.2 ot Eckerman et ai. (1988).
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The total estimated committed effective dose equivalent to the maximally exposed

individual at the chemical plant/raffinate pits area is 0.24 mrem (0.0002 mSv).

B. Dose from the Weldon Spring Quarry to a maximally exposed individual.

1. Inhalation pathway:

a. Airborne radioactive particulate: Not applicable since there is no reason to suspect

at the 95% confidence level that airborne radioactive particulate data are greater

than the background concentrations.

b. Radon gas: Assume the concentration at State Route 94 is equal to the measured

net concentration at RD-1002 of 1.3 pCi/l. Assume an annual exposure time of

50 hfs (Section 4.2.2).

Radon concentrations are often expressed in units of working levels (WL) where 1

WL = 100 pCi/liter for Rn-222. Radon exposure is often expressed in terms of

working level months (WLM) which corresponds to an exposure of 1 WL during

the reference working period of 1 month (i.e., 2000 working hours per 12 months

or 170 hours). Assume a working level ratio for Rn-222 of 50% and a dose

conversion factor of 1 rem/WLM (ICRP 1981).

CEDE (inhalation) = net radon concentration x exposure time x working level

ratio x dose conversion factor x working month conversion
factor.

= 1.3 pCi/l x 50 hfs x 0.50 x 1 WL/100 pCi/1 x

1.00 rem/WLM x I working month/170 hrs x
I000 torero/rem

= 1.912 mrem

2. External gamma radiation pathway: not applicable since there is no reason to suspect

at the 95% confidence level that external gamma radiation data are greater than

background.
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3. Ingestion pathway: because the quarry is controlled by a 2.4 m (8 ft) high barbed wire

fence, fishing, swimming, and drinking water at the quarry do not constitute realistic
scenarios.

The total estimated committed effective dose equivalent to the maximally exposed individual

at the quarry is 1.9 mrem (0.019 roSy).

C. Dose from the vicinity properties to a maximally exposed individual.

1. Inhalation pathway: Statistical analysis of airborne particulate and radon concentrations

at the quarry perimeter indicated that there was no reason to suspect at the 95%

confidence level that there should be no contribution of the individual via these pathways

at a location beyond the quarry perimeter.

2. External gamma pathway: not applicable since there is no reason to suspect at the 95 %

confidence level that external gamma radiation data are greater than background.

3. Ingestion pathway:

Fish: Assuine a 6.5 g/day fresh water fish consumption rate (EPA 1988) from the

slough. Assume the average net uranium concentration in fish collected from the slough

of 0.0043 pCi uranium/g. Net uranium concentrations in fish were obtained by

subtracting the background uranium concentration of 0.0005 pCi/g total uranium/gram.

The net uranium concentration was used to calculate the effective dose equivalent via

the ingestion pathway.

CEDE (ingestion) = Fish constimption x uranium concentration x DCF _l)

= 6.5 g/day x 365 d/yr x 0.0043 pCi/g x 2.83E-04 mrem/pCi

= 0.003 mrem

The total estimated comrnitted effective dose equivalent tor the maximally exposed

individual at the Little Fernme Osage Slough is 0.003 mrein (0.00003 mSv).

(1) Uranium dose conversion factor (DCFi was obtainud f;um the EPA Federal Report No. 11 Eckerman et al. 1988).
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D. Collective Population Dose Estimate

Exposure Points - Exposure points are locations where members of the public are

potentially being exposed to above-background concentrations of (1) airborne radioactive

particulates, (2) radon gas concentrations, (3) external gamma radiation, or (4) radionuclides

in food or water. Ali three pathways are addressed for the collective population dose

estimate. Exposure to above-background radionticlide concentrations in food or water is

addressed only for users of the Busch Wildlife Area, a recreational area adjacent to the

chemical plant/raffinate pits area. Three of the lakes on this property receive runoff from

the site and are used by the general public tor fishing and boating purposes. None of these

bodies of water are used as drinking water sources.

Exposure points, by definition, must be located where there is potential for public exposure

as a result of activities performed at the site or from materials stored at the site. If there

is no reason to suspect that environmental monitoring results are different from the

appropriate background monitoring results, then the area .surrounding the environmental

monitoring station cannot be considered an exposure point; therefore, the population near

the station, as well as the population beyond the station, is not included in the collective

population dose estimate.

The only area where there was reason to suspect that environmental monitoring results could

be different than the appropriate background monitoring results was at the quarry perimeter.

This was true only for radon concentrations. The only potential receptors near the quarry

perimeter are people using the Katy Trail, a recreational hiking and biking trail located on

state-owned land south of the quarry. However, track etch detectors placed at the trail

indicate that there was no reason to suspect at the 95 % confidence level that concentrations

exceeded background. As a result, no collective dose was calculated for the population

which frequents the Katy Trail.

The Katy Trail was chosen as the only public exposure point near the quarry because at ali

environmental monitoring locations near the quarry (i.e., AP-4011, and RD-4006), there

was no reason to suspect at the 95% confidence level that the monitoring results were

different from the background monitoring results.

The only area where there was reason to suspect that a significant amount of the general

population could consume fish, water, and sediments from waters that receive runoff from

the site was at the Busch Wildlife Area. The only potential receptors in that area are the
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people who actually use the Busch Wildlife property for recreational purposes. Three of the
lakes at the area (i.e., Lakes 34, 35, and 36) receive runoff from the Weldon Spring site and

are utilized for fishing and boating activities. The Missouri Department of Conservation

recently conducted a year long survey to determine the number of visitors to the area, the

types of activities in which users participate, and the amount of time allocated for these
activities.

Fishing at the Busch Wildlife Area averaged 2.5 hr per visit for the approximately 15,000
visits to the area for that purpose. On average, 7,232 fish from the lakes are kept each

year. Assuming that one person keeps one fish, the population of concern would be 7,232

persons (MDOC 1991). For the water and sediment ingestion scenarios, boating is the

activity assumed to provide the potential for incidental water and sediment ingestion. An
estimated 3,838 visits were made for the purpose of boating with an average of 5.7 hr per

visit. Assuming that each visit constitutes one individual, the total population would be

3,838 persons. Each of these ingestion scenarios is further addressed in calculations one,
two, and three.

Although data from two radon track etch stations at the peritneter of the chemical

plant/raffinate pits were found to be statistically greater than background, it is not realistic

to calculate a population dose based on the concentrations that were measured. The annual

averages for the stations were only approximately 0.1 pCi/l greater than the annual average

of the background stations. In addition, at ali off-site monitoring stations in the vicinity of

the chemical plant/raffinate pits there was no reason to suspect at the 95 % confidence level

that any of the stations were greater than background. As a result, no dose was calculated

for the population that frequents the Busch Wildlife Area.

1. Population dose estimate due to ingestion of fish obtained at the Busch Wildlife Area.

a. Assuming that each person of the 7,232 population consutnes one fish and that the

edible portion of a fish has a mass of 200 g, the average consumption rate specific

to the affected population is 0.55 g/person/day.

b. Using the total uranium fish content of 0.017 pCi/g obtained from samples collected

in Lake 36 and the population specific consumption rate derived from Missouri

Department of Conservation data, the estimated population dose is:
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Population Dose Estimate (fish ingestion) = consumption rate x total uranium
concentration in fish x exposure time x dose

conversation factor (l) x persons

0.55 g x 0.017 pCi= _ _ x 365 day x 2.83E-4 mrem
day g pCi

1 rem
x 7,232 persons x

1,000 mrem
= 0.007 person-rem

2. Population dose estimate due to incidental ingestion of water at the Busch Wildlife
lakes.

a. Assume that each person of the 3,838 population makes one boating visit on an

annual basis and 25% of the visit is spent swimming (1.425 hr/visit).

b. Using the total uranium surface water content of 51 pCi/l obtained from Lake 36

and an ingestion rate of 0.05 l/ht (EPA 1988) the estimated population dose is

Population Dose Estimate (water ingestion) = ingestion rate x total uranium
concentration in surface water

x exposure time x dose
conversation factor (t) x

persons

i Uranium dose conversion factor (DCF) was the greater of the two DCFs reported for each uranium isotope

(U-234 and U-238) in Table 2.2 of Eckerman et al. (1988)
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ffi0.05 / x 171 pC_j x 1.425 hr x 2.83E-4 mrem
hr l pCi

1 rem
x 3,838 persons x

1,000 mrem
= 0.013 person rem

3. Population dose estimate due to ingestion of sediments at the Busch lakes.

a. Assume that each person of the 3,838 population makes one boating visit on an

annual basis and 25% of the visit is spent swimming (1.425 br/visit).

b. Using the total uranium sediment content of 46.8 pCi/g obtained from Lake 34

and an ingestion rate of 200 rag/day, the estimated population dose is:

Population Dose Estimate (sediment ingestion) = ingestion rate x total uranium
concentration in sediment x

exposure time x dose

conversion factor (l) x persons

200 mg 1 g pCi 1 day mrem-" _ x x 110 _ x 1.425 hr x x 2.83E-4
day 1,000 mg g 24 hr pCi

1 rem
x 3,838 persons x

1,000 mrem
= 0.0014 person-rem

The total estimated population dose for ali potential exposure pathways for calendar year 1992

is 0.021 person-rem.

E. Radon Release Estimate

In order to estimate airborne radon progeny concentrations at the Katy Trail, the above-

background radon results measured at the WSQ perimeter were incorporated into a box
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model. A box model predicts the radon release rate in pCi/y by multiplying the

measured net airborne or radon concentration by the assumed box model parameters for

length, height, and average annual wind speed. The box model assumes that airborne
contaminants are dispoersed hornogeneously within the modeled volume of air. The

selected value for model length is 122 m (134 yd); for height it is 3 m (3.3 yd); and the

value for average annual wind speed is 2 m/s (4.4 mi/br). The model length value

corresponds to the length of the major contaminated area within the quarry. A simplified
box model is justified for calculating the airborne radon release rate sin ce the effective

dose equivalent and population doses are low as indicated by the calculation results.

The net annual average radon concentration at the WSQ is 0.4 pCi/l and is calculated by

averaging the results from stations RD-1001 through RD-1006 less the average

background result of 0.25 pCi/l.

Box Model: length = 122 m (134 yd), height = 3 m (3.3 yd), average wind spead (p.)

= 2 m/x (4.4 mi/br).

Release rate = length x height x _. x net annual average radon concentration

= 9.2 Ci/y.
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APPENDIX D

NPDES Monitoring Information and
Annual Averages
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TABLE D-1 Priority Pollutant List Quarry Water Treatment Plant

Acenaphthene 4.chlorophenyl phenyl ether

Acrolein 4.bromophenyl phenyl ether

Acrylonitrile Bis (2-chloroisopropyl) ether

Benzene Bis (2-chlormthexy) methane

Benzidine Methylene chloride (dichloromethane)

Carbon Tetrachloride (tetrachloromethane) Methyl chloride (chloromethane)

Chlorobenzene Methyl brom=de (bromomethane)

1,2,4.trichlorobenzene Bromoform (tr=bromomethane)

Hexachlorobenzene Dichlorobromomethane

1,2-dichloroethane Chlorodibromomethane

1,1,1-trichloroethane Hexachlorobutadiene

_lexachloroethane Hexachlorocyclopentadiene

1,1 .dichloroethane Isophorone

1,1,2-trichloroethane Naphthalene

1,1,2,2-tetrachloroethane Nitrobenzene

Chloroethane 2-nitrophenol

Bis (2-chloroethyl) ether 4.nitrophenol

2-chloroethyl vinyl ether 2,4-dlmtrophenol

N-nitrosodi-n-propylamine 4,6-dmltro-o-cresol

Pentachlorophenol N.nitrosodimethylamene

Phenol N-nitrosodiphenylamlne

Bis (2-ethylhexyl) phthalate Phenanthrene

Butyl benzyl phthalate 1,2,5,6-dibenzanthracene (dibenzo(a,h)anthracene)

Di-n-butyl phthalate Indeno (1,2,3-cd) pyrene (2,3-o-phenylene pyrene)

Di-n-octyl phthalate Pyrene

Diethyl phthalate Tetrachloroethylene

Dimethyl phthalate Toluene

1,2-benzanthracene (benzo(a)anthracene) Trichloroethylene

Benzo(a)pyrene (3,4.benzopyrene) Vinyl Chloride (chloroethylene)
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TABLE D-1 Priority Pollutant List Quarry Water Treatment Plant (Continued)

3,4.benzofluoranthene (benzo(b)fluoranthene) Aldrin

11,12-benzofluorenthene (benzo(k)fluoranthene) Dieldrin

Chrysene Chlordane (technical mixture and metabolites)

Anthracene 4,4-DDT

1,12-benzoperylene (benzo(ghi)perylene} 4,4-DDE (p,p-DDX)

Fluorene 4,4-DDD (p,p-TDE)

2-chloronephthalene Alpha-endosulfan

2,4,6-trichlorophenol Beta-endosulfan

Parachlorometa cresol Endosulfan sulfate

Chloroform (trichloromethane) Endr=n

2-chlorophenol Endrln aldehyde

1,2-dichlorobenzene Heptachlor

1,3-dichlorobenzene Heptachlor epoxlde (BHC hexachlorocyclohexane)

1,4-dic hlorobenze ne Alpha- BHC

3,3-dichlorobenzidine Beta-BHC

1,1 -dichloroethylene Gamma-BHC

1,2-trans-dichloroethylene Delta-BHC (PCB p_lychlormated biphenyls)

2,4-dichlorophenol PCB-1242 (Arochlur 1242)

1,2-dichloropropane (1,3-dichlofopropane) PCB-1254 (Arochlor 12=54)

2,4-dimethylphenol PCB-1221 (Arochlor 1221)

2,4-dinitrotoluene PCB 1232 (Arochlor 1232)

2,6-dinitrotoluene PCB-1248 (Arochlor 1248)

1,2-diphenylhydrazine PCB- 1260 (Arochlor 1260)

Ethylbenzene PCB-lO16 (Arochlor 1016)

Fluoranthene Toxaphene

Xylene la} 2,4.8-t rmlt rot oluene TM
,,,= ,

(a) QY NP-IO01 only
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TABLE D-2 Average Inorganic Anion Concentrations for NPDES Locations, 1992 ....

Chloride Fluoride Nitrate-N Nitrlte-N Sulfate

Location mg/I mg/I mg/I mg/I mg/I

,_a-0001

NP-0002 , 83.5 0/2 0,23 0/2 8.62 0/13 < 20.0 2/2 103 0/2

NP-O003 12.6 0(2 < 0,50 2/2 1,75 0/15 140 0/2

_D=_,_ 1 _=; 0/2 0.28 0/2 360 0/3 < 20,0 2/2 226 0/2

@ Ratio of non-detects to total number of samples
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APPENDIX E

Groundwater Monitoring Information and Field Data Results
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APPENDIX F

Biological Monitoring Data
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TABLE F-1 Radionuclide Concentrations in Vegetation (pCi/g)

,,

Location Vegetation type Uranium Ra-226 Ra-228 Th-228 Th-230 Th-232
,, ,,,

Ash Pond Sedge rosettes 0.730 0.006 0.006 <0.001 <0.001 <0.001
,,,

Background Sedge rosettes 0.014 0.006 0.015 <0,001 <0.001 <0.001
.....

a Does not include background concentrations
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TABLE F-2 Waterfowl Species at theWSCP/WSRP, 1992
,,_

Locations Background Location

American wigeons American coot

Blue-winged teals Blue-winged teals

Buffleheads Canada geese

Canada geese * Canvasbacks

Canvasbacks Green-winged teals

Gadwalls Hooded mergansers

Mallards" Lesser scaup

Northern pintails Mallards

Northern shoveler Ruddy ducks

Ringed-necked ducks Wood ducks

Wood ducks*

" Resident species
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Table G-1 Southeast Drainage Flow Study Results Total Uranium Values Me¢:_,qred
From Top to Bottom of Valley (pCi/I)

Stormwater Runoff

Sampling Step 1 Step 2 Step 3 Maximum Average
Location

' ' "11=' i

NP-O001 and 2240 450
NP-O005

....

SW-5302 14

SW-5301 .... 24 ....
,,

SW-5305 52.4 88.4 28 ....
,,

SW-5301 .... 56 592 321
,,,r , ,,

SW-5312 ..... 44 .....

SP-5302 .... 67 544 314

SW-5313 .... 72 ....

SW-5307 109 517" * 71 ....

SW-5303 .... 115 265 198
,=,

SW-5309 102 150- 218 (4) 100 ....

SW-5316 .... 145 ....
,,

SP-5304 238 156 113 142 99

SW-5311 128 150 104 -- 155

• * ._epresents sample of wetting front (see Section ).
-- Represents locations not sampled,
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TABLE G-4 Concentrations of Nitroaromatic Compounds in Waters from
Steps 2 and 3 (_g/I)

Step 2 Step 3

SW-5311 SP-5303 SP-5304 SW-5311 LLD
.

i i i ii.

1,3,5-TNB ND 0.056 0.04 ND 0.03
,

1,3-DNB ND ND ND ND 0.09

2,4,6-TNT ND O. 16 4.2 0.033 0.03
,i

2,4-DNT ND 0.078 0.095 0.037 0.03

2,6-DNT 0.057 0.078 0.22 0.096 0.01
,,

Nitrobenzene ND ND ND ND O.03
,, ., ,

ND Not detected above the lower limit of detection given as LLD.
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United States Department of the Interior
GEOLOGICAL SI'RVEY ._

Water Resources Division l •

1400 Independence Road

Mail Stop 200

Rolla, Missouri 65401

March 25, 1993

Jean,
This is in response to your data request of March 22, 1993 concerning

background water-quality concentrations for selected constituents. The US

Geological Survey collected water-quality data from wells, springs, and streams

in the vicinity of the Weldon Spring chemical plant site from 1984 to 1989.

These data can be found in Kleeschulte and others, 1986 and Kleeschulte and

Cross, 1990. These data were analysed and water-quality data from sites that

were considered to be uneffecte! by the chemical plant were tabulated and

summary statistics were calculated for selected water-quality constituents.

Proposed background water-quality concentrations for the shallow bedrock

aquifer and area springs are listed in a report by Kleeschulte and Imes that is

currently in review. In this report, we proposed that the 9Sth percentile

concentrations from uneffected sites be used as background concentrations for

the shallow bedrock aquifer anti area springs near the chemical plant. These

are the proposed concentrations for dissolved constituents:

Bedrock

Parameter wells Springs

Calcium 82 mg/L 99 mg/L

Sodium 30 mg/L 36 mg/L

Sulfate 32 mg/L 76 mg/L

Nitrate 1.6 mg/L 1.3 mg/L

Lithium 13 ug/L 9 ug/L

Uranium 3 ug/L 2.7 ug/L

(mg/L, milligrams per liter; ug/L, micrograms per liter)

Sincerely,

Mike Kleeschulte

US Geological Survey
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ISSOURI DEPARTMENT OF CONSERVATION

MAILIN(. &DI)REh_: _,TRE}"I Lt)( _TI()_

P.O. Bo_ 180 2q(ll _,'_t Tr.ma. R,,ule_d,,l
Jefferson Ci,_, Mlssoun 65102.011,11) Jel'ler...i ( ,Is. _ll,,,,mrl

Telrphl,ne Iii 7')1.411",

JERR_ J PREMf_.l)0reql,,f

August 24, 1988

Dr. Ihor Hlohowskyj
Argonne National Laboratory
9700 South Cass Avenue
Argonne, IlLinois 60439

Dear Dr. Hlohowskyj:

In response to your recent request for species information in the
Weldon Spring-St. Charles County area, I have provided copies of
available data. The information is not in a format that aUows us to
provide separate lists for Weldon Spring Chemios/ Plant and quarry
Site, Weldon Spring Wildlife Area, Busch Wildlife Area, Howell Island
Wildlife Area, St. Char/es County and St. Louis County.

HopefuLly, these lists will provide you with enough information to
complete your environments/ assessment.

Sincerely,_

DAN F. DICKNEITE
EbI_,IRONMEIgTAL AD_IINISTRATOR

Enclosure

( ()M'HI_%I()_
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