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40 CFR 61 - Subpart H - The National Emission Standards for Emissions of Radionuclides Other
than Radon From Depastment of Energy Facilities

61.94 Compliance and Reporting
An annual repest is required and the SER is fulfilling the requirement.

Eachrepoﬂﬂmﬂbemgnedmddamdbyawﬂfﬁwmpubhcofﬁmﬂmchargeofm
facility and contain the following declaration immediately above the signature line: "I certify
under penalty of law that I have personally examined and am familiar with the information
suhnuﬁedhcrahmdhasadmmquuuynfﬁosemdwﬂmhmmwlymﬁbleﬁm
obtaining the infermation, I believe that the submitied information is true, accurate. and
complete, T am aware that there are significant penaities for submitting false information
in¢lu the possibility of fine and imprisonment. See, 18 U.8.C, 101."
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EXECUTIVE SUMMARY

This Weldon Spring Site Environmemal Report for Calendar Year 1993 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, raffinate pits, and quarry are located
on Missouri State Rounte 94, southwest of 1.8, Route 40/61.

The objectives of the Site Environmemal Report are to present a summary of data from
the environmental monitoring program, to characterize {remds 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 agsess their impacts on the public and environment.

This report includes monitoring. data from routine radiological and nonmdiclogical
sampling activities, These data include estimates of dose to the public from the Weldon Spring
site; estimates of effluent releases; -and trends in groundwater contaminani levels. Also,
applicable compliance requirements, quality assorance programs, and special studies conducted
in 1993 to support environmental protection programs are reviewed. '

There were no unplanned releases from the site in 1993. Dose estimates presented in this
report are based on hypothetical exposure scenarios of public use of arcas near the site. In
addition, release estimates have been calculated on the basis of 1993 Mational 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
(NESHAPs) monitoring were below permitted levels for total suspended solids and biochemical
oxygen demand except on four occasions.

MONITORING OVERVIEW

WSSRAP environmental management programs are designed io ensare 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
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cleanup programs under U.S. Environmental Protection Agency (EPA) enforcement. of ﬂie |
Comprehensive Environmental Response Conpema&pn ard Liability Act (CERCL.A).

The ALARA principle is applied through effluent and environmental monitoring progeams
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.

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. Primary
regulations include the Resource Conservation Recovery Act (RCRA), Clean Water Act (CWA),
Clean Air Act (CAA), Toxic Substances Control Act (TSCA), and, because the .S, Department
of Energy (DOE) is the lead agency for the site, the requirements of the National Environmental

Policy Act (NEPA),

A major accomplishment under the CERCLA in 1993 was the presentation of the Record
of Decision for Remedial Action at the Chemical Plan: Area of the Weldon Spring Site (ROD)
(Ref. 10). This document was signed by EPA and DOE in September 1993,

The ROD is based on the Proposed Plan for Remedial Action at the Chemical Plant Area
of the Weldon Spring Site (Ref. 55) and the Remedial Investigation/Feasibility Study-Final
Environmenial Impact Statement, and public comment received from these documents. This
decision document presents the selected remedial action for the chemical plant area of the
Weldon Spring site. The remedial action uses chemical stabilization/solidification as treatment
to address the various sources of contamination at the chemical plant including soils, sludge,
sediment and material placed in short-term storage as a result of previcus response actions.
Alter treatment, the materials will be placed in an on-site engineered disposal cell.

Other notable compliance activities included treatment and discharge of water from the
quarry and site water treatinent plants, completion of the temporary storage area, placement of
- quarry bulk wastes at the temporary storage area, initiation of an archeological review for the
soils borrow area, and obiaining a nationwide permit for wetland elimination,

miuesrsijosnnalagard Mexeceum 2
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MONITORING SUMMARY

Environmental monitoring data showed that total emissions of radiological contaminants
from the Weldon Spring site were low in 1993, Airborne particulate monitoring indicated no
distinguishable difference in effluent releases from the Weldon Spring site as compared to
background levels. The 1993 release estimate was 12.7 Ci.

Release estimates for water increased slightly from the 1992 release estimate of 0.15 Ci -
to 0.177 Ciin 1993. 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 1993, the maximum commitied dose to a hypothetical individual at the boundary of
the chemical plant site was 0,03 mrem (0.0003 mSv). The maximpm 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
chernical 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 112,000, was 0.12 person-rem
{0.0012 person-8v¥). This calculation is based on recreational use of the Busch Conservation
Area and the Missouri Department of Conservation recreational trail (the Katy Trail) near the
quarry. Thesg estimates are below the DOH guideline of 100 mrem (1 mSv) annual committed
effective dose equivalent for all exposure pathways. Section 4 and Appendix B of this report
provide additional information on the dose assumptions and calculations.

sir Moitor
No airborne radionuclide releases other than low volume airborne radioactive pasticulate
occurred at the site perimeter or at off-site monitoring locations in 1993,  Statistical analysis

of air particulate data indicates that the concentrations at-the three site perimeter locations and
one off site location were greater than those recorded at the background lecations.  The average
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radon concentration at the quarty perimeter was .25 pCi/l above background and the estimated
Rn-222 release was 12.5 Ci (4.6 x 101! Bg). Among the monitoring stations that failed the
statistical amalysis, only one station showed 1993 annual concentrations gramer than the
comparative 1991 and 1992 annual concentrations.

The results of NESHAPs monitpﬂng indicated that-all 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, Prancis Howell High Schoel, and the Department

.of the Army Weldon Spring Training Area.

During periods of asbestos abatement work, airhorne asbestos was monitored as a part
of the nonradiological air monitoring program. Only 10 of the 277 samples indicated results
above the detection limits. Samples above the detection limits ranged from 0.0006 fibers per
milliliter of air {(f/ml) to 0.0022 fiml. These concentrations were within the range of normal
backeround fiber concentrations and indicated that containment was effective.

NPDES Monitoring

Intermittent surface nunoff at the Weldon Spring Chemical Plant transported araninimn
from the site in 1993 through seven 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 uraniwm released to water was (.087 Ci for U-234, 0.004 Ci for U-235, and
{.086 Ci for U-233.

Annual average uranium concentrations increased at abandoned process sewer outfall
{NP-0001) and at Ash Pond cutfall (NP-0003) due to above nomal precipitation for 1993 and/or
increased work activity in these drainages. The annual average in the southeast area of the site
{NP-0003) decreased to the lowest level since before 1987. This reduction is attributed fo
removal of contaminated soil during construction of the site water treatment plant in 1991 and
contirmed effective erosion control measures.

miuearsijoannetaaer®d oxscaurn 4
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The Missouri River was monitored during 1993 in support of quarry and site water
treatment plant operations. Both the site and quarry water treatment plants operated near full
capacity for the majority of 1993, 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 1993 indicated that the distributions and concentrations of
contaminants remained similar to historic levels with one exception. One of the first bimonthiy
samples from the Femme Osage Slough showed uranium concentrations noticeably higher than
historic uranium concentrations, This was determined to be caused by flood conditions. The
furthest monitoring locations downstream from the chemical plant (SW-2001 and SW-2016)
remained within background levels; however, uranium concentrations were 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 conpounds of
concern were found in groundwater monitoring wells south of the Femme Osage Slough, which
is near the quarry.

Flooding of the $t. Charles County Well Field by the Missouri River inundated 26
groundwater monitoring locations; therefore some wells were not sampled during the third and
fourth quarters of 1993. Later sampling indicated that the St. Charles County production wells
were not impacted by contaminants migrating from the bulk wastes in the quarry during the
flooding.

Environmental monitoring indicates that the largest amount-of comtamination is still
present in the bedrock of the quarry rim and the alluvial materials and bedrock north of the
Femme Osage Stough. Total uraninm concentrations remain within background levels, and no
detectable concentrations of nitroaromatic ¢compound were identified south of the slough or in
any of the St. Charles County production wells.
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At the chemical plant, uranivm, sulfate, nitrate, and nitroaromatic compounds in
proundwater and springs remained near historic ranges. High concentrations of wranium
typically occur in groundwater wells near Raffinate Pit 4 and at the southeast comer of the
chemical plant. Contaminant transport continued to be confined to the upper weathered zone
of the bedrock aguifer at the plant.

Biologi

The resulis of biological monitoring of fish from Busch Lakes 34, 33, and 36 showed
uranium concentrations ranging from 0.001 pCifg to 0.129 pCi/g in edible portions.

Background corn and soybeans samples were collected under the foodstuffs monitoring
program. Uranivm concentrations were less than 0.05 pCi/l with no significant difference

among crop types.
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ABSTRACT

This Site Environmenral Report for Calendar Year 1993 describes the emvironmental
monitoring programs at the Weldon Spring Site Remedial Action Project (WSSRAF). The
objectives of these programas are to assesy actual or potential exposore to contaminant efflnents
from the project area by providing public use sceparios and dose estimates, to demonstrate
compliance with Federal and State permitted levels, and to summarize trends and/or changes in
contaminant concentrations from environmental monitoring program. '

In 1993, the maximum committed dose to a hypothetical individnal at the chemical plant
gite perimeter was 4.03 mrem (0.0003 m8v), The maximum committed dose to a hypothetical
individual at the boundary of the Weldon Spring Quarry was 1.9 mrem (0.019 mSv). These
scenarios assume 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 watet in the
ared.

The collective dose, based on an effected population of 112,000 was 0.12 person-rem
{0.0012 person-Sv). This caleulation is based on recreational use of the Awgust A. Busch
Memorial Conservation Area and the Missouri Department of Conservation recreational trail (the
Katy Trail) near the quarry. These estimates are below the U.S. Department of Energy
requirement of 100 mrem (1 mSv) annnal committed effective dose equivalent for all exposure
pathways. Resulis from air monitoring for the National Emission Standards for Hazardous Air
Pollutants (NESHAPs) program indicated that the estimated dose was 0.38 mrem, which is
below the U.5. Environmental Protection Agency (EPA) standard of 10 mrem per year.

Comprehensive monitoring indicated that emissions of radiological componnds in airborne
and surface water discharges from the Weldon Spring site were 12.5 Ci (4.6 x 101! Bg) and
1771 % 1071 Ci (6.5 X 10° Bq), respectively (260 grams and 409 grams, respectively). There
was no measurable impact to any drinking water source and no anplanned releases ocourred in
1993, Substances of concern in groundwater south of the Ferme Osage Slough and the
St. Charles County well ficld continued to remain within background ranges.

Various State and Pederal permit levels are monitored under these National Pollutant -
Discharge Elimination System (NPDES) permits. In 1993, permit levels were maintained except
on five occasions. These all occurred at the administration building sewage treatment plant for
biochemical oxygen demand (BOD) and total suspended solids (TSS).
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1 INTRODUCTION

The Weldon Spring Site - Remedial Action Project (WSSRAP) is part of the
U.S. Department of Energy (POE) Envirpomental Restoration Program, one of the remedial
action programs under the direction of the DOR Office of Environmental Restoration and Waste
Management. This Site Environmental Report for Calendar Year 1993 is a summary of the
environmental monitoring results obtained in 1993 and the status of Federal and State mmp]iance'
activities,

DOE requirements for environmental monitoring and protection of the public, as well as
the mandate for this docoment, are dﬁlgmted in DOE Order 5400.1, General Emvironmental
Protection Program, DOE Order 5400.5, Radiation Protection, and its implementing guide,
DOEEH-0173IT. Emvironmental Regulatory Guide for Radivlogical Efftuent Monitoring and
Environmental Surveillance (Ref, 32),

In 1993, environmental monitoring activities were conducted to support remedial action
under the Comprehensive Environmental Response, Compensarion and Liability Act (CERCLA),
~ the Clean Alr Act (CAA), the Narional Envirormmenial Policy Act (NEPAY), the Clean Water Act
{CWA), and other applicable regulatory requirements. The monitoring program at the WSSRAP
has been designed to ensure protection of public safety and to evaluate the effects on the
environment, if any, from remediation activities. '

The purposes of the Site Emyironmental Report for Calendar Year 1993 include providing
general information on the WSSRAP and the current status of remedial activitics; presenting
summary data and interpretations for the 1993 Eavironmental Monitoring Program; providing
information on mitigative actions for remedial action; documenting continuing compliance with
Federal, State, and Iocal requirements; providing dose estimates for radiological and chemical
compounds as appropriate for the WSSRAP; and summarizing trends andfor changes in
contaminant concentrations to support remedial actions, ensure public safety, and maintain
surveillance monitoring requirements.

miugersljoannaiasaraddizaction, 1 1




0b18994

1.1  Site Deseription

The Weldon Spring site i3 located in southem St Charles County, Missouti
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, both
located along Missouri State Route 94. Access to both the site and quarry is restricted by locked
chain link fences with 24 hour on-site security.

The Weldon Spring Chemical Plant is a 67.2 ha (166 acres) area which operated as the
Weldon Spring Uranium Fead Maferials Plant (WSUFMP). until 1966, Buildings are
contaminated with asbestos, hazardous chemical substances, and small quantities of wranium and
thorium. Radiological and chemical (polychlorinated biphenyls, nitroaromatic compounds,
metals and inorganic iong)} contaminants can also be found in the soil in several areas around the
site. The raffinate pits are located on the chemical plant site and include four seitling basins that
cover approximately 10.5 ha (26 acres) (Figure 1-2). These piis are radiologically contapyinated
with uranium and thorinm residues and chemical contaminamts including nitrate, flouride,
polychlorinated biphenyls (PCBs) and various heavy metals. '

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 1o the quarry floor and into a pond. The amount of water
in the pond varies seasonally, but the pond is never dry. The quarry contains radiotogical and
chemical contaminants including uranium, thorfum, metals, nitrates, PCBs, semivolatiles,
nitroaromatics, and asbestos.

1.2  Site History

From 1941 to 1945, the U.S. Department of the Army produced trinitrotolnene (ENT)
and dinitrotoluene (DNT) at the Weldon Spring Ordnance Works, which covered 6,974 ha
(17,232 acres) of 1and that now includes the Weldon Spring site. By 1949, all but about 809 ha
(2,000 acres) had been transferred to the State of Missouri (August A. Busch Memorial
Conservation Area) and to the University of Missouri {agricultural land). Bxcept for several
small parcels transferred to St. Charles County, theremmmngpmpcrtybecametheﬁrmy
training area.

muzstsijoanhatiaaar@3isecton. | . 2
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Through a Memorandum of Understanding between the Secretary of the Army and the
General Manager of the Atornic Bnergy Commission (AEC), 83 ha (205 acres) of the former
ordnance works property was 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 the Atlas Powder Company and the Army prior to WSUFMP
construction, From 1958 until 1966, the WSUFMP converted processed uranizm ore
concentrates to pure uranium trioxide, intermediate compounds, and vranivm metzl. A small
amount of thorium was also processed. Wastes generated during these operations were stored
in the four raffinate pits.

In 1958, the AEC acquired title to the Weldon Spring Quarry from the Army, The Army
had used it since 1942 for burning wastes from the manufactore of TNT and DNT and disposal
of TNT-contaminated rubble during the operation of the ordnance works. Prior to 1942, the
quarry was mined for limestone aggregate nsed in the construction of the ordnance works, The
AEC used the quarry from 1963 to 1969 as a disposal area for uranium residues and 4 small
amount of thorium residue. Material disposed of in the quarry during thiz time consisted of
building rubble and soils from the demolition of a uranipm ore processing factlity in Saint Louis.
These materials were contaminated with uraniom and radium. Other radicactive materials in the
quarry include drummed wastes, uncontained wastes, and contaminated process equipment,

The WSUFMP was shut down in 1966, and in 1967 the ABC returned the facility to the
Army for use as a defoliant production plant (o be known as the Weldon Spring Chemical Plast,
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 tand 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 ABC.

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 chenical plani, raffinate pits, and
quarry as a major project. A Project Management Contractor (PMC) for the Weldon Spring Site
Remedial Action Project was selected in Febroary 1986. In July 1986, a DOR project office
was established on site, and the PMC, MK-Ferguson and Jacobs Engineering Group, Inc.,
assumed control of the site on October I, 1986. The quarry was placed on the Environmental
Protection Agency’s National Priorities List (NPL) in July 1987. The DOE redesignated the site

miusergijoannelasardgention. 1 &
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as a Major Acquisition System in May 1988. The chemicat plant and raffinate pits were added
to the NPL in March 1989.

A more detailed presentation of the production, ownership, and waste history of the
Weldon Spring site is available in the Remedial Investigation for Quarry Bulk Wastes (Ref. 1)
and the Remedinl Investigation for the ﬂwrmml Plant Area of the Weldon Spring Site (Ref. 2).

1.3  Geology and Hydrogeology

The Weldon Spring site is situated near the boundary between the Centrat Lowland and
the Ozark Platean physiographic provinces. This boundary nearly coincides with the southem
edge of Pleistocene glaciation that covered the northern half of Missouri over 10,000 years
(Ref. 3). :

The Weldon Spring quarry is located in low limestone hifls near the western bank of the
Missouri River. The mid-Ordovician bedrock of the quarry area is predominaatly 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 fi/mi) (Ref. 3).

There are three bedrock aquifers underlying St. Charles County. The shallow aquifer
consists of Mississippian limestones and the middle aguifer consists of the Kimmswick
Limestone. The deep aquifer consists of formations from the tap of the St. Peter Sandstone to
the base of the Potosi Dolomite. Alluvial aquifers are present near the Missouri and Mississippi
rTivers. :

1.4 Surface Water System and Use

The chemical plani/raffinate pits area is locaied on the Missouri-Mississippi River surface
drainage divide (Figure I-4). There are six surface water bodies at the chemical plant area:
four raffinafe pits, Ash Pond, and Frog Pond. Elevations on the gite range from approximately
185.4 m (608 ft) above mean sox level (msl) near the northemn edge of the site to 205 m (672 i)
above msl near the southern edge. The topograpby of the site is gently undulating in the upland
argas, typical of the Ceniral Lowlands physiographic province. South of the site, the topography
changes to the narrow ridges and valleys and short, steep streams common to the Ozark Plateaun
physiographic province {Ref. 3).

mtussraijoannsiagar®Maection. 7
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No naturai 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.

In the surrounding areas, man-made lakes in the Awgnst A. Busch Memorial
Conservation Area are used for public fishing and boating. No swimming is allowed in the
conservation area, although some may occur. No surface water is used for irrigation or as a
public drinking water supply. The northern and western portions of the site, including Frog
Pond and Ash Pond areas, drain to tributaries for Busch Lakes and Schote Creek, which in turn
enter Dardenne Creek, which ultimately drains to the Mississippi River. These drainages,
Burgermeister Spring, and Lakes 34, 35, and 36 are 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 ai approximately river Mile 49. No direct
sutface water runoff enters or exits the quarry due to the topography of the area, A (.2-ha
(G.5 acre) pond within the quarry proper acts as a sump which accumulates both direct rainfall
within the quarry and the groundwater. Recent dewatering activities in the quarry suggest that
the sump interacts direetly and rapidly with the local groundwater. The sump is contaminated
with radiclogical and chemical compounds. The quarry pond is not used for any operational or
public water supply and is maintained by the DOE within an access controlled and restricted
area.

The Femme Osage Slough, located approximately 213 m (700 ft) south of the quarry is
a 2.4 km (1.4 mi) section of the original Femme Osage Creek and Little Femme Osage Creek.
The University of Missourd dammed portions of the crecks between 1960 and 1963 during
construction of a levee system around the University's experimental farms (Ref. 6). The slough
receives contaminated groundwater migrating from the quarry, causing increased uranium
-concentrations in the slough. The slough is used for recreational fishing.

1.5 Ecology

The Weldon Spring site is surrounded primarily by State Conservation Areas which
include the 2,828 ha (6,987 acres) Busch Corservation Area to the north, the 2,977 ha
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(7,356 acres) Weldon Spring Conservation Area to the east and south, and the Howell Island
Congervation Area, an island in the Missouri River which covers 1,031 ha (2,547 acrex)
(Figure 1-4). 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. Seventeen percent of the area is open ficlds which are leased to sharecroppers for
agricultural procluction. In these areas, a percentage of the crop is left for wildlife use. The
main agricaltural products are corn, soybeans, milo, winter wheat, and legumes (Ref. 5). The
district staff for these wildlife areas consists of 25 full-time employees supplemented by two to
10 workers during the summer months {Appendix ). The Busch and Weldon Spring
conservation areas are open year-round, and the number of annual visits to both areas totals
about 1,200,000 (Appendix C).

Much of the chemical plant area consists of maintained grasslands and old fields (65.5 ha
[162 acres]) that are periodically mowed. Grasses and forbs are fonund 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 patural and contains forest
habitat typically found in the upland areas of eastern Missouri. :

The quarry is surronnded by the Weldon Spring Conservation Area and consists prismarity
of forest with some old field habitat. Much of the quarry floor is old-field habitat and contains
a vartety of grasses, herbs, and shrubs. The rim and upper poriions of the quarry consist
primarily of slope and upland forest including cottonwood, sycamore, and cak (Ref. 6).

1.6  Climate

The climate in the Weldon Spring area is continental with warm to hot summers and
moderately cold winters. Alternating warm/cold, wet/dry air masses converging and passing
through the area canse frequent changes in the weather, Although winters are generally cold and
summers hot, prolonged periods of very cold or very warm to hot weather are unusyal,
Occasional mild periods with temperatnres above freezing occur almost every winter aned coﬂl
weather interrupts periods of heat and humidity in the summer {Ref, 7).

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

minimum temperatures are 19° C (66.2° ) and 6.5° C (43.8° F), respectively. On the
average, there are 49 days a year when maximum temperatures are above 32.2° C (90° F).

m:users\jcannalasard3izaction, 1 ) 14




01994

Migimum 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,}.

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 annual wind speed is about 15.3 kph (9.5 mph)
from the south,

A meteorological siation 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 help 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 1993 are provided in Table 1-1.

TABLE 1-1 Monthly Meteorolagical Monitoring Results for 1993

J
Aywrage Temp Avarage Barcmatric Average Wind Pradominant YWind
Marth Total Pradip (in.] (dagrase C) Pressure imillibare) Spaed (misec) Diraction
Januvary 387 0.6 993 B.01 ME
Feloreary 211 -1.1 89E 288 B
March 2.79 4.4 989 2.24 W
April* 3.76 11.7 84 3.28 5
May 2.90 17.8 982 2.8 BE
Junm 7.05 22.2 983 . 2.53 ]
July 4.77 26,1 a§2 2.48 s i
Auguet®* 1.23 .7 RET 1.54 W
Ssptambor® 5.03 - - ] 2.36 - .
Oetobar a.18 - - 2.E7 -
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TABLE 1-1 Monthly Metaorological Monitoring Results for 1893 {Continuad}

- ¥ P
Average Tamp Awra_gudﬂnmmntrie Averaga Wind Pradomiaant Wind
Moenth Totsl Pracip (in.) {dagreas C| Prassaurs (millibare) Spewd im/sact " Qiraction
Hovember* 4,639
Dacambar® 0.18

* Data not available for all daye
HNo data avallable

1.7 . Land Use and Demography

The population of St. Charles County in 1990 was 212,907; 20% of the population lives
in the city of 5t. Charles, approximately 22.4 km (14 mi) northeast of the Weldon Spring site.
The population in St. Charles increased by 48% from 1980 to 199%0. 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 in 1990 was [,131 (see
Appendix C). 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 transporiation and water uses.

Francis Howell High School and the Missouri Highway and Transportation Department
are both within  km (0.6 mi) of the site. Francis Howell High School is about 1 km (0.6 mi)
northeast of the site along Missouri State Route 94. The school employs approximately 179
faculty and staff, and about 1,926 students attend school there (Appendix C). Students and staff
generally spend about 7 hours to 8 hours per day at the school. The buildings are also used for
.other activities, such as athletic evenis and school meetings. The Missouri Highway and
Transportation Depariment, located adjacent to the north side of the chemical plant, employs
nine full-time employees (Appendix C). 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,

muesrsijparnstaeerdigecton, 1 12
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2 ENVIRONMENTAL FROTECTION/RESTORATION FROGRAM OVERVIEW

2.1  Froject Purpose

. 'The U.S. Department of Energy (DXOE) is responsibie for the remedial action activities
at the Weldon Spring site. The program is kmown 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 posed by the buildings and waste materials on the Weldon Spring
site 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 Environmenal Response, Compensation and Liability Act (CERCLA)
of 1980, as amended by the Superfind Amendments and Reaushorizagion 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 Federzal conpliance acts including the National Environmental Policy
Aet (NEPA) of 1969. Section 3 of this document further discusses applicable Federal, State, and
Tocal 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 the following four separate operable units:
Weldon Spring Quarry Bulk Waste, Weldon Spring Chemical Plant, Chemical Plant

Groundwater, and Quarry Residuals, The Weldon Spring Quarry bulk waste includes afl wastes

deposited in the quarry and their removal. The Weldon Spring Chemical Plant Operable Unit
mcludes 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 quarry gmundwater,
quarry basin; and groundwater, surface waters, and soils in vicinity areas.

m:ieeraijoanneiaserd3gaction.2 13
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- 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, Gereral Environmental Protection Program,
 was developed. At the WSSRAP, environmental monitoring is conducted as required by DOE
QOrder 540{.1 to measure and monitor effluents and to provide surveillance of effects on the
environment and public health, In addition to these objectives, environmental monitormg
activities support remedial activities under the CERCLA. This situation requires a carefal
integration of WSSRAP activities to implement, when possible, all the environmental and public
health requirements of the CERCLA, and DOE and other relevant Federal and Staie regulations
and ordess.

The WSSRAP also complies with DOE Order 5400. 1 requirements for preparation and
maintenance of an Environmental Protection Program Implementation Plan (BPPIP) (Ref, 8) and
the Environmental Monitoring Pian (EMP) (Ref. 9). The EPPIP details the programs in place
at the WSSRAP to provide management direction, environmental protaction goals and objectives,
the remedial status of the project, and the overall frame for the protection program. at the
WSSRAP. The BEMP details the schedule and analyses for effluent monitoring and
environmental surveillance activities that are performed.

The WSSRAFP environmental protection program conducts radiofogical and
nonradiological environmental monitoring and is separated into two distinct functions: effluent
monitoring and environmental surveillance, Effluent monitoring assesses the guantities 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 Polhwtants [NESHAPs]) or pemit levels and requirements (e.g., National
Polluramt Discharge Eliminarion Svstem [NFDES]). Environmental surveillance consists of
analyzing environmental conditions within or outside the facility boundary for the presence and
concentrations of sité contaminants. The purpose of this surveillance is to detect and/or track
the migration of contaminamts. Surveillance data are used to assess the presence and magnitude
of radiation and toxicological exposures and to assess the effects, if ary, on the general pruhhc
and the environment.

The WSSRAP environmental monitoring program monitors various media for radiological -
elements, primarily U-234, U-238, Ra-226, Ra-228, Th-228, Th-230, and Th-232. These

. miuesrsifoanodiaesrd Aaection, 2 14
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mﬂmmh&smmepmqmmmﬁcmmmmw&dmmm Rm:lmlumml
-momtonng:sm&wmdmhnelyalth&peﬂmetmmdatoff-melmaumsnm_thechemmal'
plant and quarry for air particulates, ambient gamma radiation, and radon. » Radiological
mamtnnngmalsocmﬁuctedcnhqmdefﬂuentamtheformanPDEdecharges streams,. -
lakes, ponds, andgmundwaterwe]]sandspnngs '

Nuumdmlugmalmnmmgmpnmarﬂymducwdatthechmmalphntandqumm, _
" but also inchides monitoring at off-site locations to confirm that no unplanned releases: have -
occurred. The nonradiological compounds included in the routine 1993 moditoring program are
metals, inorganic jons {nitrate and sulfate), and nitroanomatic compounds. Dﬂwrnonradioiogical _
compounds are monitored as part of the environmental monitoring program including asbestos

atmtepmmetermuom,andgwchemcalpammdmsuchascalmum,mmgmcsc andsudmm _
to assist in groundwater characterization, flow, and transport studies.

24  Project Accomplishments in 1993

Several activities were completed in 1993 under the overall plan for remediation. of the
site. All four operable units are curreatly active, and major accomplishments for three of the
four units are detailed below. The fourth unit, theChummalPlantGmundwaﬁcrOpembleUmt
is in the scoping phase.

2.4.1 Weldon Spring Chemical Plant Operable Unit

A significant event for 1993 was the signing of the Record of Decision. (ROD) for.
Remedial Action at the Chemical Plant Area of the Weldon Spring Site (Ref, 10) in September.
The ROD presents the planned remedy for the chemical plant area, which is removal of
materials, chemical stabilization/sofidification of raffinate sludge and other wastes, anddisposal'
of materials in an on-site facility. :

2.4.1.1 Site Water Treatment Plant. Performance testing of the site water
treatment plant was conducted during March 1993 using contaminated water from Raffinate
Pit 4. Initial in-process sampling indicated levels below target and permit levels, During 1993, -
15 batches of water were treated and released to the Missouri River through a permitted outfall, -
Various agencies have perfammd verification samplmg of the water treated at both water
treatment plants, :

m:'lunéri‘.juunn&\asarsahmﬁm.z _ ' . 15
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~ Design work is nearing completion for Train 2 of the site watér treatment plant. Train 2
is desigoed to treat nitrate contaminated water in the raffinate pits. Conﬂmhnnnfaddmmal
effluent basins for Train 2 is scheduledfnr1994 S ”

2.4.1.2 Building Dismantlemnent. Asbestos removal, structure and equipment
dismantlement, debris cleanup, interior washdown, polychlorinated biphenyl (PCB) cleanup, and
process pipe removal activities are ongoing for two building removal work packages started in
1992 and asother building removal package began in 1993.

Thal?pxlﬂﬁl(BSI]mﬂgal}watermwerwas razed on July 7, andﬂledcmohhonuf
13 buildings has been successfully and safely completed.

24.13 RCRA/TSCA Storage. The Resource Conservation and Recovery Act
(RCRA) and Toxic Substance Control Act (TSCA) storage facility, Building 434, is currently -
being upgraded to support waste storage and operation needs. Improvements will include re-
sealing the. floor, addmganadd:ﬂonalherm reroofing, andaddmgacowredareamdethe
buﬂdmg for storage.

2.42° Weldon Spring Quarry Bulk Wastes Operable Usit

. The first batch of contaminated quarry pond water was treated in the quarry water
treatment plant duting the fourth quarter of 1992, Sample results. were well below the NPDES .
hmnsmdﬂleedihmwasmlmsedlanuaryﬁ 1993." During 1993, 15 batches of water were
ueeﬂedaudmlusedtothe!\ﬁssaunkwerthmnghapﬂrmttednutfaﬂ : '

Dﬁﬁngl?%,lemImdﬂofquﬂnybquﬁasta_r&mmalwmmmpleﬁd- PhaseI = - -

began during May 1993, when the first Joad of surface waste material was hauled from the
quarry to the wood processing site at the chemical plant. The material consisted of wood, brugh,
‘and s0il left from grubbing and clearing under previous subcontracts. Phase I marked the .
begtmmgnthkwasmMnoml&mthequmﬁmdtheﬁMuseofmequmhaulmadfm
1tsdes:gnpurpos=

Phase I removal activities began in August, but were suspended on Septeraber 8 due to-
structural failures on. the stabilizer bar of the haul road trucks. Thammamde;ufi‘ha&el]_ '
matermls were hauled using alternate equlpment

m:'f.uaurn\jumnak&urﬂﬂ&mﬁun.z' . 16
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Arede&gmdhﬂmecham&mwasmmﬂedmthehmﬂmdmmksfmﬁasemmowl

~ which began in December. Phasenlmamﬂsmmnfhuﬂdmgmbbie soils, dmmmed '

wastes, and contaminated process equipment.
2.4.2.1

contains roll-off boxes and B-235 boxes containing
contaminated with product, and lead contuminated
approximately 1,000 loads of bulk waste from the
storage area.

Temporary Starageﬁ.m T
in 1993 for temporary storage of quarry bulk wast

o

he temporary storage area was. constructed
5. Currently, the temporary storage area
arsenic contaminated wood, process pipe
debris, In addition to container storage,
quarry have been placed at the temporary

2.43 Weldon Spring Quarey Residual Operablq Usit.

The Quarry Residuals Work Plan (Ref. 1
(Ref. 12) were submitted and approved by the

- . characterization investigation will include sampli
sediment to determine the effect quarry bulk waste li

phases of sampling will concentrate on the quarry

The sampling, originally scheduled for
- to flooding, See Section IDZqurfurﬂwr
contingencies are being developed in case
again closed.

2.5

DDEDIdﬁISdD[} 1 Part I, 2(b) req:mes
calendar year as part of the site environmental report.
categorized as environmental hazardous. substances/
Order 5000.3B, Occurrence Reporiing and Proc
 lists these environmental occurrences for 1993,
and one occurrence was an NPDES permit requi
for radiological-compounds were {,1771 Ci for 1993
discharges. Further information is presented in Sec

17
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' Incident Repnrting - Eavironmental Gocuty

1) and Quarry Residusls Sampling Plan
ry agencies during November, 1593, The
groundwater, surface water, soils, and
s having on the surrounding areas. Later
after the bulk waste has been removed.

1993, is now scheduled for Fuly 1994 due
ssion of the flood, Further schedule
réoccurs and access to the shudy areas is

111 1993, 10 off-normal occurrences were

gulated poliutants/oil releases under DOE
ng of Operattons Information. Table 2-1
occumence involved a reportable release,
-exceedance. Total estimated releases -
which included both routing and unplanned |
jons 4 and 6. No estimated releases were

R
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cﬂwhﬁdforﬂerqmﬁaﬂao&m&sofnmmﬂﬂcgmﬂpanmeﬁmmmtbmmm
amnmathmmﬂleanwmmmnorpublmufay

TABLE 2-1 Environmental Occurrences CY 1393

T
© DEsurrancs Raport | Ocourrence )
Numper™ Cate Commemnts
1993-0008 . : 020993 Excasdad NPDRS limit for TSS at sltw sawmgs plant
1993-0007 : 022803 GWTF sywtwn slighmet (Corbon abgorptich unit bypaagsd]
1883-0008 03116:03 | TK-501 gasket falkira tapiked watar eplll at SWTP) '
19930010 . 03/23/483 Effluent pipoline rupture at SWTF
1993-0012 04{18/93 Excasded NPDES limit for settiesble aclids under-the fand disturbance
porroit for tha SWTP pipsline conatrciion.
1993-0013 042383 | Ovange axide spil i
1223-0015 u#zm:a' OWTP far sxchangs unlt - procedurs \dolaﬂ-_:;n :
1823-00117 . as/11/83 QWTE on exphange unit - chemicet epil 1
1333-0019 08733 - Aururad pips ot SWTP
1533-0029* OFf22{83 . Approxirmetely E.5 ba atiyiene giycol ralansed to sump at
dacontamiiaten pad (regorted to off-gite apendesl.

* Cancelsd raport

I} Adl oecurrences ara off-normal
Occurrence 1993-0U0ﬁw#a a discharge from the outfall of the Weldon Spring ﬁu Sewage. |

plant that exceeded the NPDES permit leved for total suspended sofids (TS5). The NPDES limit

for TSS is 15 mg/l, asd sample rosults indicated a TSS level of 78 mgfl.  The corrective

measures included notifying the Missouri Department of Natural Resources (MDNR) of the
sampled TSS value, shutting dowm the sewage treatment plant and removing the sewage by
pumpmgtnatnn]mr andmmanngaworkpackagemmplaccﬂmpump

Qocutrence 1993-0012 was rélated to storm water runoff samples for the Sitc Water

T&eﬂmthhﬂ(SWT?}eﬁlummpahnemmmmathadsﬁﬂmhhmMsaf

350 m)/l/hr, TthPDESpermltdoesnatha\reahmﬂ hutauntamsarepumnglmrciof_

mesrgtjosnne e aaction, 2 . . 1_3
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2.5 ml/lfhr. Cunecﬁvemeasumsmchﬁ&dnnﬂfyingth&hﬂﬂkandmmngmﬂonmml-
measumsmthea:‘ea '
: - ,-*I

| " Qccurrence 1993-0020 was a release of ethylene glycol. On July 22, 1993,
approximately 4 liters {approximately 1 gal or 8.5 1bs) of ethylene glycol were released to the -
decontamination pad. The water from the decontamination pad is pumped to the equalization
basin at the site water treatment plant. Process engineers at the WSSRAP indicated that the
treatment process should be highly effective in removing trace concentrations of ethylenc. glycol
fmmthecontannnated watermtheeq&mhmhmbasm

The release was originally classified according to DOE Omnder 5000.3B, which requires -
reporting a release of ethylene glycol in excess of 100 pounds. The PMC mistakeniy assumed
that this quantity was also the CERCLA. reportable quaatity (RQ). On August 16, 1993, during
the normal review of Material Safety Data Sheets, Wasts Management personnel discovered that
the RQ for ethylene glycol is 0.454 kg (1 1b). Therclmsewasthenreportedﬁ:thcﬂaﬁnnal'
R@Oﬂﬁﬂﬂmmm&mnWGfﬂawmlm

2.6 Special DOE Order Related Programs

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

Order 5400.1, theDDEDrdersPemﬁcaﬂqummatetherpmgmmshapmmdmme.ﬂm
‘Environmenial Report, including the groundwater profection management program, the .
meteorological monitoring program, and the waste minimization and pollution prevention
‘program.  This section also addresses other programs, including the radiological control
- progiam, self assessments under DOE Order 5482.1B, andthusutfmwatermanagmm}t -
pmgrammplaoeattbaWSSRAPtomppoﬂtbemmmmemlpmteanmgmm '

2.46.1 Gmun_ﬂwat;er Protection Maomagement Plan _

The WSSRAP has a formal groundwater protection and management progmm in place,
and policies and practices are documented in the Groundwater Protection Program Managemen:
" Plan (Ref. 13). The plan outlives how monitoring programs will be developéd to. assess the
nature and extemt of contaminants in the groundwater, to evalpate potential impacts on public -
health, and to gather data for remedial decisions. All policies pertaining to groundwater

musarsijoanns\ssardgention.2 . : 19
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monitoring, including well msta]latmn dﬁcummmatmn, construction, sampling methods, and
abendonment methods, are detailed in th:ls plan. :

The Groundwater Pmrecdbn Program Management Plan also ontlines the hydrogeological
characterization program conducted as.part of CERCLA activities. These include fundamental
methodsmhasgmundw&tersmnphng,wﬂerlevelmnmtomg sling tests, t:m:ertasts and
geologic logging.

2.6.2 Meteorological Monitoring Program

A meteorological station is located at the chemical plant to provide data to support the .
environmentu]l monitoring programs. . The meteorological station provides data on wind speed,
wind direction, ambient air temperature, barometric pressure, and precipitation accumulation.
Data from this station are used to assess meteorological conditions and air transport and diffusion
characteristics which determine possible impacts of aitbome refeases. In addition, precipitation
data ars used to correlate water level fluctuations and mnmmjmnt concentrations in- surface
watcrandgmuudwmr wells.

2.6.3 Surface Water Management Program

The WSSRAP maintains 4 surface water maoagement program to ensure effective
implementation of policies desaiied in DOB Order 5400.5 and documented in the Surfoce Water
. Management Plan (Ref. 14). This program also incorporates the as-low-as-reasonably- .
achevahle(ﬁ[ﬁﬂ.h}mnoeptmihaexmuﬂmofmepmgmn '

This plan identifies existing and potential water sources, waterquahty categories, and
also provides the requirements and methodologies for proper control, management,. and
disposition of site waters, Erosion and water control, and water managenient for the guarry 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. To date, mumthaniﬂ{]mntmﬂedmlmsefwaterhavebemmmgedthmughﬂus

Prograii.
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2.6.4 Radiation Protection Program

The U.S. Departmen: of Energy Radiological Control Manual (RADCON) (Ref. 15),
specifies how the DOE expects all facilities and contractors to conduct and manage their
radiation protection programs, RADCON expands upon 10 CFR 835, which was issued in
‘December 1993 in the Federal Register and sets the minimum acceptable radiological control
standards for DOE facilities. ‘The manual contuins requirements for all aspects of radiation
protection, including protective measures for intermnal and external contamination control,
ALARA opractices, 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 ob]ecuve in preparing this
‘manyal was 1o ensure that m&aﬂonprotecﬁonpmgmmsmdworberﬂmmngm consistent
-among DOE facilities. |

The WSSRAP is in compliance with approximately 65% of the provisions in the manual
and has an aggressive implementation plan and schedule for meeting compliance with the
remaining provisions. The WSSRAP bas formed a RADCON Implementation TFeam, which
includes representatives from all affectad departments and is responsible for enguring that actions
necessary to attain compliance are completed as scheduled.

2.6.5 Waste Management Program

The waste management program characterizes hazardous chemicals and wastes found on
site to secure and store these wastes properly. This program also consolidates the packaging and
shipping of hazardous waste samples. Hazardous and mixed wastes are stored in-the on-site -
RCRA and TSCA storape facility, Building 434, and at the asbestos storage area (ASA) and
. temporary storage area (TSA) 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.  Although not required, the
biannual report was submitted to MDNE as a courtesy. :

Waste ‘minimization and pollution prevention activities at the Weldon Spring site have.
been combined and are described in the Waste Minimization/Pollution Prevention Aviareness
Plan (Ref. 16). The kev clements of this program are chemical contrel, training and awarsness,
work activity review, and a recycling program, '

musereyjoannelaserd3eeciion.2 : 21
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2.6.6 SeH-Assessment Program

The WSSRAP complies with the guidelines presented in DOE Order 5482,1B for a self-
appraisal and assessment program. The self-assessment program is conducted by department
managers to verify their department’s compliance with the requirements of the quality assurance
program. During 1993, the self assessment program was assessed and an action plan developed

“to correct deficiencies. A number of documents, procedures, programs, activities, and training
programs were developed, implemented, and performed. A detailed description of the progmam
can be found in the Szﬁdsmsmem Program Implemenmiation Plan (Ref. 17). '

There were two self-assessments conducted at the WSSRAP although ne environmental
self-assessments were mnducted during 1993,

2.6.7 Truining
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.

The training program can essentially be broken into four main areas: (1) documents,
(2) procedures, (3) special courses tanght on site to convey specific policies or issues and, (4)
off-site courses designed to provide instruction for specific areas. Department thanagers
establish unique training matrixes for each employee to ensure a comprehensive understanding
of position requirements and overall policies and program requirements.

The status of employee (raining is reported m.dq;arunent managers and individoal

employess six times a year. These bimonthly reports include status of docutents and .

. procedures reviewed and training programs aod off-site courses taken during the current year.

miuAasraysannaiasarddenction.? - g 2.2
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3 COMPLIANCE SUMMARY
3.1  Compliance Status for 1993

The Weldon Spring site is listed on the National Priorities List (NPL), and therefore the
Weldon Spring Site Remedial Action Project (WSSRAP} is governed by the Comprehensive
Environmental Response, Compensation and Fiability Act (CERCLA) process. Under the
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 and Recovery Act (RCRA), the Clean Water Act (CWA), the Clean Air Act (CAA),
the Toxie Substance Comtrol Act (TSCAY}, the Narional 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 Naronal

- Environmenial Policy Act (NEPA) must also be met, as well as the requirements of T1.S.

Department of Energy (DOE) Orders. Section 3.1.1 is a summary of WSSRAP compliance with
applicable Rederal regulations, and Section 3.1.2 is a summary of the WSSRAF compliance with
major DOR Orders.

3.1.1 Regulatory Compliance Status

The WSSRAP has integrated the procedural and documentation requirements of the
CERCLA, as amended by the Superfimd 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 (BE/CAs) and Remedial Investigation/Feasibility Study {RU/FS)
documents including (RI/FS} work plans, which are CERCLA documents, contain the required
NEPA information for Emvironmental Assessments (EAs) and Environmental Impact Siatements
(EISs).

The WSSRAP used NEPA and CERCLA supporting documentation to prepare the Record
af Decision for Remedial Action at the Chemical Plant Areq of the Weldon Spring Site (ROD)
(Ref, 10). The ROD was signed in September 1993 by the Environmental Protection Agency
and the Department of Energy, This decision document presents the selected remedial action
for the chemical plant area of the Weldon Spring site. The preferred remedy for the chemical
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plant area of the Weldon Spﬁﬁg site is removal, chemical stabilization/solidification, aad
disposal on site.

The CERCLA and the National Ol and Hazardous Substances Pollution Contingency
Plgn (NCP) spell out responsibilities and requirements for natural resomrce 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 environmeutal restoration
activities are proceeding, Neither of the co-trustzes; the Department of the Interior and the
Missouri Department of Natural Resources (MDNR), has responded to date. '

National Rnvironmentsl Policy Act

During 1993, three categorical exclusions were prepared for the site. These exclusions
were prepared for a physical testing trailer, office trailers, and a wildlife habitat improvement
project. The categorical exclusions for the physical testing trailer and the additional office
trailers were approved. The third exclusion for the wildlife habitat improvement project was
reviewed by the DOE-Oak Ridge Operations office and was determined to be within the scope
of previously approved NEPA documents,

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
chamacierization, consolidation, invenfory, storage, and transponation of hazardous 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 storage, treatment, and disposal 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 conducied entirely on site,

The RCRA was amended by the Federal Facility Compliance Act (FECA), which was

enacted on Qctober 6, 1992. The FFCA waives sovereign immunity for fines and penalties for
RCRA. violations at Federal facilities. However, a provigion postpones that waiver for 3 years

i Waersl joannsetassr? Taection,3 24




0519594

for mixed waste Land Disposal Restriction storage prohibition violations at DOE sites and

reguires the DOE to prepare plans for developing the required treatment capacity and treatment

technologies for mixed wastes. Each plan must be approved by the State or the 0.8,
Environmental Protection Agency (EPA), afier. consultation with other affected States and
consideration of public comment, and an order issued, by the regulator, requiring compliance
with the plan. '

The DOE published a schedule for the submittal of the plans for the treatment of mixed

waste in the April 6, 1993, Federal Register. The published schedule specifies that DOE sites

will provide the site frestmnent plans in three phases;. the “conceptal plan” by October 1993,
a "draft plan" no later than August 1994, and a "final proposed plan” no later than
February 1995.

The Weldon Spring site submitted its coneeptual site treatment plan to the Missouri
Department of Natural Resources sand the Environmental Protection Agency on
October 28, 1993.

Currently, two underground storage tanks that contained gasoline and diesel fuel remain
on site. Thamnksmscheduledmbeclusedappmpnatelydmngmmwalofthcbuﬂdmg
foundations,

RCRA groundwater monitoring for regulated units is discussed in detail in Chapter VII.
Toxic Substances Contro] Act

Polychlorinated biphenyls (PCBs) that have been removed from service for storage and
disposal activities are managed in accordance with 40 CER Part 761 (TSCA).

Cleap Ajr Act

CAA compliance requirements pertaining to the site are found in Title I -Nonattainments,
Title III - Hazardons Air Pollutants (including National Emission Standards for Hazardous Air
Pollutants [NESHAPs]) and Title VI - Stratospheric Ozone Protection. NESHAPs . dose
o calenlations for 1993 indicate the highest receptor focation was below the NESHAPs standard
of ¢.1 mSv (10 mrem).

milugareyjoannaiagerd3ieection.3 25
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St. Charles County is classified .in the Federal Register of November 6, 1991, 56 FR 215
as a moderate nonattainment area for ozone. As a moderate ozone nonattainment area, the
requirements would affect sources emitting nitrogen oxide (NO,) and volatile organic compounds

- (VOCs). At present, sources described above do not exist at the WSSRAP.

Under Title I, asbestos and radionuclides are hazardous air pollutants. The standards
establish maximum levels for radionuclides and asbestos. WSSRAP plans for monitoring
radionuclides and ashestos have beem approved by the EPA and are described in detail in
Section 5, along with the 1993 status of the monitoring. Table 3-1 lists the major source
categories that could potentiatly apply to the WSSRAP along with the respective schedules for
promutlgation of the corresponding emission standards,

TABLE 3-1 Potentially Applicable Major Source Categories

Major Source Catagory Schedule Date T

Gasoline distrtbution 1115/54

Zolid wastes treatrent, atorage, and diaposal faciliies . 11/16/94

Site remediation _ 1114800

Currently, the potential major source categories existing at the WSSRAP do not exceed
the threshold limits of 9.07 metric tons per year (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 liter (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 continué 0 ‘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 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 TI substances

(chlorofluorocarbons and hydrochlorofluorocarbons, respectively). The section makes it
unlawful to release, vent, or dispose of any Class I or II substances. Requirements in
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Section 608 apply to servicing, repairing, maintaining, and disposing of any refrigeration system
(0ld or new) or air conditioning system (old or new). Section 609 specifies requirements that
pertain to servicing motor vehicle air conditioners and applies to all WSSRAP vehicles. The
WSSRAP is complying with Sections 608 and 609 of Title VI 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 JHVAC] units, abandoned refngeranon units, efc.) or any WSSRAP vehicle cooling
system,

Clean Water Act

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 anthority 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 gix
National Pellutant Discharge Elimination System (NPDES) permits. Both efffuent and erosion-
control monitoring are performed, Section 3.3 offers further details on the NPDES permits.

The first batch of comaminated quarry pond waier was treated in the quarry water

- treatment plant during the fourth quarter of 1992. The sample resuits were well below the

NPDES limits and the effluent was released January 6, 1993. During 1993, 15 batches of
treated effluent were discharged through the NPDES outfatl,

Construction of a water treatment plant at the chemical plant was completed in 1992,
This plamt has been designated as the Site Water Treatment Plant - Train 1. This Train 1 plant
treats water from Raffinate Pit 4, shower and decontamination water generated during building
dismantlement activities, and runoff from the temporary storage area (TSA). During 1993, 15
batches of treated effluent were discharged through the NPDES outfall.
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The final construction design for the Site Water Treatment Plant - Train 2 is being
completed, and construction is scheduled to begin in 1994. Train 2 is designed to treat the
nitrates from the raffinate pits, - :

Rivers and Harbors Act

During 1993, one nationwide permit was applied for under Section 10 of the Rivers and
Harbors Act and. Section 404 of the Clean Water Act. The permit was for the proposed
elimination of 0.9 ha (2.2 acres) of delineated wetland in the soils borrow area. The lost
acreage is to be mitigated on Missouri Department of Conservation land in the northeast comer
of the August A. Busch Memorial Conservation Area as part of & 23.1 ha (57 acre) waterfowl
habitat project.

The WSSRAP maintains compliance with Federal Insecticide, Fungicide, and Rodenticide
Act (FIFRA) requirements through inspection of controlled pesticide/herbicide storage areas.
To date, no application of restricted-use pesticides has occurred. The site is currently in the
process of training and certifying two applicators.

Depariment of Transportation

Pursnant to HM-181, the WSSRAP conducted on-site training on the Hazardous Material
Transportation Act. The training targeted personnel with responsibilities for hazardous materials
transportation, The training covered classification of hazardous maierials by new shipping
names, new performance based packaging requiremenis, new requirements for marking, labeling
and placarding, and proper segregation and modes of transportation.

Safe Drinking Water Act
Currently, the SDWA is not an ARAR at the WSSRAP. The SDWA will be evalpated

for its applicability during the decision-making process for the grovndwater and quarry residuals
operable units.
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In 1992, the Secretary of Enerpy established DOE’s volumtary participation in the
Section 313 of the Emergency Planning and Comumunity Right-to-Know Act (EPCRA) for toxic
release inventory (TRI) reporting and the 33/50 pollution prevention (PPA) program.

In March 1993, guidance was distributed to all DOE facilities which established 1993 as
the first year for gathering data with the first report due in July 1994,

On Angust 3, 1993, the President signed Executive Order 12856 directing Federal
Facility compliance with the EPCRA. and the PPA.

The site is developing a program to achieve compliance with the Executive Onder and
to file the first TRI repont, if required, in 1994,

The expansicn of the soils borrow area and haul road required study forpntentialcululrﬂ _

resources. An archeological review of the expanded soils borrow area and haul road is in
progress. In addition to the Phase I survey (initial evaluation) of the expanded areas, a Phase
II survey (defermination of eligibility for nomination to the National Register) is in progress for
all sites identified in the 1992 Limited Area Phase 1 Survey,

The Mirgation Action Pian for Remedial Actions ar the Chemical Plant (Ref. 19} area
specifies that any sites eligible for nomination to the National Register will be preserved through
data recovery or avoidance if impacted by the borrow area or haul road development. This
work is ongoing and will extend into 1994,

On March 4, 1993, the Siate Historic Preservation Officer for Missouri was advised
under the provision of 36 CFR Part 800.5 that a "no effects” determination on historic or
prehistory properties was made for the elimination of the four man-made ponds and surrounding
wetlands in the borrow area. The State Historic Preservation Officer’s review period expired
with no comments or rebuttal to the determination,
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Upon completion of the Phase II survey, and where data recovery is necessary, the
Officer will again be consulted and final clearance received.

Endangered Species Act

The U.S. Fish and Wildlife Service was consulted under Section 7 of the Endangered
Species Act for the soils borrow area and haul road. The Missouri Department of Conservation
(MDC) was also contacted regarding State-listed threatened and endangered species. Through
surveys of the affected arcas a determination was made that while the State listed Cooper’s hawk
was observed in the area there would be no loss of critical habitat and no effect on the species.
There were no other listed species found in the affected areas and no critical habitat exists in
those areas. '

Completion of the site water treatment plant effiwent discharge pipeline, described in the
1992 annual site environmental repoﬂ, was delayed for the entire year due to an unsegsonably
¢old, wet spring marked by high waters. Heavy, above normal rainfalls swelled the Missouri
River, flooding the outfall area. It is anticipated this ¢construction project will be completed in
the firgt half of 1994, providing the Missouri River remains at the normal level. '

Argonne National Laboratory (ANL), under contract 40 DOR Weldon Springs, reviewed
the proposed area for the wetland mitigation project described in the Rivers and Harbors Act
section of this report. The DOE-OR determined that while the project is in the 100 year
floodplain of Dardenne Creek, as shown on the $t. Charles County floodplains maps (Ref. 18),
the requirements of 10 CFR 1022 do not apply. Using the State and U.S. Army COE
procedures, the permit for this action was obtained by the MDC concurrently with the site Clean
Water Act Section 404 permit application.

A wetlands assessment and delineation for the soils borrow area, borrow area haul road,
and the designated mitigation area at the Busch Memorial Conservation Area was performed
during 1993, The Clean Water Act Section 404 permit application described in the Rivers and
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Harbors Act and Floodplain Protection sections of this report was prepared following the
procedures and requirements contained in 10 CFR 1022 and U.8. Army COE requirements.

The delineations show approximately 0.9 ha (2.2 acres) of wetlands will be impacted in
the soils borrow and haul road area development. The Wetlands Project Plan for the COE
permit application shows a 2 to 1 mitigation for the replacement of impacted wetlands (Ref. 47),
Full details are provided in the Mizigation Action Plan for the Remedial Action at the Chemical
- Plant Area (Ref. 19).

3.1.2 DOE Order Compliance

3.1.21 DOE Order 5400.5, Radiation Proiection of the Public and the
Environment. DOE Crder 5400.5 establishes nine primary standards and requirements for
DOE operations t0 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 all potential exposure
modes. The 10 mrem (0.1 mSv) annual dose limit for public exposure to airbome 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 1993, The appropriate
dose evaluation techniques were used to assess 1993 envirommental monitoring and surveillance
data in compliance with this requirement.

Storm water runoff exceeded the derived concentration guideline (DCG) of an annual
average of 600 pCi/l for umnium at outfafls NP-000L and NP-003. The annnal average
concentration for uranium was 1,003 pCi/l at outfall NP-0001 and 607 pCifl at NP-00X3. The
increase to above the DCG may be due to a number of factors inciuding a higher than normal
annual precipitation, upstream building demolition and increased inflow from an upstream source
into the abandoned process sewer that leads to NP-0001. The increase at NP-0003 was believed
to be the result of the above average annual precipitation which caused Ash Pond to discharge
for a wmuch greater portion of the year than in past years. Ash Pond flow contributes to
NP-0003 and is usually much higher than the other contrimpting streams. Based on upstream
monitoring, mifigative measures are being taken to reduce the uranium levels.
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Eight omt-of-service vehicles were surveyed and released from the WSSRAP in
April 1993. A comprehensive radiological survey was performed on each vehicle, and they met
the DOR release guidelines as specified in this order for release of real property, persomal

. property, and materials and equipment. Therefore, the vehicles were released for unrestricted

UsC.

Records of all eavironmental monioring and surveillance activities conducted at the
Weldon Spring site in 1993 are being maintained in accordance with the requirement of this
order. All reports and records geperated at the WSSRAP in 1993, pursuam to DOE Order
requirements, presented data in the wnits specified by the applicable regutation or order. '

3.1.22 DOE Order 5820.2A, Radioactive Waste Mamagement. 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 II (low-level waste), Chapter V
(decommissioning of radioactively contaminated facilities), and Chapter VI (administrative
activities related to the Wasre Management Plan [Ref. 20]). The types of wastes addressed in
Chapters I, II, and IV were not present at the site,

3.1.2.3 DOE Order 5404.1, General Environmental Protection Program. The
WSSRAP conducted both radiological and nonradiological environmental monitoring programs
at the gite and vicinity properties. . BEnvironmental monitoring required by DOE Order 5400.1-
was conducted to measure and moritor effiuents and to-provide surveillance of their effects on

the environment and public health,

The WSSRAP was in compliance with Order 5400.1 requirements for preparation of an
Environmental Protection Program Implememtation Plan (EFPIP) (Ref. 8). The EPPIP details
the programs in place at the WSSRAP to provide management direction, environmental
protection goals and objectives, and the overall framework for the protection program at the
WSSRAP. The project has prepared an Envirommental Monitoring Flan (Ref, 9) which is-
teviewed annually and tevised as necessary. '

In addition to the pians developed for overall environmental monitoring and protection, '
the WSSRAT annually reviews and revises, as necessary, the Groundwater Protection Program
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Management Plan (Ref.13) and the Waste Minimization and Pollution Preveniion Awareness
Plan (Ref. 16). ' .

3.1.24 DOE Order 5400.3, Hazardous and Mixed Waste Program. DOE
Order 5400.3A mandates management of radioactive and hazardous wastes. At the WSSRAP,
radicactive hazardous and mixed wastes were 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 Wasre Management Plan (Ref. 20).

All waste management activities inchuding peneration, characterization, storage,
packaging, minimization, trangportation, and treatment or disposal were accomplished in a
manner that was consistent with these broad objectives. Waste management activities were

“ conducted in compliance with all applicable laws, requirements, regulations, and good practices
poverning 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 coniractors,
(3) protection of povemment 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 Emvironmental Protection

Program Implementation Plan (Ref. 8). The plan 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 inclnde, but are not limited to,
environmental protection, occupatmual 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 WSSRAF to comply with all applicable
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DOE Orders and puidelines and Federal, State, and local regulatory requirements. This
suinmary describes compliance activities and statns.

3.2 Cwrrent Issues and Actions
3.2.1 Current Issues

3.2.1.1 National Emission Standards for Hazardouns Air Pellatants Compliance.
The WSSRAP has developed an alternate method for National Emission Standards for Hazardous
Air Pollutants (NESHAPs) point source monitoring and compliance as provided in 40 CFR 61.93
(d)(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 Plan jor
Monitoring Radionuclide Emissions Other Than Rodon at Weldon Spring Site Critical Receptors
(Ref. 21), 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 c¢ritical receptor
locations via the annual site environmental report.

3.2.2 Corrent Actions

3221 Release Reperting. On July 22, 1993, approximately 3.8 kg (8.5 Ih)-of
ethylene ghycol was released to the sump at the decontamination pad. This release exceaded the
reportable quantity for ethylene glycol under the CERCLA, which is 0.45 kg (1 Ib). The release
was reported to off-site agencies on August 16, 1993, as a release of a reportable quantity.
Additionally, the release was reported to the DOE, under DOE Order 5000.3B, but gince the
quantity did not meet the 45 kg (100 1b) reporting requirements for the DOE, the report was
canceled. Additional releases of reportable quantities of ethylene glycol occurred on December
6 and December 30. These releases were reported to off-site agencies as a release of a
reportable quantity, but did not meet the reporting requirements for the DOE.

3.2.2.2 Functional Appraisal - Environment, Safety and Health, and Quality
Assurance. A functional appraisal of selected environmental, safety, bealth, and quality
assarance programs, and Conduct of Operations was conducted at the WSSRAP by the DOE Oak
Ridge Operations Office from May 4 to May 12, 1993. The appraisal was performed to assist
the WSSRAP in its self-assessment program. No tiger-team audits were conducted in 1993 for
environmental issnes.
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Table 3-2 summarizes the namber of deficiencies resulting from the functional appralsal
of selected environmental safety, health, and quality assurance programs. Thirty-one of the 73
deficiencies have been closed out and are awaiting DOE approvai and closeont.

TABLE 3-2 Results of Oak Hidge.Functinnal Appraisal

il o “
Naw Daflclancles Prévioun Deficlencles Audit Finglowge Cloesd
Cited ‘Open

Watar Folfution Control B [+ b
Emdronmental Quality Assurance 8 1 7
i Groundwater Pragrams 4 .0 2.
Waste Minimization B 0 o
Aghianton Managermert 3 Y 2 R
Radiclogical Monitaring 7 2 2 g
TFoxic and Hezardous Subetancs 2 1 1
Contral
Radicaative Wasta Managsmant 0 4] 1]
N.a'tuﬁl Historle Pressrvation Act fA MNiA N/A . It
Health Phyeice 3 o 1 . ﬂ
H Industrial Hyglars 4 4] o E
,‘ Industrial and Conetruction Safety L & B
Traneporiation Safaty 1 i+ O
Flre Frotection 1 4 2
Conduct of Cperations 3 z 2

Totat

3.2.2.3 Missouri Department of Natural Resources Hazardous Waste -
Inspection. The Missouri Department of Natural Resources conducted an inspection under the
authorization of the Resowrce Conservation and Recovery Act on June 2-3, 1993, The
inspectton resulted in five findings. The findings are outlined in Table 3-3. Two of the findings
were disputed, two have been corrected, and one of the findings is being corrected under the
Building 434 improvements work package and is scheduled for completion in 1994,
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TABLE 3-3 Results of MDNR Hazardous Waste Inspection

| Finding Gnrraatwu ﬁmtmn Data '
| R T e —~ g P
1. Basa of containmant eystem not impervicus and free Q404194
of aracke at Building 434,
2. Failure to use coneacutive ehiprment numbers on Finding disputed - WSSRAP hes naot ehipped RCRA
maniteste. wartas off-eito.
4. Failure to fils an updatad gererator registration form. 07121183
4. Contingancy Flan did not eantaln all correct nares, 1073083
addressas, and tslephone numbers of amarganoy
soordinators.
B. Contingency Plan did net have an evacuation plan Finding dieputed - evacuation plan waz in Contingsney
inaludad. Flan.

3.3 Summary of Permits for 1993

Various permits were maintained by the WSSRAP for remedial activities including
NFPDES, excavation, and floodplain permits. Table 3-4 provides a summary of all NPDES and
Construction Permits. Currently, three active NPDES perntits cover discharges from the site
water treatment plant (MO-01077701), quarry water treatment plant (MO-0108987), and storm
water discharges fromi the site water treatment plamt pipeline excavation (MO-R101389).
Table 3-4 shows that the permit for the site water treatment plant has expired; however, the site
bas applied for renewal of the permit and is awaiting final permit approval from the State, A
nationwide permit under the Rivers and Harbors Act and Clean Water Act has been issued by
the Department of the ﬁrmyforthepropa@elnmnamnnfﬂgha{ZZacres) of delineated
wetland in the soils borrow area.

3.4  Site Remedial Mitigation Action Flan

The Mitigation Action Plan jor the Remedial Action at the Chemical Plant Areqg of the
Weldon Spring Site (MAP) (Ref. 19) was issued in November 1993, to summanze the major
_environmental impacts requiring mitigation as indicated in the RI/FS (Ref 2) and Record of
Decision (Ref. 10y for the chemical plant operable unit. The MAP further presents the
monitoring and reporting requirements for mitigative measures committed to the Record of
Decision.
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The MAP was submitted to EH-1 on Deoembm 13, 1993, for signature, which started
a yearly report requirement. This annual report requirement will be met by submitting this
report and will address the effectivensss of the mitigative measures taken during the previous
year. :

As required by the Mirigation Action Plan for the Remediation of the Chemical Plant
Area of the Weldon Spring Site (Ref.19), a plan is being prepared which outlines measures to
protect the workers, the public, and the environment during remedial activities at the chemical
plant. The proposed protective measures inclode dust, noise, radon, air particulate,
grovndwater, surface water, erosion control, and wetlands monitoring. The results of these
monitoring activities will be presented in the anmuat site environmental reports.

All remedial activities will be conducted in accordance with project Health and Safety
Plans (HASPs) to ensure worker protection. Noise monitoring will be performed during
construction activities in accordance with procedure BES&H 3.1.7. Equipment and surrounding
areas will be monitored to identify. noise levels above 90 decibels, If it is determined that
excessive noise levels are sustained over a period of time, noise level monitoring may be
employed during work activities at nearby residential areas and at some radius from the
construction area for recreational area users. :

Fugitive dust emissions will be monitored in accordance with the HASPs established for
the borrow area and cell construction work activities. The HASPs generated for site activities
state that tofaf airbome dust concentrations, as measured in the work area, shall at no time
exceed a limit of I mg/m® ¢visible dust).

The Environmental Monitoring Plan (Ref. 9) outlines the groundwater, surface water,
and air monitoring which will be employed to monitor the protection of the environment and the
pubic. Impact to the perched groundwater could possibly accur during deep foundation removal,
Monitoring will be increased if it is determined that foundation removal could be impacting
groundwater.

The erosion control program will be conducted in accordance with procedure
ES&H 4.2.1 to confirm that the structures are working adequately te reduce sediment munofT to
nearby surface waters and wetlands, A NPDHES construction permit will be obtained for the
barrow area and a limit of settleable solids will be imposed. When foundation and contaminated
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sail removal begins, additional pammetera will be monitored at those NPDES outfalls which will

receive mnoff from the work area.

- Contaminated surface water runoff will be monitored under the Storm Warer Runoff

Sampling Plan (Ref. 54). This plan requires surface water runoff from construction and storage

areas be collected and analyzed for total nranium and settleable solids in an effort to determine
the effectiveness of temporary erosion control measures.

Radon and particulate emissions will be monitored using the three tier program as
outlined in the Environmental Moritoring Pign. This program meets the requirements of DOE
Orders 5400.1 and 5400.5. The three ters are site specific, parimeter, and critical recepter
monitoring for radicactive air particulates, radon, and dust.

Monitoring associated with the redevelopment of a new wetlands complex as a mitigation
measure for the elimination of wetlands at the borrow area will include monthly sampling of
hydrological parameters, annual vegetation surveys, spring/fall bird surveys, and sprmgf summer

herpetofanna surveys.

3.5 Compliance Status for the Period January 1 - April 15, 1994

Compliance status remained unchanged under the RCRA, the CAA, the Endangered
Species Act, the Narional Historic Preservation Act, Bxecutive Orders 11988 and 11990, and
DOR Ozders,

The following CERCLA documents have been completed and submitied during 1994:

s Janvary 25: The Quarry Bulk Waste Remedial Action Work Flan (Ref.48) was
revised and forwarded to DOE.

* March 10: The responsive report to the BPA’s comments on the CSS pilot-scale
facility was provided to DOE,
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- Clean Wager Act

A public meeting was held on February 17, 1994, to seek public comments on the
reissuance of the NPDES permit for discharging water from the site (chemical plant) waier
treatment plant. Approximately 65 people representing the general public, the WSSRAP, and
the MDNR attended the public meeting. The NPDES permit for the site water treatment plant
was reviewed on March 4, 1994,

Toxic Substances Control Act

On January 27, 1994, approximately 56.8 1 (15 gal) of PCB contaminated oil leaked from

materials which were abandoned in Raffinate Pit 4 approximately 30 years ago. The materials
include discarded equipment and sterage barrels whose contents may or may not be empty. Due
to the disarray of the barrels and high water levels of the storage pond, the exact location of the
lzak cannot be determined. However, the leak has been contained and efforts to absorh the oil,
where practical, have been initisted, The storage pond was built with & clay bottom to store
raffinate sludge and has no drainage cutlet, Since the spill was directly into surface waters the

spill was reported to EPA Region VI and the National Response Center as required by

40 CFR 761.125.
Rivers and Harbors Act

In March 1994, the Corps of Engineers approved the nationwide permit for the
elimination of 0.9 ha (2.2 acres) of delineated wetland in the soils borrow area.

ite i itigation Action P

On March 7, 1994, the Army Corp of Engineers approved a Section 404 parmit
application submitted by the Missouri Department of Conservation (MDC) to create a 23.1 ha

(37 acre) wetland and waterfowl habitat adjacent to Dardenne Creek within the boundaries of

the August A. Busch Memorial Conservation Area.
On March 11, 1994, the WSSRAF application for Naticnwide Permit 26 was approved,

suh]ect to the establishment of an agreement between the DOE and the MDC, The mitigation
agreement states that the DOE will provide funding for the construction of the 23.1 ha {57 acre)
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wetland and waterfowl complex at. the Busch Conservation: Area to meet wetland mitigation
requirements in exchange for wetland mitigation credit as defined m the bﬁ:igaﬁon Acrion Plan
Jor the Remediation of the Chemical Flant Area of the Weldon Spring Site (Ref. 19).

The Phase I and Phase II archacological survey for the entire borrow arca and haul road

corridor was completed in December 1993. The report from Dr, Gary Walters, Triad Research

Incorporated, will be finalized and transmitted to the State of Missouri and the site in April-May.
Preliminary verbal reports indicate only one site will require Phase TI data recovery .or
avoidance. The site is located in an area of the borrow area where avoidance is & realistic
altemative. - '
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4 RADIATION DOSE ANALYSIS

This section evaluates airborne monitoring results and surface and groundwater discharges
of radiological contaminants. The evaluations presented include potential calcuoliated 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 U.S. Department of
Energy Radiological Control Marua! (Ref, 15) and in DOE Order 5400.5.

Dose calculations are presented in this section for each of the following: a maxirnally
exposed individual, a collective population, U.S. Environmental Protection Agency (EPA),
National Emission Standards for Hazardous Air Pollutants (NESHAPs) critical receptors, and
the radiation dose to native aquatic organisms. The exposure conditions used in the dose
calculations are further discussed in regpective 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 radicactive and .
chemical materials present at the site and the quarty are reviewed to determine whether the
pathways are complete. These analyses of exposure pathways, required by DOR Order 3400.1,
are based on the sources, release mechanisms, types, and locations of contaminants; the probable
environmental fates of the contaminants; and the locations and activities of potential receptors.
Pathways are then reviewed to detemmine if a Iink can be shown between ome Or ‘more
contaminant sources, or between one or more environnental transport processes, to an exposure
point where human or ecological receptors are present. If it is determined that a link exists the
pathway is called complete. Finally, the complete pathways are reviewed and if there was a
potential for exposure the pathway is deemed applicable.

Table 4-1 lists the six complete pathways for exposure from contaminants evaluated by
the Weldon Spring sito environmental monitoring program. These pathways are used to
determine radiological and noamadiological exposures from the site. Of the six complete
pathways, only four were applicable in 1993 and were thus incorpomated into dose estimates.
These were Liquid (B), Liquid (C), Airbome (A), and Airborne (B).
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TABLE 4-1 Exposure Pathways for the Weldon Spring Site

Applicable to 1993

Pathway Dencription Dosa Eatimate

Ingeeation of grourdwater fram locel welle downgradisnt fram the alts.

Licjuizi{A)

Liquid B} Inganticn of game and fieh inhabiting wildlifa area. -

Liguid (C) Ingesticn of surface water and eadiments. Y

Airornala) Inhedation of partculates disparaes throtgh wing sraalon and ramsdlal ¥
action.

Airborne{B) Inhalaticn of radon amittad from contaminated eaile. ¥

Exctarnal Direct gamema radiation from contaminatad soila. 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, concentrations of
radipactive contaminants are comparable to background concenfrations in the production wells
near the Weldon Spring Quarry (see Section 7.4). No drinking water wells are located in the
chemical plant/maffinate pits area.

There was no coniribution to the effective dose equivalents from the external pathway.
Statistical analysis of the results obtained from the external gamma mounitoring program indicated
that there wag no reason to suspect that any of the locations monitored were greater than
backgroumnd levels at the ©5% confidence level (see Section 5.2).

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 10 mrem {0.10 mSv) annually for airborne emissions other
than radon at critical receptor locations.

+ DOE guideline of 100 mrem {1 mSv) annual effective dose equivalent for all exposure
pathways on an annual basis, :
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4.2  Radiological Release Bsiimates

. Radiological release estimates were calculated for airborne particulates, radon gas, and
surface water releases. Table 4-2 shows. the estimated activity release to the environment and
the half-life for each radionuclide. The dashes in Table 4-2 indicate that the amoumt of
radicactivity released to the environment was not distinguishable from background levels. It
should be noted, however, that above-background radon gas concentrations were observed at six
locations at the quarry (see Section 5.1).

Airhome particulate release estimates were calculated based on NESHAPs monitoring
results at two critical receptors located at the chemical plant perimeter. The NESHAPs results
indicated that the only detectable above background radiological contaminant was total vrasium.
The isotopic release estimates in Table 4-2 assume a natural wraninm isotopic activity ratio
(49.1% U-234, 2.3% U-235, and 48.6% 1U-238), These emissions were attributed to building
dismantlement activities that occurred during 1993, These activities incladed the dismantlement
and demolition of three process buildings and 10 process support buildings, as well as {he pariial
dismantlement of two process buildings and 13 process seppori buildings. A box madel was
used to predict the airbome particulate release rate from the chemical plant. The calcnlations
used to estimate airbome releases are shown in Appendix B. In 1993, the estimated 1J-233,
U-234, and U-235 releases were 5.14E-04 Ci, 2 40B-05 Ct, and 5.19E-04 Ci, respectively.

The average radon concentration at the quarry area perimeter was 0.4 pCi/l above
* background. A box model was used to predict the radon release rate from the quarry for the
year. This model assumes that airborne contaminants are dispersed homogeneously within the
modeled volume of air. In 1993, the estimated R1-222 release was 12.5 Ci (4.6 x 1011 By).
Caleulations and assumptions are provided in Appendix B.

During 1993, intermittent surface water runoff was found to have transported uranium
from the site through five major discharge routes. These roontes were monitored through
monthly sampling of the: runoff water, as required under the site National Pollutant Diischarge
Elimination System {(NPDES) permit (see Section 6.4). Using NPDES natural uranjum 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 1993.
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TABLE 42 Radionuclide Emissicns to the Environment

QEY994

Activity of Radianuzlide Aativity of Hadiurﬁdida Mase of Radicnuclide Releasad i
Radloruolide Faleaged ta Alr (I ) __ {grarnj _ Hﬂ ___
-253 . 5.14E-04 - - 0.0BE 258,510 347809
lu-2e5 2.40E-05 0.004 . 1,885 7.04E08
lu-234 E.19E-04 0.087 14 2.34E05
h-232 - NA HA 1.40E10
h-230 - NA . - T. 40804
h-228 - NA A 1910
228 -  NA NA 676 |
w228 - NA NA 1,800 |
ﬂRn-222 126 HA MA 3.82 duya
Total Activity

HA Mot analyzed for this rediomiciids

i Total uranium value obtalned from Table 6-&

=  Not distinguisheble from background
Multiphy by 3.7E10 1o convert Ci to Bq

4.3 Exposure Scenarios

Dose calculations were performed for the maximally exposed individual, collective

. population, and critical receptors for applicable exposure pathways (Table 4-1) to assess dose

from the Weldon Spring site. First, conditions were set to determine dose {0 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 Memorial Conservation Area. A third set of dose calculations was
performed to meet NESHAPs monitoring data. Results of these estimates were then compared
to applicable standards to ensure the safety of members of the public and the environment.

A gamma 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, because extensive monitoring at the
site perimeters indicated go above background extemal gamma exposure resulting from
WSSRAP activities. This conclusion is based om a statistical analysis of environmental
thermoluminescent dosimeter (TLD) results (sce Section 5). Although several perimeter low
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volume particulate sampling locations were greater than background, no abwefbéckground
concentrations were detected through high volume NESHAPs monitoring at off-site locations in -
the near vicinity of the site. Caleulations of collective population doses utilizing perimeter and
off-site monitoring data determined the dose to affected populations to be less than 1 person-rem
per year (0.01 person Sv) from all pathways. Since all off-site low-volume air particulate
samplers and radon gas detectors other than background stations are within a 13 km (8.1 mi)
radius, and only the August A, Busch Memorial Conservation Area Jow volume sampling
location yielded above-background concentrations for gross alpha radicactive particulate
measurement, incorporating the calculation of a dose for the total population within 80 km
(45.6 mi) of the site is unrealistic.

The scenarios and models used to evaluate these radiological exposares were conservative

- but appropriate. Although radiation doses can be caleulated 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 radiatton 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 scenaric. This is approptiate
when the magnitnde of the dose to & 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

(1.0 mSv) is provided.

The collective population dose estimate is the product of the effective dose eguivalent
estimate at the exposure point and the number of parsons exposed. Exposure points are locations
where members of the public are potentially exposed to airborne radioactive particulate
concentrations, radon gas concentrations, external gamma radmtion, or radionuclide
concenirations in water or fooxd at above-background levels. The effective dose equivalent is
calculated by estimating radionuclide concentrations in the air, water, food, and external gamma
pathways at & given exposure point. These concentrations and reasonable exposure scenarios -
are used to estimate the amount of radioactivity inpested or inhaled and the amount of extemal
gamma radiation received by the potentially exposed population. :
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The NESHAPs commitied effectivé dose equivaleﬂt (CEDE) estimate is based on the
isotopic analysis of the high volume samples collected from critical receptor locations, The dose
estimates are required 10 demonstrate compliance with the NESHAPs annual exposure limit of
10 mrem.

All ingestion and inhalation calculations were performed using the methodology described
in Imternaiional Commission on Radiation Protection (ECRF) Reports 26 and 30 (Ref. 22 and 23)
for a 50-year committed effective dose equivalent. Pifty-year committed effective dose
equivalent conversion factors were ebtained from the EPA Federal Guidance Report No. 11
(Ref. 24).

4.4  Dose Estimates

Dose estimates for the exposure scenarios are presented in Table 4-3 and were calculated
utilizing 1993 monitoring data. Calculations for dose scenarios are provided in Appendix B,
Dose estimates were far below the guidelines set by the DOE for annual public exposure and
EPA NESHAPs limits.

The effective dose equivalents to the hypothetical maximally exposed individual near the
chemical plant - raffinaie pits, quarry, and vicinity properties are <1 mrem (<0.01 mSv),
1.9 mrem (0.019 mSv), and <1 mrem ( <0.01 mSv), respectively. This value represents 1.9%
of the DOR guideline of 100 mrem {1 mSv) above background for all 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 mrem (3 mSv). The collective population dose was'

0.12 person-rem (0.0012 person-Sv) for recreational users at the Busch Memorial Conservation
Area.

The maximum caleulated dose for NESHAPs critical receptors was 0.31 4 0.15 mrem
(0.0031 mSv) CEDE at AP-2005 for an individual working in the WSSRAP administration
building 2500 hours/year {technically, this individual would not be a member of the pubhc since
the area is vnder DOE control, but is hypothetically treated as such).
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4.4.1 Radiation Dose From the Chemical Plantfﬂnfﬁnate?its to a Hypothetical Maximally
Exposed Individual

This section discusses the estimated CEDE 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 radicactive particulate
inhalation, and radon progeny inhalation assume realistic regidence times that are less than
100%. Recreational use of the Busch Memorial Conservation Area is considered in the
assessment of the exposure to a maximally exposed individual at the chemical plant/raffinate 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 conservation area includes fishing .
and boating. Thus, the Liguid (B) pathway, fish ingestion, and the Liquid (C) pathway,
incidental water and sediment ingestion, are potential pathways for exposure.

The low volume gross alpha measurements at the northern perimefer of the chenyical
piant and Busch Memorial Conservation arca were found to be statistically different than
backeround ai the 95% confidence level using a one-tailed Student’s t test. As discussed in
Section 5, gross alpha measurements do not provide insight on which radionuclides the measured
alpha particles originated from. Early in the fourth quarter of 1993, an additional high volume
NESHAPs sampler was installed at the Busch Memorial Conservation Area sampling locition.
This type of sampling provides a much lower detection level, doe to the greatly increased sample
valume, and information regarding the contribution of each radioactive contaminant that would
originate from the WSSRAP, Fourth quarter results from the high volume sampler at the Busch
Memorial Conservation Area did not indicate any above background concentrations of
radionuclides originating from the WSSRAP.

At this time, it has not been determined why gross alpha measurements at the Busch
Memorial Conservation Area and chemical plant northern perimeter locations were statistically
greater than background. However, this is the first year that a new background station has been-
in use. There are several potential causes for the differences currently under investigation, one _
of which is possible higher gross dlpha concentrations due to the location’s near prbximity to
gravel roads, which results in higher ambient dust concentrations. '
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Although the high volume sampler located at the Busch Memeorial Conservation Area did
not indicate any above background concentrations of radionaclides that would have originated
from the WSSRAP, a dose estimate was calculated based on the average net concentration above

. background levels. The dose estimate was performed because it would not be correct to

completely dismiss the above-background gross alpha results nntil the source of the -above-
background gross alpha concentrations is determined. The dose estimate performed assumes the
primary contaminant is uranium, which is the onty above background radionuclide detected from
the NESHAPs program at stations located at the WSSRAP perimeter,

Although the gross alpha low volume airbome particulate stations at the northern
boundary of the chemical plant were also found to be statistically different than background
levels, only the results from the Busch location were used in dose estimates becanse of the low
probability of an individnal visiting the location on a regular basis. As a result, a dose estimate
was made only for the Busch location, which is a more realistic scenario and would result in a
higher dose estimate based on realistic exposure times, The scenarios are as follows:

* Assume inhalation dose occurs to maximally exposed individual during fishing and
‘hoating trips for a total of 119.5 hours.

¢ Assume net airborne particulate concentrations of 2.2E-16 pCi/ml (8.14E-12 Bg/ml)
measured at AP-4007 near Bosch headguarters buildings.

+ The average fresh-water fish consumption rate was 6.5 g/day (0.23 oz/day) (Ref. 25
and 23) and assumed 25 trips averaging 2.5 hour/trip.

* The average 1J-238 concentmation in fish was 0.009 pCifg (0.00063 By/g), collected .
from Busch Lake 36, where the concentration was the highest of the three lakes
receiving runcff from the site {see Section 8.3.1.1).

* An individual made 10 trips per year to the Busch Memorial Conservation Area.

* The individual spent 5.7 hour boating per visit (Ref. 26).

*» While boating, the individual spent 25% of the time swimming.
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* While swimming the individual ingested 0.05 liters/hour (0.05 qt/hour) of water
(Ref. 25 and 26). '

* The concentration of uraminm in surface water was 4,767 Bg/m® (130 pCi/l) from:
Busch Lake 36 (see Section &), which had the highest average surface walter
concentration of the three lakes receiving runoff.

» The average uranivm concentration of surface sediments was 110 pCi/g (1.1 Bg/g)
from Busch Lake 34, which had the highest concentration.

Based on the exposure scenario and assumptions described above, a maximally exposed
individual who frequentzad areas receiving surface water ranoff from the chemical plant perimeter
received & total effective dose equivalent of 0.03 mrem (0.0003 mSv) from inhalation of airborne
- particulate, ingestion of water and sediment, and ingestion of fish from contaminated waters,

4.4.2 Radiation Dose From the Weldon Spring Quarry to a3 Hypothetical Maximally
Exposed Individual '

This section discusses the estimated CEDE to a hypothetical individual assumed to
frequent the perimeter of the Weldon Spring Quarry. No private residences are adjacent to the
quarry site; therefore, all calenlations of radon progeny inhalation (Airborne B) assume a
realistic residence time of less than 100%. The scenario is based on a hypothetical individual
who routinely walked along the northem boundary of the quarry on State Route 94. This
scenario is currently being reviewed to reflect a more realistic estimate of visit frequéncy and
duration during 1994,

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 days/yeat.
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* The average residence time near the quarry ‘was & minute/trip (Ref. 6).
The highest measured annual ﬁv&mge concentration of radon gas was 1.3 pCi/l

(44.4 Bg/m®) above normal background (0.1 pCi/l) at station RD-1002 of the quarry
petimeter {see Section 5).

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/WEM) (Ref, 27).

The dose to the hypothetical maximally exposed individual at the quarry was 1.9 mrem
(0.019 mSv) from inhalation of radon daughters.

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
conservative but plausible exposure assessment. No private residences are adjacent to the slough
(it is situated on land currently managed by the Missouri Depantment of Conservation (MDC)
as pant of the Weldon Spring Conscrvation Area); therefore, all direct gamma exposuyre
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 Osagr.
Sloagh.

Scenarios and assumptions particular to this dose calenlation are summarized as follows;

¢+ No contribution to the estimaled dose was included from radon progeny
concenirations, Airborne (B), becanse the slough is contaminated only with uranivm
and the slough is covered with water,  Consequently, ahove-backgmund
- concentrations of radon are not expected at this location.

* The average U-234, U-235, and U-238 concentration in fish samples taken from the
Femme Osage Slough was 0.002 pCifg, (see Section 8.3.1.1).
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* The fresh water fish consumption rate was 6.5 grams/day (0.23 oz/day) (Ref. 28).

« No contribution from pathway Liquid (C) was included, becanse the stagnant water
conditions made it unlikely that the slough would be used for recreational swimming.

The dose to the maximally exposed individual ai the vicinity property from consemption
of fish tissue as discussed above was 0.001 mrem (0.00001 mSv) committed effective dose
equivalent,

4.4.4 Collective Population Dese

This section discnsses the estimated collective CEDE to the populations assumed to
frequent the Katy Trail located south of the quarry, and at the Busch Memorial Conservation
Area. This scenario provides a conservative but plangible exposure assessment. Since the
results from all critical receptor monitoring locations were not significantly different from
background concentrations at the 235 % confidence lavel, 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 quamy along
the Katy Trail indicated that there was no reason to suspect at the 95 % confidence level that the
results were greater than background levels. As a result, no collective effective dose was
calculated for the population on the Katy Trail. The scepario used for the Busch Memorial
Conservation Area is based on recreational use for fishing and boating activities,

Scenarios and assumptions particular to this dose cﬁlculation 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 io
suspect at the 95% confidence level that results were greater than background levels.

¢ The MDC estimates that approximately 160,000 persons per year use the Busch
Memorial Conservation Area, which is adjacent to the chemical plant/raffinate pits
area, while another 5,895 persons participate in recreational boating activities, Busch
Lakes 34, 35, and 36 receive rnoff from the chemical plant/raffinate pits site, and
all three lakes are utilized for fishing and boating purposes. Therefore, a population
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of 165,895 persons was assumed to have potential for exposure through ingestion of
fish, water, and sediment from these lakes.

~® If each fish is consumed by a different person, the affected population weuld be
112,000 persons.

* The highest average U-238 comcentration in the fish collected from Lakes 34, 35, and

36 was 0.009 pCi/g (0.00009 Bg/g) (Section 8.3.1.1).

* The average time spent at the Busch Comservation Area per boating trip was
approximately 4.5 hours,

+ The average time per fishing trip was 3.5 hours.

* Fach of 5,895 visitors made only one visit to the area and spent 25% of the time
swimming.

¢ Maximum water concentrations were 130 pCi/l (6.3 Bg/l} (Section &) amnd sediment
concentrations were 110 pCifg (4.1 Bg/g) (Ref. 29).

The estimated population dose for the Busch lakes ingestion scenario were

1.56B-5 person-rem (1.36E-7 person-Sv) for inhalation, 0.1 person-rem (0.001 person-Sv) for

fish, 0.015 personrem (0.00015 person-SV) for water, and 0.0017 person-rem
(0.000017 person-SV) for sediment. Consequently, the collective population dose estimate for
all applicable scenarios for the Busch Memorial Conservation Area exposure point was
0.12 person-rem (0.0012 person-Sv). This dose is considered insignificant as compared to the
dose received from natural background sources.

4.5 NESHAPFs Release Estimates

In 1990, the WSSRAP initiated an environmental airbome particulate monitoring program
sensitive enough to detect airbome radionclide concentrations ai the levels specified in the
NESHAPs (40 CER 61 Subpart H, Appendix E). This regulation requires that radionuclide
emissions other than radon be identified and that effective dose eguivalents to members of the
public be calculated using EPA approved procedures and compater models, or other procedures
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for which the EPA has granted prior approval. The WSSRAP has chosen to meet these
requirements by measuring airbomne radionuclide copcentrations at designated critical recepior
locations rather than using computer modeling. The WSSRAP monitoring plan is contained in
the Plan For Monitoring Radionuclide Emissions Other Than Radon at Weldon Spring Site
Critical Receptors (Ref. 21) which has been approved by EPA Region VIL.

Potential airhorne emissions at the site result from wind dispersal of surface soils and
fugitive dust generated during remedial actions, The most accurate method of dose estimvation
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 radicnuclides other than radon during remediation of the
Weldon Spring site.

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
Wﬂdﬂqﬂpﬁngmmﬁammﬂnepamemﬂftheﬂmypmpeﬂywmamthwm
(AP-4008), and adjacent to the nearest residence to the quarry (AP-4011). The former
background location at AP-4007 was moved to the new background station, AP-4012, in
December 1992, A critical receptor monitoring station was installed at the Busch Memorial
Conservation Area, AP-4007 dﬁring the laiter pant of 1993. Each station has a high volome air
samplet as well as a low volume sampler. The locations of these monitoring siations are shown
in Figures 5-1 through 5-4 in Section 5.

An exposure scenario was developed and a dose estimate was calculated for gach critical
receptor location shown in Table 4-4, Other assumptions vsed in the dose calculation are:

« Breathing rate of 1.25 m3/hour (44.1 f*/hour) (Ref. 30).

+ Fifty-year commnitted effective dose equivalent conversion factors provided in HPA
Federal Guidance Report No. 11 (Ref. 24).

The results of the NESHAPs dose calculations are presented in Table 4-4. Isetopic air

monitoring results from high volume samplers provide emission concentrations for use in
NESHAPs dose estimates shown in Table 4-5. The high volume data was used for the dose
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calculation, since the detection limits were more accurate with the larger valume of air sampled.
The doses were all less than 0.4 mrem (0.004 mSv) per vear 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 1992,

Data quality review of precision and accuracy for the NESHAPs high volume samples |
indicated that data quality objectives established in the Plar: for Mornitoring Radionuciides Other
Than Radon ar Weldon Spring Critical Receptors (Ref. 21) were not completely achieved.
Although the precision requirements were met, only 50% of the spiked filters met the established
criteria. All of the uranium spikes met the established critera but all of the Th-230 spikes
failed, Failure of the Th-230 spikes was found to be caused by 2 spike preparation problem
rather than a laboratory analysis problem.,

A careful review of the documentation on spike solution preparation indicated that the
solution had not been preserved with nitric acid. Thus, the Th-230 did nof remain in solution
and could not have been applied to the filters at the concentration expected. Therefore, -
laboratory analyses were accurate when they indicated activities much less than the spike
activities.. In addition, the contracted laboratory prepared and analyzed Th-230 matrix spikes,
and the results were all well within acceptable ranges.

When a new spike solution was prepared and applied to first quarter 1994 NESHAPs
filters, 100% of the spiked filters met data quality objectives. Based on these resglts, and
identification of the source of spike data quality failure, it is possible to conclude that the
concentrations measured at the critical receptor locations are valid.

4.6 Radiation Dose to Native Aquatic Organisms

Since benthic invertebrate samples could not be collected during 1993 (sce
Section 8.3.1.2), the radiation dose to native aquatic organisms was calculated using the highest
concentration of urnium detected in benthic invertebrates during 1992, The highest uraniom
concentration detected was 32 pCifg in a sample from Frog Pond.

The 1993 dose to nalive aquatic organisms was therefore calculated in the same mamner
as for 1992, and was compared to the DOE guideline of 1 rad/day. The absorbed dose rate to

rosersi foannelaeord Punctian.d 62




CB1384

these organisms was 0.04 rad/day. Further sampling will be conducted in calendar year 1954
and these calculations will be updated at the completion of these evernts.

4.7 . Highlighis

The effective dose equivalent for the maximally exposed hypothetical individual from

all pathways was 1.9 mrem. This value represents 1.9% of the DOE guideline of
100 mrem (1 mSv) above background.

The NESHAPs standard of 0.10 mSv (1) mrem) annually for airborne emissions was

not exceeded in 1993, The commiited effective dose equivalents were calculated as
< 0.4 mrem for each of the critical receptor monitoring locaticns.
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5 RADIATION AND ASBESTOS 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 sexies and with the Environmental Monitoring Plan for Calendar Year 1993
(Ref. 9). This section describes monitoring resuits for radon, external gamma radiation,
aitborne radicactive particulates and asbestos at various site perimeter and off-site locations.
A program overview, summary of applicable standards, actual monitoring results, and an
assessment of any associated envirommental impacts is provided below for each parameter
mentioned in the plan, '

5.1 Radoen Gas Monitoring Program
5.1.1 Program Overview

Both U-238 and Th-232 are naturally occurring radionuclides in soit and rock. Radon
(Rn-220 and Rn-222) is a naturally occurring radicactive gas found in both the uraniuvm and
thorium decay series. A fraction of the radon produced from the radioactive decay of naturally
occurring 1J-238 and Th-232 diffuses from soil and rock into the atmosphere, accounting for
natural background airbome radon concenirations. Radon is produced at the Weldon Spring site
from these natural sonrces as well as from the contaminated waste materials present at the site.

Aithorne 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, including radinm concentrations in soil, soil moisture comtent, soil -
porosity, soil density, and atmospheric pressure. Of these, the moisture content of the =01l is
the most variable and is primarily responsible for quarterly and annual changes in aithorne radon
concentrations. '

The environmental radon monitoring program utilizes a pair of radon detectors at each
of the 37 permanent monitoring locations; seven at the Weldon Spring Chemicat Plant (WSCP)
perimeter, eight at the Weldon Spring Quarry (WSQ) perimeter, 13 at the raffinate pits area, and
_ nine at off-site locations. Radon monitoring locations are identified with an "RD" prefix in
Figures 5-1, 5-2, 5-3, and 5-4. WSCP and WSQ monitoring locations are distributed around
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the perimeter to ensure adequate detection of radon dissipating from the site under various
atmospheric conditions. ILocations RD-4001, RD-4004, RD-4005, RD-4006, and RD-4009
monitor background radon concentrations. The radon detectors used in this program are alpha
track detectors that are sensitive to all isotopes of Tadon and are deployed guarterly.

The radon epvironmental monitoring program also utilized continuons radon and radon

* danghter monitors. Continuous radon monitors were placed at ocations AP-4012, AP-3004,

AP-1009, and AP-4006, The contintrous radon danghter monitors were located at AP-1009 and
AP-40006, as shown in Figures 5-1, 5-2, and 5-3. 'The contintous radon monitors were in
operation in the beginning of the year, were removed for calitbration in early April, and started
again in mid-June. The continuous radon daughter monitors were operated January throngh
March. The mdon danghter monifors were removed from the envirommental monitoring
locations and wsed for worker protection monitoring. The radon daughter monitors are more
beneficial for worker protection than the radon monitors, and the radon monitors provide
adequate monitoring at the perimeter and off-site locations to perform dose calculations, if
necessary, These monitors measure (hourly averape) radon concentrations and the data are
collected and analyzed at least weekly. The monitors are calibrated once per year at a DOE
radon chamber facility.

5.1.2 Applicable Standards

DOE Order 5400.5 specifies a derived concentration guideline (DCG) for unrestricted
areas {off-site areas) of 3 pCi/l (111 B¢/m?), for an annual average, above the background radon
concentration. '

5£.1.3 Muanitoring Resulis

Table 5-1 summarizes quarterly and annual average radon concentrations. Since radon
is natorally occurring, each location is compared to the background stations to determine whether
any significant differences existed at the 95% confidence level. Locations with levels
sigmificantly higher than background were. compared to the DCG. For the DCG comparison,
the average annual background concentration was subtracted from the anmmal average
concentration before comparison,
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TABLE 5-1 1993 Aipha Track Radon Results®

Ry e

0E1994

o 1at
Guarter

AD-1002

2md
Quarter
pCiA

3rd
Quarter
pCiA

1.3

Annual
Standard
Devigtion

Percant of
Guidaline
I:ri

RD-1003

0.4

AD-1004

2.1

RD-1008

a1

]| AR-1008

.1

AD-1007

0.1 0.2

AD-1008

2.1 0.2

2.1 N/A

RD-1009

AD-2001

Waldan Spring Chamical Flant

0.2

AE-2002

RD-2003

0.2

RE-2004

01

AD-2005

o1

RD-2008

6.1

RD-2007

G.1

RD-3001

Q.1 MN{A

Weldon Spring Raffinate Plant

RD-3002

0.2 0.1

RD-3003

0.1 0.1

RE-3004

0.1 0.1

RAC-3005

.t 0.1

RD-3007

0.1 0.2

RO-3008

0.1 0.1

RO-3009

0.1 0.1

RLD-3010

Q.1 0.3

RO-3011

Q.1 0.1

AL-3012

0.2 0.3

RAD-3013

0.1 0.2

RD-3014

0.6 0.2
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TABLE 5-1 1993 Alpha Track Radon Results'® {Continued)

———
18t Znd Zrd dth Annual Antial Paroant of
Location Quartar Cuarter Quarter Qunrer Avaraga Standard Guideline || -
1.0, pCiA pGif pCif pCin pCif Daviation (b}
*RD-4004 0. Q.1 LA 0.1 - 01 Q.02
*RC-4006 a1 ) a4 s Q.1 1 | 0.03
*RE-4006 0.1 .1 0.2 2.1 0.1 .03
RO-4007 Q.7 1 0.2 0.1 0.1 [N | 0.04
RD-4008 MiA 0.2 NfA NfA 0.2 Nia -
*RO-4009 0.1 o1 0.1 0.1 .1 0.0 -
a} Aosulte include natral background levels.
ik Fearcent of guideline is oaloulated by taking the yesar-to-date gverage minue the average of the background statlons
dividad by the DOE conoentration guideline for Rn-222 of 3 pCif (100 Bofm™3) annusl avarage sbove chkgrﬂund far
uneentrolan areas,
* Background atetion.
" NfA Miseing track steh detector or a datactor that was not deptoyed, suoh @ previaus quarters for naw menitoning stetions,

The results obtained from the pair of alpha track detectors for each location were
averaged to determine the quarterly average radon concentration, These averages were then
used to calculate the annual average radon gas concentration. The anmual standard deviation

reported reflects the error propagated by taking the standard deviation of the mean of the
quarterly resulis.

‘The annual alpha track background concentration was calculated using the arithmetic. .
average of the five background locations. The data yielded an annual background average radon
concentration in 1993 of (0.1 pCi1 (3.7 Bg/m?). The average background radon concentration
did not significantly change from the 1991 and 1992 averages of 0.3 pCi/l (11.1 Bo/m®) and 0.2
pCi/1(7.4 Bg/m?) respectively.

Average quarterly radon concentrations were consistent at all locations with the exception
of quarry air sampling location AP-1009. During the fourth quarter there was a definite increase
in airbome radon concentrations. This increase is a result of quarry bulk waste removal
activities amd was expected. Distuthance of the soils during bulk waste removal operations
allows a much greater radon emanation fraction from the sofl interstitial pore spaces to the
atmosphere than occurs from undisturbed soil. The elevated results measured during the fourth
quarter are expected to continue througheout bulk waste removal.
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~ -Table 5-2 summarizes the continvous radon monitor results, shown as quarterly results
and aonual averages for each monitoring location. The annual averages were also compared fo
the DXCG, after subtracting the background station AP-4012 results, and are shown in the table.

TABLE 5-2 1993 Continuous Radon Monitoring Results®

Locatlon

: Paraant of
Standard | Gukdaline
Daviation {37

i) Results [nclude matursl background. '

i) Parcent of guidsiine caleulnted by taking tha yaar-to-dats sverage minus the avarags of the background stations divided
by the DOE concentration guidsline for AN-222 of 3 pGid 1100 Bafm™3) annual svarsge abowve background for
uncontrollad amae,

. Cenotes. hackground etation

Although fourth quarter results at the AP-1009 had a notable increase, it should be noted
that the results obtained from the continuous monitors are consistently greater than the results
obtained from the alpha track detectors. The continmous monitor results are believed to be
biased high. This bias is probably a result of the annuat calibration performed at the DOE
facility in Grand Junction, CO. The detectors are calibrated at 3 pCi/l (111 Bg/m?), 10 pCi/l -
(370 Bg/m?), and 25 pCi/l (925 Bg/m>) airborne concentrations, To more closely tepresent
environmental concentrations the possibility of lowering these calibration concentrations is being
investigated. In addition, the continuous monitors reguire significant maintenance and
downtime, Maintenance and downtime could have a bias effect on the averaged monitoring
results.

5.1.4 Data Analysis

Statistical analysis of the radon alpha track detector resulis indicated that at the 95%
confidence level, the measured concenirations at five 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 five of the 13 raffinate pit locations were
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_ greater than the background statiom results. The anaiysis indlicates that the results for all other
stations are no higher than background levels.

5.1.4.1 - Chemical Plant/Raffinate Pits. Statistical analysis of locations RD-3007,
RD-3010, RD-3(12, RD-3013, and RD-3014 shows nieasured results higher than background
levels. These stations are located around the raffinate pity perimeter, The average
concentrations for the above monitoring stations exceeded background levels by 0.1 pCi/l
(3.7 Bg/m?) to 0.2 pCi/l (7.4 Bg/m®). The statistical test is based Iargely on averages and
standard deviations of the sample groups. When the standard deviatons are smafl, the test
. detects smaller differences between the two data groups. Because the standard deviations among
the quarterly analysis results for these sample locations were small, (the difference between the
average concentration was only 0.1 pCifl [3.7 Bg/m?]) the hypothesis test was able to conclude
that the sampling locations were greater than background levels. Although the failure of these
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 discossed in Section 4.4.2, The quarterly measured radon concentrations from all
stations ranged from 0.1 pCi/l (3.7 Bg/m® to 0.5 pCi/l (18.5 Bg/m®) at the chemical
plant/mffinate pits momnitoring locations.

5.1.4.2 Quarry. The measured concentrations at the quarry indicated that five of
the eight sampling locations were greater than background levels. These results were not
utiexpected, because the quarry contains significant radinm contamination, and quarry bulk waste
removal activities began in 1993, Furthermore, the quarry is surrounded by steep walls, and
this tends to stagnate the air inside it. This inhibfis dispersion and results in an increased
concentration at the perimeter of the guarry. The impact of the above background radon
concentrations t0 a hypothetical maximally exposed individual was assessed as described in
Section 4.4.2. The quarterly measured results ranged from 0.1 pCi/1 (3.7 Bg/m) to 1.9 pCifi
(70.3 Bg/m?). -

5.1.4.3 OAT Site. Statistical analysis of monitoring results from off-site locations
indicated that there was no reason to suspect at the 95% confidence level that measured
concentrations at any of the stations were greater than background levels. The quarterly radon
concentration measurements at off-site locations ranged from 0.1 pCi/l (3.7 Bq/m?) to 0.2 pCifl
(7.4 Bg/m®), These results are similar to results obtained during previous years.
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5.1.4.4 Five Year Trend Anaiysis of Radon Gas. Figure 5-5 shows the anpual
average radon concentration for the monitoring stations at the quarry, chemical plant, raffinate
pits, and off-site locations. These monitoring results include natural background radon
concentrations. The monitoring results at the quarry seem to indicate a significant downward
trend. This trend appears to continue in 1993; however, this is primarily due to the addition of
two new stations at the quarry near the water treatment plant; These stations are further away
from the contaminated soils than the other stations, and when averaged with existing station
results, appear to result in a lower average conceniration for the area.

5.2  Gamma Radiation Monitoring
5.2.1 Program Overview

Gamma radiation is emitted from natural, cosmic, and manmade sources. The earth
naturally contains gamma radiation emitting substances, such as wranium, thorium, and
potassium (K-40). Cosmic radiation originates in outer space and filters through the atmosphere
to the earth. Together, these two sources compose natural background radiation. The United
Nations Scientific Commiitee on the Bffects of Atomic Radiation (UNSCEAR) (Ref. 31}
estimates the typical gamma radiation dose is 33 mrem/year from the earth and 30 mrem/year
{0.30 mSv/year) from cosmic sources, The total estimated background radiation for this area
is 65 mrem/year (0.65 mSv/year).

Gamma radiation is monitored at the site using environmental thermoluminescent
dosimeters (TLDs) at 29 monitoring stations: seven at the site perimeter, five near the ffinate
pits, eight along the gquarry perimeter, and nine off site. The locations are denoted by a “TD"
prefix on Figures 5-1, 5-2, 5-3, and 5-4, Stations TD-4001, TD-4004, 'T1-4005, TD-4006, and
TD-4009 measure natural background at locations unaffected by the site. The TLDs are changed
gvery quarter.

5.2.2 Applicable Standards
There is no specific standard for gamma radiation in the DOR orders; however, DOE

Order 5400.5 specifies that members of the public shall receive less than 100 mrem/year
{1.0 mSv/year) from DOE operations for all exposure pathways.
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5.2.3 Monitoring Results

Table 5-3 summarizes quartetly and annual average gamma radiation monitoring resuits,
The table includes quarterly averages, anmual totals, and the annual standard deviation for each
station. The annual standard deviation reported reflects the error propagated by taking the
standard deviation of the mean of the quarterly results.

The background ievels of gamma radiation for 1993 were determined by averaging the
quarterly measurements from the five background staiions. The average sate from these stations
was 60 mrem/year (0.60 mSv) with a standard deviation of 8 mrem/year (0.08 mSv). This
average background is approximately the same as the UNSCEAR. 1992 estimate of 65 mrema""}'aar
{0.65 mSv/year).

The first quarter TLD results were significantly higher than TLD results in the remaining
quarters. This is becanse the control TLD monitoring results were significantly higher than
expected, and therefore, were not subtracted from the gross TLD results. The cause of these
high control TLD results is not known. First quarter TLD results are listed, but are not used
in calenlating the annual total. To calculate the annual total gamma radiation rate, the missing
data, and the firgt quarter data, wers replaced with the average of the remaining quarterly TLD
resolts for those stations.

5.2.4 Data Analysis

Statistical analysis of TLD detector results at the 95% confidence level showed no
radiation levels above background. Based on this analysis, there is no reason to believe that
above background extemal gamma exposure to members of the public occurred as a result of
WSSRAP activities. '

5.2.4.1 Chemical/Raffinate Pits. The annual total gamma radiation measurements
from TLDs at the chemical plamt and raffinate pits ranged from &) mrem (0.60 mSv) to
67 mrem (0.67 m8v). These resulty are comparable from previous years for these areas.

5242 Quarry. The annual total gamma madiation measurements from TLDs at
.-the quarry ranged from 59 mrem (0.59 mSv) to 71 mrem (0.7]1 mSv). These resuits are
comparable from previous years for this areas. '
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TABLE §-3 1993 Environmental TLD Results'

Loaaticn . Standard
Daviaticn

TO-TRQ2

29 1
f TE-1003 28 17 ' 16 16 65 1
TD-1004 28 17 19 16 &9 1
TD-1006 28 17 18 18 89 1
TD-1008 25 18 18 17 88 1
TD-1007 28 18 17 18 71 1
TD-1008 27 18 17 .14 83 1

z

TD-2007

TO-3002
TO-3003
- Th-3004
TD-23006
*TO-4001 1
TR-4002 22 12 ' 1" ' 13 48 1
TD-4003 22 12 11 14 45 1
*TD-4004 27 18 18 - - T2 o
*TD-4006 24 T4 13 13 53 1
*Th-4008 25 16 19 14 50 1
TD-4007 24 13 14 13 53 1
TO-4008 23 . 13 - - BEZ -
*TD-4009 25 . 13 T2 14 : b2 1 ||
. Genotes hackground location.
{a) Resulte includa natwral background gamma radiation.
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bl To calculata the annual total ganeme rsdistion mte, Tha misalng dats spg tha firet quartsre date wars raplaced with the
avarage of the ramedodng quartarky TLD reaulta for thoes watone.

- Danotes lost or damags TLO. '

Ta canvart to mSvivaar, divide by 100,

5.2.4.3 Off-Site. The annual total gamma madiation measurements from TLDs at
off-site locations ranged from 43 mrem (0.48 mSvy) to 72 mrem (0.72 mSv). These results are
comparable from previcus years for these areas.

5244 = Five Year Trend Analysiv of TLIDs. Gamma radiation exposure
monitoring results from the last five years are shown graphicaily in Figure 5-6. The graph
shows yearly monitoring result averages for the chemical plant, raffinate pits, quarry, and off-
site locations. The results include the natural background dose rate. No significant trend was
evident at the site in 1993.

5.3  Radioactive Air Particulate Monitoring
~ 53.1 Program Overview

Radioactive air particulates are airborne dust particles that carry radioactive contaminants.
The primary contributors to long-lived namral background radicactivity on dust particles are
decay products of radon. Background concentrations of radioactive air particalates are affected
* by the amount of contaminants in the soil, moisture, wind, and geological coaditions. Many
areas on site contain above background concentrations of soil contamination, which could result
in increased airborne radioactive particulate concentrations. Imcreased airborne madioactive
particulate emission from the site could result from wind erosion or remedial work activities,
such as moving equipment and vehicles in contaminated areas,

The WSSRAFP monitors radioactive air parliculé.tes using 17 permanent low volnme air
samplers: seven at the site perimeter, five at the quarry, and at five off-site locations. In
addition, three temporary low-volume air monitoring stations were established around the

chemical plant perimeter. Depending on the current activities, portable air particulate samplers

were deployed at temporary stations. These locations are denoted by an "AP" preﬁx'qn
Figures 5-1, 5-2, 5-3, and 5-4. In order to monitor alpha particles, low volume air sampler
filters were analyzed for long-lived gross alpha activity, These samplers collect airbome
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particulates by drawing ambient air ﬂamuéh mixed cellufose 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.

A mid-year study indicated decreased monitor pump reliability, It was determtined that
the 3/4 hp pump motors installed during the 1992 monitor expansion were insufficiently cooled
and that proper cooling was not possible with the existing equipment. All 3/4 hp motors were
exchanged for 1/4 hp motors during the third quarier. The pump reliability did not effect flow
rates and failed pumps were replaced in a timely manner. Fourth quarter results exhibited
improved sampling reliability. :

53,2 Monitoring Results

The annual average long-lived gross alpha concentrations and] standard deviations for the
17 permanent and three temporary low volume stations are summarized in Table 5-4. Anmmal
averages were calculated using uncensored weekly air particulate analysis resulis. Uncensored
data refers to all results, including those near or below the minimum detectable amonnt. The
DOE Environmental Regulatory Guide for Radiological Efftuent Monitoring and Environmental
Surveillance (Ref, 32) requires the use of uncensored data to minimize any bias in arithmetic -
averages and standard deviation calculations.

The typical minimum detectable concentration (MDC) for low volume air particulate
sampling at the WSSRAP is 3.3 x 10716 ;xCi/ml (0.12 mBg/m®). This MDC is low enough to
allow detection of Th-232, which has the lowest derived concentration guidetine (DCG) at the
site of 7 X 1071% xCi/ml (0.26 mBg/m?) (DOE 5400.5). If an individual inhales airborne
contaminants at the DCG for one year, the resulting committed effective dose equivalent is
100 mrem (1 mSv).

5.3.3 Data Analysis

Statistical analysis of the annual results from the low volume airborne particulate
samplers indicated that the concentrations of airborne radieactive particulates were greater than
background levels at the chemical plant/raffinate pits stations AP-2002, AP-2005, and AP-3004
and at the off-sits location AP-4007. The statistical analysis indicated that for all other stations
there was no reason to suspect that the results were greater than background. |
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TABLE 5-4 1993 Radioactive Air Particulate Gross Alpha Results
Mumber of Sampla
Annue! Aversgs Long-Lived : Valuse Above
Monitering Station Groer Alpha Concentration Standard Daviation WMOC{olTotal Mumber of
idertification Number i x 10719 pcimpyt (% 1E-15 uChiml) Samplas
AP-2001 1.18 C.62 . 4751
AP-2002 1.48 ' 0.83 43749
AP-3003 1.08 G444 AE147
AP-3004 1.18 .80 42151
AP-2008 1.4% 0.70 BOIEY
APAQ08 1.04 0.47 47149
AP-4Q0C7 1.24 0.49 B1/52
AF-4C02 . 1.21 1.00 47/61 E
1 AP-1003 1.08 0.64 47/62
AP-1010 C.96 .41 B0/51
AP-4011 116 0.48 80/52
AP-4012' 1.02 0,50 51/82
AP-2013 1.12 0.5 48/50
AP-3014 1.11 0.42 . 47147
AP-1016 1.18 0.81 42746
AP-1018 ' 1.14 .49 49/E0
AP-1017 1.21 0.72 49551
AP-Z018 1.12 .48 141 & A
AP-2020 0.21 052 Bf12
AP-2028 0.50 .50 212
{a) Indigates background moniterdng station. ]
(1] The annual avarage groes slpha concemtrations ware calculeted uslng uncansored date, which ineudas analysls rasatits
which ars lors than reparted minimum detectabls concantrations.
{=) KMDC - minimum detectable soncentration.

Multiphy by 37,000 to convert pCifml o Bgfel

In 1993, several process buildings were dismantled at the chemical plant. This would
sugpgest a potential to release higher concentrations of radicactive airbome particulates than in
past years. However, among monitoring stations that failed the statistical analysis, only
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monitoring station AP-2005 showed 19@3 annual .avm'age concentrations greater than the
comparative 1991 and 1992 annual concentrations.

Background monitoring station AP-4012 had a 1993 annual average of 1.02E-15 pClut

(3.778-11 Bg/ml) and the 1992 annual average was 1.28E-15 uCifml (4.74E-11 Bg/mb). This
represents a decrease in concentration of approximately 20% for 1993, The decrease is
attributed to the change in location of the backgroumd station in 1993, In 1993, the background
station was moved from the Busch Conservation maintenance building area to the Dandel Boone
Elementary School in New Melle. The new setting is in a grassy area with asphait or concrete
in adjacent areas. The old background setting was in. the middle of a gravel parking area.
Gravel dust has natural radioactivity, and continual sampling of the gravel dust would increase
the radioactivity collected on the sampling filter. The lack of fugitive dust created by vehicle
traffic on the gravel area is suspected to be the reason for the decrease in the 1993 background
concentrations,

1t should be noted that the high volume airbomne particulate sampler at monitoring station
AP-4007 (Busch Conservation Headquarters) collected data in the fourth quarter and did not

indicate any increase of radioactive aithorne particulate concentrations. ‘The high volume |

airborne particalate samplers have a flow rate of approximately 950 liters (247 gal) per minuote
and are more sengitive than the 40 liters (10 gal) per mirmte low volume samplers, Alkthough
the high volume sampler data is used to assess potential doses to critical receptors, the low
velume air sampling data will be nsed to assess any potential impacts to a hypothetical individual
at the Busch Conservation Headquarters (AP-4007) as discussed in Section 4. '

“To assess the effect of fugitive dust on the background low volume monitoring station
results, gravel dust samples will be analyzed, dust concentration measurements at the samplers
will be collected and compared, and an additional background monitoring station may be
established.

5331 Chemical Plant/Raffinate Pits. The average concentrations at the
chemical plant/raffinate pits perimeter ranged from 8.1B-16 uCifml (2.99E-11 Bg/mD to
1.45E-15 pCi/ml (5.37E-11 Bg/ml). These results are similar to those measured during previous
years.
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5.3.3.2 Quarry. The average concentrations at the quarry perimeter ranged from
9.6B-16 uCi/mi (3.55E-11 Bo/mi} to 1.218-15 uCifml (4.48B-11 Bg/ml). These results are
similar to those measured during previnu_s years.

3333 Oft-Site. The average concentrations at off-site locations ranged from
' 1.02E-15 pCi/ml (3.77E-11 Bg/ml) to 1.24E-15 xCi/ml (4.59E-11 Bo/ml). These results are
similar to those measured during previous years. o

5.4 Unrestricted Area Radionctive Contamination Monitoring
5.4.1 Program Overview

The unrestricted area radioactive contamination monitoring program ensures that areas
used by the general public are not contaminated by radivactive materials migrating from the site
as a result of remedial activities. Monitoring consists of in situ measurements (fixed
contamination) and swipe sample (removable contamination) collection.

The unrestricted area radicactive contamination monitoring program includes radiological
surveys in both the contrelled and uncontrolled areas at the site. Site roadways and the quarry
bulk waste haul road are monitored to ensure that removable contamination is kept free from
these accessible areas. The Katy Trail is surveyed since it is used by the public.

Ten roadway areas outside the site controlled areas and 10 locations on the Kﬁi}r Trail

. {between the Femme Osage Slongh and the quarry) are routinely surveyed. Starting in the

-fourth quarter 1993, periodic contamination surveys were conducted on the quarry bulk waste

haul road. Thirty locations were surveyed on the haul road. Variations in monitoring locations

are made to check for any contamination ¢ver the entire investipated portion of the han! road

and Katy Trail. To date, -these surveys confirm radioactive contamination has not been carried
into unrestricted areas. :

In situ measurements are taken with a beta-gamma detector. One minute measurements.
are collected to provide the total (removable plus fixed) radioactivity within the tested area.
Swipes are then wiped over an approximate 100 cm? (15.5 in) area with & dry cloth or paper
swipe. The swipe is analyzed uwsing an alpha scintillation detector. The count rates are
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corrected o account for detector efficiency. The swipe measurement provides removable
radioactivity in dpm/100cm?.

542 Monitoring Results

The site roadway surveys indicated an anmual removable average alpha radioactivity level
for all monitoring locations of 0.35 dpm/100 em?. The highest level was 3.84 dpm/100 cm?.
The average minimum detectable activity (MDA) for alpha radicactivity was 4.5 dpm/100 em?.
The roadway surveys indicated an annual average fixed beta-pamma radioactivity levels for all

monitoring locations of 550 dpm/100 cm?; the highest level was 1,870 dpm/100 cm?. The’

average MDA for beta-gamma madicactivity was 549 dpm/100 cm?.

The Katy Tmil survey indicated an annual average alpha madioactivity level for all
monitoring locations of 0.90 dpm/100 cm?; the highest level was 5.2 dpm/ 100cm?. The
average MDA for alpha radioactivity measurements is 4.3 dpm/100 cm?, The survey indicated

an annuak average beta-pamma  radicactivity level fm‘ all monitoring locations ﬂf.

420 dpm/100 cm?; the highest fevel was 1,140 dpm/100 cm?,

The fourth quarter haul road surveys indicated a range of removabie alpha radicacttvity
of -0.68 dpm/100cm? to 9.8 dpm/100cm?, with an average of 0.01 dpm/100cm?. The range of
beta-gamma radioactivity was 0.0 d;:ttl:;l’lllll]cm2 to 1061 dpm/100cm?, with an average of
252 dpm/I100cm?. The MDA for removable alpha radioactivity and beta-gamma radioactivity
was 3.8 dpm/100cm? and 619 dpm/100cm?, respectively. Most measurements were below the
MDA. The annual averages are based upon actual not survey results whether negative, positive,
Of ZEero.

5.4.3 Data Analysis

The site monitoring resnlts show fixed contamination present in a few locations, but at
levels well below the DOE vranium surface contamination guidelines for unrestricted use
(5,000 dpm/cm? or 5,000 dpm/15.5 in?). The contamination was probably caused by aitborne
uranium deposits that occurred during Weldon Spring Uranium Feed Materiat Plant operations.
No increase in removable contamination levels has been measured since the monitoring program
was initiated.
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The Katy Trail and quarry haul road monitoring resuits indicate background radiation
levels. These data indicate that no contamination from the quarry is migrating to the quarry haul
road or the Katy Trail, and thus, there is no identifiable probability of radiological contamination
to users of the trail or haul road.

5.5  Airborne Asbestos Monitoring

During 1993, environmental monitoring for asbestos was conducted full time at Francis
Howelt High School (AP-4006) and at the site perimeter, In mid-January, full time monitors
were placed around the site perimeter (AP—ZDGZ, AP-3003, AP-2013, and AP-2019) to monitor
asbestos abatement operations. In Aungust, full time asbestos monitors were also placed at the
quarry perimeter (AP-1009, AP-1010, and AP-1015). See Figures 5-1 and 5-2 for monitoring
locations. Filters were collected weekly and shipped off site for analysis.

Two methods are utilized to analyze asbestos samples. Phase contrast microscopy (PCM)
indicates fibers that have the same size and shape as asbestos; however, this method does not
distinguish between asbestos and nonashestos fibers. Transmission electron microscopy (TEM)
measures the actual asbestes fiber concentrations. '

TEM was used for primary asbestos analysis until December 1993, when all asbestos
samples were analyzed using the PCM method.

The results of the environmental samples collected at the Francis Howell High Schoot
and the site and quarry perimeter are provided in Table 5-5. A total of 281 samples were
. collected with onty 11 samples indicating results above the detection limits. The range of
samples above the detection limits is 0.0006 fibers per milliliter of air (f/ml) to 0.0022 f/ml.

The environmental air samples collected from the site and quarry perimeters and Francis
Howell High School are all below fiber concenimaiions as defined by the EPAs acceptable
clearance levels for schools. These results indicate that asbestos fibers were effectively
contained during abatement operations.
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TABLE 5-5 Summary of Asbestos Air Monitoring Results

GE1994

Mumber of
Samplaa/Samplas Above
Location Dataction Lirit Rangs™ -

AP-2002 4611 ' C.0008 00006
AP-2013 433 0.0008-0.0022 0.0012
AP-2019 45/3 L0006-0.0012 0.0010.
AP-3003 471 00013 0.0013
AP-A0086 - 443 o.0006E! 0.0006
AP-1009 1300 N/A NIA
AP-1010 1652 A NfA
AP-1HE NSA M

[a) nsludee anly samples above deteation limite.

[} Adl eprnples had the same results.

NiA Wo range or average oaloulated. All semples wara below the detaction llmit.

5.6 Highlights

Statistical analysis indicated that five radon monitors located at the quarry and five
lecations at the site were statistically greater than background. The highest measured
concentration was 40% of the derived concentration guideline {DCG) for Rn-222.

TLD results from the chemical plant, guarry, and off-site Iocations ranged from
48 mrem to 73 mrem. Monitoring result statistical analysis indicates (at the 95%
confidence level) there is no reason o suspect these values are greater than

background.

Asbestos analysis showed fiber concentrations below the EPA acceptable clearance
levels for schools.

Statistical analysis indicated that three gross alpha airborne particulate monitors at the
chemical plant/raffinate pits perimeters and one off-site monitor location have anawal
average concentrations statisticalljr greater than background levels. The highest
measured annual average concentration was 21% of the DCG for Th-232, which is
the lowest DCG at the site, and 0,.07% of the DCG for U-238, which is the primary
contaminant at the site,
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6 SURFACE WATER PROTECTION
6.1 Program Overview

The environmental monitoring and protection program for surface waters at the Weldon:
Spring Site Remedial Action Project (WSSRAP) inclndes monitoring discharge points under the
National Pollutant Discharge Elimination System (NPDES) program and monitoring streams,
ponds, and lakes under the surface water monitoring program,

The effluent or NPDES monitoring program at the Weldon Spring site establishes
sampling requirements for discharge points {outfalls) at both the chemical plant and the quarry,
The goals of this program are to maintain compliance with NPDES permit requirements and to
characterize water released from the site to protect the health of downstream water users and the
environment, :

To protect public water sources, the surface water monitoring program monitors existing
or potential surface water contamination. Additional goals include demonstrating compliance
with alf applicable regulations and Department of Encrgy Orders, providing sufficient data. to .
determine long term build up, and the detection and quantification of unplanned releases.

6.2  Applicable Standards

The WSSRAP is subject to, and complies with, Executive Order 12088, which requires
alt Federal facilities to comply with applicable pollution control standards. Effiuent discharges
from the site for 1993 were authorized by six NPDES permits issued by the Missopri
Department of Natural Resources (MDNR). The MDNR requires specific parameters to be
sampled under each permit, Each parameter is assigned effluent limits or a "monitoring onky"
status, which means the concentrations are reported but not limited by the permit. Sampling
frequencies and reporting requirements for two permits are summarized in Tables 6-1 and 6-2,
respectively. Permits MO-G680002, MO-G680004, and MO-G80005 are for hydrostatic test
water for the treatment plants and associated pipelines. These permits require sampling once
per batch- and there are permit limits for flow (gallons), oil and grease (15 mg/l), and total
suspended solids (30 mg/l). In addition, the sixth permit, the site water treatment plant effluent
pipeline land disturbance permit (MO-R101389) has one monitoring requirement for settleable
solids to be measured once per quarter.
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TABLE 8-1 Weldon Spring Chemicat Plant Storm and Sanitary Water (NPDES Parmit .
MO-0107701) Monitoring Requiraments

Eoeation

Parameter NP-OG02, NP-0C03,
NF-CD0E NEOO01, NP-ODO4

Sarnpllng Fragquaney onaafmanth onos/gquUarter onaafquarter

GPD imonftor onhy ™

GFD [monitaer anly] .

GPD Imanitor only}

Sottleable Solide 1.0 milind® - 1.0 mld e —

TsS g/l imoritor onby) ¥

mg/l imonitor 4:1n|'|h|||'i1"’r 16 /20 mg.flm

Hitrate ag M mgdl {menitar ondy) mgfl {monitor only) -

Lithium mg# {monitor onlyl mgf {monitor only)

]l LUranivm, total mg/ {monitor only) mgfl {monitor only] —

Groee o pCifl imenitar only) PCIl (monitor onby) —
pH & - 9 standard unite & - & etamdsnd units® § - 9 otandard unlts
Faaal aaliform - — 001000 colonies/
100 mi'!
BOD - - 10/15 maA'®

NOTE: Refer to Figura 6-1 for NFDES monitoring locatior.

ja} Limits apphy aftar date of Rocord of Decision (Saptembar 17, 1233) {Ref. 10); "monitor only™ requiraments apply untdt
that date. :

{31} Fraguancy is onca/month for NP-0O00S flaw muonitodng.

ic} Lirmlt is S0 mg if arcslon cantrol ie hot designed Far 1 in 10 mr; 24 hour storm.

-]} Monthly avarags | weakly avarags.

() Monthly averags | dally maximoum,
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(a)
(i}
(o)
{d}
{a)
[f]
(g}
{h}

MR

Wonitoring only.

Draily maximumimaontbly avarage.
Limit appliss only to chemleal plant, monltoring only at quarny.
NF-1001 oniy.
Semi-annual monitaring,

Duarterly mo

nitoring

Annual monitaring.
Watar trestrnant plant designed for an svarage conoentratlon of 20 Gl and never to excesd concentrations of

100 pdif,
Hot Reguired
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TABLE 6-2 Treated Efflusnt Parameter Limits and Monitoring Requirements for
Quarry Water Treatment Plant (NPDES. Permit MO-0108987) and Site
Water Treatment Plant (NPDES Permit MQ-0107701)
(Frequency = once/batch unless otherwise noted)
Location Location
SW-1011 SW-1011
SW-1012 SW-1012
NP-DO07 SW1018 NP-00O7 SW-1016
Parameter NP-1001 SWAOE Paramastar NP-1001 EW-1015
Groes @ pciat®! poiate Fb, total 0.10 mgA
Groes & pCia™ point Mn, total 0.10 mad
Uraniur, tatal pCintelht potl Hy, total 0.004 mgit
Ro-228 pCiat™ pCiatt Se, total 0.02 mgA
Ra-228 peiale! o Ag, total 0.10 mg
Th-230 pCial pointe Zn, total | 5.00 Mg/
Th-282 pcinte! peintst Cyanids, totd 0.0076 mg#
Flow GDP MR Aghestos finaren™
BOD mg' NR 2,4-DNT 0.22 pafl
coD 80/680 rmp/ "W NR Flucrde, total 4,0 mgfht
TSS 50730 myAit NR Hitrste ag M 20 mpgitil
pH 6-3 standard unite NR Sulfats aa 50, 00 mgA
Ag, toial .10 mg/fl NR Chloride mgHe
B4, total 1.6 mgh NR Priority Paliutante mgala!
1 Cd, total 0.02 mgfl NR Viole Effluent Toxdclty 10% Mortainytf!
Cr, tatal 0.1 mgi NR Pa-210W! pCHale!
Cu, total 1.00 mg/l NR Ao-2270d! pilaies
Fe, total Q.80 mgd NR Radon'® pCifieliel
" NOTE:  Rwefer to Flgura 8-2 for NPRES monitanng Incationg
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Discharge monitoring reports are aot required for this permit, although MDNR notification is
required if settleable solids exceed the reporting level of 2.5 ml/lflr. Table 3-4 also lists the.
NFPDES permits.

Effluent discharges are also regulated by Departmemt of BEnergy (DOE) Order 5404.53,
which calls for a best available technology evaluation if the annual average uranium
concentration at the outfall exceeds the derived concentration guideline for natural uranium

{600 pCi/l).

The main criteria used to develop the surface water monitoring program were the
Missouri Water Quality Standards established under the Missouri Clean Water Commission
Regulation {10 CSR 20-7.031) and the proposed U.S. Envirenmental Protection Agency drinking
water standards for radiomuclides. A list of applicable water standards for contaminants
routinely monitored in the surface water program can be found in Section 7 (Table 7-1).

Surface water is also monitored under the requirements of DOE Order 5400.5, Radiation
Protection of the Public and the Environment, which designates derived concentration guidelines
(DCGs) for ingestion of water (see Table 7-2).

6.3 Hydrology

Separate surface water monitoring programs have been developed at the chemical plant
and quarry due to differences in the topography and hydrologic conditions. Both programs take
into account the mechanisms controlling surface water and ultimately groundwater movement.

6.3.1 Weldon Spring Chemical Plant and Weldon Spring Raffinate Pits

The chemical plant area is located on the Missouri-Mississippi rivers surface drainage -
divide. The topography is gently undulating and generally slopes northward to the Mississippi
River. Streams do not cross the property, but incipient drainageways convey surface water
ranoff to off-site streams. Surface drainage from the northern and western portions of the site
drain to tributaries for Busch Lake 35 and then to Schote Creck, which in turn enters Dardenne
. Creek, ultimately draining to the Mississippi River (Figure 6-1). Surface drainage from the
chemical plant’s abandoned siorm water sewer and Frog Pond also discharges to Dardenne
Creck after flowing through Busch Lakes 35 and 36 into Schote Creek. Runoff from the

m:usaraijoannalasarddisectlan.b I 9[]'




i{ COUNTY:
@ ROUIEK SW-2001
- - e
© DARDENNE *-r
. CREEK . SW-
U.S. ROUTE /_&/,,,f-"' A 2001
. : o 401'61_ ‘/ .
- . T —
“-\_5‘\,!\ et T ]
S\f T e /J
| / CREEK - J
SW-2004 \/ K )RR
' . ] . F/-'" .
sw-2012 " |
i e '
SW-2003 ,-"f
[ 8W-2005 yan
=t o LAKE 38 {
\ ) SW-2002 |
I ~MsA B
NP-0003 _; A SW-2015
ASH POND b ;
SW-2010" .{.; FROG POND
N 5; 004; SW-2011
3 WELDON SPRING
RAFFINATE PITS < el EMICAL PLANT
SW-300F THROUGH . NP-0001 CH c _
SW-3004 NP-0005 {
SOUTHEAST DRAINAGE
_. ~ f,/ :
NOTE: SEE FIGURE 62 FOR _ . _
LOCATION NP-000T. - SURFACE WATER AND NPDES
LEQEND MONITORING LOGATIONS AT THE
LT _ WELDON SPRING CHEMICAL PLANT
® - SURFACE WATER LOCATION: o AND RAFFINATE PITS
A - NPDES LOCATION e .
¢ 172 M FIGURE 6-1
N st -
0 8 16KM ROITIO:  DOE/OR/21548-436 [T ANPIOTO/ 193
SCALE Jonmmator e ;mww, GLN - T 12/20/93




0E1994

southern portion of the chemical plant site ﬂuws southaast to the Missouri River via the
Southeast Drainage {Valley 5300).

The four raffinate pits, located in the sovthwestern portion of the chemical plant area,
have no discharge structures and collect only direct precipitation. The material staging area
basin (SW-2015) is a temporary holding pond that collects storm water runoff from the staging
area. After monitoring, this impoundment is periodically pumped into the Ash Pond diversion
channel, which uitimately flows so NPDES outfall NP-0003 and then to Busch Lake 33.

6.3.2 Weldon Spring Quarry

Surface water within the quarry consisis of the quarry pond, which acts as a storm water
sump and also intercepts and collects groundwater (Figure 6-2). There is no direct surface water
runoff from the quarry; however, contaminated groundwater from the quarry moves through the
bedrock and fine-grained alluvium into the Femme Osage Slough. Flow from the slough into
the Missouri River is controlled by the river and slough stages, and a valve and discharge pipe.

The Little Femme Osage Creek is located adjacent to the western side of the guarry site,
This creck discharges into the Femme Osage Creck about 1.6 ki (1 mi) upstream of its

confluence with the Missouri River. No direct munoff from the quarry area discharges imo either
creek. ' '

6.4  Monitoring Programs
6.4.1 National Pollutant Discharge Elimination System Program

Physical and chemical parametars were monitored for at all storm water and hydrostatic
test water samples. Additional parameters were monitored in the quarry water {reatment plant
and site water treatment plant effluents and in storm water samples collected for required permit
application analyses.
6.4.2 Surface Water Program

6.4.2.1 Weldon Spring Chemical Plant and Weldon Spring Raffinate Pits.
Dardenne Creek, Busch Lakes 34, 35, and 36, Frog Pond, and Ash Pond were sampled
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quarterly for total uranium, semi-annually for nitrate and sulfate, and annuvally for Ra-226,
Ra-228, Th-228, Th-230, Th-232, gross alpha, and gross beta, The raffinate pits were sampled
anmually for total uranium; semiannually for nitrate and sulfate, and quarterly for radon, Ra-226,
Ra-228, isotopic thorium, gross alpha, and gross beta. '

The material staging area basin was sampled quartery (beginning with the third quarter)

for arsemic, barium, cadmium, lead, chromium, mercury, selenivm, silver, magnesium,

“polychlorinated biphenyls, total petrolenm hydrocarbons, and total organic carbon. Total
urznium was determined for each batch of water prior to discharge.

6.4.2.2 Weldon Spring Quarry. The quarry poad and seven locations within the
Femme Osage Slough were monitored to determine the impact of groundwater infiltration from
the quarry. Two locations on the Little Femme Osage Creek and one Jocation at the Femme
Osage Creek were monitored to provide data on areas of potential impact from the guarry,
Three locations on the Missouri River were also monitored.

All locations were sampled bimonthly for total yranium due to the fluxations in the
concentrations possibly resulting from changing water levels in the stough and the possible
impacts of contaminants in the slough on downgmdient groundwater. All locations were also
monitored at least annually for arsenic, barium, nitrate, sulfate, nitroaromatic compounds, and
other radiochemical parameters, including Ra-226, Ra-228, Th-228, Th-230, Th-232, gross
alpha, and gross beta to provide baseline data and early detection for these parameters within
surface water bodies near the quarry due to the potential impact to groundwater. The quarry
pond is monitored bimonthly for the previously mentioned parameters, with the exception of
arsenic and barium, to maintain surveillance of the contaminants in the quarry bulk wastes.
6.5 Monitoring Results
6.5.1 National Pollutani Discharge Elimination System Program

6.5.1.1 Radiochemical Analysis. The 1993 avemage uranium concentrations at
the storm water discharge points ranged from 9 pCi/i (0.33 Bg/l), which is 1.3% of the DCQG,
at NP-0004 to 1003 pCifl (37.11 Bg/1), which is 148% of the DCG at NP-0001. Asnnval

average gross alpha concentrations ranged from 13.4 pCifl (0.50 Bg/1) at NP-0004 to 1080 pCisl
{40 Bg/I) at NP-0001. The annual average radiomuclide concentrations for all the storm water
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outfalls are shown in Table 6-3. Uranium concentration averages were calculated on a flow
proportional basis in Table 6-3. Appendix A averages were not cakulated on a flow
proportional basis,

TAEBLE 6-3 1993 Annual Average NFDES Results for the Welden Spring Chemical
Plant Storm Water Qutfalls

Number Teatal Grosa Suapandad Sattleable
of pH Uranium Alpha & N Lithium Solide Solide Grease
Samgise pCiMm*+ {myg 1} {mifl}

B

NFP-0001

NP-0002 12 (o) 230 284.8 0.842 .01 4.4 =01 NE
NF-0003 12 (&) 807 G446 2.234. Q.01 . a.7 =0.1 NS
KP-D004 4 fal | 2 13.4 0.220 Q.009 5.8 <01 NS
NP-D006 12 ta) 132 343.3 0.210 o013 233 <01 NS
NP-;I'SAB ] Ia&) . 1.7 1.B 1.865 0.012 2141 =0.1 . 2.5
ta} AH pH readings were in permnitted range of 6.0 to 5.0,
% Flow proportionsl aversgas axcapt for NP-T3AB

The site water treatment plant (SWTP) and quarry water treatment plant (QWTF) were
both in operation during 1993. Fifteen batches were discharged from the QWTP and 15 batches
were discharged from the SWTP. No daily maximum or monthly average limit was proposed

for uranium; the design of the treatment plant is based on achieving an average discharge of -

30 pCi/l uranium with a maximum never to exceed 100 pCi/l (3.7 Bq.-’m:"). The average
nraninm concentrations for both treatment plants were below 1.9 pCi/l (0.07 Bg/l). The
averages for all radiological parameters are given in Appendix A.

Hydrostatic test water was discharged from the quarry water treatiment plant and basins,
the site water freatment plant basins, and the temporary storage area basin, Storm water was
also discharged from the temporary storage area basin.  Hydrostatic test water was discharged
from uncontaminated areas; therefore, radiological monitoring was not a requirement of these
NPDES permits, and the water was discharged and monitored as storm water and hydrostatic
test water. The annnal average nranium and gross alpha concentrations of temporary staging
area effluent were 0.95 pCi/l (0.04 Bg/l) and 1.72 pCifl (0.06 Bq/1), respectively.
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Bstimated quantities of total uranium released off site throngh surface water runoff and
treatment plant discharges are presented in Table 6-4. The total volume of storm water was
determined from totalizing flow meters. Where flow meters were not available or were not in
operation, the flow was determined by total precipitation and mnoff curve numbers cited in the
WSSRAP Chemical Plant Surface Water and Erosion Congrol Report (Ref. 33) or by calculating
a ratio of monthly precipitation to monthly total runoff from months when the flow meters were
operating, Total nranium released from the treaiment plants was calculated vsing flow meter
and effluent data.

Annual average uranium concentrations for NPDES outfalls from 1989 to 1993 are shown
in Table 6-5. Concentrations in 1993 increased at outfalls NP-0001 and NP-0003, decreased at
outfall NP-0005, and did not change appreciably at outfalls NP-0002 and NP-0004 compared to
1992 concentrations. Bach outfall is discussed below, '

Outfall NP-00 is the abandoned process sewer. This sewer has been blocked at a
manhole upstream of the outfall and the comtents of the process sewer upstream of the manhole
are pumped to the site water treatment plant. The only water in the process sewer downstream
of the manhole is storm water infiliration or inflow. The increase in the average uraniim
concentration {1,003 pli/l) for 1993 to above the DCG of 600 pCifl has been attributed to
inflow from a storm water source upstream of ocutfall NP-0005. This source flows in a ditch
that crosses over the process sewer. It was discovered that the flow in the ditch was going
underground and entering the process sewer. This source is a minor contributor to outfall
NP-0003, but when it was entering the process sewer it comprised the major portion of NP-0001
flow. The source of the high uranium levels is being investigated and corrective action will be
taken when the canse is found.

Average uranium concentration for Outfall NP-002 in 1993 remained essentially the
same as 1992. There was an elevated level detected in December, but the source was Iocated
and that water was diverted to the site water freatment plant.

The average uranivm concentration for outfall NP-0003 at 607 pCi/l (22.5 Bg/l) was
slightty above the derived concentration guide of an annual average of 600 pCiAl (22.2 Bg/l).
The increase was a result of higher anmnal precipitation than normal, which caused the
contribution from Ash Pond to be higher than usual. In the past, Ash Pond water has typically
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TAEBLE 6-4 1993 Estimated Annual Releasa of Natural Uranium fromn NPDES Outfalls

. Tatal -
Area % of Avarage Rsinfall Total Total U
Precipitation Concantration Voluma Runcff Total U Roloasa
{Mialivrl | [Mgaliyrl | Relesse (Ciiyr)
NP-DOH | (8.2) 20.2 NfA, a51iel 20.04 1§ g7t 2,106 x 107 0.97
HP-OOOE
NP-0002 130.4) WA . 230 111.87 B1.86 4,808 x 1074 66.23
76.1
NE-000A3 130,21 MSA &7 11022 48,16 11.080 x 1072 162 .66
74.6
HP-OO04 2.2 &1 - 8,23 8.74 22929 x 1078 0.34
5.8
NP-GOG7 NiA © Nia 0,363 R 11, 72k 1.610 % 108 0.02
HP-1001 N{A NfA 1.881 - 1015 7.226 x 107 o.11
TOTAL 171.11 NiA N 28026 122.61 0177 28038
17856
L — o — e —— = = ——

{a} Asmatming fow at NE-GO05 is three thmes the fow ot NP-000] (censervative)
(3] Bunoff Curvs Number
i} Mot incloded in total runcff

NFA Mot Applicsble

TABLE 6-5 Annual Average Uranium Concentrations at NPDES Qutfalls 1989 - 1993

HP-QQ07

HP-T001

Flow proportional avarage.
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been in the 1000 pC¥/i (37 Bg/l) range, but usually only discharged from December through
March. A return to normal precipitation should result in a drop in uranium at NP-0003. Storm
water from upstream activities will be closely monitored to exclude those activities as
contribuiors to the increase. ' '

Uranium levels at outfall NP-0004 remain essentially the same as previous years, while
uranium levels at outfall NP-0005 have decreased by more than 50%. This decrease may be
atiributable to the cleanup of the site water treatment plant construction area and also the
diversion of an upstream source as explained above in the NP-0001 discussion,

6.5.1.2 Physical and Chemical Results.

-6.8.1.2.1 Chemical Plant Storm Water. The annual averages for the physical and
chemical parameters for storm water outfalls NP-0001 through NP-()5 and the temporary
storage area basin water are shown in Table 6-3. Parameters that are not listed in Table 6-3 are

reported in Appendix A.

6.5.1.2.2 Site and Quarry Water Treatment Plant Physical and Chemical
Parameters. Physical and chemical parameters were all within permitted limits (where limits
were assigned) for the site and quarry water treatment plants. Averapges for these parameters
are given in Appendix A,

6.5.1.2.3 Administration Building Sewage Treatment Plant. The parameters
required by the NPDES pemit for the sewage treatment plant are all physical and chemical.
The treatment plant was shsidown for modifications uatil July 5, 1993. Before that date the.
sewage was hauled away by a contract hauler. Monitoring results for sewage treatment plaat
outfafl NP-0006 are given in Table 6-6. Noncompliances with permit Hmits occurred during
October and December for TSS and BOD. The subcontractor has implemented accelerated
operational monitoring to allow more information for operational changes to maintain
compliance,
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TABLE 6-8 NP-000E, Sewage Treatment -Plant Outfall, Monthly Averages of
Pormitted Parameters

Paratnstartal
Manth TSS (1620 mgA}® BOD {10/16 mgA}* Fot (s00f pH (5.0-2.0 5U}
Q00 col 100 mij**
Jan - June No Disaharge
July 3 1 [+ 6.8
. |
Auguet 2 8 - .0
Swptambar 12 8 o B8.B
Ootobar 2B.6(2) 24{2) a 8.8
Nowvermber NS NS NS NS
Decarnber 16421 1202 a1 F.0{2)
{m Mumber of gamples glyen in paremtheses after average.
b} F.C - facal coliform.
NS Not Sampled
b Monthly average/waakhy average
e Menthly avarage/daily masdrnum

6.5.2 Surface Water Program

6.5.2.1 Weldon Spring Chemical Plant and Weldon Spring Raffinate Pits.
Offsite Locations:
Radiochemical Parameters - With the exception of location $W-2001, surface water at

off-site monitoring locations remained within historic ranges for wraniom. A new high of
10.0 pCi/l was measured in April at SW-2001. Subsequent measurements at this location
showed that uraninin concentrations were at background levels. The cause of the elevated
uranium measurement in April is not known. All remaining radiological parameters were within
historic ranges at all locations sampled. -

Inorganic Anjons - Sulfate and nitrate remained within historic values during the 1993

monitoring period. These parameters will be removed from the monitoring program in 1994
becanse they have remained within background ranges at these off-site locations,
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On-S#e Locations:

" Radiochemical Parameters Uranium and other radiological parameters remained within
historic ranges at all on-site Iocations. Radon, which has not been routinely measured, was
measured three times in each of the raffinate pits (SW-3001 - SW-3004). The results, which
were somewhat erratic, were not proportional 0 uraninm or Ra-226 concentrations in the
raffinate pits.

s, Metals, 3 r Pargmeters: Sulfate, nitrate, and nitroaromatics were within
h15tom:: ranges in each uf the raffinate pits (SW-3001 - SW-3004). Pesticides, PCBs and total
petroleum hydrocarbons were measured in Raffinate Pit 4 (SW-3004) and were below the Hmit
of detection. Arsenic, cadmium, chromiom, and manganese were also measured in Raffinate
Pit 4 and were near or below the limit of detection.

At Frog Pond (SW-2011) and Ash Pond (SW-2010), nitrate and sulfste were within
historic ranges. Lithium was not detected or was present at low levels. Arsenic and mercury
were not detected during the single sampling for these parameters. Asbestos was measured for
the first time at these locations and was near or below the detection limit.

6.5.2.2 Weldon Spring Quanrry.

: emical Parameters. The average total umnizm values continue to indicate the
highest IEVEIS for suﬁaﬂe: water are found in the quarry pond (SW-1008), which is within the
quarry area, and the portion of the Femme Osage Slough (SW-1003 through SW-1005 and
SW-1010) down gradient of the quarry. The annual averages for the surface water locations are
summarized in Appendix A. The uranium levels in the quarry pond ranged from 360 pCifl to
8000 pCifl with an annual average of 3857 pCi/l, which is higher than the historical average of
1686 pCi/l. This increase is attributed to bulk waste removal activities in the quarry, The total
uranium levels in the Little Femme Osage Creek and the Femme Osage Creek remained at or
below the background level of 1.70 pCifl. The uranium levels in the Missouri River also
remained within the background level of 4.08 pCi/l.

The DCG for total uranivm in drinking water systems is 24 pCi/l, which is 4% of the

DCG for total uranivm in discharge waters (600 pCi/l}). This criterion was used for the Missouri
River because the siver is a source of drinking water. This value was not exceeded in any of
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the Missouri River samples. The proposed U.S. Bnvironmental Protection Agency Drinking
Water Standard of 20 pg/l (13.6 pCi/I} for total uranium was nutexoaededatany of the
Missouri River monitoring locations,

The first bimonthly surface water sample coilected from location SW-1004 in the Femune
Osage Slough indicated a uranium concentration of 4,012 pCi/l. This value was mtlceabljr
higher than the historic high of 557 pCi/l. The sample was reanalyzed and the elevated level
was confirmed, . The analysis of the resampling event in March 1993 indicated a concentration
of 100 pCi/l. An investigation of the difference between the sampling conditions for the two
separate events was initiated, and it was concluded that it was an effect of the flooded condition
in-the well field and is further discussed in detail in Section 10.

The quarry surface water locations were sampled annually for gross alpha and gross beta,
except for the quarry pond, which was sampled bimonthly. The gross alpha and gross beta
resulis for these locations were within historic ranges for the Little Femme Osage Creek, the
Femme Osage Creek, and the Missouri River. Blovated gross alpha levels were indicated in the
western portion of the Femme Osage Slough (SW-1003 through SW-1003, and SW-1010) but
were within historic ranges. The gross alpha levels in the quarry pond ranged from 240 pCi/l
to 6900 pCi/l with an annual average of 3132 pCi/l and gross beta levels ranged from 93 pCifl
to 2860 pCi/l with an annual average of 1151 pCi/l. These increases are also attribuied to the
bulk waste removal activitics in the quarry. The annual averages for these monitoring locations
are summarized in Appendix A.

The Missouri Drinking Water Standard of 15 pCi/l for gross alpha was exceeded at one
‘Missouri River monitoring location (SW-1012) and 50 pCi/l for gross beta was not exceeded in
the Missouri River, The annual average gross alpha at SW-1012 was within background ranges
established at SW-1011. Background for the Missouri River is 11.6 pCi gross alpha and
16.2 pCi gross beta. :

Isotopic radium (Ra-226 and Ra-228) and thorium (Th-228, Th-230, and Th-232) were
analyzed annvally during 1993 at surface water locations around the quarry and bimonthly in the
quarty pond. The levels of these isotopes were at or below background ranges in the Litile
Femme Osage Creck, the Femme Osage Creek, and the Missouri River. The levels of these
isotopes were within historic ranges in the Femme Osage Slough and the quarry pond, The
annual averages for the monitoring locations are summarized in Appendix A,
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The DCGs for Ra-226, Ra-228, Th-230, and Th-232 in drinking water, as established
by Department of Bnergy Order 5400.5, are 4% of the respective DCG for each isotope in the
discharge water. This criterion was used for the Missouri River because the river is a.source
of drinking water. These values were not exceeded at any of the Missouri River monitoring
locations. -

Nj i C !

Nitroaromatic compounds were analyzed at all quarry surface water locations, Three
locations, the Little Femme Osage Creek (SW-1001 and SW-1002) and the quamy pond
(SW-1008), indicated detectable concentrations of nitroaromatic compounds. The annual
averages for all the surface water monitoring locations are summarized in Appendix A. The
concentration of 2,4,6-trinitrotoluene (TNT) in the quarry pond was elevated but was within
historic ranges. The remaining nitroaromatic compounds detected in the quarry pond were
within historic ranges. The concentrations detected in the Little Femme Osage Creek may be
linked to the former Weldon Spring Ordeance Works., The Little Femme Osage Creek 18 located
in a drainage (Valley 5600) which is a main southerly dmainage for the ordnamce works area.
Previous sampling of the Little Femme Osage Creek and several springs located upstream which
discharge into this valley have yielded detsctable concentrations of nitroaromatic compounds.
The Federal ambient water quality standard of (.11 pg/l for 2,4-dinitrotoluene (DNT) was
exceeded only in the quarry pond, '

.

All surface water monitoring locations at the quarry were sampled once in 1993 for
nitrate (as N) and sulfate. The analyses indicated nitraie concentrations were within background
ranges in the quarry pond, the Little Femme Osage Creek, the Femme Osage Creek, and the
Missouri River. Nitrate concentrations were elevated but within background ranges in the
Femme Osage Slongh, The anmual averages for nitrate at the quarry surface water monitoring
Incations are summarized in Appendix A, The maximpm contaminant level (MCL) standard for
nitrate (10 mg/1) was not exceedéd at any of the quarry surface water monitoring locations.

Sulfate levels in all surface waters monitored in and around the quarry were within
background ranges The anmual averages for sulfate in surface waters are summarized in
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Appendix A. The MCL standard for snlfate (250 mg/1) was not exceeded at any of the quarry
surface water monitoring locations. '

Metals

The quarry surface water monitoring locations were sampled once in 1993 for arsenic and
barium. The arsenic levels were within background ranges for all surface water monitoring
locations in and around the quarry. The amaual averages for arsenic are summarized in
Appendix A, The MCL for arsenic (50 pg/l) was not exceeded at any of the monitoring

locations.

Barium levels were within background ranges for all surface water monitoring locations
in and around the quarry, Barium levels in the western portions of the Femme Osage Slough
were elevated by within historic levels. Annual averages ane shown in Appendix A. The MCL
for barium (1000 xg/l) was not exceeded at any of the monitoring locations.

6.6 Highlights

¢ The first bimonthly surface water sampled collected from the portion of the slough
downgradient from the quarry (SW-1004) indicated a historicaily high total uranivm
concentration of 4,012 pCifl. An investigation, inchiding resampling of the locations,
concluded that the elevated level was the effect of flooding of the slough, which
caused the intermingling of highly contaminated groundwater with the surface water
of the slough. Subsecuent sampling of the slough has indicated that the total uranium
levels have returned to typical ranges,

¢ Surface water locations along the Missouri River, Femme Usage Slough, Femme
Osage Creek, and Little Femme Osage Creek were unable to be sampled during the
third quarter due o flooding of the Missouri River.

* Analysiz of the quarry sump (SW-1008) indicated elevated levels of gross alpha,

£ross beta, total uraninm, and nitroaromatic compounds. These levels are the resuit
of activities associated with the bulk waste removal from the quarry.
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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, vicinity properties,
.- and from selected springs in the vicinity of the Weldon Spring site. The groundwaler protection
program is formally defined in two documents: the Groundwater Protection Program
Management Flan (Ref. 13) and the Eqvironmental Monitoring Plan for 1993 (Ref. 9).

7.2 Referenced Standards

Twe main criteria were used o develop the groundwater monitoring program: (1) the
1.5, Environmental Protection Agency (EPA) Quality Criteria for Drinking Water (Ref. 34),
which protects public groundwater resowrces, and (2) the Missouri Drinking Water Standards
(Ref. 35). These standards are mainly vsed for comparison of levels observed in the St. Charles
-County well field. Table 7-1 idemtifies EPA water quality standards and Missouri Drinking
Water Standards for contaminants that are routinely monitored in the groundwater program.
Maximum comtaminant levels (MCLs)-and other drinking water standards are used only as
references by the WSSRAP, The affected groundwater does not represent a public drinking
water supply as defined in 40 CFR, Section 141.1, Subpart A.

Groundwater is also monifored under the requirements of Department of Energy
Order 5400.5, Radiation Protection of the Public and the Emvironment, which designates derived
concentration guidelines (DCGs) for ingestion of water equivalent to 100 mrem, based on the
consumption of 730 liters/year (Table 7-2).

As specified in Department of Energy Onder - 5400.5, liquid effluent from 0.8,
Depattment of Energy (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.

Upgradient-downgradient water quality comparisons are not possible for the chemical
plant site because it sits atop a local groundwater high and straddles the regional groundwater
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TABLE 7-1 Referenced Water Standards
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Referance
Faramater Loval Standard Paramater Stendard
- ——————————— —-
Uranium 20 pgil EPA
totall™ 113.5 pCif} -
Groas @ 16 ptir MOWE Fe'!¥ 20 pgh MOWE
adjusted
Radic- i} . MOWS
aharmical Re-2 26 B pCia MDVYS bl BO wgfl
Ra-228M B pCif MOWS Mn'd B0 Mows B
Rn-222 200 pCin EPA Matals Hg 2.0 gl WDWS
2,4=-DNT G.11 mgil MDWS Mi 100 MDWS
Miso,
TSD GO0 mgd MDWSE Se 10 pafl MDWS
Sb 6.0 pgft KMDWVYS Ag €0 g MDWE
Anlet BO pgh MOWS Zn' B0 mg MDWS
Ba'® 1.0 mgh MOWS crid 250 mgi MOVYS
Motate Be 4.0 pgh MDWS F 2.2 maf MOWS
Anlone
ot 10 g/ MOWS © NO, ! 10 mgh MDWS
5O mufl
[a) Propagad
{1 Standard for combined Re-228& and Ra-228
e} Primary maxirmum contaminant lovel
idi Saeoodany maximum contaminant levek

EPA

EPA Drinking Yvater Standarde for Redonuclides
MOVYS  Missouri Drinking VWater Standard

TABLE 7-2 Derived Concantration Guidslines for Discharge Waters

Pararnoter Dadved Conaantraticn Guidaline

&00 pCif

Matural Uranium

Ra-226 100 plid

100 plil

Ra228

300 pCiA

105
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dmdﬂ{Ref 49). Background values, which were developed by the U.S. Geological Survey for
the shallow aquifer (Ref, 49) are used in lieu of these comparisons.

Background levels for uranium, nitrate, and sulfate at the chemical plant/raffinate pits area have
been calculated by the USGS based on averages from uncontaminated wells near the chemical
plant and ordnance works (Ref, 49).

7.3  Weldon Spring Chemical Plant

7.3.1 Hydrogeology

The chemical plant and quarry are locaied in the same general geologic environment but |
are separated geographically. A generalized stratigraphic and hydrostratigraphic column is
presented in Figure 7-1. Differences in specific geological features that impact groundwater
mechanics necessitate separate moitoring programs for the chemical plant and quarry.

The chemical plant and raffinate pit area consists of two major geologic units;
unconsolidated surficial material and carbonate bedrock. The unconsolidated surficial materials
are clay-rich units, which are generally unsaturated, Thickmesses range from 6.1 m to 15.3 m
(20 ft to 50 ft) (Ref. 2).

The aguifer of primary concern beneath the chemical plant, raffinate pits, and vicinity
properties lies within the Burlington-Keokuk Limestone (the shallowest bedrock unit). The
Burdington-Keokuk Limestone it composed of two different lithologic zones; a shatlow weathered
zone underlain by an unweathered or competent zone. Numerons fractares and solution voids
are present within the weathered portion of this formation. The unweathered or competent
portion of the Burlington-Keokuk Limestone is thinly to massively bedded. Fracture densities

. are significantly less in the unweathered zone than in the weathered zone, Aquifer properties

are a function of fracture spacing, sclution voids, and preglacial weathering.

All monitoring wells are completed in the Burlington-Keokuk Limestone. Seventy-one
percent are screened in or near the upper weathered portions of this formation. The remainder
are screened at decper levels, in the unweathered zone, to assess vertical migration of
contaminants, Where possible, monitoring wells within the boundaries of the chemical plant are
Iocaked close to poteniial contaminant sources to assess migration into the groundwater system,
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- Additional wells are located outside the chemical piam boundary to evaluate movement of
contaminants off site (Figure 7-2).

Springs, a contmon feature in carbonate terraing, are present in the vicinity of the Weldon
Spring site. Four springs are known (0 be impacted by previous chemical plant operations and
discharge water containing one or more of the contaminants of concern (Figure 7-3). A fifth
spring located near the site in the 5200 Drainage, discharges water containing nitroaromatic
compounds and has been included in the monitoring program.

The presence of elevated uranium and nitrate levels at Burgermeister Spring, which is
located 1.9 km (1.2 mi) north of the site and is beyond the area of the contaminated wells,
indicates that discrete flow paths are present in the vicinity of the site. To address these
complex hydrogeologic conditions, -bath springs and wells are included in the groundwater
monitoring program,

7.3.2 Monitoring Program
The 1993 groundwater monitoring program at the chemical plant and maffinate pits

focused on contaminant monitoring and completing geochemical characterization of on-gite
groundwater, Total uranium, nitroaromatic compounds, sulfate, and nitrate were monitored

either quarterly or semiannually. Locations were sampled semiannnally unless the following -

conditions applied to data collected during 1990-1992:
{1 Less than six samples were collected.
{2)  The average total uranium concentration exceeded 13.6 pCi/l.

(33  2,4-dinitrotolucne (DNT) or 2,6-DNT exceeded 0.11 pg/l or rematning
nitroaromatic compounds exceeded 10 times their respective detections limits,

For those locations meeting Condition 1, all parameters were sampled quarterly; for those
meeting Conditions 2 or 3, only total uranium or nitrearomatic compounds were sampled on a
quarterly bagis. If a semiannual well exceeded Condition 2 or 3 during the first sampling event,
the location was sampled quarterly for that parameter for the remainder of the year. Monitoring
wells around the raffinate pits and chemical plant buildings were sampled annvally
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for Ra-226, Ra-228, Th-228, Th-230, Th-232, gross alpha, and gross beta. Geochemical
sampling, which includes an extensive suite of naturally occurring water quality parameters, was
also conducted to provide preoperational characterization data for evaluating the impacts of site
remediation on the groundwater, to establish a baseline for the Chemical Plant Grovndwater
Operable Unit, and to gather sufficient data to sopport contaminant transport models.

Five springs were sampled quarterly for total uranium, nitrate, solfate, and geochentical
. constitaents and amnually for Ra-226, Ra-228, Th-228, Th-230, and Th-232. With the exception
of Burgermeister Spring {(SP-6301), the springs are generally monitored at low flow to measure
the groundwater component of spring discharge. Burgermeister Spring {SP-6301) was also
measured at high flow to evaluaie the difference between low flow and high flow, which is
dominated by a surface water component.

7.3.3 Chemical Plant and Raffinate Pt Momitoring Results
MONITORING WEELS

In 1993, the measured concentmations for uramium, nitrate, snlfate, and nitroaromatic
compounds {the primary contaminants of concern) generally remained within historical ranges
at all monitoring wells and springs in the chemical plant area. Although new highs and lows
were measured at some locations, these values generally differed from the mean by less than two
standard deviations and typically reflected normal variation in the aquifer system rather than
significant changes in groundwater conditions. This supposition is further examined with trend
. analyses in Section 7.3.4,

Data for all parameters analyzed during the 1993 monitoring period are summarized in
Appendix A. Poeor quality data and outliers that appeared to be unrepresentative of actual
conditions at & given location were excluded from the dataset prior to performing the summary
calculations. Criteria for removing outliers are discussed in Section 7.3.4. Unabridged datassts
have been presented in the Quarterly Environmental Data Summary for 1993, The monitoring
data for contaminants of comcern (uranium, radiological parameters, nitrate, sulfate, and
nitroaromatics) are summarized and compared with background levels and water guality
standards in the following paragraphs.

m:uaarsycannaisearddieaction.? 1 | 1




051994

~ Total uranium, which is measured in all monitoring wells, continues to be present at
highest levels near the raffinate pits, In 1993, 21 monitoring wells exceeded the total uranium
background level of 2.9 pCi/l (Table 7-3) calculated by the USGS (Ref, 49). Of these, only
three locations exceeded the proposed MCL of 20 ug/l (13.6pCi/l). Only one new tofal
uraniom high was measured in 1993 (MW-3003). ‘This new maximum does not represent &
significant increase in uranium concentrations. All other radiological parameters were below
the water quality standards and DCGs.

TABLE 7-2 Monitaring Walls Excesding Background Concentrations and/or the MCL
for Contaminants of Concemn

. PARAMETERS

Urarium!™
>2.3 pCiA

Hitratat™

Sulfatstt

2,4,B-TNT

>0.08 pg'd

2041 2011 2014 2010 2010 2032 2013
3003* 2014 201E 2011 2011 2033 2014
3008 2030 2017* 2012+ 202 3023 2030
2000 2032° 2018 2013+ 2012 4001 2032
2023 2034 2020 2014~ 2014 4002 2023
3026 2038 2028 2020 2030 4013 2027
4009 20386 2030 2030 2032 4014 2038
4010 2037+ 2032 2032° 2033 2043
4011 2038+ 20z24* 2033 .203? S008
4012 2039+ 2037 2037 2038 4001
4016 2040+ 2038 2038+ a003 4002
4020% 2039 2043 3008 4005

fies o
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TABLE 7-3  Monitoring Wells Exceeding Background Concentrations and/for the MCL
for Contaminants of Concern iCnnttnuad}

. PARAMETERS ‘

Uraniumi® ' 2,4DNT | 2.6DNT 1,2,5-TNB
=2.8 pCiA . | so03pga®t o001 gga™ >0.0% 't

3023* 2023+ 4002 413
3024 4001 4008 a4014
3025* 4003 4013 4016
3028 4011 418 4023
3027° 4012 4023 .
4001+ 4013
4002 4020
4008 4021+
4008 4022
4011+ 4023 It
4013*
4014
4015
aMa
4021
4023

MCL= | MCLa MCL = | meL - . . ;

18.6 pEif 10 mgn 260 mgl 0.11 pgA

U\Mﬁ background uranium conoentraticn
USG5 background concentratons

Crateation hmit (DL}

Mopitortng Wells which alaa sxessdad tha MCL

NOTE: New wal! IDe fur threa manitotng walls MWEIODS ia now MW3024, MW-Z020 |8 now MALZ0AL, and MW-3005 Ly
hew WMW-302T. Ses text in Sxction 7.2.2 for additionsl detaile. '

o
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SULFATE AND NITRATH

Sulfate and nitrate were measured at all monitoring wells in the chemical plant ares and
exceeded the reference levels at some locations. The ealculated background value for nitrate
{1.6 mg/l) was exceedad at 40 locations (Table 7-3). The drinking water standard (10 mg/I) was
exceaded at 22 locations. Above-background sulfate levels (32 mg/l} were measured at 35
locations. Four of these were above the water quality standard (250 mg/i). '

NITROAROMATIC COMPOUNDS

Nitroaromatic compounds, which are not natnraily occurring compounds, were detected
in 30 monitoring wells (Table 7-3). Of these, 14 wells exceeded the ambient water quality
standard of 0.11 xg/l for 2,4-DNT.

METALS

Metals were analyzed quarterly or semiannually in all monitoring wells. Akhough a
number of metals have heen identified as potential contaminants of concern in the Remedial
Investigation For The Chemical Plant (Ref, 2), only the following elements were detected at
levels exceeding water guality standards: antimony (five locations), cadmium (two locations),
chromium (one location), mercury (one location), and nickel (one location). The cadmium
values were thought to be associated with analytical problems, Reanalysis of these samples
supported this hypothesis: afl cadmium values were below 3 pp/l (the limit of detection).
Detection limits for antimony were higher than the water quality standard, thus it is not possible
to determine the mumber of wells that may have exceeded this standard. The measured antimony
values were close to the limit of detection and are thus subject to large errors.

GROUNDWATER OVERVIEW

Nitrate, sulfate, uraniom, and metal contamination is primarily localized in the raffinate
pit area. Nitroaromatic contamination is concentrated in four areas (see the 1992 ASER for
- further discussion on the distribution of contaminants). The impacts of these contaminant levels
on site groundwater will be considered under the groundwater operable unit. The major
contaminants at the chemical plant (nitrate, sulfate, uranium, and nitroarcmatic compounds) will
continue to be monitored on a routing basis,
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Nine new monitoring wells (MW-2035 through MW-2043) were installed in late 1992
to monitor the effects of the temporary storage area (TSA) and site water treatment plant
(SWTP) basin con site groundwater. All of these wells are screened in the shallow weathered
zone of the bedrock aquifer. Seven wells (MW-2037 through MW-2043) are located near the
raffinate pits and display evidence of contamination from these sources. Raffinate pit signatures
are particularly strong in wells MW-2037, MW-2038, MW-2040, and MW-2041, which have
some of the highest calciwm, soditum, lithivm, and nitrate measured on site. The presence of
these elements, which are present at high levels in the raffinate pits, is not accompanied by high
uranium levels. Only two of these wells were above the calcunlated backpground value of

2.9 pCi/l. The highest measured uraniom value was 6.9 pCi/l. Relative to the other raffinate
pit species, these low levels reflect the high attenuation capacity of site soils for uranium, This
was demonstrated experimentally in a series of sorption experiments conducted by the USGS
(Ref. 36).

In 1993, two open-hole wells (MW-3008 and MW-3009} were retrofitted to deep wells
(MW-3025 and MW-3027, respectively) and new shallow wells (MW-3024 and MW-3026,
respectively) were installed next to them. The chemistry of the new wells, which were sampled
once in 1993, is similar to the "parent” wells (i.e., the chemistry of MW-3024 and MW-3025
is similar to that of MW-3008), This relationship was expected for the shaltow well in the well-
pair but not for the deep well. The contamination in the deep wells is possibly the residnal
effect of downward migration of contaminated water in these open-hole wells, With sufficient
time to flush the surrounding aquifer, the chemistry of these deep wells is expected to approach
that of other deeper site wells, none of which appear to be contaminated, The four new wells
are scheduled for quarterly monitoring in 1994,

SPRINGS

The five springs mcluded in the monitoring program generally remained within historic:
ranges for all contaminants of ¢oncem. The proposed uranium water quality standards were
exceeded at SP-5303, SP-5304, SP-6301, and SP-6306. Nitrate exceeded water quality standards
at SP-6301, whereas sulfate was below these standards at all locations. Nitroaromatic.
compounds were detected at SP-5303 and SP-6301 and exceeded the water quality standard for
2,4-DNT at SP-5201.
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During 1994, new high values were recorded for two nitroaromatic compounds at
SP-5201. Both trinitrobenzene {TNE) values (9.2 ug/l and 4.5 ug/l) were above the previous .
high of 3.9 ug/l recorded in 1989, TNT was measured at 120 ug/l, which is significantly higher
than the previous high of 77 pg/l (measumd in 1987). At present, there is insufficient evidence.
to support a fremd, since TNT was measured at 32 ,ugfl earlier in 1993. The most plansibie
source for the nitroaromatic compounds is & former Weldon Spring Ordnance Works burning
ground, which lies off-site in the 5200 Drainage, and is up gradient of SP-5201. '

Springs 5P-5303 and SP-5304, both located within the Southeast Drainage, continue to
display similar elevated uranivm levels. A new low of 57 pCifl was recorded in a high flow
sample collected during the first quarter. This low value is likely the result of dilotion from
high rainfall. In general, these springs remained within historic ranges during 1994,

_ The Sountheast Drainage springs do not display above-background values for nitrate,

sulfate, calcium, lithium, sodivm, or stromtinm, which are all elevated in one or more of the
raffinate pits. Thus, these heavily contaminated ponds are an unlikely source of uraninm
contamination in the Southeast Drainage. The source of uranivm is likely residval uranium
deposited in the drainage during chemieal plant operations, although off-site discharge through
NP-0001 and NP-0005 zlso contributes to this drainage.

A new uranium high was measured for SP-6306, which lies below the outfall of Busch
Lake 34. The remaining four uraninm samples collected: at this location were within previous
ranges and were below the MCL (13.6 pCi/l). The cause of the high value, which was an
isolated event, is not known. '

Burpermeisier Spring (SP-63(1) recorded & new low value (6.3 pCi/l) in a low-flow
sample collected in September. Results for the other contaminants of concern (nitrate, sulfate,
and nitroaromatic compounds) were Fiﬂ:in historic ranges at Burgermeister Spring (SP-6301).

Over the past two years, the WSSRAP has attempted to collect low-flow and high-flow
samples from Burgermeisier Spring to evaluate the influx of contaminants from groundwater and
surface water sources, which is thought to occur during low-flow and high-flow, respectively.
Although flow rates from the spring respond to storm events and should be a good indicator of
- gurface water input, -alkalinity is perhaps the strongest fingerprint for these two water sources.
Surface water alkalinity values are generally low (< 150 mg/l) having a mean valve of 89,0 me/l
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with a standard deviation of 38.6 mg/l. Gmundwater alkalinity values in the local carbonate
bedrock are typicaily higher (> 150 mg/D) with a mean valee of 344.7 mg/l and a standard
deviation of 92.1 mg/l. Using alkalinity a5 a tracer for surface and groundwater sources, recent
daiz (from late 1991 to the present) indicate that contaminant levels (nitroaromatic compounds,
nitrate, and uranium) are generally highest when flow is dominated by groundwater, Alkalinity
is not linearly correlated with ¢ontaminant levels, -however,  There are Bxcepuons to this
observation however. At present, insufficient alkalinity data exist t0 determine whether these
exceptions are analytical outliers or extremes in the range of natural variation. :

7.3.4 Trend Analysis

Trend analysis was conducted for the major contaminants at locations where they have
exceeded the detection limit (pitroaromatic compounds) or background levels (nitrate, sulfate,
and uranium). Trends were evaluated with the Mann-Kendall test, and slopes were determined
with Sen's nonparametric slope estimator. Seasonality was investigated for cases where
sufficient data were available using the Mann Whitney U-test.

Cuittiers were removed from the data set prior to performing statistical analysis. Outliers
were examined using the process specified in procedure ES&H 4.9,3, which governs review of
environmental monitoring data. The suspect data point is compared with the mean and standard

deviation, which have been calculated for the trimmed data set (i.e., the minimum and maximum

valies have been removed). Data points were removed if they were outside the range. defined
by the mean, plus or minus four standard deviations, and if natural processes were unlikely to
be responsible for the extreme value. An extreme value was not removed if it occurred at the
. end of the historical record because subsequent daty are required to determine if the value
represents a change in conditions, TUnidentified analytical or sampling errors that are not readily
detected in the data validation process are the most plausible sources of the outliers deleted from
these analyses.

Outliers, both on the high and low side of the distribution, can seriously impact statistical

calculations. Although this is not a severe problem for the nonparametric calculations used for

the trend analyses, it is a problem for the Gaussian statistics used to summarize the 1993
. monitoring data. Because the objective of both these analyses isto present a representative view
~ of conditions in each well, filtering was performed.

miusersijoannelasard3isactdan.? 117




OE1994

.Results

Seasonal influences on contaminant levels were not found at any location. Thus,
adjustments for scasonality were not required and the raw data were used for trend analysis:
Trends were analyzed over two different time periods. The first included the entire historical
monitoring period (1987-present), and the second only inclyded data from the period 1990-
present. Of the 178 cases evaluated, 76 trends (39 downward and 17 upward) were observed
in the first or long-period analysis. The second or shori-period analysis detected 33 trends (18
downward and 15 upward). Ondy 13 of the 76 long-term trends were also present in the shiort-
term analyses. Many trends in the long-period analysis, especially downward trends in nitrate
and nitroaromatic compounds, may be artifacts of changes in analytical technigues and/or
laboratories in 1989-1990. Because the 1990-trends are considered more reliable and better
reflect recent conditions at- the chemical plant site, they are the focus of the following
discussions. These short period analyses are summarized in Table /-4. Trends are identified
along with the slope of the trend (predicted change per year), the 1993 mean value for the
contaminant, and the predicted change in concentration (in percent) over a one year period. The
predicted change 15 calculated by dividing the slope by the mean and multiplying by 100. The
resultant value may not reflect recent change or reliably predict future change, because the slope
was calculated over a four year period. The 1993 mean and predicted change are given as an
aid to understanding the significance of a trend.

Nitroaromatic compounds: In general, locations exhibiting nitroaromatic trends were
randoinly distributed across the monitoring area. Typically, only one nitroaromatic compound
displayed a trend at a single location. With the exception of 2,6-DNT, trends were not stromgly
biased in any direction and were primarily restricted to cases with relatively low concentrations,
With four exceptions, the 1993 average concentration was < 1 ppb for nitroaromatic compounds
that displayed trends,

MW-2013 is a ootable exception; significant decreases in ftrinitrotoluene (TNT),
2,4-DNT, and 2,6-DNT have cccurred in this well. Over the 1987-present period,
concentrations for these compounds have dropped from tens to hundreds of ppbs to near or less
than 1 pbb. Such a dramatic change has not been observed in any other well and may reflect
exhaustion of a small scurce area located near this well. A strong downward trend was also
calculated for 2,4-DNT in MW-4001 on the Army property west of the chemical plant site. It
is vnclear, however, whether this is a long-range trend or a temporary decline, because the
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Table 7-4  Trend Analysis Summéw for the Chemical Plant and Raffinate Pit

Groundwater

Pararnetar {UInite}
# of Cases Evaluatad

THB gy} 20 Casee

Looation

2001

Siope af Trand In
Unite /Y aar

1893 Mean

Pradictsd -
Changs %)
in Ora Year®

4016

THT gl 14 Casoe

2014

agz3

2 4-0NT {ugf} 27 Cases

2001

2008

2008

Hitrate-N {mgl] 34 Casces

DRI C

2001

2004

4011

Sylfate (mpl] 27 Cagor

2008

2000

TNT gy 14 Caesn

2013

4013

2,4-DNT (gl} 27 Camee

2013

4001

2,6-DNT (pgA} 27 Casne

DX REZS0O0

2010

201

2013

2014

4013

401%
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Table 7-4  Trend Analysis Summary for the Chemical Plant and Raffinate Pit
Groundwater {Continuad)

: Pradictad
Faramator {Units} Slopa of Trend in Changsa (%}

# of Cases Evaluated Looation Linita/ear in One Year®
D Sulfata {moll 27 Cases 2000 -7.00 128,00 &
0 a0z3 ~33.00 . MZ.00
w
N 4022 -F.37 33.40
w
A Urandum (pCidl} 22 Casos 2020 -1.26 1.27
R 2009 0.48 5.13
D
an1z 0,57 B.16
I L i L U T ——
* Thess numbers ara derived from the siatietios {alupéﬁ'manl and may not roflact praeent conditions.

1987-preseat analysis did not detect a 2,4-DNT trend. Additional monitoring is required to
resolve this issue.

Trend data suggest that significant changes in nitroaromatic levels have not ocowrred at
most locations. The bias towand decreasing trends for 2,6-DNT may be related to the ability

of this compound to sorb onto site soils. Research by Fink (Ref. 50) showed that amdngthe.
major nitroaromatic species, 2,6-DNT had the lowest sorption coefficient for the major soil units .

beneath the chemical plant. If this research is applicable to matural conditions and if soil
sorption is a major control on conceniration levels, 2,6-DNT should be the first nitrcaromatic
coinpound to be flushed from the system. Based on these assumptions, a downward 2,6-DNT
trend may be a precursor to future downward trends in other nitroaromatic species. At preseat,

this hypothesis is highly speculative.

Uranivm: Uranivm levels remained relatively constant during the entire historical period
(1987-present). Only three downward trends were observed over the short period (1990-
present), and only one (MW-2020) represented a significant change in concentration levels. Ten
downward and two upward trends were calculated for the long-period analysis; however, most
of these were quite weak (< 1 pCi/l per year). Three of the 1) downward trends were also
observed in the shorter period analysis.

Splfate and Nitrate: Sulfate and nitrate are conserved elements (i.e., they are not
retarded by sorption onto soils) that were used in both the ordnance works and chemical plant
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processes. High svlfate and nitrate levels are still present in some of the raffinate pits, which
are copsidered an active source of these contaminants in the groundwater.

Sulfate displayed both upward and downward trends. Three upward and two downward
trends occurred in wells that were well above the assumed background level of 32 mg/l, All of
these wells lie within the general vicinity of the raffinate pits. None of the sulfate trends
represented significant changes in sulfate levels, however,

Upward nitrate trends were observed in three of the 34 cases amalyzed. One of these
(MW-2034) oocurred in a well near the assumed background level of 1.6 pCi/l. This well lies
some distance from the raffinate pits. A comtinued rise in mitrate levels at this location may
indicate the area impacted by seepage from the raffinate pits is gradually increasing to the
southeast. At present, however, there is insufficient evidence to support such a concnsion.

Both MW-2001 and MW-4011, the other two wells displaying upward trends, have
nitrate fevels that are well above the MCLs, Both wells lie downgradient of the raffinate pits
and have elevated levels of other compounds that are concentrated in the raffinate pits.
Monitoring wells upgtadient of these wells but downgradient of the raffinate pits have even
higher nitrate concentrations. The upward trends in these two wells, especially MW-4011,
which also displays an upward sulfate trend, may indicate the area impacted by seepage from
the raffinate pits has been gradually increasing northward.

7.3.5 Sommary

Trend analyses of contaminant levels in monitoring wells at the chemical plant site and
surrounding properties indicate that conditions have generally remained stable over the 1987-
present monitoring period. An exception was the evidence supporting a possible northward
increase in the areal extent of groundwater impacted by seepage from the raffinate pits. For the
most part, the observed trends (less than 20% of the cases analyzed) were not steep and did not
occur at locations with the highest contaminani levels, A notable exception was the sharp
decline in nitroaromatic levels in MW-2013.

Contaminant levels in the deeper monitoring wells continued to remain near background

levels (nitrate, sulfate, and wranium) or below detection limits {nitroaromatic compounds). In
addition, a Missouri Department of Health survey of shallow and deep private water wells in the
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vicinity of the chemical plant found no evidence of site~derived contamination {(Appendix C),
These data suggest that groundwater impacted by contaminants from the chemical plant site
continues to be lacamdmtheupperpﬂmonofthe&haﬂuwaquerandm be confined to a
limited arca.

The absence of significant changes over the 7 year monitoring period suggests that the
groundwater system is at a steady state condition or 1s changing too gradually to detect in this
- time frame. The consistency of the system suggests that flux of contaminated seepage into the
groundwater is balanced by that of uncontaminated groundwater resulting in a mlanveiy
consistent dilution factor over this period.

7.3.6 Groundwater Summary for the Temporary Storage Area and Site Water Treatment
Plant

Data for wells that were installed to monitor the TSA and SWTP basins are included in
the Appendixes and Table 7-3. Statistical comparison of downgradient-upgracient wells around
the SWTP basin proved inconclusive because some downgradient wells are strongly influenced
by seepage from the raffinate pits. This approach will be replaced by comparison against

baseline data for sach monitoring well. A similar approach (comparison against baseline data)

will be used for the TSA basin, which is located on a local groundwater high,

Because the TSA and SWTP were comstructed above previously contaminated
gronndwater, a minimum of gix data points are necessary to establish baseline (i.e., the range
of variability) for pre-existing contaminants in each well. Statistical comparison against baseline
data was nutperfonnmbecmmmﬂmﬁﬂﬂﬂftherequimdmmlberofindepﬁldem data points had
not been completed by the end of 1993, Baseline sampling will be completed in 1994 and
baseline comparisons will be given in the 1994 ASEE.

7.4  Weldon Spring Quarry
7.4.1 Hydrogeology
The geology of the quarry area is separated into three units; upland overtmrden, Missouri

River alluvium, and bedrock. The nnconsolidated vpland material overlying bedrock consists
of up to 9.2 m (30 fi) of silty clay soil and loess deposits and is not saturated (Ref. 1). The
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- 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.

The sediment composing the alluviam along the Missouri River coarsens from clays,
gilts, sands, and gravels at shallower depths 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 {100 ft}, The alluvium is truncated at the erosicnal contact with
the Ordovician bedrock bluff (Kimmswick, Decorah, and Platiin formations) composing the rim
wall of the quarry. Organic silts and clays with underlying minor amounts of sand are the
primary sediments between the bluff and the Femme Osage Slough. An underlying soil layer
of silty sand is present below a depth of about 6.1 m (20 ft) i the area of the slough (Ref. 1).

The gmundwaier flow system at the quarry is composed of alluvial and bedrock aquifers.
The alluvial aquifer is predominantly controlied by recharge from the Missouri River and the
bedrock aquifer is controlled by precipitation and overtand runoff.

At the quarry, 15 DOE monitoring wells are screened within either the Kimmswick-
Pecorah or Plaitin Formations t0 monitor contaminants near the quarmy within the bedrock
(Figure 7-4), Twelve monitering wells were installed to monitor contaminants within the
Kimmswick-Decomh Formations comprising and sorrounding the quarry. Three other
monitoring wells were located south of the quarry within the Plattin Limestone to assess vertical

contaminant migration.

There are also 36 monitoring wells screened in the alluvial material between the quarry
and the Missourt River. The wells west of the quarry monitor the upﬁannust water bearing unit
below the quarcy water treatment plant equalization basin and efflvent ponds. The alluvial
monitoring wells north of the Pemme Osage Slough monitor confaminant migration south of the
quarry, while those south of the slough monitor for possible migration of comtaminants toward
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the well field. The St. Charles Cuunty wells would provide an early waming of contaminant
migration toward the county production well field if this were to occur, The county production
wells are monitored to verify the quality of the municipal well field water supply.

Monitoring wells MW-1034 (Kimmswick-Decorah) and MW-1035 (alluvium) have been
determined to be upgradient of the quarry for the assessment of groundwater quality in these
materials and provide background data. In 1992, eight groundwater monitoring wells were
installed in the Darst Bottom area approximately 1.6 km (1 mi) southwest of the $t. Charles.
County Well Field by the U.S. Geological Survey to study the upgradient characteristics of the
Missouri River alluvium in the vicinity of the quamry. These wells provide a reference for
background values in the well field area. A summary of the background values utilized at the
quarry is provided in Table 7-5. This table includes the average background values followed
by the ranges of values based on two standard deviations about the mean or the avemge
radiological error about the analytical value.

7.4.2 Monitoring Program

Groundwater monitoring is performed in both the alluvial and bedrock aquifers at the
quarry (Figure 7-4). Three separate monitoring programs were developed for the quarry in
1993. The first program addresses sampling the Department of Energy wells monitoring the
quarry area in order to monitor contaminant migration and the effects of quarry dewatering and
bulk waste removal. The monitoring wells adjacent to the quarry and north of the Femme Osage
Slongh were sampled bimonthly, while mornitoring wells located south of the Femme Osage
Stough were sampled quarterly. Monitoring wells on the quarry rim were sampled monthly, doe
to the increased levels of specific parameters over time, to better establish the trend in
concentrations at these locations, and io monitor the effects of quarry dewatering activities on
the groundwater system. '

The second program monitors the St. Charles County well field and the associated water
treatment plant. Active production wells, the St. Charles County RMW-series monitoring wells,
and untreated and treated water from the water treatment plant were sampled quarterdy and
annually for selected parameters. This portion of the monitoring program was developed by
representatives of the Department of Energy, soveral State and Federal regulatory agencies, and
St. Charles County.
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' Kimmawiok/ Alluwtalf
Dscorah Fornations '™ Unaansakidatad Missour River
Paramatar Matsrigls™ Alluviurm?
Tatel Uranlum {pdf Mean 1.73 0,73 ) |
2E% .. 1.82; 2.15 0.31: 1.27 2.21;7.23
Radiuvm-228 {pCiay Mean 0.70 + 0.34"" 0.35 + O848 070 + 098"
86% C.1.° -1.08; 1.48 -2.7% 3,49 0.38; 1.02
Radium-228 {pClA) Mean 0.70 + 097" B.52 £ 1.02"" 2.2+ 28"
' 8E% 0. -5.68; 7.0 -2.38; 3.40 -1.40; E.80
Thorlume228 IpCIA Mear 0.29 & 0.45"" 0.05 + 048" 0,12 + 0,227
9B% C.1." -2.18; .71 -0.58; 0.68 0.086; 0.20
Thorium-23¢ {pCif Maan 1.04 £ 053" 006 + 042" 0123 = 6.18""
5% C." -8.30; 10.33 -0.58; 0,88 0.04; 0.22
Theriam-2a2 pCia Masn 0.28 = 0.4 006 £ 0.42"" 0.0 + 0.28"
9E% ¢, -2.13; 2.1 -0.69; 0.68 0.10
-Gross @ Ivtean 875 « 34277 01+ 36 2.4 + 198"
{pCIm :
p 2E% G -39.8; §3.2 -38.0; 38.2 £2.03; §.23
droed & haan 676 + 2.53"" 895 & 4.19° 6.9 = 1.08™"
{pCim . i
86% C.I. £4; 621 Ordy 1 esmple 5.27; .33
Mdtromromatic Maan Ma detecie Ma detacts Mot analyead ’
Compounds '
Arsanic Mpean 1.42 1.62 3.72
g N .
s5% C.1, 0.84; £.20 0.61; 2.85 0.06; 7.39
Barum Mean 160.4 224.8 458,68
g/ N :
85% L.l 140.98; 153,82 205.1; 2445 366.2; 548.0
Nitrate " Mean 1.01 0.12 0.33
- {mg) ;
9E% G, 01.48; 1.64 0,112 0121 0.1%; 0.68
Sulfatw Maan 284.4 29.7 35.2
{mpA .
9%% C.I. &6.7; 1001 33.m 445 2%.5; 48.8
a MW-1034 (DOE) + 25% Confidents interval ebout the mean
b MW-1035 [DOE) 3 Average radiologlent arror

Caret Bottomn Walle 1USGS]
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The third program monitors the equalization basin and the two efffuent ponds at the
quarry water treatment ptant (Figure 7-4), Monitoring wells MW-1035 through MW-1039 were
sampled quarterly and annually for selected parameters, The monitoring program was developed
to meet the requirements of 40 CFR Part 264, Subpart F and 10 CSR Part 25,7, which require
the monitoring of comtaminants of concem in the groundwater beneath storage facilities. The
contaminants of concern were derived from the Engineering Evaluation/ Cost Analysis for the

Proposed Management of Contaminated Water in the Weldon Spring Quarry (Ref, 37) and the -

Baseline Risk Evaluarion for Exposure to Bulk Wasie ar the Weldon Spring Quarry, Weldon
Spring, Missouri (Ref. 38). This is discussed in Section 7.4.6.

The groundwater monitoring program at the quarmy was dmatically impacted due to the
fiooding of the §t. Charles County Well Field by the Missouri River on two separate occasions.
Unusually heavy mains during the spring caused the fiooding of the Femme Osage Slough, This
heavy precipitation continued theough the summer, which resulied in the inundation of the well
field in July and September. The highest water level was 145.5 m (477.3 ft) above mean sea
level. The typical water level of the Missouri River near the quarry is 136.5 m {448 fi).
During the two events, the well field was under an average of 5.2 m (17 ft) of water for a
sustained period of time. During the inundation of the well field, 26 monitoring locations,
including the 4 RMW-series wells, were unabie to be sampled during some period of the third
and fourth quariers. Four of the county’s production wells were flooded and were not returned
to service in 1993. The four remaining production wells were sampled, and the results indicated
no detectable levels of total uranivum. Activities to clean and redevelop the flooded menitoring
wells were delayed during the fourth quarter due to siaanding' water and continued rain.

7.4.3 Quarry Monitoring Results

The results of the 1993 groundwater monitoring program are listed in Appendix A.
Radiochemical F

All groundwater monitoring wefls at the quarty were sampled for the following
radiochemical parameters: total uranium, Ra-226, Ra-228, Th-228, Th-230, Th-232, gross
alpha, and gross beta. The wranium values continpe to indicate that the highest levels above

background occur in the bedrock down gradient from the quarry and in the alluvial materials
north of the Femme Osage Slough. The annual averages for the locations which exceed
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background are summarized in Table 7-6. The annual averages for the monitoring locations
south of the Femme Osage Slough and the St. Charles County well field remain at or below

The proposed U.S. Eavironmental Protection Agency uranium drinking water standard
of 20 g/l (13.6 pCi/l) was exceeded at 13 locations (MW-1004 through MW-1009, MW-1013
through MW-1016, MW-1027, and MW-1030 through MW-1032) during 1993. All of these
monitoring wells are located north af the Femme Osage Slough. The DCG for total uranium
in discharge water, 600 pCli/l, was exceeded at eight of the above locations; however, these
wells are not directly used as drinking water sources. No production wells exceeded the DCG
of 24 pCi/l (4% of the DCG for discharge waters) for total uranium in drinking water systems,
or the groundwater standard of 20 ug/l (13.6 pCifl).

The St. Charles County production wells, the RMW-series wells, and pre-treated
(MW-RAWW) and treated water (MW-FINW) from the St. Charles County water freatment
plant were also 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 1993 for gross alpha and gross beta.
The results indicated that levels were above backgrouad (Table 7-5) in the bedrock down
gradient from the guarry and alluvial materials north of the Femme Osage Slough. These annaal
averages are summarized in Table 7-7.

The Missouri Drinking Water Standard of § pCi/l for gross alpha and the MCL of
50 pCifl for gross beta were not exceeded at any of the St. Charles County production wells.
The St. Charles County treatment plant finished waters were in compliance with the gross atpha
level of 15 pCi/l as established in 40 CFR 141 and endorsed in Department of Energy
Order 5400.5.

Ra-226, Ra-228, and isotopic thorium (Th-228, Th-230, and Th-232) were analyzed once
in 1993 at all groundwater monitoring locations at the quarry. Levels of the isotopes Ra-226
and Th-230 were indicated to be above average background values {Table 7-5) at several
Iocations both north and south of the Femme Osage Slough. Levels of the isotope Th-230-were
also reported to be above background levels in two production wells, These levels did not
exceed action criteria set forth in the Well Field Contingency Plom (Ref 51). The annual
averages from above average background locations are summarized in Table 7-8.
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TABLE 7-6 Annual Averages for Total Uranium (pCi/l) Above Average Background

at the Weldon Spring Quarry

MW 1004°

Tut.&l Umnll.m

4603

MW-10152

I ]

061294

615

MW-100E" 1628 MA-1018 347
Mw-100E8 2788 M- 027 53z
. WW-1007 ais MV 030 azz
MW-1008% 3063 MAE1031 21.6
MW-1013% 633 My-10329 1097

MW-1014*%

TT0

A © Locatlon axcasds DCG of S0 pCid

TABLE 7-7 Annual Averages for Gross ¢ (pCi/l} and Gross B {p{:lm Exceedlng
Background at the Weldon Spring Quarry

MW-1018

BE = Basakground

MWL 1018 270 120
P=-1017 Ba 13.0
MW-1018 5.9 BG
MW-.'I.ﬂi L 36,0 13.0
MW-1021 8.5 BG
MAW-1027 B30 1&0
MW-1050 BG 16.0
MW 1031 18.0 8.70
WA-1032 |10 350
w1033 86 5.00
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TABLE 7-8 Monitoring Location and Annual Avearages of Isotopic Radionuclides
{pCi/l} Above Average Background at the Weldon Spring Quarry

1.20{+0.9)* ' 0.80 (0.8)*

¢.90{+0.8)* 1.60{+1.0}" 0.60{ £0.8)*

1.30{ +0.8)"* B3 200« 1.1)"

EQ 1.60{+1.00% B3 0.80[+0.8)"

Q.80{ £+ 0.8)* BB 0.50(+0.6)"

0.80{ = 0.8)" BG 4.5{+1. 4%

BG = Background
* = Rad wrrar

These values, which are above average backgronnd, exhibited errors approximately equal
to the values reported. Comparison of the net difference between- the reported values and
background levels, to the net difference in the radiclogical measurement errors for the reported

“ values and backgronnd levels, indicated that several of the values could not be differentiated

from background levels and, therefore, are not critical. Also, data obtained from these
monitoring wells and the background locations from previous years had higher detection
limits,typically greater than 1 pCi/], which resulted in historic values of no detect. Previous
measurements may have been of the same order of magnitude as the data reported in 1993, but -
may not have been indicated by these higher detection limits, '

The comparison of the net differences in values and errors for the locations and
background levels indicated that two locattons, MW-1023 and MW-PW06, could be

- differentiated from background levels. The 4.5 pCi/l (£ 1.4) Th-230 value in production well

PWO06 and the 2.0 pCi/l (4 1.1) Th-230 valve for MW-1{23 are above the average backeround
levels for the Missouri River alluvium. The pretreated and treated water samples from the
St. Charles County Water Treatment facility indicated levels below the detection limit (< 0.4
pCi/l) indicating there was no impact to the St. Charles County Water Treatment Plant. This
value is not considered to be representative of levels in the well field, since the gross alpha and
Ra-226 values obtained during the same sampling event for PWO06 did not show similar
increases. Th-230 is an alpha emitter and is a decay product of the U-238 series, as is Ra-226.
Also, it is expected that total uranium would increase initially due to its higher solability than
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Th-230. Uranmmandﬂmnumw&stf:same:-::vcr-mmglmdmthﬁequanj‘r and it wouldbaaxpected
that the total uranium front would precede the thorium front in groundwater. Concentrations of
this magnitude for Th-230 have not been observed in the quarry rim or north of the Femme
Osage Slough where the contaminant plume migration from the quarry bulk wastes is initiaily
observed.

The Missouri Drinking Water Standard of 5 pCifl for combined Ra-226 and Ra-228 was
not exceeded at any of the Departinent of Energy monitoring wells or at any of the St. Charles
County production well locations. No water quality standard has been established for thorium
isotopes in drinking waters.

Ni i Co )

In 1993, samples from all quarry monitoring wells and St. Charles County production
wells were analyzed for mitroaromatic compounds. Fourteen locations yielded detectable
concentrations of at least one of the six nitroaromatic compounds analyzed. These monitoring
wells are situated in the bedrock downgradient of the quarry or in the alluvial materials north
of the Femme Osage Slough. A summary of the annual averages fﬂrthmalucauonsisprowded
in Table 7-9.

A detectable concentration of 2,6cDNT (.57 pg/l) was measured in a sample from

.monitoring well MW-1033 in January 1993. This level was at the detection limit for 2,6-DNT

for the analytical laboratory. The location was resampled in respomse to this detectable
comcentration. 'The sample was submitted to the laboratory normally uwsed to analyze
nitroaromatic compounds because this. laboratory historically provides consistent data. This
laboratory has lower detection limits and indicated no detectable concentration {<0.01 pg/I} of
2,6-DNT in the groundwater from this location. The initial value was believed to be a false
positive.

The Missouri water quality standard for 2,4-DNT (0.11 ug/l) was exceeded at six
locations. These locations are north of the Femme Osage Slough. No MCLs have been
established for the other nitroaromatic compounds in groundwater. The remaining locations

. -south of the slough and-the St.- Charles County production-and monitofing wells indicated no

detectable concentrations.
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TABLE 7-9 Annual Averagas at Moﬁitoring Locations with Detectabla Nitroaromatic
Compound Resuits (pg/) Weldon Spring Quarry

| 1 | B . |
“ MW-1007 ME ND NG HD - Q.02 ND
W00 ND MO G126 HD 0.083 ND
M-1014 ND NE ND MD <0,010 ND
MW-1015 43.2 0.242 - 10e | oosz 0.395 ND
MW-1016 2.34 MO C.888 HD 0.071 HND I
My 10270 n.3ig D 260 8.63 &.42 WD ‘
MW-1028 <0.118 MO ND HND ND ND
ML 10308 0.134 N 2,52 . 0154 0.5835 wND ‘
Mi-10g2t 5.38 NE 18.6 16.2 .28 ND II
Wi-1032 ND ND NC
wea——
ND Neot Detactar
a Location exceeds the water quality standard of $.11 pgi for 2, 4-ONT

Al monitoring wells at the quarry and the St. Charles County prdductiun wells were
sampled for sulfate. Groundwater analyses in 1993 indicated sulfate levels were elevated in the
monitoring wells in the bedrock of the quarry rim and in the alluvial materials north of the
Femme Osage Slough. Eleven wells exceeded the average background levels for sulfats, These
wells are sitnated north of the slough with the exception of MW-1018, located south of the
slongh, The elevated levels in MW-1018 may be the result of migration of the sulfate plume
which is centered over the area north of the slough. ' Elevated levels ranging from 200 mg/l to
300 mg/l are present in the southeast portion of the rim and into the downgradient areas of the
materials north of the slough. The levels in MW-1018 are within historic ranges for that
location. The annual averages of these wells are summarized in Table 7-10.
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TABLE 7-10 Annual Averages at Manitnrihg Locations with Sulfate Results
{mg/l} Above Average Background at the Weldon Spring Quarry-

Location

MW 1004
MW-1005 167
K- 1008 430
MW-1007 118
w . MWL 1008 246
|| L e 248
{a) Location alan sxcesds MCL of 250 mgl

The secondary MCL for sulfate is 250 mg/l; this standard was exceeded at one location,
MW-1006, The sulfate concentrations in the St. Charles County production and momnitoring
wells remained at or below background ranges. :

Metals

The St. Charles County production wells were sampled once in 1993 for cadmivm, lead,
and mercury. The levels for these metals did not exceed the average background values for the
Missouri River Alluvinm and all values for these metals were within historic ranges. The annual
averages for these locations are summatized in Appendix A,

Arsentic and barinm were analyzed during the first part of 1993, but were delsted from
the program because no notable impact from the bulk wastes in the quarry can be identified,
Historic data bad indicated arsenic and barium levels are highest in the groundwater of the
alluevial materials south of the stough. The data collected during the first half of 1993 are
summarized in Appendix A. |

Miscellaneous

The St. Charles County RMW-series monitoring wells, the St. Charles County production
wells, untreated and treated waters from the St. Charles County water treatment plant, and
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Department of Energy monitoring well MW-1024 were sampled in the first quarter for organic
compouads, both volatile and semi-volatile, pesticides, and polychlorinated biphyenyls (PCBs).
The results of these analyses indicated no detectable concentrations of these compounds which
were aftributable to the bulk wastes in the quarry.

First quarter results from the 8t. Charles County production wells indicated detectable
concentrations for the pesticide endosuifan sulfate in wells PW02 and PW03. Pesticides are not
known to be present in the wastes in the Weldon Spring Quarry. Subseguent resampling of the
two production wells in response to these detectable concentrations indicated no detectable
concentrations of the pesticide. The initial false positive may be the result of laboratory error.

A detectable concentration of the semivolatile organic compound bis(2-ethylhexyl)
phthalate. was indicated in the finished water (FINW) from the St. Charles County treatment
ptant. This value was not considered to be authentic because the analytical laboratory
documentation indicated that it was the result of laboratory contamination,

Geochemical CI A

A select group of groundwater momitoring wells was selected for geochemical
characterizationr, Wells were selected to provide a broad representation of the different geologic
media present at the quarry, which include bedrock (MW-1002, MW-1005, MW-1013,
MW-1028, MW-1031, MW-1032, MW-1033, and MW-1034), allavium (MW-1014, MW-1018,
MW-1019, MW-1021, MW-1022, MW-1038, and MW-1039), and Missouri River alluvium
(MW-RMW1, MW-RMW2, MW-PW(2, and MW-PW(9). The geochemical characterization
includes an extensive list of anions, cations, and metals that are not routinely monitored by the
WSSRAP, The analyses are conducted as part of a 2-year characterization of groundwater in
order to evaleate groundwater quality, contaminant migration, and remediation alternatives. A
summary of the analyses of the data and conclusions drawn from this multi-year investigation
will be provided in the next site environmental report. A summary of the results for this
monitoring are presented in Appendix A.

7.4.4 Trend Analysis

Statistical tests for seasonal and time-dependent trends were perfonmed on historical and
current data from those groundwater wells that exhibited an upward trend in similar analyses.
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. performed for the 1992 annoual site environmental report and/or that exhibited an upward trend

from the review of the 1993 environmental monitoring data. Trending was performed on total
uraniuin and nitroaromatic data. No sgmﬁcanttmnds for inorganic anions or metals were
1de11t:[ﬁed from previous trend analysis.

Statistical Method

~ Analyses from monitoring locations that were: testgd for irends were required to meet the |
following several criteria.

¢ Monitoring location exhibited uwpward trend in total uranium concentrations as
determined from 1992 anmual site environmental report.

¢ Monitoring location exhibited recent upward irend in total uranium and/or .
nitroaromatic compounds from data obtained from 1993 environmental monitoring
program.

* Historic average of total uraniym and/or nitroaromatic compound concentrations were
ereater that five times the detection limit for the respective parameters.

The computéer program TREND, developed at Pacific Northwest Labomatory, was used
to perform the formal groundwater trend testing. The trend method employed was the
nonparametric Mann-Kendall fest, which best accounts for the factors of nondefects and missing
data. The trend slope estimation was performed using Sen’s Nonparametric Slope Estimator
method. Seasonality hypothesis testing was conducted using Minitab statistical software in
which the Mann-Whitney U-Test method was selected for the determination of seasonality.

The outcome of the statistical analysis indicates the possible influence of seasonal
behavior on groundwater quality. Trend analysis indicates the presence of a trend and its
direction, upward or dowaward, and the slope is estimated in concentration units per year. A
95% confidence interval was calculated to indicate the variability in the values about this trend
line, These values are to be interpreted as indicators net for the prediction of future
concentrations, but for areas which should be more closely monitored in the future.
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Uranium Statistical Anglysi

Based on the above criteria, 15 of the 36 DOE monitoring locaiions were selected for _
seasonality and trend analyses. The LS monitoring wells are located north of the Femme Ogage
Slough, with the exception of monitoring well MW-1011 located adjacent to the south bank of
the slough, The results of the trend analyses are presented in Table 7-11.

Rased on the results of the tremd analysis on the ﬁranium dﬁm, statistically sigmiftcant
upward trends are present south of the guarry in both alluvial and bedrock monitoring wells.
* These wells are located along the orientation of the predominant fracture system in the quarry
avea.

It has been determined that the greatest groundwater contaminant migration is aiong this
pathway. The data from 1993 obtained south of the slough did not fit the criteria required for
trend analysis. Seasonality was not indicated to be a factor for the trends in this areca.

Table 7-11 also sumimarizes a comparison of the 1992 and 1993 trend analyses. The
difference between the two data sets is. the inclusion of the 1993 environmental monitoring data
in the trend analysis for this year. Upward trends were no longer indicted for the bedrock rim
monitoring wells MW-1004 and MW-1005 and bedrock meonitoring well MW-1015. This pause
in upward trends may be the effect of the flooding of the Missouri River, or the dewatering .
activities of the quarry on the groundwater environment. Monitoring locations MW-1013 and
MW-1031, bedrock monitoring wells located southwest of the quarry, indicated downward trends
in total uraniym,

Nitroaromatic Compo

Trending analysis was performed in 1992 for the nitroaromatic data at the quarry, Nine
of 36 DOE monitoring locations were selected for trend analysis in a similar manner as total
utanium trend apalysis, The summary of the nitroaromatic trend analysis is presented in
Table 7-12. Nitrobenzene was not included in the statistical analysis due to levels consistently
being below detection limits during sampling at the quarry.

Based on the results of the trending analysis, upward trends are present in the bedrock
of the quarry rim and bedrock monitoring locations southeast of the quarry. These monitoring
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- wellg are also located along the orientation of tﬁe_preduminant fracture system. Several
monitoring locations were added to this year’s trend analysis, hut indicated only slight upward
trends in two bedrock menitoring locations. : '

A comparison of the 1992 and 1993 data indicates the greatest upward trends were
exhibited in the eastern portion of the quarry rim (MW-1002). This monitoring well is situated
in the rim adjacent to the area of grestest volume of pitroaromatic bulk wastes. A large volume
of these wastes was removed during the latter half of 1993, which might indicate mobilization
of nitroaromatic compounds into the grouwndwater, due to disturbance and greater infiltration of
precipitation in this area.

7.4.5 Groundwater Summary for the Quarry Water Treatment Plant

Monitoring wells MW-1035 through MW-1039 were installed in 1991 to monitor the
shallow groundwater in the vicinity of the quarry water treatment plant. These monitoring wells
are sampled according to & detection monitoring program as outlined in 40 CFR 264, Subpart F
and 10 CSR 25.7, Subpart F. These five wells are monitored for the contaminants of concern
as derived from previous evaluations documented in the Engineering Evaluarion\Cost Analysis
for the Proposed Managememnt of Comtaminated Water in the Weldon Spring Ouarry (Ref. 52)
and the Baseline Risk Evaluation for Exposure to Bulk Waste ot the Weldon Spring Quarry,
Weldon Spring, Missouri (Ref, 53).

The concentrations at the compliance poimts (monitoring wells) were compared with
background of the shallow groundwater beneath the treatment plant area or to groundwater

protection standards, Statistical analysis of the total umnium, barivm, and sulfate data was -

performed. The non-parametric ANOV A test was used in both the preoperational to background
comparisons, and the total data set comparisons to background. The Mann-Whitney U-test was
utilized for comparing the preoperational and operational data for each monitoring location,
Analysis for the radiochemical parameters was not performed becanse insufficient data was
available this year for comparison. Nitrate and arsenic were not statistically analyzed due to the
data for all five monitoring locations being less than the detection limit. This was also true for
the analyses for nitroaromatic hydrocarbons, polychlorinated biphenyls, polynuclear aromatic

hydrocarbons, and pesticides. '
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Monitoring well MW-1035 has been determined to be hydravlicalty upgradient for the
determination of the quality of the shallow groundwater in the alluvial/unconsolidated materials
where the quarry water treatment plant is located. A summary of the background valves is given
in Table 7-13. 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.

. The results of the non-parametric ANOVA test indicated that there is statistically
significant evidence of differences between the preoperational data for total uranium, barium,
and sulfate among the monitoring locations. Statistical amalysis indicated that during the pre-
operational pertod, several of the compliance monitoring locations had higher concentrations than
background levels for total uranium, barium, and sulfate. This would indicate that comparing
these Tocations to background during the compliance period would not indicate contamination
from the waste management unit. A summary of the statistical analysis i given in Table 7-14.
The only change in conditions when the compliance poinis were compared to background was
observed in monitoring location MW-1039, which indicated that the sulfate concentrations after
treattnent plant operations start had statistically increased above background levels. The
difference between the critical difference for the background location and the computed
difference between the average ranks for monitoring location MW-1039 was less than 1, which
would indicate that the difference is smail.

The resuits of the comparison of preoperational to operational data using the Mann-
Whitney U-test indicated that the operational sulfate values for MW-1037 were gredter than the
precperational sulfate values. This well is located closest to the Little Femme Osage Creek and
the static water level in this monitoring well responded to the flooding of the Little- Femme
Osage Creek by the Missouri River during the summer and fall of 1993, indicating that the creek
was inflyencing the groundwater in that area. Sulfate levels in the river are moderately higher
(mean = 113 mg/l; o = 40) than that in the gronndwater, which may be the canse for the higher
sulfate concentrations in MW-1037 during 1993,

The Mann-Whitney U-test performed using the total uranium data indicated that the
-operational data for monitoring well MW-1038 was slightly-higher than the preoperational data,
and the preoperational data for monitoring well MW-1039 was higher than operational data, The -
median valuss for each parameter for the preoperational and operational data at these locations
are within 0.9 pCift of each other and are considered negligible. These values are within
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TABLE 7-13 Mean and Median Values for Background Monitoring Wall
(MW-1035) at the Quarry Water Traatment Plant
I——————— : ' o
Backgroursd ' ’ Background
Paramoater Mean Maexlizan Parameter Mean Madlai
Total 0.7 : 0.36 Groes B [pCifl] 5.9 *
Uranium -0.B3; Z.47) ’ {12.5)
pCif)
Rn-726 Q.35 045 Nitroaromatic Ho detacta b
M 10.21; 0.49) Compounda
Ra-22% <023 0.23 Aresnle [paf} =1,5 1.0
{pCifl 1-0.41; 0.36) {~1.B; 4.8}
Th-228 <0,1 018 Barium 2148 Z23.0
pCifl) {9.01; 0.28) g [1668,0: 283 8|
Th-230 <0.1 Q.18 Hitrate 0.12 0.12
pCifl) {0.01; 0.28) gt o0d: 027}
Th-232 <01 Q.16 Sulfate 41.0 aa.7
ipCid} {0.01; 0.29) _ imgA) (23.85; 58,3) {
Groes & <02 . Alkallnity 226.9 220
ipCI {£8.5) Imgd) {171.5; 292.4)
Inaufficient data to detarmine madian valua
ra Ho devectable concantrations
"TABLE 7-14 Summary of Comparison of Monitoring Locations to Background
Moniterng Vel Total Uranlum Batium Sulfate i
Fra-op Oparational - Pra-op Cperational Pro-ap - [Qperationat
MW-1036 > BG > R > BG > BG > B3 > B3
MW-1037 < 64 <BG > BG > Ba < BE < BG
MUY-1038 > BG@ =BG . < BG < B < Bi3 < BG
MW-1038 > B < Ba > BG = BG < BG > BG
——————

> G Greater than background {as sstablehad |n MWL 1035}
< BG  Lewa then background {as estebliehed in MW 1 035}

background ranges for total uranium. Monitnﬁng wells MW-1038 and MW-1039 are located
approximately 60 m (200 ft) from the edge of the equalization basin.
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Based on groundwater gradient maps, two monitoring wells (MW-1040 amnd MW-1041)
were installed in late 1993 within 7.5 m (25 ) of the equalization basin to better monitor the
equalization basin area. No data were available in 1993 for these two locations. Mooatoring
wells MW-1038 and MW-1039 will not be included in the waste facility monitoring: program
based on the groundwater flow direction. Monitoring welis MW-1038 and MW-1039 are
hydraualically cross-gradient from the equalization basin in a porous medium aquifer and the
results from these wells do not monitor possible contamination from the basin.

- 7.5  Well Abandonment

In 1993, no groundwater monitoring wells were abandoned at the chemical plant or the
quarry.

7.6  Highlights

* (Contaminant levels genefally remained within historic ranges at afl chemical plant
locations. A new uraniuwm high was measured at ope off-site location, but subsequent
uranivm megsurements were within historic range. :

* Monitoring results for groundwater and springs were genecrally within background
ranges, Although some new highs and lows were recorded, they generally did not
Tepresent significant changes.

+ Analysis for seasonal and temporal trends indicated that seasonal factors were not
strongly related to contaminant levels and that conditions were stationary in over 80% -
of the cases analyzed for temporal trends. Notable exceplions were the sieep
dowmward trends for nitroaromatics in MW-2013 and the increasing nitrate levels in
two wells north of the raffinate pits,

* Examination of the relationship between alkalinity and contaminant levels suggests
that contaminant levels are typically higher when the. groundwater component
dominates flow at Burgermeister Spring.

* Analysis for temporal trends indicated downward trends were indicated in two
moniforing wells at the guarry (MW-1013 and MW-1014) which previonsly indicated
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stationary total wranium levels. Nomupﬁrardtrmdswmindicatedfortotal
uranium in the wells statistically analyzed. Downward trends in nitroaromatic
compounds were also indicated in one or more of the six parameters at three
groundwater monitoring locations (MW-1004, MW-1006, and MW-1008) statisticaly
analyzed, Upward trend in some or all of the six parameters were maintained at two
quarry rim locations (MW-1002 and MW-1004).

» Flooding of the St. Charles County Well Field by the Missouri River inundated 26
groundwater monitoring locations; therefore, some of these wells were not sampled
during the third and fourth quarters of 1993, Later sampling indicated that the
St. Charles County production wells were not impacted by contaminants migrating
from the tulk wastes in the quarry during the flooding.

» Environments] monitoring indicates that the largest amount of contamination is still
present in the bedrock of the quarry rim and the alluvial materials and bedrock north
of the Femme Osage Slongh. Total vranium concentrations remain within
background levels, and no detectable concentrationy of nitroaromatic compound were
identified south of the slough or in any of the St. Charles County production wells.

s Statistical analysis of the data obtained from the monitoring system around the quarry .
water treatment plant indicated that during the preoperational period several of the
compliance monitoring locations had higher concentrations than background levels for
total yranium, barium, and sutfate. A comparison of these locations o background
levels would not indicaie contamination. Results also indicated that one menitoring
location had an increase in sulfate afier operations at the plamt stamed. The
groundwater at this location was impacted by floodwater resulting in the elevated
levels.  Another monitoring location alse indicated higher total uraninm
concentrations after operation of the facility. The difference between the
preoperational and operational data is considered to be insignificant and within the
background ranges for total uranium in the area.
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3 BIOLOGICAL M{)NITDRING PROGRAM
8.1  Program Description

The biological monitoring program complies with the regulatory requirements inclnded
in the T.S. Departiment of Energy (DOE) Orders, the National Envirommental Policy. Act
(NEPA), the Comprehensive Emvirormental Response, Compensasion and Liability Act
(CERCLA), and other appropriate Federal and State regulations, Many of the sampling
activities direcied by DOE Orders 5400, 1 and 5400.5 such as preoperational moniiﬂﬂng, effluent
monitoring, and environmental surveillance are nsed to support the NEPA and CERCLA
biokogical monitoring program and include the collection and analysis of water, soil, foodstuffs,
and biota.

Activities for the biological monitoring program are selected from the results of pathway
analysis. Exposure pathways identified for buman and ecological receptors are identified in
Section 2.1 of the Environmental Monitoring Plan for Calendar Year 1993 (Ref. 9). Complete
pathways are those that show a link between one or more contaminant sources, through one or
more -environmental transport processes, to a human or ecological exposure point. These
exposure pathways are nsed to direct biological sampling activities and determine the type of
data that needs to be gathered, documented, and presented. '

Results of biological monitoring also support hvman dose calculations, as presented -in |
Section 4, by providing data for the human ingestion pathways. The remaining pathways ane
monitored to support biological risk assessment stedies and compliance with envirommental
surveillance requirements.

8.2 Applicable Standards

DOE Orders and U.S. Environmental Protection Agency (EPA) regulations provide the
standards of compliance for the biological monitoring program. A surveillance level has been
determined based wpon DOE guidelines for established annual effective dose equivalents for
humans consuming terrestrial foodstuffy.

DOE Order 5400.5 also addresses the protection of native aquatic organisms from: the
petential bicaccumulation of radionuclides. The Order states that the absorbed dose shakl not
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exceed 1 rad per day from exposure to the radicactive material in liquid wastes discharged to
natural waterways. - :

The biological monitoring program provides supporting data for the dose estimates in
Section 4 on the possible ingestion of biota by humans. These calculations were based on the
guideline that members of the public should not be exposed to radiation sources ay a
consequence of all routine DOE activities in any one year that could canse an effective dose
equivalent greater than 100 mrem (1 mSv).

The BPA has established Federal ambient water quality criteria for varions pollutants,
including a number of metal and nitroaromatic contaminants found at the Weldon Spring site.
The EPA criteria are used in developing surveillance levels for fish and also serve as a guide
in the surveillance of benthic invertebrates, waterfowl, and zooplankion.

8.3 Monitoring Results

The biclogical monitoring program was divided into two study units: aquatic and
terrestrial.  Studies were conducted as detailed in the Environmental Monitoring Plan jfor
Calendar Year 1993 (Ref. 9) with any deviations discussed below in the appropriate sections.
General study locations can be found on Figure 1-4,

8.3.1 Aquatic Monitoring

Biota are primarily exposed fo radionuclides and other contaminants of concern at the
Weldon Spring site by aquatic pathways. Contaminated surface water bodies and surface water
munoff from the site to off-site lakes and streams provide the main route of exposure t0 biota.
Characterization studies have been conducted to determine the effects of contaminants on bigta
at on-site and off-site properties. The only comtaminants of concern for off-site surface water
and sediments are uranium, arsenic, lead, and mercury. Biouptake siudies conducted on fish
were based on human consumption of game species.

8.3.1.1 Fish. In 1993, the Weldon Spring Site Remedial Action Project (WSSRAP) and the
Missouri Department of Conservation (MDC), sampled fish from off-sile properties, including
Lakes 34, 35, and 36 at the Busch Memorial Conservation Area, and the Femme Osage Stough
within the Weldon Spring Conservation Area. Elevated levels of uranium are known to exist
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.in these areas. Lake 33 at theBuschannal Consarvaunn Area, which has been shown to
have no hydraulic connection to the site, was used as a background sampling location.

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 were analyzed for total uranium, arsemic, and lead. All data below the
detection limit are presented and were used in calculations as half of the detection Limit
according to BPA guidance (Ref.39) uniess uncensored data were available (Section 8.1.5).

Fish samples were once again collected in 1993 to ensure public health and safety.
Although review of previous year’s fish data indicated that flesh samples from fish residing in
Busch Lakes 35 and 36 contained radionuclides at levels significantly higher than background
lakes, the concentrations were extremoly low and the total dose estimate was less than
1.0 mrem/year. For this reason, fhe fish sampling for 1993 was reduced from previous years.

The highest wranium concemtrations were found in the sunfish cakes from Lake 36
(0.129 pCifg) and Lake 35 {0.047 pCi/g). Table 8-1 presents the uraninm data for the 1993 fish
samples. Higher concentrations would be expected in whole and fishcake samples gince
radionuclides tend to accumuiate in the bones and organs. All other samples were less than
{1.02 pCifg. Background concentrations ranged from (.000! pCi/g to 0.0007 pCi/g. The data
are presemted as total uranivm with detection limits ranging from 1.35E-05 pCifg to -
9.86E-05 pCi/g.

TABLE 8-1 Average 1993 Uranium and Metal Concentrations in Fish

Total Uranium Argenic Lead
el L I - S I
Loke 335+ Sunflah Cakes C.0007 0.13% 0041
Baes ﬁﬂm G000 0,100 0.340
Catfish Fillats | o000 . «0.02% 0110
| Crappie Fillsts 0.0001 0.083 0.058
Lake 34 Sunfish Cakes " | o.0186 <0025 0.082
Baws Fillets 0.000% . 0.020 0.050
Catfigh Filete 0.0007 «0.026 2110
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Tatal Lranlur
Loaation Sample Type {pCl/g} {=a/at fpial

Leke 24 Crapple Cakes . d.mza <0,023 0.150

Leke 35 Sunfizh Cokes 0.0469 <0.020 0.090
Bass Fillats 0003 <0.020 C.084
Catfieh Fillate 0.0044 =0.020 '0.032
Crappia Fillete 0.00aY7 <0.019 0.320
Crapple Cakmss - 0.0077 <0021 0.140
Lrappie Whole a.0181 0.066 | 0.530

Laka 38 Sunfigh Fillets C.008% <0021 <0021
Bunfish.Cakag 0.129 < 0.024 0.130

Bass Fillete

Catfieh Fillate

Crappie Fillets

Crapple Cakwe

Bassa Fillats

Carp Fillate

* Background laka

Crapple Calone

Arsenic and lead were also analyzed as part of the 1993 fish monitoring program.
Results are presented in Table B-1. Arsenic was detected in 11 of the 23 samples collected.
Arsenic concentrations in fish rmnged from <0.023 ug/g t0.0.135 pg/g in the background lakes.

Concentrations in the study lakes ranged from <0.019 up/e to 0.089 pgfe.  The highest
concentration in the study Iakes (0.089 pg/g) was found in the bass fillet sample from Lake 36.
Lead was detected in most of the samples taken from both the study lakes and background lakes.
Lead valvues ranged from <0.020 pg/g to 0.340 ugfg in the background Iake and from
< 0.020 pglg to 0.530 ug/g in the study lakes. The highest concentration (0.530 xg/g) was

- found in the whole crappie sample from Lake 35. The highest concentration fovad in the edible

portions was 0.340 ug/g in bass fillets from Lake 33.
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$.3.1.2 Benthic Invertehrates and Zooplankton. Benthic invertebrates and
* zooplankton were to be collected in 1993 as part of the aquatic biological screening investigation
required by DOE Order 5400.5. The study was not conducted during the 1993 season:due to
a redefining of sampling requirements, and later, due to flooding which made many of the
sampling locations inaccessible. Sampling is scheduled for the 1994 season and will be the same
program as that designed for 1993, '

B.3.2 Terrestrial Monitoring

Terrestrial monitoring studies focmsed on sampling agricultural products as required by
DOE Order 5400.1.

3321 Agricultural. The Enmvironmental Regulatory Guide for Radiological
Effluent Monitoring and Environmensal Surveillance (Ref. 32) and DOE Order 5400.5 require
the analysis of "foodstuff" (crops and dairy products) within a 16 km (10 mi) radius of all DOE
facilities. Based upon results of the 1991 and 1992 data, a committed effective dose equivalent
was calculated at 0.03 mrem/year. This dosc was based on an individudl consuming 186.6 g
(6 0z) of com once a week over 1 year and using the highest uranimm concentration found in
" com kernels, 0.111 pCi/g. This dose was less than the annual effective dose of .1 mrem/year.
Therefore, based upon DOE guidance for dose from foodstuffs of < 1 mrem/year, surveillance
sampling instead of annual sampling will be conducted in the future. A surveillance program
has been established based upon past data and the committed effective dose equivalent of
0.03 rem/year. The surveillance program uses effluent data to trigger the onset of continued
agricultural sampling (i.e., if air monitoring data shows & rclease of radionuclides above

backgrovnd).

During 1993, samples were collected only from background locations becanse of
significantly higher concentrations of uranium than at study locations, as discussed in the
1983 Environmental Monitoring Flan (Ref. 9). Although the comnitted dose equivalent was
calculated at 0.03 mrem/year and a surveillance program was established, it was deterniined that
befter representative background samples should be collected during 1993, Becanse of the
flooding throughout St. Charles and surrounding couaties, only four background samples ‘were
collected. Furthermore, the St. Charles County well field could not be sampled during 1993,
as the well field was flooded by the Missouri River twice during the summer.
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The agricultural samples (three corn and one soybean) were collected from background
tocations, along with corresponding soil samples, and analyzed for total uranium, Ra-226,
Ra-228, Th-228, Th-236, and Th-232. Uranium concentrations ranged from <0.004 pCi/g to
0.006 pCifg. A summary of the agricultural and soils data can be found in Table 8-2. A
surveillance program has been established LEnwmmenmI Moniioring Plan for 1994) and
additional background samples will be collected during 1994.

TABLE 8-2 1993 Average Agricultuﬁl Background Radienuclides Concentrations
: (pCifg)

Lranium

Ra-228

Rn-228 0.0a7 Q.11 1.8

Th-228 . ) < 0.008 0,02 0.91
E Th-230

$.4  Highlights

» Uranium concentrations ranged from (.001 pCifg to 0.129 pCi/g in edible portions of
fish sampled in 1993.

» Uranium concentrations in background agricultural samples ranged from
< 0.004 pCi/g to 0.006 pCi/g.
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9 ENVIRONMENTAL QUALITY ASSURANCE PROGRAM INFORMATION

2.1 Program Overview

The environmental gquality assurance pmgﬁm includes management of the quality
assnrance/quality control programs, plans, and procédures governing environmental monitoring
activities at the Weldon Spring Site Remedial Action Project (WSSRAF) 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 environmental quality assurance program provides the WSSRAP with relisble,
accurate, and precise monitoring data. The program furnishes guidance and directives 0 detect
and prevent quality problems from the time a sample is collected vntil the associated data are
evaluated and utilized. Key elements in achieving the goals of this program are compliaace with
the quality assurance program and environmentst 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.

9.1.1 Quality Assnrance Program

The Profect Management Comtractor Quality Assurance Program (QAP) (Ref. 40)
establishes the quality assurance program for activities performed by the Project Management
Contractor (FMC). The QAP requires compliance with the eriteria of DOE Ornder 5700.6C.

9.1.2 Environmental Quality Assurance Project Plan

Environmental compliance issues applicable to the WSSRAP are addressed in the
WSSRAP Envirowmental Quality Assurance Project Plan (BQAPIP) (Ref. 41) which outlines
the specific U.S. Environmental Protection Agency/Quality Assurance Management Staff
(EPA/QAMS) 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.
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.The primary purpose of this doéume_ntistopr'nvideacompleteandamurate 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 Safery
and Health Plan (Ref. 42), the Environmental Monitoring Plan (EMP) (Ref, 9), and sampling
plans written for specific environmental tasks.

9.1.3 Fovironmental Data Administration Plan

The Environmental Data Administration Plan (EDAF) (Ref. 43) 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 for specific investigations is alse detailed. The
EDAP details the specific requirements of the BQAPJP.

9.1.4 Environmental Monitoring and Quality Assurance Standard Operating Procedures

SOPs have been developed for routine activities at the WSSRAP. Environmental
monitoring SOPs ate 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
quality assurance program described in this section. Controlled copies of SOPs are maintained
in accordance with the docoment control requirements of the American Society of Mecharical
Enginecers (ASME) NQA-1 (1989). All SOPs are reviewed at least anmvally and revised as
appropriate.

2.1.5 TUse and Presentation of Data

Analytical data are received from subcontracted analytical laboratories. Uncensored data
have been used in all reporting and caleulations for this site environmental report where
available. Uncensored data is that data which does not represent a ND (non-detect) and instead
reports an actual value. 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 (DI/2). The EPA recommends
the use of the DL/2 value for statistical manipulation of data when the percentage of nondetects
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- -in-the: data set is small and nuncensored data are not available (Ref. 44). In addition, all averages
and summary calenlations include the ratio of nondetect data to the total oumber of samples
(e.g., 1:4) as required under the corrective action plan.

9.1.6 Andits

The environmental programs are audited by the Project Quality Department. Audits
include self assessments, surveillances, and formal asdits. - They evaluate compliance . with
environmental programs and generate audit Teports to track deficiencies and corrective actions.
The WSSRAP is also audited routinely by external organizations including DOE Headguarters
and the DOE Qak Ridge Operations Office. The external audits assess compliance with
applicable regulations, DOE Orders, and site plans and procedures. Al 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 use Contract Laboratory Program (CLF) methodologies when applicable. 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 Project Management Contractor (PMC) prier to analysis of each sample. - Bach
of the subcontracted off-site laboratories has submitted a site-specific Ouality Assurance Project
Flan (QAPjP) io the WSSRAP and controlled copies of their standard operating procedures,
The QAPRjPs and SOPs are reviewed and approved by the PMC before any samples are shipped
to the Iaboratory. Changes to the standard apalyticat protocols or methodology are docamented
in the controlled SOPs. All of the laboratories currently being used by the WSSRAP have had
a preliminary assessment of their facilities o make sare that they have the capability to perform
work according to the specifications of their contracts. (Quality assurance audits are performed
annually to inspect the laboratory facilities and operations, to ensure thai the laboratories -are
performing analyses as specified in their comtracts, and to check that WSSRAP data.
documentation amd records are being properly maintained.
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9.2  Applicable Standards

Applicable standards for environmental quality assurance include: (1) use of the
appropriate analytical and field measirement methodologies; (2) collection and evaluation of
quality control - samples; (3) accoracy, precision, and completeness evaluations; . and
{4) preservation and security of all applicable documents and records pertinent to the.
environmental monitoring pmgmm. :

9.2,1 Analytical and Field Measurement Metbhodologies

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 fellow
the EPA CLP requirements (metal and organic methodologies) and the EPA drinking water and
radiochemical methodologies. Field measurement methodologies typically follow the American
Public Healih Association Standard Methodologies for the Examination of Water and Wastewater

(Ref. 45 ). :
9.2.2 Quality Control Samples

Quality conirol 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 (Ref. 25).

Descriptions of the QC samples collected at the WSSRAP are detailed in Table 9-1.

TABLE 9-1 QC Sampla Description

Type of Blank . Cascrption

Dintillad Vater Blank Monitora the purity of distilled watsr usag for fiald blanke and
decontaminaton of aampling squipment.

Fisld Elank - | Menitore potential somtaminants, such as dust or valatile compounde, that
‘ fmay be |mtroduced at the sita of éample collaction. Fiald blanke ars
¢ollacted in the fiald at the earne tinra of sample collaction activities,
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TABLE 9-1 QC Sample Description {Continuad)

Type of Biank

Equiprmeant Blank

o Dwecrpticn

Manitore the arl"foutiwnaus.nf progedures ugad to cisan sampling
squipment pricr to solecting @ eampls. Equipment blenks include both -
riraata and filter Banks.

Mondtora volatile organic corpounds that may ba intreduaed during

Trip Blank
raneportation or handling at tha laboratory.
Fiekl Replicets Monitora flald cenditions thet may affeat tha reproducibility of samples

‘ocltactad from a given location.

Blind Duplicatw

A replicates with & modifiad earmple Idantifinu.liun. The duplicats is used ic
maniter field conditione that may affect the reproducibility of samptse
cclfsctad from a given location.

Matrix Splks®

tdomitors the accuracy of isboratory meeswrements for & given matdx type.
Tha results of this analyeis and the routine sample are usad to computie
tha parcent recovery for sach paramoetar.

Matrlx Duplicate*®

Monitore the pracidion of [sboratory mesasuramente for inorganic
parsmetan in o gihvan mtix typo, The reeplts of the matrie dupliosts and

. the routine sampls are uasd to compute the relative percemt differsnce for

sach paramater,

Matrlx Spike Duplicate*

Monitore tha precigion of laboratory magsurements: for arganic

compounds. The matrx spiks dupficate & epliced i the sams mannar as
tha matrix apike eample. The results of the matnix epike and matrix spike -
duplipate are uesd to datsmmnine the reletive percent differsnce for organic
PATBIATATS.

. Split a leboratory from largs volume eamples,

9.2.3 Accuracy, Precision, and Completeness

‘The WSSRAP data validation group determines the analytical accuracy, precision, and
completeness of 10% of the environmental data collected. 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-1 (1989). All documents pertinent to environmental
monitoring are preserved and secured by the departments that produce them.
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9.3  Quality Assurance Sample Resalts

The guality assurance program is assessed by analyzing quality control sample results and
comparing them to actual samples using the following methodology.

9.)3.1 Duplicate Analyses Results

Two kinds of duplicate analyses were performed in 1993; matrix spike duplicates and
blind duplicates. The matrix spike duplicate analyses were performed at subcontracted
laboratories from aliquots of original samples coflected at the Weldon Spring site. Replicate or
blind duplicate anatyses were performed using samples split by the WSSRAP into sepatate -
containers and identified by separate identification numbers. Laboratory duplicates were used
to assess the precigion of analyses and also to aid in evaluating the homogeneity of samples or
analytical imerferences of sample matrixes.

Generally, laboratory duplicate samples were analyzed for the same parameters as the
original samples at the rate of approximately ome for every 20 samples. Blind duplicate
(replicate) samples were collected as specified in the EMP (Ref. 9). Typically, duplicate
samples were analyzed for the more cominon parameters: vranivm, nitroarmatic compeands,
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 L/SEPA Contract Laboratory Frogram, Inorgamic Scope of Work,
[Ref. 25]) was:

RPD = (S-DY((S+D)/2) x 100

where § = the normal sample
D = the duplicale analysis

The relative percent difference was calculated only for samples whose analytical results
exceeded five times the detection limit.
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_ Table 9-2 summarizes the data on relative percent differences for groundwater (including
springs) and surface water (including National Polhstant Discharge Elimination System [NPDES])
samples for the parameters of sufficient data Size to permit averaging. Both the laboragory
duplicates and the blind duplicates are summarized. When the relative percent difference data
could not be averaged, they were not evalnated becanse these parameters were not commonly
analyzed for and/or were not confaminants of concem.

TABLE 9-2 Summary of Calculated Relative Parcent Differences

Surface Water®

Graundwater '
Duplicatas Duplicates
RPD') Count No. RPDF Count No.
Alkalinity
Kitrata-H 3.60 20 1.23 LI
Sulfete 2.87 24 1.06 2
Chiorkde 4.1 28 5.23 -
Arsanic 4.45 20 1.02 17
Barium 219 27 1.58 4
Cataium 12.66 23 1.08 *
Msgnanbim 4.30 20 1.41 4
Mangenose 2.29 13 1.21 &
Fotasslum 10.24 16 11.43 g
Beeum 4.30 1B 1.1 &
Strarivem 8.77 24 1.26 Z
Silica, dissolvad 1.45 21 e} |
Uranium, total 209 28 1.24 i5
tal Groundwater samples include wpring samples
b Surface water eamples include NFDES samples
fal RPD = Relative Percent difference
Gk RPD cauld hot ba cuicLﬂam-q for thees pararmetsre

The results in Table 9-2 indicate for all parameters reviewed, that the 20% criterion as
recommended in the CLP (Ref. 25 and 44) demonstrates that duplicate sample results were
reproduced and were of acceptable quality.

miusaratjoannelassrddwecion.d
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9.3.2 Blank Sample Results Evaluatiun _
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 t0 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).

+ Eifectiveness of the decnntarmnatmn procedure for sampling equipment used to collect
samples {equipment blanks).

* Quality of water used to decontaminate sampling equipment and/or assess the ambient
conditions {distilled water blanks).

Sections 9.3.2.1 through 9.3.2.4 discuss the sample blank analyses and the summary of
analytical resulis that were abhove the analytical detection limits. Field blank samples for
groundwater, surface water, spring and seep water, and NPDES water were evaluated together
as a set.

$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 1993, eight trip blank samples were analyzed for volatile organic compounds. Low
concentrations of acetone were found in two samples. The acetone concentrations were just
above the detection limit and the concentrations did not exceed the CLP criterion. This

. compound is a comanon laboratory contaminant.
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TABLE 9-3 Summary and Avaraga.pf Field Blank Paramater Rasults

Paramotars

Uranium, totel

Mumber of Cetecta/Number
of Analyees

6 out of 16 123%:)

Evaluation and Summany of
' Datacte

4 of 8 [33%] <BxDL
2of & 133%] »5x DL

Comments

Mitrate-H B out of 12 (25%I 2 of 3187%) <BxOL Lsb prohismfcomtamination
1of 3[33%) >6xDL

Chiarida O o of 8 {39 MiA

Sulfate 2 qut of 7 [30%} 2ot 2 (100%) <2 x DL

Alkafinity 4 out of 18 [22%] 3of4{75%) <2 xDL
1 of 4 {25%) =2 % DL

Laad 2 out of 6 1S0%) ot 3{33% >Z2xDL one rejectad by validetion group
2of 3{67% <2xDL

lron 2 out of 16 119%) A of 3{100%} <2 x DL

SodiumfStrontivm Qout of B [D%i NA -

Calgium 4 oyt of 7 (E7%) 4 of 4 100%} <5 x DL -

Phosphorue 2 out of B (40%) Zof 21100%) <2 xDL

i Thefum-230 1 out of 4 (26%] 1of 1{100%) <2 x DL -

Toluens 0 aut of 3 {0%!) Mk

Arganic/Barium O out of 14 {0%) N7A

Nitroarormatic O out of 12 {0%} NSa

R,

HiA Mot Applicable

Datection limit; < 2X = Loss then two times; >EX = grester than five times

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, therefore, are gederally the parameters of concem, such as
urantum, anions, metals, and nitrcaromatics.

The data is summarized in Table 9-3. This; table presents the ratio of detects o tolal
number of samples collected for-each parameter having results above the deteciion limits.

9323 Equipment and Bailer Blank Evaluation. Equipment and bailer blanks
are collected by rinsing decontaminated equipment and bailers with distilled water, and collecting

160
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_the rinse water. This procedure is used to determine the effectiveness of the decontamination
process. At the WSSRAP, most. of the groundwater samples are collectedi from dedicated
equipment, and surface water is collected by placing the sample directly into a'sample container,
The data for the equipment blanks did not detect contamination; therefore no further discussion
is presented. ' : ' :

9.3.2.4 Distilled Water Blank Evaluation. Water blank samples ate 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. Waier blank
samples also serve as laboratory blanks. 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 1993, 22 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,
All of the contaminants found in waier biank samples were low level (Jess than five iimes the
detection kimit); therefore there is no impact on the routine samples.

TABLE 8-4 Summary of Water Blank Paramater Results

Evaluation and Summery of
Number of DetwcteMumber of Analyses Detects

Liranlupn, tatal

& out of 19 |28%} 2of EatDL
Aof B <ExDL

{ Mitrate-N 2 out af 12 117%} Zof ZaDL
Chlarlde 3 aut of 7 |43%) Bof3 22xDL
Alkcallnty 2 out of 9 (22%) 202 <2xDL
Chernloal Oxygen Damand Ho Detactiona MiA

Iren

3 out of 2 (38%)

2afd3 <2xDL
1 of 3 <GxDOL

Laad 2 oyt of 9 {22%] 2ef2 <2xDL
Megnesium 1 out of B {20%) 1ef1 <=2xDL

e raury o Detection MNiA
‘Phosphorue 1 out of B [20%) 1of1 <2x D
Bodium Mo Bateation MiA

MU earsioanneiasard Agaction. 3
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TABLE 9-4 Summary of Water Blank Parameter Results {Continuad)

. ] Evaluaticn and Summary of
Humber of Detecte/Mumber of Anslyeos Pistacts

Strontium 1 ot af 3 [339%)

Thorium-230 No Destaction

AR othar Mo Detecdon

[a) Hitrasrornatic, other metats and radioochsmical parameters
NiA Mot Applicabts .

9.4 1993 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 inchides all
WSSRAP data collected and is not limited to environmental monitoting 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).

Tabla 9-5 identifies the number of 1993 quarterly and total data ﬁnints that were selected
for data validation, and what percentage of those selected were completed.

Table 9-6 identifics validation qualifiers assigned to the selected data points as & result
of data validation. To date, 54.6% of 1993 data validation has been completed,

Table 9-7 identifics the average'accumcjr and precision for all sample types excluding
environmental and waste management samples for anion, metal, nitroaromatic, radiochemical,
and miscellaneous parameters. The accuracy values are based on the percent recoveries of the
Iaboratory control samples, and the precision values are based on the relative percent difference
between duplicates. The data population size associated with each accuracy and precision value
is listed as "n." : :

m:userdijoanneiesar®dwection.d ’ 162
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TABLE 9-5 WSSRAP Validation Summary for Calendar Yesr 1993 (as of January

1994}

Calendar Quariar
1993

Cuarter 1

Ho. of Data

Pointa Collwctad

14,332

061994

Mo. of Ctata
Pointe Solaoted
for Valdatlan

MNo. of
VYalidated Data 5%
Polnta Carnplatad

Quarter 2

16,383

Cuarter 3

18,284

Cuarter 4

0,932

1933 Toa

FRAME

m:usargijoannaiasar®isection. 8
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TABLE 9-7 Validation Accuracy and Precision Summary for Calendar Year 1933

Fuaride &
Chioride 28.7 30 3.2 28
Mitrate-M 102.4 28D 3.0 245
Sulfate
METALS .
Alurninurm
Antimony 102.2 11 1.0 11
Arasnic 28.9 B2 3.4 1+
Barium B53.1 87 7.2 g8
Baryllium 102.8 12 1.0 12
Cadmium 102.3 43 a9 22
Caloium 106.1 16 10.2 16
Chramium 102.3 54 4.3 aF
Cobalt 104.5 B 15 5
Coppar 102.2 23 1.7 8
Iran 104.5 ) 4.3 21
Lead 'I'DD..S 13 7.7 40

F Lithium 102.5 20 12.% 15
Magnagium 89.8 12 1.2 12
Manganees 102.8 30 1.9 21
Mareury 104.0 4B 1.1 25
Melybdanum 102.3 E 0.7 B
Miokal 1031 12 1.1 12
Potaseium 99.0 12 4.5 12 |
Selenium 97.1 47 13,7 28’
Silver 98.1 E4 4.4 28

|| Sodium 108.0 A2 2.0 12 §
Thaltium 103.0 & 1B ]

mrwsergtjoannolassrddigection.s
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TABLE 9-7 Validation Accuracy and Precision Summary for Calendar Year 1993
{Continued) .

Vanadium 102.8 B 0.4 &
Zing 894.6 L 41 10.4 32
MISCELLANEOUS
Alkalinity ' 98.3 214 2.4 213 |
Total Divsolved Solida - 0 - c
Total Suependad Sqlide 95.2 aa 9.2 14
Cyatrds, Total 4.8 16 _ 4.8 1
Blochamiesl Daoypgan Carmand 21.8 16 oo | 1
Chamicel Oxygen Cemand ____ .
HITROAROMATICS
1,8, 5-Trinltrobanzana 86.5 B 2.4 4
1. 3-Dinitrob stz ans g6.8 B 1.4 4
Mitrobanzens h3.4 E 0.4 4 |

H 2,4, B-Trinitrotoluens 85,7 18 0.9 15 |

| 2,4-Dinitrotolusna . 98.8 18 2.5 16 i
28Dinectoliene 1 seal s o8| _4)
Ur;rﬂum, Taotal 88,2 &8 2.3 53
Th-228 85.7 24 4.0 1 IE
Th-220 89.1 24 7.0 1B
Th-232 3.1 24 4.8 15
Re-226 10%.3 15 8.3 15
Ra-228 ) 98.7 1B 8.2 16

| Groes Alpha . 93.8 17 140 13 E
Groae Bate . 231 . 13 . 7.5 13

a Ths acourssy values are bassd on tha percent of reccveriss of the agsociated laboratory contrel samplas,

b Sample Fopulation -

a Tha precision values ars baved on the relative peraant of differences between avecaiated sample duplicatas or duplicats
laboratory conirol standards

rn:wee reeanneiaserd Neection.d 166
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9.5 Interlaboratory Comparison Program Results

This section summatizes the interlaboratory comparison program data received 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 BEPA intercomparison radioauclide control program.

The interlzboratory comparisen programs are intended to allow participating laboratorics
to analyze spiked control standards to verify how their SOPs and quality assurance/quality
control (QA/QC) programs are performing. Interlaboratory comparison program resukis
presented in this section do not impact any of the analyfical 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 DOR Environmental Measurement Laboratory Quality Assessment Program
are presemted in Table 9-8. Thiz table provides information on the parameter, matrix type,
laboratory name, date analyzed, DOE value, reported value, and percent recovery.

Results of the EPA intercomparison 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.

Results of the EPA organic and inorgamic performance evaluation program are not
presented in this section, However, this information is evaluated during the routine audit of each
laboratory. Results of the 1993 performance evaluation samples have been renewed, and no
major problems with the results from these programs were observed.

murergijoannelaserd Mgecton.d 167
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TABLE 3-8 Summary of DOE interlaboratory Comparison Program
|
FParamatar (ratix) t.abaratary (Dats) . Farcant Ragovery ©
Uraniunt, total poi {water IT 4133 0.729 0308 42%
Uranium, total pg {watar) I'T 393 ¢.842 0.100 12%
Uranlum, total pCi {soll} IT 9/23 28.9 21.30 ' az% - F
Uranium, tetel pg {eoil) IT 2/23 C.2EE Q127 50%
Lranium, total pGi {air I 883 G.B41 0.823 7%
Uranium, iatal pg {weterl Bartinger 2MBa ¢.108 0,100 83%
Uranlum, tatal uy {8l Bardrgyer 8/93 0850 0.880 105%
Lranium, total gm leail) Barringar 1193 2.52 2.0 21% i
Liranium, 234 pCi (water) Barringar 1193 o118 ' 0,937 119% I
Uranium, 238 pCi (water) Barrnger 483 G118 0.1186 100% I
Uranlum, 234 pCi {alr) Barringer . 4183 0.0188 0.0204 123% i
Urarium, 238 pCi {air) Barringer 183 Q.160 0.0204 127%: ‘
Uranlum, 254 pGi {eal} Bardngar 1193 .2 1B8.5 83%
Uranum, 238 pGi {eoil} Earninger 1ra3 296 . 148 EQ% |
| Uranium, total pCi {watar) Ecowek 2193 0842 0.734 a4%
Urantum, 234 pCi {watar) Ecotek 3783 0.108 0.108 102%
Uranium, total pCl {aiv) Evetek /93 0,541 0.705 130% ‘
: Umni.um, 234 pCi {alr} Ecerak 233 0.02 .0.023 HE%. .
' Urarium, 234 pCl {soi} Eootek 4/53 25.8 3.a 122% J|
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TABLE 9-3 Summary of EPA - EMSL Intercnmp.arisnn Radionuclide Control Program

EPA EMSL Average
Parameter [Matrixi Laboratory (Dste)
Uranium, total {watar) Bardngar 433 " 24,8 0. B2%
Urandutn, tote! [water) Barringer 8793 8.3 7.82 . 26%
Growe Alpha (water] Barringer 1783 1E.Q 1293 26%
Grose Alpha [waver] . | Barringar B 1" = az.0 2787 BE%
Groze Bate (water) Bertingsr B3 8.0 3876 pa%
Giroas Bata (water) Barrirger 843 4€.0 41.24 20%
Radium-226 (watar) Barrityar 1/33 11.2 11.01 4%
Redium-22€ (vwatar) Barringer 4/33 249 23,8 T
Radium-228 (ywater) Barringer amp3 18.9 21.33 118%
Aadium-228 {wetar) Barringer 433 18.0 23.33 123%
Uranium, total (water] Ecotek 1583 8.0 8,87 25%
Urarium, total lairt Ecotek 4193 20.8 22.B& 110%
Uraniurn, total {water Eeotak 4/a2 8.0 ) 6.3 9E%.
Uraniurm, totsl {watar) Ecotak 832 50 8.7 112%
Uraniurn, total {water) Ecotek 10493 5.0 8.5 1 Gt
Grogs Alpha {weter} Ecotak 403 21.0 19,78 4%
Gross Alpha [water) Ecotsk am3 ag.0 43,32 114%
Grose Bota fwatsrl Ecotek 1193 120 1E5.43 Bl1%
Grass Beta {water) - Ecotek, a3 40.0 43.12 1083%
Radium-226 (water} Ecatek 483 18.0 15.7& BE%
Radium-226 {water) Ecatak 8/33 12.0 18.33 1%
Radium-228 {water) Ecotek 1/23 8.0 10.21 128%
Radiumr-228 {water] Ecoiek ara3 1.0 £,53 BEY

melueargjoanisiazerd3isaction.d 169

B 1




051994

10 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
regulaiory requirements not specifically covered by U.S. Department of Energy (DOE}
Order 5400.1 or that were not planned in the Environmental Monitoring Plan for Calendar Year
1993 (Ref. 9).

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 environmental monitoring.

10.1.1  Dam Safety Operations Program

Federal regulations require that embankments higher than 7.6 m (25 ft) and those that
could pose a significant downstream hazard be regulated by a dam safety operations program.
The Federal Energy Regulatory Commission has the overall responsibility for embankmenis
owned by the Department of Energy and performs formal inspections aunually. The Weldon
Spring Site Remedial Action Project (WSSRAP) is responsible for the development and
implementation of the dam safety operations program, maintenance of the embanhnents, ang the
performance of routine surveillance of the structures,

The WSSRAP has implemented the dam safety operations program which was developed
in 1991 and formalized in 1992. This program outlines the training necessary to effectively
sivey and assess the embankments at both the chemical plant and quarry and requires
mandatory surveys as ountlined in procedure ES&H 4.2 3s. All regu'lamry and surveillance
requirements, including documentation are also defined by this program. The Dam Sqfery
Operations Emergency Preparedness Plan (Ref. 46) outlines actions to be taken in the event of
possible or actual embankment Failures.

In 1993, all embankments at the site were asaessed in accordance with the requﬁmants
of these documents. Only minor deficiencies were noted, General maintenance consisting of

mtiusargljoanngiasarddieaction, 0 1?{]
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mowing weeds and grass, removing woody vegetation, and filling abandoned animal burrows
was performed throughont the year. An elevation survey was performed to identify pogsible
slump arcas on the crests of Raffinate Pit 3 embankments. Identification of the lower areas was
necessary due to the higher water elevations sustained throughout the year.

A formal five year ingpection wag performed by an independent consultant in accordance
with the regulations of the Federal Energy Regulatory Commission. During the formal
. inspection, consideration was given to the higher water levels in Raffinate Pit 3 and its pre-
existing over-stecpened slope. A slope stability investigation consisting of soil borings, phreatic
surface determination, geotechnical soil testing, and additional inspections was performed to

determine the soundness of the structure. The results of the investigation indicated that the water -

level of the raffinate pit does not have a significant bearing on the stability of the slope because
no substantial phreatic surface exists through the earthen embankments.

10.1.2  Storm Water Runoff Monitoring Frogram

Due to the increased remedial and construction activity in contaminated soil areas at-the
chemical plant, erosion and sediment control measures have bean implemented to reduce the
sediment load in storm water runoff from the site. These measures are regulated by the National
Pollutant Discharge Elimination System (NFDES). As an internal measure only, storm water
ranoff samples were collected and analyzed for settleable solids and total uranium to defermine
the effectiveness of current erosion and sediment control around storage and construction areas
at the site, '

Sampling was scheduled to be performed monthly during or after measurable storm
events; therefore, if no storm events occurred during the month, no samples were collected.
The effectiveness of the controls was determined by sampling runoff on the down slope side of
sediment bartiers and comparing parameter concentration levels to historical data for each
sampling location, Activities taking place within the construction or storage area were 4lso taken
into account when evaluating changes in concentrations. Changes were made to control sysiems
if the concentrations were significantly higher than historical data, Some locations were also
deleted after activities ceased and concentrations from the area reached background levels. To
assess the effectiveness of erosion and sediment control work practices, this program will
continue while soil disturbance activities are in process.

miuearsijoanneiasard3iesction, 10 1M




051994

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 activities. Another goal of this
program was to provide students from local public and private colleges internship opportunities.
The internship program provides 24 hour or 40 hout hazardous materials training, radiation
safety, and other appropriate instruction to the interns. '

In 1993, the program supported two environmental internships for industrial hygienists.
The industrial hygiene internships included field activities including contamination surveys,
calibration of instruments, noise monitoring, hazardons atmosphere determination, and. heat
stress monitoring,

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 Emvironmental Monitoring Plan for Calendar Year 1993 (Ref. 9). These studies
are applicable to the moniforing requirements of DOE Order 5400.1 for preoperational
monitoring and baseling characierization.

10.2.1  Particle Sizing Study

Particle sizing studies were imitiated in 1991. 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 aithorne particnlates, Particle size distributions are essential in determining
the probable point of respiratory deposition, particle behavior in the air, and in conducting an
overall evalwation of chemical and radiological hazards. The particle sizing study should
reproduce, to a reasonable degree, the dust collecting characteristics of the human respiratory
sysiem so that lung penectration by airborne particles can be predicted from sampling data.

The more penetrable or smaller partictes possess a greater potential to deliver radiation

dose and other hazardous effects. The Intemational Commission on Radiation Protection {CRP)
dosimetric models apply a default value of one micrometer to the determination of dose

m:iueersyjoannaiasarddisaction. 10 ],",-"2




" conversion factors. However, actual sample collection in most of the heavily contaminated

- on a biannual basis at all locations where work activities create a pmaentlal for workers to receive

- experienced extensive flooding. The urmsuaily heavy rain of the spring and summer cansed the

0b1994

buildings on site bas indicated that the median particle:size is much greater than this default
value. Table 10-1 lists the buildings that have been sampled and the median particle sizes
measured on each occasion,

TABLE 10-1 Median Partic-la Sizes Measured for Buildings Samplad

Goliscion Dets_

Bullding

01-15-83

07-28-92

C1-22-83

03-1E-23
101 " 1008-99
108 11-08-8532
408 11-10-93
433 11-15-93

*AMAD - Activity Madian Aercdynamic Dlameter

The average value measured for all Jocations was 5.1 micrometers, which is much larger
than the accepted value of 1 micrometer used in many radiation dose prediction models, A
particle size of this magnitude would result in approximately three times less commitied effective
dose equivalents for any given inhalation intake in the workplace, Data collection will continue
a committed effective dose equivalent in excess of 100 mrem.
10.2.2  Flood Impacts in the Weldon Spring Quarry Area

During 1993, the Missouri Rivar valley in the vicinity of the Weldon Spﬁng site
inundation of the St. Charles County well field on July 15 and September 26, 1993. The

Femme Osage Slough overflowed its banks several times between Jamlarf and Sepltember of
1993. The highest water level at the quarry water treatment plant occurred en July 31, 1993

m:lumersijoannsiasard3isection. 10 173
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- at 477.3 ft MSL, 3 ft above the 500 year flood levels. The qﬁanjr water treatment plant basins
were not inundated. g

The well field, separated from the quarry by the Femme Osage Slough, contains the
county production wells, which provide drinking water for portions of St. Chardes County.
‘While the quarry is contaminated, both chemicalty and radiochemically, these contaminants have
not compromised the integrity of the drinking water supply.

10.2.2.1 Groundwater Impacts. Before the St. Charles County well field was
campleteljr inundated, the Femme Osage Slough had been out of it banks several times since
Jammary 1993 due to heavy rains. The high water level in the slough caused many monitoring
wells, specifically MW-1006 throngh MW-1009, and MW-1032, to be inaccessible for about .
6 months. Bvidence that the rising water of the Missouri River was effecting groundwater
conditions was noted when several monitoring wells became ariisan and sand boils were
observed near the levee,

Prior to inundation of the well field, monitoring wells adjacent to the north side of the
Pemme Osage Slough were showing higher than normal concentrations of total uranium and/er
nitroaromatic compounds. Monitoring wells MW-1030 (bedrock rim) and MW-1032 (bedrock)
exhibited elevated concentrations of several nitroaromatic compounds and total uranium prior
to and during the period that the St. Charles County well field was flooded. These compounds
had been detected at these locations previously but not at the levels exhibited during these
sampling events. Elevated total uranium concentrations were also exhibited in groundwater from
bedreck rim monitoring well MW-1030 from the July and August sampling events. These two
samples were obiained during periods of greatest flooding in-the well ficld. The static water
level in the bedrock was higher than normal during this time, possibly cansing the movements
of the contaminants to be impeded in this location, which resulted in higher than normal
concentrations of total uraniym,

Due to the flood, 26 monitoring locations (22 DOB and four St. Charles County) were
submerged and most were not sampled during the third quarter of 1993, These wells are located
- adjacent to the Femme Osage Slough. Four of the eight St. Charles County produoction wells
were placed out of service due to flooding of the pumps.: The four operating production wells
- were sampled by boat ai the end of September. 1993, during the second inundation of the well
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field. Al production well resulis for total uranivm were less than the detection Emit
(<1.00 pCV/I). L '

Between well field inundations, the water receded enough io gain access to the
groundwater monitering wells adjacent to the south side of the Femme Osage Stough (MW-1017
throngh MW-1022). Grab samples were obtained from these monitoring wells and analyzed for
total uranium. The resulis are consistert with historical data from these locations amd are
summarized in Table 10-2.

TABLE 10-2 Summary of Total Uranium Result South of Slough

=

 enoiegwer | tomuewmoon |

e e

10.2.2.2 Surface Water Impacts. During the first bimonthly period, one surface
water location in the Femme Osage Slough, SW-1004, showed a total uranium concentration
(4012 pCi/ly which exceeded the historic high of 557 pCi/l. A re-analysis of the sample
confirmed previous results. The second bimonthly sample showed the total uramiom
concentration to be 100 pCi/l. '

Review of the initial sampling event indicated that the Femme Osage Siough had been
flooded and was out of its banks. Surface water sampling location SW-1004 is situated near
Vicinity Property 9, an area of known soil and groundwater contamination, The surface water
sample was obtained from a shallow area of water located over Vicinity Property 9 that is
typically not submerged. During the second bimonthly period, the water in the slough returned
to a normal level, and a sample was obtained from its typical location.

During April 1993, the Femme Osage Slough again flooded and overflowed its banks.
At this time, an investigation consisting of surface water sampling, static water level

meiuearsijoanneiassrd3ianction. 1O . 1?5




PO T Bt

QE1994

- measurement, and surface water level measurement was initiated to determine if the
concentrations from the first bimoathly period conld be recreated. Results of the investigation
indicated that at the time of the initial sampling, the rising surface water likely cansed an
intermingling of contaminated groundwater with the surface water, which resulted in an elevated
total uranium concentration at the location. Subsequent sampling of the slough during -these.
similar conditions indicated that the area of impact was small, with respect to the entire slough,
and the event was of short duration. Although no concentrations greater than 4000 pCi/l could
be recreated, concentrations in excess of 1000 pCi/l were observed.

During October 1993, five surface water samples were collected at various locations
along the Katy Trail from the flooded Femme Osage Slough to determine any changes in total
uranium concentration. Results showed that the total uranium concentrations were below those
levels normally exhibited in the slough and are summarized m Table 10-3, '

Table 10-3 Femme Dsaﬁa Slough Surface Watér Samples {10/13/23)

|__semvie Tote Vv i

SW-KTOT Weatern and of the Littls Famme Oangs Slough 4.0

BWKTOZ Maar MW-1013, MAC1014, and MWA10AT 8.2

EW-KT03 Mid-paint betwesn 3W-KT0Z and SW-KT04 256

SW-KTO4 Near MW-1008, MW-1009, and MW-1032 7.0

SW-KTOE Moar MW-1015 and MW-1018 . 3.4
Conclusions

The results of the groundwater monitoring during and after the flood indicate that
although levels of total uranium and nitroaromatic compounds have increased in several
monitoring locations north of the slough, no adverse impnact has occurred to daie in the
groundwater south of the slough-or in the waters produced in the St. Charles County well field.

The results of the surface water investigations indicaie that typical groundwater migration .
from the quarry is ocenrring and the flooded conditions have not cansed an increase in the
concentrations of contaminants eniering the waters of the Femme Osage Slough.
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12 GLOSSARY, ACRONYMS, AND ABBREVIATIONS
12.1 Technical Terms

ABSORBED DOSE: The amount of enetgy absorbed in any maserial from incident radiation.
Measured in rads, where 1 rad equals 100 ergs of energy absorbed in 1 gram of mattar.

ACTIVITY: A measure of the rate at which radioactive material is undergoing radicactive
decay; usually given in terms of the pumber of muclear disintegrations occurring in a given
quantity of material over a unit of time. The wnit of activity is the curie (Ci) (see also
BECQUEREL and CURIE). '

ALARA: An acronym for "As low as Reasopably Achievable." This refers to the U.S.
Department of Energy goal of keeping releases of radioactive substances to the environment and |
exposures of homans 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 nsable quantities of groundwater to wells.

ALPHA PARTICLE: A positively charged particle emitted from the nucleus during the
radioactive decay of certain radionuclides. It consists of two protons and two nentrons bound
together; it is identical to the nucleus of a helinm-4 atom.

BACKGROUND RADIATION: Radiation due to cosmic rays and radiation from the naturaily
radioactive elements in the surface of earth.

BEDROCK: A rock formation usually underlying one or more unconsolidated formations.

BECQUEREL: The SI unit for activity, 1 becquerel (Bq) = 1 disintegration/second =
2.703 X 10°!¥ curies.

BETA PARTICLE: A charged particle emitted from the nuclens 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 equivalont 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, stractures, areas,
objects, or persoanel.

COUNTING STATISTICS: Statistical analysis required {0 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. Omne curie (Ci) is equal to 37 billion -
disintegrations per second (3.7 x 1010 dps), which is equal to the decay rate of one gram of
radium-226. '

DAUGHTER: An element that results immediately from the disintegration of a radiuactive
element.

DECAY PRODUCTS: Isotopes that are formed by the radioactive decay of some other isotope.
In the case of radium-226, for example, there are 10 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
mrem/year.

DISCHARGE; In groundwater hydrology, the rate of flow (usually from a well or spring) at
a given instant in terms of velume per unit of time.

DOSE: Toial mdiation delivered to a specific part of the body, or to the body as a whole; also
called dose equivalent.
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DOSE RATE: Dose orduseeqmvalentparumt ufnms{&g , millirem per year) as it is being
delivered to the body.

DOSIMETER: A device used in meashrhlg radiation dose, such as a lithivm fluoride (LiF)
thermolzminescent 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 uniformiy. A term usad

to express the amount of effective radiation when modifying factors have been considered, it is

the product of absorbed dose (rads) multiplied by a quality factor and any other modifying

factors. Tt is measured in rem (Roentgen BEquivalent Man).

ERG: 1 ERG = 2.8 x I0M¥ KWH

EXPOSURE PATHWAY: The route by which a contaminant or health hazard may enter and

move through the environment or an individmal.

EXPOSURE RADIATION: The amount of ionization produced in air by X-rays or gamma
rays, measpred in Roentgens (R).

GAMMA RADIATION: Penetrating high energy, short wave-length, electromagnetic radiation
{similar to X-rays) emitted during radicactive decay. Gamma mys are very penetrating :md can
be attenuated only by dense materials such as lead.

GROSS ALPHA: Measurement of alt alpha-emitting radionuclides in a sample. '

GROSS BETA: Measurement of all 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. Half-lives of different isotopes vary from 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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- HYPROLOGIC: 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 mumbers,

LLIy: Lower limit of detection.

MDA: Minimum detectable amount.

NATURAL URANTUM: A nawrally occurring radioactive element that consists of 98.2830%
uranivm-238, 0.7110% uranium-235 and 0.0054% uraninm-234 by weight.

NUCLIDE: A general term referring to isotopes of the chemical elements, both stable and
unstabie.

PERCHED LENSE: A small, localized water-saturated zone of subsurface material surrounded
by unsaturated material. :

RAD: A unit of absorbed dose; acronym for 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 afom. Radiation can be
in the form of electromagnetic waves (gamma mys, 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 all forms of ionizing radiation. A rem is the product of the
absorbed dose in rads and factors related to relative biological effectiveness.

SI: Imtemnational System of Units.
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_ SIEVERT: The ST unit used to express the effective dose equivalent for all forms of ionizing

radiation. 1 Sv = 100 rem

STOCHASTIC: *Stochastic” effects are those for 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 mdon-222 decay products in 1 liter of air that will
result in the ultimate emission of (.21 erg of alpha energy is defined as 1 WL. It is based on
the 0.21 erg of alpha energy that would be emitted by the decay products of 100 pCi of Ra-222
in 1 liter of air, where the decay products are in radioactive equilibrivm 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 nuch sherter than

that of visible light. It 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-mays.
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Acronyms.and Ahbmﬂatmns

No abbreviations for common wnits of measure or chemical elements and compounds are
included in this list. Some less common units of measure, such pCY and pCY are included.

BOD

CAA
CEDE
CERCLA

CM&O
COD
 CONOPS
CWA
CX

DCG
DL/2

Atomic Energy Commission

Asbestos Hazard and Emergency Response Act

as low as reasonably achievable

Argonne National Laboratory

applicable and/or televant and Appropriate requirements

American Society of Mechanical Engineers

Baseline Assessment for the Chemicat Plant Area of the Weldon Spring
Site

Biochemical Oxygen Demand

becquerel

Clean Air Act

Committed effective dose equivalent

Comprehensive Environmental Response, Compensation, and Liability Act

curie '

Contract Labomatory Program

Construction Management and Operations

chemical oxygen demand

Conduct of Operations

Clean Water Act

categorical exclusion

Derived Concentration Guideline

detection limit

dinitrotoluene

U.S. Department of Energy

U.S. Department of Tansporiation

data quality objectives

Environmental Assessment

Environmental Data Administration Flan
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EQAFjP

MHTC
MSA

GE1994

effective dose equivalent

engineering evaluation/cost analysis

Environmental Impact Statement

Enviromunental Monitoring Plan

Environmental Protection Agency

U.S. Environmentat Protection Agency

Environmental Protection Program Implementation Plan

Bnvironmental Quality Assrance

Environmental Quality Assorance Project Flan

Environmental Safety and Health

Federal Energy Regulatory Commission

Federal Facility Agreement

Francis Howell High School

Fire Protection '

Feasibility Study for the Remedial Action at the Chemical Plant Area of
the Weldon Spring Site

hazardous air pelltants

Hazardous Materials Waste Management

Health Physics

Missouri Pepartment of Natural Resources Historical Preservation Officer -

Headquarters

Hazardous Substance List

heating, ventilating, and air conditioning

Industrial Hygiene

Industrial Safety

Land Disposal Restrictions

lower limit of detection

Maximum Available Control Technology

maximum contaminant fevel (Safe Drinking Water Act)

minimum detectable activity

minimum detectable concentration

Missour] Department of Natural Resources

Missouri Department of Conservation

Missonri Highway Transporiation Commission

material staging area
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msl mean sea level
mSv millisievert . :
NAAQS national antbient air quality standards
NCP Mationat Oil and Hazardous Substances Pollution Contingency Flan
- NEPA National Envirommental Policy Act
NESHAPs National Emission Standards for Hazardous Air Pollutants
NHPA National Historic Preservation Act
NPDES National Pollutant Discharge Iﬂimmatmn System
NFL - National Priorities List :
PCB polychlorinated biphenyl
pCi picocurie
PCM phase conirast microscopy
PMC Project Management Contractor
PP Proposed Plan for Remedial Action and the Chemical Plant Area of the
Weldon Spring Site
ppm parts per million
FTI Project Training and Improvement
- PVC polyvinyl chloride
QA/QC Quality Assurance/Quality Control
QA Quality Assurance
QAMS Quality Assurance Management Staff
QARP Quality Assurance Project Plan
QWTP quarry water treatment plant
RCRA Resource Conservation amd Recovery Act
RI Remedial Investigation
RI/FS Remexfial Investigation/Feasibility Study
ROD Record of Decision
- SARA Superfund Amendments and Reauthorization Act
SDWA Safe Drinking Water Act
SI Saturation Indexes
SIC Standard Industrial Classification
SOP _ Standard Opemating Procedures
SWATS Site Wide Audit Tracking System
SWTP . site water treatment plant
TBP tributyl phosphate
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TSA
TSCA
TSS
USFWS
USGS
vOC

WSCP
wWsQ
WSRP
WSSRAP
WSURMP

mg
mg/t
pCi

pgil

toxicity characteristic

total dissolved solids

transmission electron microscopy
thermohminescent dosimeter
dinitrotolnene

trinitrotoluene

tons per year

femporary storage area

Toxic Substance Control Act
total suspended solid

U.S. Fish and Wildlife Service
U.5. Geological Survey

volatile organic compounds
Waste Inventory Tracking System
Working Level Monitor

Water Pollution Control

Weldon Spring Chemical Plant
Weldon Spring Quarry

Weldon Spring mffinate pits
Weldon Spring Site Remedial Action Project
Weldon Spring Uranium Feed Materials Plant
liter

milligram

milligrams per liter

microcurie

micrograms per lter
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APPENDIX A
Annual Averages for Groundwater, Surface Water, and Springs, 1993

Appendix A is a presentation of the annual averages; maximums, and minimums for all
1993 monitering locations for groundwater, surface water, and springs. Al nondetected values
are expressed as less than (<) the analtyical detection Limit. Asierisk indicates where
unrepresentative data were excluded -from the dataset prior to performing the summary
calcutations. Criteria for removing theso outliers are discussed in Sections 7.3.3 and 7.3.4.
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TABLE A-17 Anion Concentrations for Surface Water, 1993
Mitrate-N MasjL | Suifata MG/L

Location Avg Min Ml Ratic Avg Min L P Ratlo
SWS1001 Q140 0.140 ol 25.7 78.7 O
SWL1002 <0, 104} ND NO 11 7.0 A7 0 — Oft
SWL10038 <0100 ND N 11 43,2 43.2 —- ot
SW-1004 Q130 0.130 amn on iz 3z - Ot

BW- 1005 3110 0110 — on . 429 423 — Oft
SWo1007 < 0,100 I ND 11 a4.1 a4.1 —- Ot
SW-1003 0,120 ND D.m 445 122 14 183 g IE
SW-1008 < 0,100 ND ND 1" 54.3 34.3 — o1 |
SW-1010 <0, 100 ND ND 11 38.6 38.6 e oM
SWL1011 2.30 2230 on 61.3 81.3 e 't
SW-1012 1.70 1.70 on 66.6 66.6 — Ly
SWL1013 1.70 1.70 on 6d.2 64.2 — . o
SW-1Qt4 0580 0.580 - on 8.1 231 === 01
SW2001% 0.710 0.620 0.5300 [ lrd 2.8 18.2 233 0f2
SWL2002 0.336 0.240 0.430 or2 k8.3 50.2 €3.8 2
EW-2003 1.23 0.080 240 0r2 123 . 10.4 14.2 o2
SWs2004 0,885 .370 1.48 Qf2 182 13.4 22.9 Q2
SWL2D05 0.315 0130 G.500 o052 23.0 19.3 28.6 o
SWR2007 0540 0.400 G.880 Of2 24.3 20.4 29.3 Of2
EWVE2010 0.247 MO 2.8500 LT B 101 67.3 135 Of2
SWL2011 G.B39 NP 4,680 11a 54.7 aza 75.65 Or2
SW.2012 0. 780 0. 780 on 12.8 12.6 o1

SW- 2018 0.730 0.680 0. 780 o2 22.2 18.B 26.8 or2
EVE3001 343 126 183¢ o4 210 277 adz 2

SW 3002 20.6 ND 224 114 L riv) Aze 617 Cf2 ]
SW-I003 o 2,22 1770 ofa 420 abB1 434 Oz i
SEW.3004 zlnll:l.? 102 120 0na 73.2 731 73.3 iz
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APPENDIX B
Assumptions and Scenarios for Dose Calculations
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A. Dose from the chemical planﬂﬁfﬁnam pits to a maximally exposed individual.
1. Inhalation :

a. Airborne particulate: Statistical analysis of gross alpha results indicated that four
stations were different than background levels. One of the stations is used to
monitor airbome concentrations at the WSSRAP administration building and two of
these stations were located on the northem and western perimeters of the site
boundary. The final station is located mear the Awgust A. Busch Memoral
Conservation Area headquarters building and was used to evalvate the dose from
the chemical plant/raffinate pits to a hypothetical maximally exposed individuat.
While accessible to a member of the public, the perimeter and administration
building locations do not have airborne concentrations that when combined with
reatistic exposure times which would provide a dose greater than the calculation
provided for the Busch Memorial Conservation Area. The net gross alpha
concentration at the Busch Memorial Conservation Area was 2.2E-16 xCifml or
2.2B-7 pCi/m® and was assumed to be natural uranium. An exposure time of 132.5
hours (see ingestion pathway below) was also used in the dose estimate.

CEDE(inhalation)

i

net airthorne particnlate concentration X exposure
time x breathing mte x dose conversion factor
(DCFY)

=  22B7 pCim® x 1325 hr x 0.96 m’/hr x
1.32E-1 mrem/pCi

= 3.69E-6 mrem

b. Radon Gas: No contribution to the ¢stimated EDE for the hypothetical individual
was calenlated for radon gas. Based on the statistical analysis of the data coHected,
there is no reason to suspect at the 95% confidence level that the measured results
from any of the monitoring locations were greater than background.

2. External gamma pathway: External gamma radiation: no contribution to the estimated
EDE for the hypothetical individual was calculated for external gamma radiation. Based
on the statistical analysis of the data collected, there is no reason to suspect at the 95%
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confidence level that the measured results from any of the monitoring locations were
greater than background.

3. Ingestion pathway: Lakes that receive effluent from the chemical plant/raffinate pits arc
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 Conservation Area requires 3.5 hours per visit
(Ref.21). Assume that the maximally exposed individual visited the lakes for the
purpose of fishing 25 times during the year. The ratio of fish cacght to hours spent
fishing is estimated at 0.40, while the ratio of fish kept is estimated at 0.5, Thus
on an annuat basis, the maximally exposed individual would keep 12,3 fish from the
lakes. Assume that the edible portion of fish has an average mass of 200 g. Thus
the annpal consumption rate of 6.5 giday provides a good estimate of the
consumption rate for fish caught from the three affected lakes for the hypothetical
individual.

Boating at the Busch Memorial Conservation Area requires more hours per visit
than any other activity; therefore, boating was assumed to be the activity in which
the maximally exposed individual panticipated for the water and sediment ingestion
scenarios. Assume the aveérage time spent by the maximally exposed individual per
boating trip is 4.5 hours, and the hypothetical individual visits the area for the
purpose of boating 10 times in a year. Assume 25% of the time is devoted to
swimming during each visit. Thus, 11.25 hours is spent swimming in the lakes.

a. Fish: Assume a 6.5 g/day fresh water fish consumption rate from Lake 36 at
the Busch Memorial Conservation Area and a 0.009 pCi/g (0.0003 By/g) total
uranimn content in fish of all lakes receiving runcff from the Weldon Spring
site.

b. Water: Assume a 0.05 IYhour swimming ingestion rate for the 11.25 hours for
a total annual consumption of 056 liters. The water is assumed to have a total
uranium concentration of 130 pCi uranivm/l, as detected in Lake 36, which is
the highest uranium concentrations of all lakes receiving runoff from the site.
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c. Sediment: Assume a 200 mg/day ingestion raie for the 11.25 hours far a total
of 94 mg of sediment, The sediment is assumed to have a total uraninm
concentration of 110 pCi uranivin/g sediment, as detected in Lake 34, which
is the highest uranivm concentration of all lakes receiving minoff from the site.

CEDE (ingestion) = annual fish consumption x umanium concentration x
wranium DCF + annval water consumpiion x
uranium concentretion X uvranium DCF + annual
sediment ingestion x uramiom concentration X
uranivm DCF!

= 6.5 g/day x 365 day/year x 0.009 pCifg x
2.83E-4 mrem/pCi + 0.56 l/year x 30 pCi/l x
2.83E-4 mrem/pCi + 0.094 g/year x 110 pCifg x
2,83E-4 mrem/pCi

= 0.03 mrem (0.0003 mSv)

The total estimated committed effective dose equivalent to the maximally exposed
individual at the chemical plant/raffinate pits area is 0.03 mrem (0.0003 mSv).

B, Dose from the Weldon Spring Quarry to a maximally exposed individual.
1. Inhalation pathway:

a. Airbome radioactive particulate: Not applicable since there is no reason to
suspect at the 95% confidence level that airbome radioactive particulate data are
greater than background concentrations.

b. Radon Gas: Assume the concentration at Missouri State Route 94 is equal to
the measured net concentration at RD-1002 of 1.3 p(i/l. Assume an annual
exposure time of 50 honss (Section 4.2.2),

Radon concentrations are often expressed in units of working levels (WL)
where 1 WL = 100 pCi/l for Rn-222. Radon exposure is often expressed in
terms of working level month (WLM) which corresponds to an exposure of
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3.

1.

2.

R ettt s 4

1 WL during the reference working period of 1 month (i.e. 2000 working hours
per 12 months or 170 hours). Asspme a working level ratio for Rn-222 of 50%
and a dose conversion factor of | rem/WLM (Ref. 27).

CEDE(inhalation) = . net Tadon concentration X exposure time x working
level ratio X dose conversion factor x working
month dose conversion factor!,

= 1.3 pCi/l x 50 hours x 0.50 x 1 WL/100 pCifl x
1.00 rem/WLM x 1 working month/170 hours x
1000 mrem/rem

= 1.9 mrem

2. External gamma pathway: Not applicable because there is no reason to suspect at .

the 95% confidence level that external gamma radiation resulis at the quarry
monitoring locations are greater than background,

Ingestion pathway: Because the quarry is controlled by a 2.4 m (§ ft) high fence,
fishing, swimming, and drinking water at the quarry do wot constime realistic
SCENarios.

The total estimated committed effective dose equivalent to a maximally exposed
individual at the quarry is 1.91 mrem (0.0191 mSv).

C. Dose from the vicinity properties to a2 maximally exposed individual.

Inhalation pathway:  Statistical analysis of airtbomne particulate and radon
concentrations indicate that there is no reason to suspect at the 95 % confidence level
any contributions via these pathways.

External gamma pathway: Not applicable since there is mo reason to suspect at the

95% confidence level that extermal gamma radiation data are greater than
background.

Ingestion pathway: A slough located adjacent to the quarry contains uranium
contaminated sediments and was used to determine estimated effective dose
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equivalent to & hypothetical individual via ingestion of fish. Ingestion of water or
sediments was not assumned -due to the stagnant condition of the water.

Fish:  Assume a 6.5 g/day fresh water fish consumption rate (Ref. 23) from the
slough. Assume the average uraninm concentration in fish collected from
the slough of 0.002 pCi/g.

CEDE =  Fish consumption x uranium concentration x DCF!

H

6.5 g/day x 365 d/yr x 0.002 pCi/g x 2.83B-(4 mrem/pCi
= 0.0013 mrem ((.000013 mSv)

The total estimated commitied effective dose egquivalent for the maximally exposed
individual at the Little Femme Osage Slough is 0.0013 mrem ({.000013 mSv).

P. 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 radicactive
particulates, (2) radon gas concentrations, (3) external gamma radiation, or (4) radionuclides
in food or water. All three pathways are addressed for the collective population dose
estimate. Exposure to above-background radionuclide concentrations in food or water is
addressed only for users of the Busch Conservation Area, a recreational area adjacent to the
chemnical plant/raffinate pits ares. Three of the lakes on this property receive runoff from
the site and are used by the general public for fishing and boating purposes. None of these
bodies of water are used av drinking water sources,

Exposure points, by definition, must be located where there is potential for public exposure
as a result of activities performod 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 resulis, 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. :
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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 that
frequents the Katy Trail. "

The Katy Trail was chosen as the only public exposure point near the quarry because at all
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 resuits 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 ninoff from
the site was at the Busch Memorial Conservation Area. The only potential receptors in that
area are the peopie who actually use the Busch Memorial Conservation property for
recreational purposes. Three of the lakes at the area (i.e., Lakes 34, 35, and 36) receive
tunoff from the Weldon Spring site and are utilized for figshing and boating activities. The
Missouri Department of Conservation recently conducted a year long sarvey 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 Conservation Area averaged 3.5 hours per visit for the approximately
160,000 visits to the area for that purpose (assuming a time-spent to fish-canght ratio of
0.4 fish/hour and a (.50 ratio of fish canght to fish kept for a total of 112,000 persons).
Assuming that one person keeps one fish, the population of concem would be 112,000
persons. Por the water and sediment ingestion scenarios, boating is the activity assumed to
provide the potential for incidental water and sediment ingestion. An estirnated 5,985 visits
were made for the purpose of boating with an average of 4.5 hours per visit. Assuming that
each visit constitutes one individual, the total population would be 5,985 persons. Each of
these ingestion scenarios is further addressed in calculations one, two, and three.
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Although data from thres radon track etch stations at the perimeter of the 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 less than 0.1 pCi/l greater than the annual average of the background stations. In
addition, at all off-site monitoring stations in the viciniiy of the chemical plant/raffinate pits
thére 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 Memorial Conservation Area.

The only on-site location where statistical analysis of gross alpha results from airbome
particulate samples was greater than background was at the Busch Memorial Conseérvation
Area. Although NESHAPs monitoring results indicated no above background concentrations
of uranium or other isotope that would have orginated from the chemical plant area, the
above background measurements will be assumed to have originated from the chemical plant
until it can be shown to be otherwise.

1. Population dose estimate due to ingestion of fish obtained at the Busch Memorial
Conservation Area.

a. Assuming that each person of the 112,000 population consumes: 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 Q.35 gfperson/day.

b. Using the total uranium fish content of §.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: '

Population Dose Bstimate (fish ingestion) = consumption rate X total nranium
' concentration in fish x exposure time x dose
conversation factor(l) x petrsons

1 Utanium dose conversicn factor (DCE) was the greater of the two DCFs reported for each nranium isotope
((}-234 and U-238) in Table 2.2 of Eckerman et al. (Ref, 21)
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. Ci o mrem
- 055 -2 x0017 P & 365 day x 2.836-4 -2
day g pCi
1 rem
1,000 mrem
= 0.1 person—rem

x 112,000 persons x

2. Population dose estimate due to incidental ingestion of water at the Busch
Conservation lakes.

a. Assume that each person of the 5985 population makes one boating visit on an
annual basis and 25% of the visit is spent swimming (1.125 hours/visit).

b. Using the total uraniuem surface water content of 51 pCi/l obtained from Lake 36
and an ingestion rate of 0.05 Vhour (Ref. 23) 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'V x

persouns

- 0.05 if? x 51 FT“ x 1125 hr x 2.83E-4 Trem

pCi
1 tem
1,000 mrem
. = 0,016 person rem

x 5985 persons x

3. Population dose estimate due to ingestion of sediments at the Busch lakes.

a. Assume that each person of the 5,985 population makes ope boating visit on an
annual basis and 25% of the visit is spent swimming (t.125 hours/visit).

b. Using the total uranium sediment content of 110pCifg obtained from Lake 34 and
an ingestion rate of 200 mg/day, the estimated population dose is:
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Population Dose Estimate (sediment ingestiony =  ingestion rate X total uranium
- concentration in sediment x

exposure time x dose

conversion factor x persons

1g pCi 1 day mrem
200 P& -8 1022 x1.125krx x 2.83E-4 MR

day 1,000 mg z2 24 hr pCi
1 rem

x 5985 persons ¥ ——8—
2 1,OOO mrem
= 0.0017 person-rem

4. Population dose estimate due to inhalation of airborne particulate.

a. Assume a population of 5,985 persons visit the area for the purpose of boating
and each person spends 4.5 hours per visit.

b. Assumea populatim.of 160,000 persons visit the area for the purpose of fishing
and each person spends 3.5 hours fishing.

c. Assmme an airborne concentration of 2.2E-7 pCi/m’,

CEDE (inhalatiomn) = net aithome concentration x exposure time for
boating x breathing rate x dose conversion factor
(DCEY x boating population + net airborne
concentration X exposure time for fishing x
breathing rate x dose conversion factor (DCFY) x
fishing population.

= 2.2E7 pCifm® x 45 hr x 0.96 m’/br x
1.32B-1 mrem/pCi x 1 rem/1,000 mrem x
5985 person + 2.2B-7 pCi/fm* x 3.5 hour x
0.96m*hr x 1.32 E1 mrem/pCi x
1 rem/1000 mrem x 160,000 person

= 1.56E-5 person-rem
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The total estimated population dose for all potential exposure pathways for calendar year 1993
iz (.12 persen-rem. '

E.

U-238, U-235, and U-234 Release Estimates

To estimate 1J-238, U-235, and U-234 total airborne releases from the chemical plant,
the above background NESHAPs concentrations were incorporated into a box model.
The above background U-238, U-235, and U-234 measurements resnlted from building
dismantlement/demolition activities conducted during 1993. Because these fugitive dust
sources had continuously changing source terms, emission rates, emission locations and
area size, dependent on the work in progress as well as various other variables, an
accurate determination of the contributions from each of the sources is impossible. Thus
a simple box model was used to estimate total releases from all activities. The box -
model assumes that the airborne contaminants are dispersed homogeneously within the
modeled volume of air, The selected length for the model was 366 m (400 vd), for
height 15.2 m (16.7 yd); and the value for average wind speed was 4.5 m/fs (10 mph).
The average net concentration of 1.34B-16 uCi/mi, the highest above background total
uranium NESHAPs concentration measured at AP-2(05, was also used in the release
estimate. NESHAPs filters were analyzed for total yranium and io estimate isofopic
releases natural wranium ratios were assumed. A simplified box model is jusiified for
caloulating the airhome particulate release since the activity released is Iow as indicated
by calculation results.

Box Model: length = 366 m (400 yd), height = 15.2 m (16.7 yd), average wind speed
= 4.5 m/s (10 mph), seconds per year = 3.16B7 seconds.

Release total = length x height x wind speed x airborne concentration X seconds/year
= 1.057E-3 Ci total yranium

U-238 - 1.06E-3 Ci x 0.4862 (U-238 natural uranium ratio) = 5.14E-4 Ci
U-235 = 1.06E-3 Ci x 0.0227 (U-235 natural nranium ratio) = 2.40B-5 Ci

U-234 = 1.06E-3 Ci x 0.4911 (U-234 natural urgnium ratio) = 5.198-4 Ci
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Radon Release Estimate

To estimate airborme radon progeny concentrations at the Katy Tmil, the above-
background radon results measured at the WSQ perimeter were incorporated into a box
model. A box model predicts the radon release rate in pCi/y by multiplying the
megsured net aithorne or rdon concentration by the assumed box model parameters for
length, height, and average annual wind speed. The box model assumes that airborne
contaminants are dispersed homogencously 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 4.5 mfs (10 mi/hour). The model length valye
corresponds to the length of the major contaminated area within the quarry. A simplified
box model is justified for calenlating the airborne radon release rate since the effective
dose equivalent and population doses are Jow as indicated by the calculation results.

The net anmual -average radon concentration at the WSQ is 0.24 pCi/l and is calculated
by averaging the results from stations RD-1002 through RD-1009 less the average
background result of .10 pCi/l.

Box Model: length = 122 m (134 yd), height = 3 m (3.3 yd), average wind spoed {pj

- = 4.5 m/s (10 mi/hour), seconds per year = 3.16E7 seconds.

Release rate ~ length x height x ¢ x net annpal average madon concentration x
seconds/year = 12.5 Cify. :
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" UNIVERSITY OF MISSOURI-ST. LOUIS

I Urb__;aﬂ_ infnlmag'an |

* Office of Computing
and Networking Services

001 Matural Bridge Aosd
&t. Louis, Missouri 83121-4459-
Talaphons: (314) 5536000

| Fax: f314) SE3E007

- November 24, 1993

-Ms. Julie M. Reitinger
ME-Ferguson Company
7295 Highway 94 South
St. Charles, MO 63304

Dear Ms. Reitinger,

Following is that data you requested.: o

- 7St. Louis MSA

BN #CniBl apneetunity iNIHtution

: . Fstimated.
Counties : - 1990 _ 1991
Missourt: |
St. Louts (city) 396,685 392,160
St. Lowis County 993,529 997,067
Frankiin - 80,603 - 82,130
Jefferson - - 171,380 174,663
St. Charles 212,907 218,997 -
Lincoln - 28,892 29,903
Warren : 19,534 20,203}
‘Tlinois: _
Madison 249,238 249,000
St. Clair 262,852 264,100
Clinton 33,944 33,700
Monroe 22,422 21,900
Yersey 20,539 20,600
1990 St. Louis MSA 2 444,099 2,454,317
1993 defined - 2,492,525 2,504,421




June 1992 the Office of . Management and Budgei redefméd’ M\ﬁ%

Cities - 1990 _ - Census
Cottleville 2,936 ' 453
New Melle . 481 ' - 206

- O'Fallon 18,698 17,427
St. Charles City - 34,555 30,634

. St. Peters - 45,779 40,660
Weldon Spring . 1,470 . - 1,034
Weldon Spring Heights 75 97 .

. Wentzville - - 5,140 : S 4,640
Lake St. Louis - 7400 7538
Dardenne Prairie 1,769 735

If you have aﬁ}r questions call me at 55.3-603.5. .I

Metropolitan areas, Warren and Lincoln coumties in Missouri were .
added to the St. Louis MSA. :

Following are data for selected cities:

Revised 1990 = -

In early spring there will be populatién estimates for cities, and then
estimates about every two years, along with county estimates.

~Linda C. McDandel

Public Data Information Specialist



MISSOURI DEPARTMENT OF ' Mel Camahan :
S - Goveamor S

[H:LE‘IM ' folean Kiviahan, MO, MS.PH
L. . Directar .

PO, Box 570, Jgfres_'son ity MO 651020570 « 3147515400 « FAX 314-731-5010

February 24, 1994

" M. Steve McCracken
. 7295 Highway 84 South
St. Charles, MO 63304

Dear Mr. McCrackean:

The Missouri Department of Health has been involved in a surveillance
system devised to monitor the Depantment of Energy in its cleanup of the Weldon "
Spring Chemical Plant Site from 1888 to the present. This system involves the
‘sampling of selected area wells for analytes whose prasence would be indicative
of contamination from the site.

Since beginning this system, we've cbserved no significant changes in the
tevels of any of the substances for which the samples were analyzed. Also, there -
is no Indication that contaminants from the site are affecting the wells, -

This information is being sent to you per the request of Mr. Jim Meler of
MK Ferguson. - ) _ .

f

,@f Déryf W. Roberts
...~ Chief |
fgﬂk Bureau of Environmental Epidemiology -
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- @ MORRISON KNUDSEN GGHFDHATIDN

MK-FERGUSON GROUP o REPOI‘t Of Tele COH
To: JL:.\\\L?F iager” - - Incoming® __ E.‘lutgomg X_ WP#:
From:_ L'-. qclé, f"’\-E_MEE e _ Date: ”r, §-“?3 Time: /> ¢5—
Conversation With: ' ' o
Diane el : : : Fhone: qq \- C)Ogc?
vt v N @Bu&'ﬂ_ﬂ Selnenl ﬁ;'{"if;ui' o
and: . ' Phone:
of:

- Subject: fUumher a‘? %d?n+% cwo( {mp?nurf’?: cl:P Fr‘ancq Ha%ff///g})

Schoof
: 51.11111:11,311'},F of Conversatmn

A‘Sk&d& Diane Oaklu JSJ\’\Q 'b'\‘ i les&&dﬂﬁ*ﬁ el Emﬂjﬂyﬁ‘f’i et
i ‘gf‘qnu-a, \—lan,&dﬂdd \-Eur::h S | and ‘E"'f‘{ Ansgy '

‘Shmn%s. Bl ‘%&LD fiiﬂfmntmgs Emﬁ“"fﬁ Bonge 29
Iz - 1\»1 : ﬁ- rﬁ' ;ﬂ\.ﬂ]\‘-ﬂf?.g co iRy RM‘!— pet 5
Fabooais & _ 5 ' _ JE MNP

. S@Qgﬁ&hﬂ:@ _ 2R ' c\Lg,,r_w,smi:E;Lu dmz\l

f =3

Action of Follow-Up/Recommendations:

.cc: ,—P\Q'QS__;G }'—] D\ ' ’
: At s y e .
Dick! thr o ﬁﬂm@ v MM

EMNG-8a.3 Rev.2 J0%2 -
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@ MORRISON KNUDSEN CORPORATION
MK-FERGUSON QROUP

Report of Telecon

To: M. fate. Incoming: __ Ouigoing: ~—WP# ~———
From: Z/ e Al pe it po ~, Date: 4/—s&-23 Time:/B3e
‘Conversation With: '
Roy Groimes Phone: 7Y/ - FF-;‘ e
of: Cph oL _
and: . wravbe it g Phone: & L% 33
of: Frr L
) SUbjﬁct:. Pf‘l“!ugnf { ﬂ.-ﬂ- ﬁq“_.lk_ ﬂj,f‘.f:!: -

Summary of Conversation:

"Eﬂ}f la ﬂ.‘f'fi Le d she Ka'ffrﬂ "‘”“1; ##Jﬂ’éﬁ'd—j g/f L fﬂ-'l'g(-
#,1’5*""-'{# M_ql"‘_ of  the Bape b romgrenApy A Af:-;o/_g &9 rA i D
whiea 4 ' '
ﬁ'rﬂ n-.-af-;_i{, tcnl".i” flmg f;f.”(,f _ & i
Squan{/ﬁﬂ Pkl '5}’-«# - X o M - J"{:‘ﬂ""t g _,.-'U
Action of Fellew-Up/Recommendations: :
Ronte 2 A M lafe,
oo EN-22~7E r#«.m}%-fé) -

Toudr ﬂ_fn.mf, | -

- By: f@v A‘J LY A

”
. ENG-6r.3 Bev.2 10/92
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@ MOHHISON KNUDSEN CORPORATION

MK-FERGUSON GROUP | o Rep ort O.f Telecon
TO: Meliggs Tairz Incoming: _ Outgoing: _X WP#: __ -~
From:_Merhe Sizemore . _ . Date: _12728/93  Time:_ 0330
Cnnvarsatinﬁ With: . _

Bill _LiVErS ' FPhone: 441-8471

of: HBishwav maintenance Department _ . ’
and: Metha Sizemore - - Phone: _ 314-441-8086 x2762
of: PMC ' '

Subject:

Summary of Conversatiﬂn:

shop adjacent to the Weldon Spring ﬁhemin:al Plant -

Action of Follow-Up/Recommendations:

inc i in the atmysl site environmental rTeport

CCl _ .199% ASER File

-

By: M@a&a"
: ENG-61.3 Rev.2 10M2
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